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Preface 

Thc: loxic cffccls of sulfur dioxidc:. nitrogcn dioxidc and 070nc on planlS havc bccn 

CXlcnsivcly studicd :u Ihc intilulc by conducling a spccial rcsιarch prograrn sincc 1976. Thc 

rcsul!s of thc: rirst thr<< ycars program wcrc publ・shc:din thc Rcsearch Rcport No. 11 (1981) 
entitlcd HSludies 0同theEffeCIS of Aげ l~ollutanlSon Plants and Mechanisms of Phytotoxicily 

In thc first program. m9st stud口 wcrc:concerncd in Ihc c:ffects of Ihc singlc air pollulanl 

However. plants 3re usually exposcd 10 Ihc mixcd aiT pollutanls in Ihc urban area and fcw 

results havc: becn reportcd on thc effccts of mixcd 8ir polluti百tson planls. For c1ear 

understanding of thc effccts of thc mixcd pollutanls. thc second three ycars research program 

"Studics on Effccts of Air Pollulant Mixlurcs on I'llInls" havc been conductcd from 197910 

1982 

Mixcd gas showed citheradditiv民syncrgislicor antagonistic effcct of the single gases. The 

scnSLl1川 Yof plants 10 miJLcd pollulants was changed by specics and by combinalion of thc 

pollutanlS. The mcchanism of phytolo尽にはywas studωd from physiological. biochcmical and 

mlcrorr陀tcorologicalstandpoints. Thcsc results are collccted in this rcport. The dctailcd 

description of the facilities in which thc eJLpcriments are conducled is also inc1uded. The 

cxlcnsive slud口 ShOI川 beconlinued 10 rcach Ihc COIll plcte undcrslanding of t he m凶加山mof

phyloto反ICLty

The prcv・0"，同portNo. 11 (1981) seems to call atlcnlion among biologists as wcll as 
environmcnlal scicnlists、Ncapprcciatc: that thc: uscful suggcstions and di~cussion are givcn 10 
the rc:port 

It is hopcd thallhis reporl is also of somc: usc fOT scic:ntisls who arc: inlcrcSIc:d川 Ihc:tOJLic 

effC:CIS of almospheric pωlutants 

Jiro Kondo. Eng. J) 

グムぷ二2
iii 
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R町 R~p. Nall. I n.l白山開制ud..Jl'n.. 1'010帥 19H

Effecls of N02 and Ol AJone or in Combin副 ionor Kidney Bean 

Planls. 1. Growth， Parfilioning of AssimiJales and Root AClivitics 

Osamu 110'. K unio Okano1. MIyoko Kuroiwa1 and Tsumugll To悩uka'

， [)i vi~ioll of Etwironmcnlal lIiology. thc Nationallnsliwtc for En刊ronmenlal$lU(針。
Yatabe.machi. Iharaki 305. Japan 
Hcsc<trch Coll:lborntor of thc Nali加川 InSlilulCfor Ellvironmcnlnl Sludic! 

Prcs~nl Addrcss: Ccntral Re，carch Lllbor川 or)'.MitSlloishi Pelruchcmicab CO. Lld.. Allli 
l抽 shiki.Ibaraki 300.03. Japan 

Ten-day old kj，【lneybean plallts (/'ltω'"仰S川iI!!lIri.• ' L. cv. Sin~吋 oga_ 川 wercc災pose<l

102.0 and 4.0 ppm NO，. a凶d0.1. 0.2. and 0.4 ppm 0， al制限orin combinlltio刊ror2.4and7
day~ . Thc cffccts of lhoM: air poJlutants 鳩山erccxamined with rcspecI lO thc growth 

parll110川ngof a凶imilalC$ 同ilrogcnup!akc. ~olublc 511gar conle・11.alld r肘piralionby 
focus川 gour allC川細目白peciallyon rOOI activili“ 
Thc reduction in dry maltcr produclion was obscrvcd in alll陀剖mcntsc純白plNO，1I10.2 

a同d0，'1 0.1 !lpm whcn: thc incrcasεin dry WCIa:hl oflhe plants It carlν剖3icoflhcc足posu陀
was ncarly cqual wilh conlrol planls. Thc cxpωurc 10 m;，I(lUrC of bOlh ga.艇笥 allow 

conccnlration producc:d morc Ihan 011 additive ・~rfccI on Ihc &rowlh al 2 10・"Y冨aftcrlhoc 
町artofthccxposurc. The perccnt of nilrogcn in wholc planls was incn:ascd by .lIlrc.1 mcnl:>. 

rttc h・ghcrpc:r'αnl or lIilrogcn round ill 0， r.¥posure州制"制hfrom Ihc growlh r~lardalion 
wttictt pusttcd up Ihc COnCCnlr8lion of nIlrogcn in Ihc planls as Ittc ab凶 rplionof nilrogclI by 

rOOI~ was IJnaffcctcd by 0， cxpωurc. Tttc C I)(: Xi~lr llçc of 0，帆lhNO，5・&nific.nllyrcduccd 
Ihc inco印刷制 問nHnd a四 millllio・1of "'"0， by lhc pla川s
rhcconcrntration ofso!ublc sugars in roo1S wB51hinncd by Iheμ ，~lrcatmcnl~. Thc high 

corrclation was oblaincd bclwecn 50luble 5ugar ε'ontcnl and dry wdghl in roOlS. 111 spilc or 

thc decreasc in solublc ~lJ gar levd. root rcspimtion 愉ぺHSIJnchangcd Llntil5 day~ arter Ihc Slarl 

of thc c~pos Ll rc. It is $uggcslcd rrom Ihosc r引ull.~tha!. althol場hbiomass al1d .Iolublc sllgars 

."附ll)(:atcdfrom lcavc$ arc reduced by thc exposurc 10 NO， and 0，. rOOI IIclivilics rdllling 
Wilh nitrogc113bsorptiOll and rcspiration 3rt π山川ained31 3hno川 lhcsamc Icvcl制 conlrol

plunts 

Kt~ wort!町 NO，0， Kidncy bean Growlh-Sugars-以00<陀splrallon.

Sincc air poll11lion was rccogni7..cd 10 causc scrious problcms on human aCli机licsand 

biomass produClion of nalUral and agricultural ccosyslCmS. many exlcn創刊 workshavc becn 

done In同gardto the complcx cffccl of air pol1ulanl mixlurc. Thc focus oflhc rcscarches rangcd 

widcly 針。m Ihc biochcm悶alvicw points in ordcr 10 solve Ihc aClion mcchanism of the 

pollUlanlS to Ihc chronical innucnccs of long-Ierm gas eκposures on foliage and dry wcigh1 
growlh ofplanu. ̂  numbcrofrcv・ewpaper has covercd IhOSe subjccls (1lea1h 1980. l1cgges1ad 
and Hcck 1971. J.lorsman and ¥Vcl1bllrn 1976) wherc thercarc somcl・mC$crucial co川，，'にIlons



。喝"'''11". Ku剛山・no.M，)oko K山間aodT'umu~u Tot>uk. 

amon畠P問。提Iydocumc・IIcddala. For ccampk. in scvcral rcporls. ozonc gencrally actcd箇""
川 hibilor[0 planl gro川 h(Hcagle e[ aI1972. Oshima C[ al 1915. T・ngcyc[aI1911.Ti帥gcyctal
1973). while in ot her rcporls 070ne stimulatcd the growth (Bennctt 1977). Those fatls suggesl 

thal a more analYlical rcsearch has 10 be performcd 

1 n the series of ollr Sludies. we inlended 10 reexamine thc erfccl of air pollulan[s. espec凶lIy

NOI and OJ alonc or in comb・nalionon pholos)'nthctic COI assimilation. the translotation of 
photosynthatcs. and the growth in d町、~'eigh t. The present rcport wil1 deal制 IhIhe erfecl of thc 

pol1uta川"・It hc growth of whole plants. tht parlitioning of assil官官ilatesamongcathplant p3rt 
and root acti...it・esin kidnc)' .，.目np!a川S

l¥1aterials and Melhods 

J"wo sccds of k id ncy bca n plants (Phaseollls I'lIlgari.¥' l. t.... Shin-cdoga wa) werc sown on a 

plastic pOI (7 cm in diamctcr and r 1 cm i11 dcp¥h) which contai旧 da n art ificial soil: vcrmiculitc 

pcat mo~~ 阿rlitcand finc gravcl (2:2:1:1 V{V). Thc basal fcrtilization consisting of 1 g of 

Magamp K (N:PjO，:KIO = 6:40:5 from W. R. Gracc Co.. Tcnnc“cc. U.S.A.) and ) g of 
magncsia limc was carricd O¥JI. No addilional fcrlilizcr was llpplicd during lhc coursc Oflhc 

e反pcri!llcl1t.Thc plants were gcrminatcd and grown in an artificialJy lit growth cabinct 

Thc environ mcntal conditions in ¥he cab目、ctwere Scl upal 25 Klu昆 14-1 0 hr day and night 

c)'clc.25・C削 d10% R. H. Onc of plants in a pOl was thInncd 7 days afler叩 winglocqual凹 'h，
...isi blc planl sIzc in thc community which usually COII$・ ~ I Sofmore Ihan 90 p015 in onc sel oflhc 

experiment. The cκposuresofplanlS to NO~ and 0) aJonc orin comb・I¥aliollwerc started 01¥ lhe 

山 hday制 dendcd on lhe 111h day aftcr印刷IIg.N01 wasexposeJ aI2.0alld4.0 ppm. alld OJal 

0.1.0.2.0.4 ppm. 1 n the mixcd gas lreatmelllS. thecombinalionsof NOI and 0， concen1raliol¥s 
Wてre2.0 and 0.1. 2.0 and 0.2. 2.0 and 0.4. and 4.0 and 0.2 ppm 
Twel ... e planls were harvested in the morning(usualJy from 101011 am) of 12.14 and 17 

days a flcr sowing. Onc half of t he planls werc dricd at 800C for a few day 10 mcasure thcir d ry 

W引 ght.The olher half w宅rediv・dcdInlO two alld 、時間frozenin a freeler al around -20oC for 
sugar analysis aftcr measuring the fresh weight. The dricd samples of each plant part wcrc 

dividcd into IWO and ground 10 fine powder with a vibrating sample m・IJ(TIー100.Sciko 
manufactory Ltd‘Tok)'o) for thc dctermillation of nitrogen contCn1 bya Yanaco CN-cordcr 

(MT-500. Yan:lgirnolo Co.. Ltd.. K yolo). The frozcn smaplcs of Ihc trifoliale leuL primary Icaf 

and roo[ 柏町ehomogcnizcd 刷 th80% ethanol bya Pol)'tron (type 10{35， Kincmatica， 

Swit7.crla nd). Et hanol cXlract was cvaporated nearly 10 dryncss a nd lhen cenll'if ugcd at 10，000 

rpm for 10 min 10 rcmovc chlorophyll insoluble to waler. A dricd aliguot of ;，Icolトol-watcr

solublc fraction was wnrmcd al 700C for 20 min wilh TMS (trimclhylsihtnc) 10 synthcsil.c Ihc 

volalilc dcrivalivcs of 511酔 rsfor Ihe gas chromalOgraphic anal)'sis. A silicon OV-J7 at 2% on 

chromosorb W (AW-DMSC 60f80 mesh) was packcd in a glass column (S mm in insidc 

diamcter and 2 m in Icngth)山roughwhich nitrog凹 wasnown at 60 mljmin asa carrier gas. Thc 

sugars werc dclermillcd b)' a gas chromatograph anaJyzcr (Shimal.lI Co.. ltd.. GC-SA) wIth a 

name ionization dCleclor. I'henりs-gluc回 目dewas selccted as an intcrnal standard 
The root rcsp・rationwas measured in the separate experimenl where NO 

2 
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Resulls 

Growlh of a whole planl and cach planl pa rl of kid ney bcan unexposed 10 air polluta nlS 8rt: 

i¥luslraled in Fig. 1 wilh Ihe logarilhmic scale川 averticall川c.Thc whole r.向nlshows a ncarly 

sIr8ighl curve which mcans 1I叩 constanlrclalive growlh ratc (0.15 gl g'day土 0.056in Ihc 
Ilveragc of fivc dClcrminalions with slandard deviations) Ihroughout the experimenl ranging 

from 8 1020 days aflcr sowing. The primary leaf grew rclalively slowly. stoppcd Ihe growlh 2 

weeks after 50wing and Ihen decreased the dry weighl gradually. lt is Ihoughl thallhe primary 

leaf has almost m8tured d uring Ihc gas cxposure period (10-17 days afler 5owing). Thc川 foliale

leaf whieh commenced 10 unfold just bcfore Ihe 51art of gas cxposure. grew expone則自ally.and 

Ihen its growth rale decl・ncdal Ihc middle of gasexposure. The roOI growlh seems 10 kccp paee 
wilh thc growth of a whole planl as it showed a similar growlh ratc刷 ththat of wholc planl 

州ウ〆/

Er-t〆づ
ーア。

E|"ih1 1・
E』ヨ ， .. 

"' 

."' -10 12 14 
Days after sowig 

4 

" " 
Fig.1 G同 wlhcurvω。f・hewhole planl and eaeh organ oftidney bt'an from 8 to 20days 
arter 50¥¥'川島Thelrealments or gas exp儲 ure10 NO， and 0) were carried。凶 101011days 
arler S。、.ving(ind阻aled鴨川ha black bar in lhc ligurc) 

Changes in d ry wei包hlgrowth of Ihc wholc planl during Ihc gas ex posurc pcriod arc shown 

川ドig.2. Thc cxposures 10 N01 al 2.0 ppm orO) alO.1 ppm rcsulted in thc insignificanl dccrcase 

in dry weighl growlh for thc行rSI4 dllys. No visiblc injury was obscrvcd in both IrcalrncnlS 

d uring Ihis pcriod. The 1ca ves exposed to N01 al 2.0 ppm becll me apparcnlly dark grccn. which 

suggests an aCI1V3110・1of chlorophyll synlhesis by tJ刊 assimilationof nitrogen from N02. Thc 
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引昆刷 ficanldecrcasc In dry weighl growlh occurred whcn Ihe plan¥s were kcpt in gas millture 2.0 

ppm N02andO.1 ppm 0) for 7 days. N02 Irea[mcnl a14.0 ppm caused [ypical symp[omsoftl、c
visible damage espcciaUy on the primary leaf and considcr;tble rcduction in dry wcigh[ growlh 

ofa whole planl. Waxyal刊Iwater-soakingappeara川口developedalotlg thc margi n of the lenf 

for [1刊行出 1-2days and [hcn thc collapsed， irrcgular-shapcd d時colorationbctwccn [he vein 

sprcad ovcrlhc Icafas thc clIposurc period was prolongcd. In the case of e:叩 osurcsto 0) atO.2 

andO.4 ppm. thc typ・calsymp[om of 0， Injury so called silvery flccks訓干dredd・shpurpl<:山pple
was observed all over thc leaves 針。mthe early phllse or gas cxpo阻 re5.Thc dry ma¥ler 

produclion was deteriorated more h阻 vilyIha1l olhcr gas exposures whCn trcatcd sing旬、

espec凶lIy制 Ih0.4 ppm 0， whcre dry weighl of the planls incr同町donJy slightly during the 7 
days incuba[ion. The mixed cxposure of N01 and 0) al 2.0 and 0.1 ppm and al 2.0and 0.2 ppm 

resulled in a more d fIIslic decrcasc in dry weight growth than expected f rom an adilIvc effecls of 

lhe cxposure 10出 chgas siogly for the first 4 days. but il beeamc Icss Ih叩 addi[ivecffects:tl 7 

days after the star1 ofcxposure. Thc combination of2.0 ppm N01 and 0.4 ppm 0) showed an 

包Imostsimilar pattern to lhn[ in the C!lSt ofthc exosure 10 0) singly、whichimplics [hc grow¥h in 
¥hat combination 15 dc¥crmincd by lhc high concentrntion of 0) abovc [he [hrcshold. Visiblc 

川Ijuricsfound in [hc mixed gas cxposure~ were mostly an O)-dominanl [ype 
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日g.2Erfecl Qflhc c~pos"res 10 NOl and OJ alonc or in eombin仙刷011dry附 ighlor the 
whole plant or kidncy bean plan!s 
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It isanlに・paledIhallhee足posure10 N01 and 0) sIngly or川 eombInlllionshould affccllhe 

d・'"・bUlionof pholoassimilalcd carbon to cacb planl organ. Thc percenl of dry wcighl in each 
parl among whoJc pJant arc shown in F・g.J. As for conlrol pla nl. Ihc perccnt of prima ry Icaf 
wh悶hncarly rcachcd maxirnum dcvelopmcnt at thc SI8rt of gas exposurc (Fig. 1). dccrcascd 

wIlh limc during thc gas口 posurc.Jn contraSI. perccnl of trifol・atclear and slcm inciuding 
ncwly formed young icavcs Incrc8sed wilh IIme. while that of rool slayed quile eonslant. The 

planls cxposed 10 N01 al 2.0 ppm or OJ at 0.1 pprn possessed lhc distribulion pallcrns alrn051 

idcnlical 10 thc contorl planl. 1凶 Iheplanls lrcaled ¥¥;什tholhcr gas conccntralions and 

composilIons there was箇."・eraltrend in lhc dislribulion paltern Ihallhe pcrcenls or rool and 
lrifolialC Icafbccoll1c lowerand Ihat of primary leaf is kept higher unlillhe cnd of gascxp田""
Ihan Ihe perccnl in Ihe con1rol plant 
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Fi&. 3 Efrcel or 11阻 cxp05ur四 10NO) and 0) alonc or in l:ombinalIon on thc rclalivt dry 
wciglll oFcach organ in kidncy b<:an planlS 

Thc rcsult in Fig. J lIrousc the thought Ihal the ralio of roOI o¥ler shoo¥ should bc changed 

by mOSI of gas I reuI Il1cnlsγhccalculalcd root/shool ratio， shown in Tablc 1， fcJJ inlo thc rangρ 

f rom 0.20 to 0.24 in thc conlrol planl. Thc叩osurc10 O. J ppm 0) ga ¥lC slighlly highcr Vlllucs 1 han 

!hc con!roJ. Littlc diffcrcncc was obscrYcd in N01 al 2.0 ppm. In olher trcalmcnts. however 

!herc was a Icndency !hallhc yalucs went down with lime and wcrc considcmbly lowcr than lhc 

conlro!. Thc Jowcrcd valuc of root!shool ralio suggcsl Ihallhc cxposurcs 10 N02 und/or 0) a1 

conccnlralions a nd combi nations appli巴din Ihe cspcrimenl could weaken thc Iranslocation of 

pholosynlha!cs of Icaycs 10 roots 

T.b1c 1 ROOl/lhool ralIo of kidncy bean plant5 exposed 10 N01 and l白， 0， 副\la fLOU~ 印刷世"，且ItOn$

NO， (ppm) 。 2 ， 。 。 。 2 2 2 4 
O. (ppm) 。 。 o 2 4 2 a 2 

2 days 20 19 " 27 16 " 21 19 21 19 
4 day5 23 '6 IJ 2s /8 /8 /8 /8 19 " 7 days " 22 " 27 IJ " 

/6 " 16 IJ 
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Thc IOta1 nitrogen percenl in a wholc plant of the control has a decreasIng tendency帆，h
limc(日g.4)γheperccnl 31 thc cnd of thc cxp05urc pcrIod was almost a half of the ¥laluc at thc 

start of cxposurc. This suggcsts that under the culture cond比ionin the preSenl experiment Ihc 

supply of nitTogcn from Ihc artIficial 50汁inpols should bccomc lirnitcd as Ihc plants grow up 

Thc growth of plants州 Ssupporlcd by Ihc basal nitrogcn fertilii':cr and no additional 

applic31ion ofnitrogen was carricd out until thc end of cxpcrimcnt. Thee疋posure10 NO， aClcd 
to push up the le¥lel of nilrogen perccnt in the plants as expeclcd. suggcsting thallhc plants 

incorporalc and ulilii':e nitrogcn 針。mN02. The plants川 thccontrol obviou51y have a lower 

nitrogcn pcrcenllhan Ihe plants ex poscd 10 OJ (exαpl 0.1 ppm) whIch fullydepcnd on nilrogen 

absorbed by root unlike in Ihe casc of N02 exposure. The incrcascd nIlrogcn pcrαnl by OJ 

exposure implied either Ihe stimulation of nitrogcn uptakc by root or the conc開 trationof 

nilrogcn duc 10 Ihe decrellse in Ihc biomass productIon. Thc samc phcnomcnon was al50 

obscrvcd in the mixed IrealmcnlS 
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日g.4Percent of nilrogcn based on dry wciglll in Ihc wholc planl of kidncy bcan planu 
"Pωed 10 NO， and 0， a同ncor in combinalion 
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I'he d ifferences in Ihc amount of nilrogcn in a whole pla nl bctwccn 0 to 2. 2 104 and 4 10 7 

days afler Ihc start of the exposurc show how much ninogcn i5 incorporaled into Ihe plants 

during those pcriods. The nilro包cnuplake ralc is calcuJated from t hc avcragc oflhrce ind・vidual
vaJu田 obtaincdform 1 hree inlcrvals and i5 cxprcssed by mgl wholc planl.days (円g.5). Since the 

planls cxp05cd 10 N02 havc thc sourαS of nilrogen. onc from almosphcrie N02 and the other 

from nutricnt In the a rlilicial 50il. If Ihc absorption of nitrogcn by Ihc rool Is unaffeclcd by N01 
exposurc. nItrogcn above Ihe Icvel oflhc control can be con訓dcred10 comc from almosphcric 

N01. Thc Incorporation of NOl by Icavc$ was performcd al a considcrabJy highcr開 Icthanthe

absorption of mcdium nilrogcn by rOOl5 in bOlh 2.0 and 4.0 ppm N02 trcatments asshown in 

Fig. 5. The exposurc to 0) secms 10 bc unaffecl山eto nIlrogcn uplake by roots. This凶 aralhcr

同 ntradにloryrcsult bccPllse OJ exposure lowcred Ihe pcrccnlagc川 dryweight occupicd by 

roots among a whole planl. which makes us conjccturc Ihc dccrcasc in absorplion aClivity of 
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nutricnts by the rOOI ofthe planls cxposcd 10 OJ. Supposing Ihal 0) docs nOI change nilrogcn 

uplakc ralC even in mixcd Ircalmcnl5 、州hNO，. Ihe c，o;cess nil同駅novcr Ihe control is 
considcrcd to originatc from atrnosphcric NOj. When NOj was m同，d叫th0). itsabsorpt・onby 
leavcs was grcally supprcssed. J n Ihむcornbinalionsof NO) IInd 0; at 2.0 and 0.2.and 2.0 and 0.4 

ppm， linlc incorpolaiion of N01 was obscrvcd. ĉlualJy、forthc rcsull 10 hc convinωblc， thc 

日 pcrirncntwilh an凶olopicnllrogcn should bc conductcd 10 dislingu陪hbctwcen the two 

sourccs of nilrogcn 

Soluble sugar conlClI1 was dClcrmincd as a m旬。rindicalor rclating with mctabolic 

aClivilies in Ihc planls. Four spcdes of su伊 rs，ie. glucose， fructose. illosilol and S¥lcrose were 

detected 011 a gaschromatogram. One more peak occ;:aisollally appcarcd asa minorcomponcnt 

IIl1lollgsugars. This p四 kcould not bc idclltificd. Thc primaryand Irifolialc lcllvcsdid 1101 show 

any cOIIsistcnl changcs in sugar contcnt Ilnd composilion刷 ththc trclltmcnts of gas e)O;posurcs， 

lhereforc. dalll IIrc not shown. 011 Ihc othcr hand. in thc rool. the pcrcent of glucose among 

solublc sugars tcndcd 10 declinc as Ihc damagcs from gasc叩 osurcsincreased (Fig. 6). Glucosc 

was undclcctablc in lhc cxposure to 0.4 ppm 0]， and 4.0 pprn N01 and 0.2 ppm 0) for 7 days 

The pcrccnt of fructose sladycd quilc constanl regardlcss of gas cxposurcs 
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Fig. 5 Nilrogcn uplah ralc of k:idncy b嗣 nplanu “poscd 10 NQ， and 0) alo町.'"泊
comb川 alion.Thc ralCS wcrccalculatcd from Ihc differcncc in nilrogcn conlC副loflhewl¥Olc
planl al Ihrcc consccutivc sampl¥ng poinlS 

I"he conlClI1 of solublc sugars incllld illg fourぉpccicsof individual sugar was decrc同scdin 

rOOls of plants c，o;posed 10 air pollulanls. Thc dry wcight of roots 7 days aflcr Ihc Slarl oflhe 

exposurc was pJollcd against soluble sugar contcnt 11[ 1 hat timc. As shown in Fig. 7， a rclal・vcly
high correlation was oblaincd bClwcen Ihc two. This resull slIggcsl that Ihc amounl of solublc 

'"島arin roots has some reJationship wilh thc dry maller production of roolS 

Since thc absorplion of m旬。rnutrients likc nitrogen凶anencrgy-d叩cndentproc:ess， rOOI 
respiralion may partly rencct Ihc activity of the nutrient uplake affcctcd by the gas cx.posurc 

Thc rool~rcspiration was mcasured by a n oxygen elcclrode wilh exciscd rOOl5 of poned plllnts 

cxposed to NOl a12.0 ppm or 0) a10.2 ppm. [n this c)O;perimcnt thc mix.cd gasex.posurc to NOl 
and 01 was omittcd. As shown in Fig. 8， no sign江山1111dccrease ill 0; uplake WU  observcd in 

cithcr ofthc IrealmcnlS ulllil 5 days aftcrthc Slart oftheexposure. Thc rOOI rωpiration b叫舗m，
considピrablylowcr Ihan Ihc control at 7 days，and espccially Oj induced a morc draSlic dccr四段

Ihan NOl 
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?も6Dislr・bUIIonof gl凶 o，e.rrucloSc. ;no$Ilol and sucrose川 solublesugars extraclcd 
from roOIS of kidney bcan plants cxposc 10 N01 and 0) alone or IIl combinalion 

。"印掛'"・B
明(.('1011growth ond parrifioll;lIg o[ dry moul'f;1I /11(> plallll" 

lnlhepresenle足perimentthe visible symtoms of injurics tended 10 rirsl appea r and dcvc:lop 

most severeJy in 1 he almost mal urt primary lcaf which has bccn exposed 10 air pollU!anlS for the 

longcst pcriod. Thc apcparancc of lhεsymplorns on thc first Irifoliatc Icaf j出 tal a dcycloping 

slagc was obscrvcd in thc casc of the prolonged cxposure 10 high conccntration of air pollutants 

rheconcentration of NOI al which the plant growth issuppresscd sccms 10 bc h喝herIhan 

lhal of 0). The eκposure ofkidncy bcan plan1s 10 N01 al 0.1 ppm for 101015 dayscaused no 

signilicant decreasc in dry weight (Tolsuka el al. 1978a). Thc growth of Ihe p1anls was even 

slimulaled when lhe fumigalion ¥¥喝scarried 0凶 duringnighuime al 0.3 ppm for 2 weeks 

(Yoneyama cl a1. 1980). When Ihe concentral・onwas raised 10 higher leve!s Ihan Ihose va1ucs、
Ihe growl h suppression was rcporlcd 10 bcconlC apparcn!. Thc pinto bcan plants exposed 100.5 

ppm NOI for 10 10 11) days dccrcascd the d ry wcight by 6 to 22% over 1 he conlr01 (T aylor and 

Ealon 1966). The fumigalion 10 1 ppm N01 for 2 wccks 陀 sult吋 in15% inhib・lionin dry malter 
prodUClion of kidney bean (T Olsuka el al J 978帥 Twoppm NQl used in Ihe presenl cxpcrimcnt 

as Ihc 10weSl conccnlralIon had liule effecl on dry mauer produclion during 2 104 days 

exposurc. whi1e Ihc signi日6渇111reduction wa笥。bscrvcdal 7 days(Fig. 2)， Four ppm NQI was 100 

high for thc plants to maintain Ihc norma1 growth from the Fir5t 2 days 

rhe considcrab1e red uction in the d ry matlcr produclion was associatcd刷 Ih0) exposure 

at att range of concentrations uscd in this expcriment as expecled from the rcsults reported by 

many researchcrs (Heagle et 31. 1972， Oshima et 31. 1975. Tingeyet 31. 1971. Tingey et al. 1973) 

In Ihis cxperiment Ihe plant growlh was already affccted by Ihe e足posure100.1 ppm OJforonly 

2 days. Ilennel el al (1974) con目rmcdIhal Ihe growlh of kidncy bean planls was apparenlly 

stimulatcd by the exposure 10 0.03 ppm 0) for 12 days， Considering bOlh re剖 115.the Ihreshold 
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may falJ川崎sOlllewhcrcbc:tw喧cn0.03 and 0.1 ppm in lhc plants 

11'1 ourrcsult lhc combinations ofN01and 0] althe lowconcentra刊。n，i.e.2.0andO.1pp川

or 2.0 and 0.2 ppm， produccd morc than thc additivc cfrecl on the川 hibitionof growth at lhe 

carly stage of the exposure. In other combinations. thc plants were鈴 vcrelydamagcd by the 

expo叫陀 10either gas alon民 thusit is considcred futile 10 discuss on the combincd effccl 

Fig. 3 and Table 1 clearly dcmonstrate Ihat thc rOOI growth Is Impaired mOSI by gas 

cxposurcs CXCCpl川 Ihecase ofthe low concentralIons or NOj a nd 01 alonc. The dccreasc in Ihe 

root/shool ralio by 01 cxpousre has a Iready been reported by sevcral research workers (Bcnnc( 

and Runccklcs 1977. Horsmllnctal. 1980、Ugataand Maas 1973. Oshima el al. 1978， Rcincrt 
and Wcbcr 1980). J'hc spcc・口cinhib山 onof root growth implics (hat the translocal・onof 
photosynt hates from thc sourcc Icaf with thc biggcst contribut iOIl 10 the roots is arfected by Ihc 

gas exposurc. In the kidney bcan plants used hcrc. such an organ is considcrcd 10 be lhc primary 

Icaf. Okano ct al. (1984a and b)substantiated u剖ng1JCas a Iracer Ihat Ihc IranslOCaliorl rale of 

phOlosynl hcticlilly assimila lcd carbon f rom the pri mary learto 1 he rOOI附 hcavilyslowcd down 

by Ihc cxposurc 10 NUj and 0)， alonc or in combinailon. The plant may havc an inhcrilcd 

nalurc 10 pul thc priorily on Ihc shoot growlh undcr Ihe slresscd condilions cven lhough lhc 

rOOI growlh is sacrificcd (Wardlaw ct al 1968). Whilmore and Mansfield (1983). howcver 

reporlcd wit h scvcra 1 grasscs cぉposcd100.1 ppm N01lhallhe roolfshoOI ratio was unaffccled 

even when the planl growth was signicantly rClardcd 00 11河 basisof dry weighl 

正{fl'f'j011 niuog問 mpUf

Since the plant has an abilily to ineorpo日 leal冊 osphericN01 into・ISbody conslitucn何
(Matsumaru叫 al1979)， it is quite underslandable Ihal N01 exposure should push up向eIcvel of 

IlIlrogcn川 theplant assccn in Fig.4. Thealmospheric N01at 2.0and 4.0 ppm conlributed more 

to total nitrogcn cconomy in kidncy bean planls than medium nitrogen absorbed by roots did 

(Fig. S). Thc percenl of nitrogcn in thc wholc plant was al50 significanlly elevatcd by 0) 

exposure which uoarfeclcd the absorption ratc of nit問 gcnfrom roolS. Thc higher pcrcent of 

nilrogen caused by 01 exposure will be the rcsull of the growth rctardalioo Oflhc plants which 

uptake n・<d・umnilrogco allhc similar ralC as Ihe control plants do. A ladino cloverexposed 10 
0.3 8nd 0.6 pplll 0) for 2 hr a day for a wcek posscsscd a higher perce則。fnitrogen than thc 

control (Lctchworth and Uulm 1977) 

liffl'CI 011 soluble sugurs ul/(l rool rl'spirmion 

The ahcrnation in Ihc composition ofsolublc sugars oc沼urrcdin whelit lcaves c"'poscd 10 

NOl川 1ppm (Prasad and Rao， 1980). Fructose bcclimedctcctablc. wh同hwas IIbsccnt in thc 

control planls. In lhe case of 0) trcatmcnt. Bancs (1972) 3nd Duggcr ct ul (1966) reporlcd thc 

incrcasc in rcducin邑sug舗内刷Ihpinc and Icmon sccdlings rcspcctively. In conlraSI， thrcc-ycar 

old pondcrosa pinc needle exposed toO.3 ppm 01 reduced KO% elhanol叫 lublc州肝rs(Millcrct

al. 1969). In our cxpcrim創刊。 solublcsugar contcnts in leaves n uctualcd uncxpeclcdly and no 
clcar-cut trend was prod叫凶 bygas exposurcs 

Thc amount ofsolublc sugars in the roolS was C。阿sislenllydccrcascd by bOlh N01 and 0) 

exposurcs. Among solublc sugars the percenl of glucose declincd remarkably wi山 Incrcaslng

conc泡ntrationof cilher gas alonc or in cimbinaiton (Fig. 6). High eor問 latIonwas fOllsd bctwecn 

sugar contenl and dry wcighl of rOOI$ (Fig. 7). Those rcsults confirm (hat thc rcduced 

'"附locationof sug浄rsfrom leavcs 10 roots should cause the reduction in dry mal!er procl uClion 
of rOOI$. Thc 0) fumigation significantly leveled down Ihe conlent or starch. sucrosc and 

reducing sugar in the rools of green ash seedlings (Jcnsen 1981) 
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Fig. 7 Correlation belween lhe dry w則 gh<刷、dIhe sugar conlenl in kidney bean rool5 
sampkd 1 day事.rterIhe start of gas exposures 

Sil1cc solublc sugars in plant orgal1s art uti!izcd as substrates for thc rcspIration. it陪

cxpcctcd that thc rcduction in Ihcir contCl1t5 w0111d supp問 SSIhc rOOI rcspiraliol1， Conlrary 10 

山崎 amicipation.thc cffccl of both NOl and Ol appcared vcry slowly and did 1101 bcc:omc 

~ig l1 ilïcant until 7 days after Ihe cxposure (Fig， 8). The pools of soluble sugars for the rOOI 

respiraiion and thc synlhesis of body consitiluenlS might bc .separalcd、andthe gas exposure 
might onlyaffccl Ihc pool for thc lnttcr. Thc rcsullthat medium nItrogcn uptakc by rools. which 

is lhought 10l1c cncrgy-dcpclトdcnlpr田 csscs附 S1101 altcrcd by Ol cxposurc may supporllhe 

abovc川tcrprttation.On Ihc othcr hand. H ofstra ct al. (1981) rcporlcd Ihatthc exposure of bean 

plant 10 Ol turned 印刷 tipsbrown and rcduccd Ihc rcspiralory aClivilics m回 S‘Ircdby bOlh 
lriphenyl tctrazolium cloridc slaining and COI evoluliol1. Thosc phenomcna bccamc evident 

wcll bcfore thc visiblc i吋urya ppcared on thc lcavcs. Further invcstigaliol1s should bc cond uced 

!O clarify thc reasol1s producing a discrcpancy d時cusscdabove 
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インゲンマメに対する二酸化窒素とオゾンの単独友ぴ複合暴露の影響

I 生長，同化産物の分配と根の活性

伊藤治1 岡野邦夫1・黒岩美代子z戸塚績 l

捕胡龍10日LIのインゲンマメ (Phaseolusvulgaris L. cv. Sin-edogawa)が二階化盟

卦{2.0c1.0ppm，対ゾン0.1，0.2とO.1ppm単独及びそれ専の祖合で 2.4と7日1111，融商

されたL丙鴇ガスの彬噂は，全長、同化産物の分配。議紫の岨収.可用住凶智古置と棋の

活性，特に呼吸に口口して調べりれた。

乾物生産の嗣少はほとんどすべての区において腿めりれたが，二酷化摺揖2.0ppmとオ

ゾンO.2ppm区では暴露初捌においては対聞区とほぼ岡崎信生長を示した.2舗のガス

を低い狼度で混合した場合には暴露開始後2日目と 4日目において生亜を相栄的に抑制

することが臨終された.企箆物あたりの窒棄却1&はすべての区において高まったJオゾン

暴置において鐙軍複直が高まるのは，棋による盟事の吸収は~.されずに生長が抑制さ

れるため一割の濃縮現卑が起きたためと考えられる.オゾンが共存することによη植物

によるニ般化盟棄の取り込みと同{ヒは著しく掛少した.

制の可1'11性1I'i濃度は汚染ヵ・ス処理により減少した.線の可溶性継機世と乾物盟との聞

には;r.;ぃ相聞が認めりれた。可出性稽量が減少するにもかかわりず，制の呼吸は暴露開

始挫5臼円まで対附区との問に有意は置は得りれ'"かった.以上本主鞍により!二階化

盟罪とオゾンを縁開切ることにより乾物量産と轟かり級へ転出される可耐性鮪置は減少

するが，般の活性に畑町、する監禁:馳収や呼吸は対照、区とあまり査りはいことが示主れた。

1 国立公縄研究所 原嶋生物部 〒3田 3英機県筑波廊谷間郷町小野/1116-2 
2 共同研究員， 三鐙油化味式会社中央研究所 〒3曲 03~度減県舗敷お倒見町
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Effeds of N02 and 03 AJone or in Combination on Kidney Bean 

Plants. 11. Amino Acid Pool Size and Composition 

Osamu ItO'. Kunio Okllnol and了sumuguTotsuklll 

I Di叫剖onof Environmemal 8iology. the NailOnal Ins・illlteror Env;ronmen1al SllId限S
Yatabe.machi， Ibaraki 305、Jnpon

1、edrect昼ofNO， and 0， e足posu偲 salone or in combinat凶 11were In¥'<:st川gatedWilh 
resp宅:Clto amino acid po叫.izeand composition. The shorHcrm e!tposurcs 10 1'10， a14.0 ppm 
alone orin combination W川hO，剖0.4ppminduccd r~pid 川crca~in IOtal amino acidsamong 

which glulaminc 1]ば印piedmost of llie pan. TOla1 amino四cids附 rea150 in剛 easedby 0， 
e!tposure Irter 2 hou同 lagJX'riod. The accumulation or glutamine w租$predomi陥 nt3mong 

aminoacids with ir回 eoscdamounlS 

Whenthee昆posureJX'r・odwaseJttendcd 10 210 7 days， incr(3$C in 10lal aminoacids WIS 
ol)servcd in all thc Ihrct: Ireatmcnts. IhOllgh mo到 rcmarkablcin4.0 ppm NO，.ln lltc rOOI・h，
C!tpOSIl陪toO，陀slllledin Ihc high回 conccnlralionof lolal am.noac.ds. Asparall.nc..n placc 
ofgl川aminc.bt:camc 3 major amino acid. Thc pcrccnl ofuparaginc、;vasespecial1y i !l(; rtu ~td 

by Ihc m'l¥cd cxpo叩 rc10 NO， and 0，. ln co川rftS1.a decrcasi唱 lrcnd崎明foundin glulnmolc 
I"hosc res山 sindicatc Ih削 glutamincwhi凶 accumulalCSc!tlcnsivt:ly in an carly phasc of Ihc 

gas Cl¥posurc 質問、S10 be gradual1y conV<:rtcd i刷。 othcramino acids. mainly asparaginc 

Summariz川 8thcrclationship bc1町四thcchangu in cach amino acid broughl about by Ihc 

ellposurc 10 air pollUlanlS. lhc high corrclation叫 Sobtaincd amongaminoacids belonginglo 

ll>c strinc family刷出回 ，1戸'"'鍵rincand cy寝泊時

K~f words: NO， OJ Kidney bean-Amino acid5 

Metabolic aclivities in plants are rcported 10 bc dislurbcd by Ihe exposure 10 air pollulanu 

Numbersofcnzy口lesandbodyc。山titucnlssuch as sugars値minoacids， organic acids and $0 on 

have bcen tested in this rcgard (Wcllburn CI al. 1980). [1¥ thc prcvious paper， thc singleand miJtcd 

cxposurcs of N01 and 0) were found to dccrcase sugar conlcnl in Ihe roOI of kidncy bea n planls 

(Itoctal. 1984a). Thc 印刷cnlSof solublc sugars and amino Ilcids in thc leaves wer刊にrcascdby 

Ihe 0， cxposure (Dugger et a1. 1966守 Tingand Mukcrj・(967).Only limilcd information on 
mctllbolic changes is av創 lablein conneclion with the NU:! exposure which may causc Ihc 

considerable impact on aminOllcid mctabol山m115 nilrogen from N01can rcadily be utilized by 

Ihe planls if nitritεreduclasc is activc (Yo:neyama ellll. (979). The p問sentstudy ws iniliatcd to 
ma ke c1car what changcs would la ke pla民 間 the aminoacids individuallyand asa wholc upon 

thc cJtposure to N01 and 0， alonc or in combination 

Matcrials and mcthud 

The planl (I'hasf'OfllS l'IJ!garis L. cv. Shin-cdogawaj was grown cJtaclly Ihc same as 

prev・ouslyrcported (110 et 31. 1984a). In Ihc shon-1erm experimcnI. J2-day-old planls wcre 
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exposed 10 NOI at 4.0 ppm and 0) al 0.4 pprn singly or in combination for 2、4and 8 hrs. The 
samples of thc long-tcrm experiment. wherc the gas c1'posures at various cOllccnlrations wcrc 

carried out 10 [0 17 days afu:r叩 wing.wcrc brought ovcr from the pre納ouswork (110 Cl al 

1984a) 

To determinc thc 10lal a mount and thc composition of ami 110 acids. clhanol-watcr-solubJc 

fractions from thc trifoliatc Icaf. primary lcaf and fOOl wcrc loaded 011 an amino acid 
aUloanalyzcr (Model 835. Hitachi Co. Ud.). where lith川 mbuffers were uscd for bel1cr 

scparalion of glUlaminc and asparaginc. The 10lal amino acids wcrc thc sum of 21 species of 

amino acids detcrmined by thc analy7.cr. The 10[31 nilfogen was mcasured by a Yanaco CN 

cordcr (Model MT 5曲 YanagimoloCo. Ltd.). AII ana1y問問repcrformed wilh duplicatc 

姐 mp1cs.cach of which consislcd of Ihree plants 

Results 

T!1f sl!orl-/erm experime!ll 
Fig. 1 shows Ihe cffecl of NO~ and 0) cxposure alonc or in combinalion 011 Ihc 10lal amount 

and thc composilion of Ilmino acids. Thc lota1 amino acids in Ihe first trifo1iate 1eaf of kidncy 

bean p1anlscxp田 cd10 NOl at 4.0 ppm incr四 sedrapidly. and reached the plateau 4 hour5 aftcr 

Ihe 5lart. of thc gas fumigation. Among 21 specics ofam;no acids tested hcrc. thc accumulatioll 

of glutam;n沼wasIhc mosl remarkablc and was ;n paral1c1 with Ihe incrcase in Ihc amount of 

何回1amino acids (F・g.la). The amounl and composition of叩 l;noacids in thc firsl triro1・."
leaf of Ihe plan“uncxposcd 10 Ihe air pol1ulants slay叫 almostconStanl during tt陀 courseof 
experimtnl. The contCnl of glutaminc was ncarJy 10 limcs of Ihc 1cvcl at thc slarl of Ihe 

cxpcrmほnt.Thc amounlS of threonine. serinc、γaminobutyricacid (GAllA) and a5paragine 
al50 increascd， while thcir eXlents werc only Iwicc as nluch as Ihe initial and Ihcir pCl'ccnts in 

tOlal amino acids werc rclUli vcly low as com parcd with thal of gJulaminc. Olhcr U rni no ncid5 

merely changed the amounls throughoUllhe NOl cxposure 

Thc e足posure10 0) al50 induced Ihe incrcasc・nIhc amino acid pool size (Fig. 1 b). 1 n Ihis 
case. however.lhc ar昔、。unlof 10lal amino acid conlcnl rcmained al thc iniliallevcl for Ihe firsl 2 
hr and then increased rapidly. The percenl of glulam;nc became prominεnlly highcr wilh lime 

rhc accumulalion of glulam・ncoccurred prior 10 Ihe ・ncreasein Ihc叩 lalamino acids. Mosl of 
amino acids eκcept glycine、alanineand minor amino acids (dcsignaled by "olhcrs" in Ihis 

papcr) incr回 sedI hcir amounts 4 10 8 hrs aflcr Ihe Sla rI of 1 he gas cx posure 

、NhcnN01 anJ 0) werc cxposed 10 Ihe planls in combinalion. Ihc changcs in 1 hc a mounl of 
10lalamlno acid conlcnl follo、.¥IcdIhc sa me 1 renJ as t hal of I he ex posure 10 N01 a lonc. J n spitc 

of Ihc co-preser同cofO j • nilrogcn from N01 accumulalcd quile rapidly in Ihe form ofarnino 

acids. 11 should bc noted Ihal thc inilial 1evel of amino acids was significanlly low in Ihis 

panicular expcrimc川 asknown by Ihccomparison of Fig. lc 剛山 Figs.la and b. The diffcrellce 

in amino acid contcnt is Ihoughl 10 be causcd by Ihc variaれonof Ihe planl5 uscd in each 

口 pcriment.though Ihc plants were grown in thc arlifieially-lil growth阻 binclfrom Ihc 

germination to thc harvest under carefully conlrolled environments. Allhough thc incr凶 5Cm 

theamounl ofglulamine was most prcdominanl， Ihe pool siz.e of otheraminoacidsalso bceame 
bigger 
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L;凶 出 出 と• 2 ‘ -・，
日g.1 Changes in thc 1:0帥ccnlral'(1向。flotala川inoacidsandam川。addcomp。訓hon川<h，
IrifotialC Icaf orkidncy bean planU e:tposcd ¥0 NO， and 0， al。問。""四rnbinalionfor210 
I! hour$， (・)NQ品川oppm， (b) 0， 31 0.4 ppm and (c) NO， and 0， I1 thc !lamc 1:0向ccnlnl!lOn
u(叫 and(刷 ^~p: Asparlalc 山r:Threonioe. &r: Scrinc. Olu: GIUlllmalC. Glo: 
Glutaminc. 01)': Glytillc. Ala: Alaninc. GA BA: )'-Arninobutyric aric. Asn: Asparaginc lIod 
0lhl:r5 iscl叫岨cvalinc. cysldnc 隠oleucInc.Icucinc. lyr。副nc.phcnylalan・"，.β.Ioincβ 
・剛no-iso-butyr刷cacid.lysine. histidinc. argininc and prol川e

Tlw long-I!'fll! e.rpl'l'illlf'1J1 

In thc ncxl expcrirncllt， thc cffects of air pol1utants 011 thc arnino acid pooJ si1.c and 

composition wcrc oycrviewed from Ihe longcr timc scalc(2 10 7 days)日g.2 shows Ihc cha ngcs 

i 0 Ihe a l1lounl of 11m川 oacids in Ihe lrifolialc leaf. pritnary Icafand rOOI ofkidncy b巴eanplanls 
cxposcd 10 N01 and 0.1 alo山 orin cOtnbination. Thc u附 xposcdplanls had a Icndcncy 10 

dccrease Ihc amounl of amino acids wilh limc in all parls of 1 hc plants Icstecl herc. Thc clI，pousre 

10 N01 significanlly pushcd up the sizc of amino acid pool in thc trifoliate and primary Icavcs 

while smaller changcs werc obscrvcd in Ihe rOol. 1 n particular. thc amount of a mino a創出inIhc 

rOOIS oflhe plaolsclI，poscd 10 N01 al 2 ppm was ncarlyequal w“h Ihat ofthe controllhroughout 
oh，昆asexposure pcriod. Thc cx posure 10 O. J ppm Ol.One had 00 cffcct on al1 t he thrce pa rts of 

planls. The more inereasc in ozonc concenlration s・gnificanllycnlarged Ihc size of amino acid 
pooJ. This cffecl W8$ cmphasizcd espccially in Ihe rool. The amino acid conccntralion was also 

increased by the rnill，ed cxposure 10 N01 and 0) in m051 of Ihe combinalions 

rhc pcrcent oflOlal amino-nilrogcn o¥ler 10lal nitfogen in the thrcc parls of政idneybean 

plant5 was calculalcd (dala nOI shown). lt has al陀adybe叩 reporledin the prcv・OU$pa肘r(Jtocl
al 1984a) thallhe percenl oftolal nilrogen is iocr聞記dbyl畑町posure10 N01and OJalonc orin 
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combinatiOIl. Thc illcrease川 Iheperα111 means Ihallhc cnlargement of amino acid pool size 

exceeds thal orlolal nilrogen. This trend was obser問 din mOSI or cases. espce・allyclearlyinNO: 
exposure 111 4.0 ppm 

剛山刷f

4・B

• " . 、 -ロロ

長l

NO， Q 

"・ • 8 d・3

~ ，・・• . ..， 
.'・HEコ."" 
C!). .. .. 

P白調川 1..1 

2 5・

側" . 

"・ e

。

j
:
sh
 

A 

ft..， 

e JE 

， 
しE
'"・
" 

置"，・・，
Eコ...，.
医!lI.“.. 

• • 
Fill.2 The conc菅川r.tionofl倒 .1.mino acids in Ihe Irirolillle leaf (a). primary IClIf(b) and 
rOOI(付。nidncy険制plancsexposed10 va riouscon~ntra l io・ 15of NO， and 0， alone or in 
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Ammoniurn was excludcd to c1llculate the amount or tQtal arnino acids. whilc it時

considercd to be an irnportant substrate for the synthesis of amino IIcids. Tablc 1 shows thc 

ammonium conccntration in kidncy bcan plants. ln thc control判ants守 theammon山 m

concentration dccreased wil h limc in all thc three parts. ofwhich t he primary leaftended to have 

thc highest concentration in 1111 trealmcnlS. The c足posurcto N01 at 4.0 ppm brought about a 

significant rise in t hc conccntration. parl・cularly4 10 7 days aftcr 1 hc slart of 1 hc cxposurc. An 
obscurc patter町 ofchanges in Ihe concentralion was observcd in Ihe ei'¥posure (00). In the 

mixcd cxposure to N01 andOJ， thc concentrations in all thc four trcatrncnts werc highcr than 

tha t in thc conlrol7 days arlcr Ihe sta rt or the cxposure. The cxposurc 10 NOl a nd Q} at 4.0 and 

0.2 ppm. respeclively.gave a eXlremely high valuc. which may becau民 dby Ihc deterioration of 

cellular metabolism 

Tablc 1 Conccnlrati加。fNHJInki山 cybcan pl削 1$t'ltp。誕d10 NO， and or 0) al varIolls 
C加 αnlra山 ns(umok/g FW) 

NO， (ppm) 。 2 4 。。 o 2 2 2 4 
OJ (ppm) o 。 o 2 4 2 4 2 

2 days 0.55 0ιo 0.12 0.20 0.78 0.59 0.24 0.53 0.39 。.57
Triroti~lt e Lear 4 days 0.53 0.64 1.08 0.16 0.40 0.42 0.63 0.39 0.4) 0.42 

7 days 乱16 日21 1.96 0.12 0.)) 0.34 0.24 0.44 0.67 1.12 

2 da)'ll 1.34 1.39 2.43 0.34 1.01 0.40 0.40 0.64 0.70 0.46 
!'rim且ryLcar 4 days 0.98 0.91 3.05 0.27 L73 0.54 日79 0.51 0.97 1.14 

7 day~ 0.37 1.21 3.57 0.40 0.75 0.93 1.20 0.63 0.99 24.3 

2 days 0.58 0.24 0.62 0.16 0.65 0.22 0.11 0.27 0.37， 0.43 
Rool 4 days 0.22 0.40 0.70 0.09 0.45 0.41 0.16 0.30 0.42 1.01 

7 days 0.11 0.11 0.27 0.06 0却 0.65 0.15 0.20 0.5' 1.01 

The amides. espcciaJly glutamine， are the first acccplors of a mmoniu m and play im'porlant 

roles ill thc assimilation of inorganic nitrogen and in the sto悶昌，Cof the excess nitrogcn.Thc 

percenl oflhe amidcs in 10lal amino acids was Ihe hi且hcstin Ihc rOOI and dccrcascd wilh ti me in 

atllhc Ihrc!': parts (Tab1e 2). Therc was a c1car tendcncy Ihatthc gas exposurcs pushed up the 

percent of amides in lotal amino acids‘Ihou畠ha few exception existcd. The tcndcncy was 

!':mphasized hy Ihc mixcd cxposure 10 NO， and 0). The amidcs in け刊trifoliatc1eaf exposed 10 

0.1 ppm Oj could not bc scparatcd from thc peal: of glutamale due to the former's amounllowcr 

than thc lallcr'且+

Table 2 I'en;enl or gllltamine and aspa岡山口covcr 10lal amino acids in kid問 ybean pla11lscxposcd 10 
NO， andlor 0， al var;ous 1':0附'"'団tion単

NO， (ppm) 。 2 4 o 。。 2 2 2 4 
O，(ppm) 。。。 2 4 2 4 2 

2 days 8.1 12.1 34.' ND 21.5 19.7 5.3 29.0 ) 1.7 52.4 
Trifolialc Lear 4 days 6.4 24.6 )).4 ND 32.5 )4.6 25.4 38.3 53.8 52.3 

7 days ).4 4.4 41.4 ND 7.7 32.9 '4.8 50.4 30.8 61.9 

2 days 25.8 23.2 31.0 22.3 3b.4 42.4 61.3 72.7 46.7 78.3 
Primary Lear 4 days 22.0 2Q.9 36.8 24ι 11.8 24.6 62.2 56.3 5J. 7 75.2 

7 days '.0 12.5 31.3 17.8 14.2 l唖5 '5.1 56.7 43.3 61.9 

2 dayli 83.2 81.5 82.4 70.7 82.0 87.3 43.5 90.5 89.4 89.6 
ROOI 4 days 59.2 74.3 90.5 64.5 80.2 92.9 82.2 90.4 88.9 78.0 

7 da)'ll 2b.3 37.8 89.8 43.5 82.2 ¥12.0 86.1 8b.2 88.9 91.4 

NO: NOI Oelcrmincd 
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GIlltRmRle OCCUpICS a key pos・l10nmam川 oacid mωabolism. In the non吋exposedconlrol 
plants， lhe percenl of glulamalC 愉lashigher in thc 1cavcs than in Ihe root and showed lilllc 

changes wilh time (Tablc 3)， Thc cxposure of Ihc plant 10 則 rpollulants tcndcd to dccrcase the 

pcrccnt of glutarn~ 印刷tha fcw c:olccption as in t he case of thc trifoliatc a nd prirnary Icavcs oft he 

同antscxposcd to 4.0 pm N01. Thc dccrcasc in thc pcrcent ofglutamate might m創 nlybcdueto

the clcvatcd per出 ntof the amidcs by thc gas exposures as mentioncd above 

Table 3 Pen:cnt of glmamalc over tolal amino acids in kidne)' bcan planls exposcd [0吋Oland/orO，al
vanous conlcntrahons 

NO/(ppm) o 2 4 。。。 2 2 2 4 。J(ppm) 。。 o 2 • 2 4 2 

2 da)'再 37.9 28.4 14.4 3.' 26.2 24.1 2.9 23.2 17.4 仏4

Trifolatc Le且「 4d肱" 27咽4 21.6 42.4 22.3 15.8 14，6 13.6 17，0 7.0 9.1 7d白，.， 27.7 18.0 28.6 21.2 18.6 13.4 1 1.2 9.1 14.9 5.1 

2 da)'~ 18.8 16.5 42.4 13.2 '.8 5.8 28 33 5.8 0.' 1'，・mar)'I.caf 4 t!ays 26.7 18.1 34.4 15.3 19.7 10.9 5.7 6.9 '.5 2.2 
7 da)'s 18.8 8.8 '.7 15.0 9.9 3.l 3也 3.9 9.l 0.2 

2 days 0.1 。』 0.6 1.3 0.3 。 0.1 。 0.1 。
R~， 4 days 3.2 02 。。 2.6 。， 。。3 。 0.1 。

7 days 5.3 3.7 0.1 5.' 0.3 o a。3.9 0.0 o 

Fcw pcaks unidentified with a standard amino acid mixturc appcarcd in thc region 01 

acidic amino acids (円g.3). Thc pcaks were dClcctcd on ly whcn Ihe plants wcrc cxposed to NOj 

Thc pca k inlcnsitics incrcascd with thc conccnlration of N01 c:olposcd. The peak # [ was assumed 

to bc IlTcides such as allan[oi n. but not yC[ criticall)' idcntificd. Thc閃 tentiontimc ofthc peak調2

was 16.82土 0.19い=15).whieh was almost identieal with Iha[ of glulR[h・onc(16.96). Thc 
inlcns・ticsofthc pcak'2 wcrc no[ so grca[ as comparcd with thosc of ncighboring wcll-known 
amino acids likc aspartatc and thrconinc. which ()α"P隠dthc small po目的nin [0[31 amino acids 

CONl 川 2附
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Fig.3 ^ part ofchroll1l1lollrams from amino acid aUloanaly1.er. E~tracts rrom Ihe primar)' 
!eafofk凶nc)'bCII 内 planlSC足 po~ed 10 NO， al 2.0 and 4.0 ppm or 0， al 0.2 and 0.4 ppm for 7 
days ....cre lood凶。nthe anal)'z"" A: A叩artatc.T: Thrconinc. Tllc peak ~ 1. 2 and 3 could 
凶01bf， idcnlificd ....illl a slandard ami防。acidmi)llure 
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rhe calcu凶 ionof correlalion cocrric・cnlbClween 16叩eciesof am・noacids. ammonium 
IInd 10lal amino acid was carried oul using Ihe dala from thc l ong. \(~rm e:¥perIn・cnt.which 
consiSled of Icn Irealm凹 ISand Ihree sampling poinls (11=30) for cach compo旧 nlin Ihc 

Irifolialc and primary Icavcs ofkidney bcan planls (Fig. 4). Thcrc were 11 and 9 species ofa川1110

acids or ammonium which had Ihe corrclalion t;ocffiαcnt of more Ihan 0.7 wilh 101al <lmino 

at;ids in Ihe trifoliate and primary leavcs. respectivcly. Thrconinιscrine. glycinc， ala山"'

phenylalani ne， arginine and asparaginc wcre includcd in bot h plllnt parts. Asparlate， glUIll minc 

tyrosine and GA日Awcre Icu correlatcd with lotal ami・10acids (r < 0.7) in bOlh par1S. Among 
"n・noacids teSled hcrc. thrcon・ncand serine had thc highcst frcquency of possessing the 
eorrelat・onc世 間cienlofmorc than 0.7 with otherami岡 山 ds.On theother hand， there was no 
e:¥ample wherc glulamine clcarly showed any corrclalions刷 IhOlher amino ac凶s.The pairs of 

amino acids which were rcc・procallycorrelatcd wilh the四 efficienlofO.8 10 0.9 ill bOlh plallt 
parts were Ihreoninc-scrine， thrcon・nc-phcnylalanine，serine-ala山 ne.scrine-phenylala ni nc and 
asparagine-total amino acids. The amidcs was wcll correlated wilh total amino acids wilh the 

cocfficienls of 0.88、0.87IInd 0.99 in the trifolialc， primary leaves and問。t.respcctively. lt is 
known from thc above anlllysis thallhe ilトcrcasein the percenl of Ihe amidcs by gas 口 posurcs

(Table 2) is mostly cxplaiend byasparagine 
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Discus四ion

Nitrogcn dio川 dcabsorbed by thc lcaf is dissociatcd 10 the liquid phase in thc forms of 

nitralC and nilrile ions， which arc thcn rcduccd 10 ammonium ion if Ihc aClivitics of rcd uctascs 

corrcーpondcnlto nilrate a nd nit ritc exisL Sincc t he plants used in I he prescnl cxpcrimcnl wcrc 

fertilizcd鴨川hnitrate nilrogcn as the basal applic日allon，1¥附assumcdIhal both rcduclascs had 

alrcady been ・nducedbeforc Ihe 51art orthe gas cxposure， Trace amounls of nitratc and nilrilc 
were dClecled by the colorimclric analys・s(dala nol shown). which suggcsts Ihal thc absorbcd 
N02 rarelyaccumulatcs・nthc form ofnIlrale and nilrIle. Theconccntralionofammonium was 
a畠山口cantlyincrcascd by Ihc c誕posureto N02 alone or in combinalion wilh 0). while Ihe mosl 

drastic increasc in thc amount occurrcd in glulamine within 2 hour(Fig. la and c). Thc rcsult 

附dicalesIhal thc absorbcd N01-nilrogcn is Icmporally SIO同din glulaminc whcn Ihe plants arc 

cxposed 10 high conccntralion of NOj Ihat is Ihoughl to bc abovc Ihc planlS' capabililics 10 

mainlain Ihc normal n刊labolism.The cxtrcme accumulalion of glulaminc may Ix: C~I uscd by Ihe 

wcakncss of ils furthcr usimilalion. Thc firsl ste，p of凶ulaminemclabolism i~ medialcd by 

glulamalc synlhasc which Iransfers amidc base of gJulaminc 10 2-oxoglularalc to form IwO 

mo1ccu1cs of glutamalc (Lca and Miflin 1974). Thc aCli川 tyof Ihc cn;r.ymc may not be high 

enough 10 convcrl Ihe enormous amount of gJulaminc produccd from N01 10 glulamalc， from 

.... 'hich variou5 ~pecics of amino acids are formed by Iransaminalion rcaclion and thus whIch凶

locatcd in a key posilion of amino aαd melabolism 

Whcn Ihc plants were cxp田 cd10 N01 alone or in combinalion with 0) for more Ihan IWO 

days. the concenlration of 10lal amino acids and Ihc pcrcenl of Ihe amides in lolal amino acids 

incrcascd (Fig， 2 and Tablc 2) as observcd in thc shorl Icrm cxpcrimenl. Howevcr，lhe low 

corrclatioa cocff山 cnlof glutaminc別 Ih10lal amino acids (Fig. 4) dcmonslrales Ihat Ihc 

illcrcase in Ihc pcrccnl is most!y cxplained hy asparagine nOI by glulaminc. Glulaminc which 

accumulalcs cXlcnsivcly in calry phase of Ihc gas exposure sccms 10 bc gradauJly convertcd 10 

olhcr amino acids、aboveall asparaginc which is highly corrclated with lolal amino acids (F喝の
and is Ihoughllo be a more Slable slorage form of am川 oacids 

Thc incrcasc in the amino acid pool s・zewas obscrved also by Ihe cxposure to 0) in both 
short-and lon&-term experimenls{Figs. I b and 2). Tingand Mukerji (1971) reported Ihc samc 

phcnomenon in collon planls exposcd 10 0) at 0.8 ppm for an hour. The incr四 sein Ihe amino 

aeid pool size by the 0) Irealment can be considered as Ihc問sullof thc inhibilion of prolcin 

synthesis or the promolion of protein dcgradalion. T omlinson and R ieh (196 7) supportcd I he 

former assumption on Ihe basis lh31 thc incorporaliol1 of 1.C into protein fraction was rcd uccd 

10 onc third of the conlrol by 1 hc 0) Ireal menl. Ting and M u kerj i (1971) proposcd 1 hc evidcncc 

favorablc to the lallcr accord川島10Ihe faet thallhe amounl ofsolublc pro!ein was rcduccd by 

01. Thc determinalion of soluble prolein was performcd in Ihe presenl experimenl， while 

insignificanl cha ngcs wcrc obtaincd during 8 hours' exposurc 10 0) at 0.4 ppm (dala同 tshown) 

It still rcmains unc1ear how and from which 50urcc amino-nitrogen・ssupplied in O)-Ircated 
planls 

The increase in amino aeids by the OJ exposure was mOSl slriking in the rOOI (F・g，2c) 
rhcrc mighl be 1 wo possibilit ics to ellplain the abovc phenomenon. One is Ihallhc root directly 

responds 10 0) pcnclratir、gfrom almosphcrc 10 Ihc vermiculite which has a relalively largc 
portion of air spacc. According 10 Blum and Tingey (1977). howcvcr. the penetralion ofO) is 

limitcd only 10 Ihe surface of 50i1. Thc othcr is a ralher indircct cffccl. Ihat is. Ihc promolion of 

Ihc translocalion of amino acids formcd in Ihe leavcs to Ihe rool. or Ihc produclion of a 

substance slimulaling the cnlargcmcnl of amino acid pooJ size in the rOOI 
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The exposure oflhc planls 10 0) is known 10 cause slomalal closurc (Hill and lilllefic:ld 

1969トInfacl， nilrogen uplnke rale from N01 was remarkably rcduccd upon Ihe mixcd cxposure 

10 N01 and 0) (110 el al. 1984a). probably because the pcnctration of N01 inlo the Icaf lissue is 

prc¥lcntcd by Ihc increascd stomalal rcsislancc. From Ihc ¥liew-po川。faminoacidcon田 nlra

lion. howc¥lcr.littlc diffcrcncc was found bctwccn thc shorl tcrm c足posurcto NO) alonc und in 

combination凹 th0) (Figs. la and c). In sp問。flhcreduction of NO) pcnetration. the amount 

of amino acids may bc considera bly cnha nced by Ihc supply f rotll 1 hc dcgradation proccsscs of 

protcins iniliatcd by 0) 

In Ihe Jong run. lhe concentration of amino acid and Ihc percent of lolal amino-N O¥lcr 

total-N in the mixed exp05ure clearly differed from Ihose in the expo叫 re10 N01 alone (Fi~s. 2 

and 3). Their trends were割目lilarto that of 0)， suggcsting lhat I he cffeel of lhe mixed exposure 

on amino acid conlcnt附nrathcr ozone-dominaling type. As for the amino acid composition. 1'111 

thc three Ireatments resultcd in some differences. cspecially in amides (Table 2). It may be 

possible 10 distingu凶hthc cffeels of Ihc Ihrce trcalmcnlS on a basis ofamino acid contcnt and 

compos川'00

Urcides are COI山 dcrcda5 important substancc5 for thc t陥 nsportof nilrogcn gained by 

nilrogcn fixalion from roOIS 10 lea¥lcs i n leguminous plants (McCluc and Isracl 1919). Nilrogcn 

mc:tabohs同 maybc aCli¥laled by Ihc N01 exposurc. thus thc cxcess nilrogcn may bc convcrtcd 10 

""・d凶 whichthcn are transloclllcd 10 Ihe leaves and ac以Jmulalcthcrc. Although Ihc area of 
Ihe pcak 111 in Fig. 4. which is Ihought 10 bc correspondenl 10 urcides、isrclati¥lcly small， Ihe 
sigoificanl amounl m悩 1bc prcscnt as thcir scnsitivily 10 ninhydrin is ¥lcry low 

The appearanccof glutalhionc was characteriSlic 10 Ihc NOj exposurc.lhough ils amount was 

nol 50 great. Glutalhionc readiJy bccomes a rcduccd form calalyzcd by glulalhiol時間ductase

{、Nirlhand Lalzko 1918)， It附 considcrcdthat its rcduccd form f unctions in Ihe stabitizalion of 

cysteinc. homocystcinc and p同 tcinby Illai ntaining 1 heir thiω畠roup.a吋 inthcdCloxication by 

dcgrading thc dclctcrious amount of HIOI (、.volosiukand Buchanan 1911). Thc accut1lulntion 
of glutalhione may bc a mClabolic adaplal ion of 1 he pla nts 10 a lIcviate Ihe dCI rimental effecl of 

N01 whitニhis thought 10 bc a strong oxidcnt. It is reportcd thal the conlcnl of ascorbatc隠

dccrcascd by thc exposure 101.0 ppm N01 for 2 hrs e¥lcryday(Prasad and Rao 1980). Th・smay 
rcsu1t from the oxidali¥le decomp闘は00by NOj 

The majorityofaminoacids was well corrctaled剛山wω1amino acids in both trifolialc and 

primary lea¥les (Fig. 4). This mcans山atthe amount ofthe indi¥lidual amino acids is incrcascd by 

thcgasexposurc渇"d山 changcprocccds to kccp bataocc as a whole. Noexamplc was found for 

glutamine to ha vc high correlation wilh olher componcnts. This fact suggcsts that thc amount of 

glulamine changcs in a peculiar manner. Therc wcre cascs wherc Ihc amidcs (glutaminc and 

回 paragine)bccamc dominanl upon the gas cxpousres cspccially the mixcd cxposurc of N01 
and 0). The incrcasc in thc am凶csmusl be moslJy broughl aboul by asparagine. and nOI by 

glulaminc. as known from Fig.4 whcre thc high corrcJalion is obtained oclwccn asparllginc a nd 

tOlal aminoac・ds.Asparaginc is問 pOTtedto accumulalc in the plants deficicnt in mincrals such 
as K. S. P. Mg. Zn and so on (Slwart and Larthcr 1980). !lnd in watcr strcsscd pla川S

(McMichacl and Elmorc 1971). although the rcason for ils accumul山 onunder 5uch stresscd 

condilions remains unsol¥lcd 

Amino acids can bc c1assified in sevcral categorics such a5 glulamatc. asparlate， pyru¥la旬、

scrinc. aromalic CamiliC5 nnd 50 on (Manicol 1911)， accord川 g10 thc similarily ofthc synthclic 

pathway. I1 

23 

tukuba
長方形



glycinc and scrinc is cnhanccd a nd Iheir amOllnlS an: also incrcased by Ihc cxposures 10 N01 and 

0) alone or in combinalion (110 el al. 1984b). Good corrclalion wa5 fOllnd belwccn Ih向。nlnc

詑 rineand phenylalanine. and 回 rine-alnineand phcnylalanine. c，"cn if Ihcy bclo・Ig10 differcnl 
families. Whclhcr Ihe high correlallon betwcen Ihem Is only accidcnlal or has 50n、emeanmg IS 
unknown 
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インゲンマメ に対する二酸化窒棄とオ ゾンの単独及び複合轟霞の影響

E アミ ノ酸含量と組成

()I雄治l・岡野邦夫1戸壇鍛1

ニ磁(t~君事とオゾンの1j\'~lI.ぴ組合暴露がインゲンマメのア ミノ 椴吉畳と組成に及ぼ

す影響を調べることを Il的として本実験は行われた.二階化盟A4.0ppmの恒時間晶践

により全アミノ倣吉量の急激'.IM大が認められ，その大部分がグルタミンによっていた.
企アミノ酷はオゾン処理によっても暴露開始佳2時間同か勺ゆっ〈りではあるが刑加し

た.植合集躍は二酸化型車単独の場合とほぼ司植必傾向を示した.

4暴置期間が播厳後10円目かり 2日か勺 7日に延ば与れた場合には，すべての巨におい

て企アミノ酷古車の!!Imlが~められ特に二酷化2砲事4.0ppm 区において顕著であった.

棋においてはオゾン暴掘により全ア ミノ酸合置がよη高められた.畏剛暴躍においてはー

グルタミンに代わってアスパラギンが主要伝書輔m睡であった.特に複合暴躍の場合に
アスパラギンの占める削告が瑚大したe これに臣してグルタ ミ〆椴は醐少する閉向を示

した.これ等の結果は晶酎初j制に若し〈帯制するグルタ ミンは畿誠時聞の経過に伴低い

ゆっ〈りとi也のアミノ酷1 特にアスパラギyに転換されていくことを示唆している.再

監ヵ・ス暴露によって引き起乙される個々のアミノ酷合置の藍動をみてみると，セリング

ループに踊場るグリシンt セリン，γステイン白問に高い相関が認め勺れた.

l 国立公省研究所技術部 〒305茨械県筑援廊谷国部町小野川16・2
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Efrects of N02 and 0) Alone or in Combination on Kidney Bean 

Plants. 111. Ph刷osyntheticJ)C02Assimilation Observed by J)C 

Nuclear Magnetic Resonance 

Osamu Ito'， Fumiyuki Mitsumoril and Tsumugu Totsuka' 

， Di川凶nof Environmcntal lJiol略 y.lhe Nalionalll1stitutc for En判ronmen陥1Stud旧
YUlabc.mltchi. Tsukuba. lbaraki 305. Japan 
1 Division of Environrncnlal Hcalth Seienccs. lhc National InSlitute for Environrn~ntal 
Sludies. Yatubc-maehi. Tsukuba. 1岡崎ki305. Japan 

市'hedf('<;t of cxposures 10 NOI and 0. alonc or in combinalIon on th陪 fau:of "CO， 
assimil以cdby photosynthesis was cxam川cdby mcans of IJC_NMR with kidncy bean 

primary Icavcs fed剛山 I)CO，for 10 m肌 Th，問問rcmore Ihan 70 peaks岬 pearingin 11M: 
"C_NMR spcctra ofcthanol and waler $ωublc fraction from leaf eμract・mongIhcm 16 
rclativcly wcll rcsol時 dpc:aks四 rrcspondenl(0) suga内 20，μ剛c・cidsand 4 amino acids 
were sclccled for thc dClcr刑問lionsof 1M pool sizc and the I)C incorporation 

Allhough lhe gas cxpo叩 reI1lcrcasεd Ihc 8mounl of suer偶candfruelωc.lh陪I1lcreascs

wcrc not aceompam吋 byIhc incorporal目。向。flhe"c Jabel. whほhsuggcsts the prc挺 necof 

photosynlhclieally ina川 ivc:pools of suerose and fructosc. This phenomcnon w耐 cspccially

rcmarkablc川 IhceascofO， Irealmcnt whcrc no "c Incorporn.t陥"川。sucroscwas observ.:d 
within 10 m・n.The pool si1.c of glycine and serinc and "c incorporalion into thcm wcrc 
川 creasedby Ihc gas exposure. This irnplie沼 Ihalcarbon flow Ihroush glyc例制epathway ・s
stimulated in lhc Icav.:s exposed to NO， and/or 0， 
rh引 neorporalionof "c inlo alanine was stirnululed by NO， cx posurc bOlh alonc or in 

combinalion with 0，. bUI not by e~posure 10 0，酋lonc.The activalion Qr amino acid 
melabolism by NO， assirnilalion may acccleralc lhe carbon now from phOl05刊 Ihc!Ically
口xcdCO， to alaninc lhrough threc carbon.intermcd同lesin lhe rcduetive pcnlose cyele 
11 is proven in lhc prese川 sludyIhal. wilh only凱mpleproほedureof鈍 mpleprcparolion， 

IJC_NM R providC5 satisfactory informatIons on the meta bolie changcs in thc pholosynlhcl附

palhway under Ihe eond凶ionsstrcs!iCd by Ihe aIr pollutanl5 

Key ¥Vords: NO. -0， -Kidney bcan -I'holosy凶thesis-CO， as割問l倒的向 - IJC.NMR 

Recent studics have proven Ihal Fourie transform nuclear magnetic rcsonance (FT.N M R) 

is a uscful tool for the study on mClabolism in Ihc II吋ngmatcrials as it offc四 ancnormoU! 

amount ofinformations on each carbon alom of moJecuJes prcsent in inhomogcnous samples 

Due to this grcaladvantage objeclivccompoundscan be observcd by FT-NM R則 thonlyaliulc 

singJe scparalion and purificalion proccdures. The improvcmcnts of sensitivity and vcrs3lilit)' 
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achicved by Ihe development of h・ghmagnetic field N M R made it possiblc even to dclincatc 
metabolism川 wholecellsand intact organs.The FT-NM Ris Ihoughl 10 be thc only method that 

has the pOlcntial to follow biosynthClic pathway rapidly and non.-destructivcly. Rcscarchcs 

pcrformed wilh meliculous allenlion 10 Ihe intaclness of samples have so far becn eon目ned10 

bacteria and animals (Shylman 1979). In mOSI oflhose studies phosphorus is sclectcd as a targcl 

nucleus ωgel informalion aboullhe quanlily， and kinetics of phosphorus mClabolilcS or to 

delcrminc phys・ologicalcnvironmenl and intraccllular pH (Gadian and Radda 1981). The 
oxygenatcd Saccharollりて何 afI'V;S;OI'revcaled a higher pH by 0.5-0.7 pH unil and a higher 

ATP Icvellhan thosc of rC51ing and anaerobic cells、$uggeslingthc operation of aClivc prolon 
transport (Navon el al. 1979). A similar phenomenon was observcd刷 thphololrophic 

bacterium RhodopSl'lIdomonos shol'roides when Ihey were illuminatcd by argon ion lascr beam 

in thc N M R tubc localed al supcronducting fields (Nicolay et 81. 1981). 

The 11C N M R has bcen used for isotopic traccr cx凹riment8S its natural abundance is 

$ufficicntly low for that purpose. Hollander et al (1979) cal山 latcdback wardl forward ratios of 

a Id olase-triosc p h 0叩hatcisomerase rcaclions in ycast cclls supplicd刷 thI -~Ind 6_'lC glucose 

from [hc accumulatcd speclra in 1 min blocks. Allcmpls havc alrcady bccn made [0 apply to 山崎

町cldthc "N， which has much lowcrsens山vilyloNMRm凶 SllrcmcnlIhan Ihosc isotopcs e'p 

and IlC) Illentioncd abovc. The incorporalion of uN inlo nilrogcnous compollnds which sland 

at intcrlllcdiary poinls of nitrogen mClaboJism was slud他d刷 Ihintacl mycelia of N~lIfospofa 

crassa， and the Illrnover limc of glulaminc was cst・malcdfrom thc悶 sults(Lcgcrlon etal. 1981) 
NMR叫 lldieswilh intact tissucs and organs havc reccnlly made furlhcr grcal progrcss in 

m，d・cals氾陀ncewith increasIng nccds 10 obscrve mctabolic activilies for Ihc diagnosis of 
paticnu by non-invasivc manncrs 

1 n conlraSl， thc applicalIon of N M R to plants is far bchind. Thc intracclllllar p H changcs 

caused by fus問。ccinlreatment (Roberts et al. 1981) and the diffcrence in thc cYloplasmic and 

vacuolar plls (Roberts el al. 1980) were eslimalcd wilh detached Illaile rootれps.I>rotcin 

Iscorpo向 lionof asparagine.which is thoughtlo bc a major translocat・ngnitrogcnolls substancc 
from roolS， was followcd by magic-ang1c singlc and dOllblc cross-polarization IJC and ISN N M R 

刷 Ihlyophili7.cd soybcan cotylcdons (Schafer el al. 1981). The 

問 1Islact 

In olhcr attempts. crlldc cx:traclS or partially purificd compounds from plnnl ffil1terials 

w，問subjectcdto NMRπcasllrcmcnts. PholOr叫 lirationwas charactcrized by thc appcaran印

。1Jc_¥JC doublct in anomeric carbon of glucose componcnl of Sllcrosc scparaled from soybcan 
and corn， which had bc、nfcd with 11C02 llndcr variOllS CO2 and 01 conccntralions (Schafl巳'"

al. 1980). Thc incorporalion of 11C into pbolosynlhclic mClabolilCS was dclcctablc by NM R 

wilhin 30 sec uflcr the fccding of 1JCU2， and the differcnc泡sin C01 as剖milalionpathwuys 

bctwccn CJ and C. planls、時reclearly manifested in IJC_N M R spcclra of ion-cxchanged 
fraclions (Mit山 mori1982) 

I~hotosynthc ti c CO2 as割 milalionhas been investigated by means of Uc as Ihe only traccr 

with an enom・OU$nllmbcr of planl species and under diffcrent cnv・ronmenlalconditions 
though i[ r叫刷rcsralhcr complicalcd. skilful and laborious techniques. Thc Uc NMR、
however， has 11 greal advantage over the convenlional mcthod on account of its simplicity of 

samplc preparations and Ihe eXlensi時 amounlof oblainable informatioηin onc analysis 

In the previous papers ([10 el al. 1984a and b) we rcportcd that the exposurcs of kidncy 

beans 10 0) andl or NOI resulted in considcrable changes in the level of aClive mctabolites such 

as sugars and am川。acids.This implies Ihat CUj assimilation pallern might be Illodified by 

Ihese gas exposures. Thc prescnl sludy was undert叫 en10 elucidale Ihis point州 hIheanalytical 
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assiSlilncc of IlC_N M R 

f、rJlllerialsIIndル1elhods

P/(wl C"IlIIrl' 

Kidnc:y bean plants (Phasl'o/us vu/garis L. cv. Shin-c:dogawa) wc:rc grown in thc: growth 

cabinct undcr c)(aclly t hc samc conditions aS menlioncd in the previous pa per (Ito 31 al. 1984a) 

The plants wcre transfcrrcd to Ihe gas-exposure chambcr 10 days aftcr the gcrmination and 

cxposc:d ¥0 eithcr 0) at 0.2 ppm. NOl at 2 ppm alonc: or in combination. Thc gas conccntralion 

was maintained at thosc levels throughoul the gas c)(posurc: trc則mcnts

"c白 Fl'l'dillg
rwelve plants were sclcctc:d from morc: than 70 plants in cach treatmcnl on thc basis of 

visiblc uniformity ofthc hcight and leafsize. Onc oflhe primary Icavc:s inc:ach plant was placed 

insidc: a gaぉtightchambcr whcrc cooling unils. a hcater 1I11d a hu midiricr wc:rc inSlall叫¥0makc 

an automal同 rcgula!iollof tl問 te01pcr，aturcIInd hUll1idity al Ihc samc Ic:vcl as outside thc 

chambcr. and wc:rc selllcd al thcげ pctiolcsw・thadhc:sivev川 yltapes. Thc a・rinsidc was replac吋
by COl-fr目創刊odeplclc non-Iabcled CU2. Whcn CO2 concc:ntration wenl down 10 30 to 50 

ppm. for which it u$ually took 10 ¥012 min， 1 N HCI was injcctcd through a tygon tubing 10 

sallCOl (30ato01%)印 spcnsionina b四 kerplacc:d inside the chambcr wilh conl・nllousstJrnng 
The COl con民 ntrationwas mOllitorcd刷 than infrarcd COl glls analyzcr (Fuji Elcctric CO.. 

ZFD) and maintaincd at around 350 ppo1 Ihroughout thc feeding expcriment. Thc primaげ

lcaves werc takcn out from thescalcd chamber 10 min aftcr thc if!jeclion of IICI and.put into 

liquid nitrogcn as quickly as possiblc. Oppositc lcavcs of thc fed Icaves werc also harvcsted as 

zcro tImc'controlS at the end of thc experiment. It has bccn proven that there is a ncgligible 

intcrmovcmenl of photosynthales betwc:en the primary leavcs wi¥hin a shorl lerm period 

s.叩m叩'ψp/ePr，申.，附附aω/i.山oω"げf戸orNMR /<1，作e印a削仙s島u肝"げ，.刊e
rhc frozen 1 凶 "凶swcrc homoge巴叩"'山z机zc吋:刈dwilh80%cω'h加"叩w叫o凶1bya P 。ωIytr同o川o(いIypePT 10仰13珂5from 

Ki口悶o田】花c叩"'川，剖.“山"ωc曲11in S 刷 tzerlllnd). The homogenates wcre kept in a refrigcrator overnight fOllhc 

furtherextraclion. The r民自duc:swc:rc removcd with Toyo filtcr paper NO.6. Thc riltrates were 

thcn cv箇poratcdcomplClely dry and dissolved with a small volurnc of distilled watcr 

口llorophylli問。luble10 walcr was spun down by the centrifugation al 15.000 rprn for 10 min 
The supernalants werc: again dricd up and supp1icd for the NMR m四 uremenl

N M R MI!USIHI'II!I'IIf 

Thc dried cthanol Ilnd watcf soluble compound舗wc:redissolvcd with a srnall volumc of 

watcr and pH WsS adjusted at 7.0 with 1 N NaOH Ilnd HCI. In Ihe case of the formation of Ihc 

suspendcd ml.ltter as 11 result of pH changes. anothcr ccntrirugat・onWIlS performed. Thc final 
νolumc was adjustcd 10 2.0 mJ which contained D20 IIt 10% to achievc Ihe rield frcqucncy 
loeking. The sizc: of sample tubcs WIiS 10 m問 inoutsidc d凶meter.Thc: IlC_NM R spectra wcre 

ob'創ncdby Bruker SX 1'-4-100 spcctrometer川 thepulsed Fourier Iransform mode opera¥ed al 

22.63 M Hz wilh削 deband prOlon noisc decoup!ing (10 watts). The lempcratu rc of鈎 mplcswas 

maintained atデ Cthroughout Ihcc災pcrirnenl.For a I1 sarnples in Ihc prescnt cxperiment 50，000 

free induction 山田yswere accumulatcd after 45
0 
pulses with a recycle time of 1.0 scc. The 

quadralune phasc delcetion was cmployed. Data poinl5 were 4K X 2 words for the spectral 

wildh of6，O曲 IIz.ド'ouriertransformationwasdonc in 8K X 2 words with zerosupplc:m四時 『。

improve thesignalto noise ratio thedigitalexponcntial window wasemployed whiehcaused the 

1 Hl.line brolldening 
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Chcmical shifts calculalcd by (γsγ日η/γrefX10・inwhichysandy問 farcIhc absolutc 
rcsonancc frcqucnc問。fa particular samplc and Ihc rcfcrcncc pcaks‘閃spcclivcly.wcrc 

rcponed wilh rcspcct 10 TM S (tctramclhyJsilanc). Nc温1mClhanol scaled in Ihc coal(ialcapiJary 

t ube was uscd hcrc as an aClUal refcrcncc whosc chcmical shifl valuc was delcrmincd al 48.8 ppm 

downfieJd from thal of TMS 

Resulls and Oiscussion 

リC-NMRS/~ClrQ 

Primary Icavcs uscd in this expcrimcnt for IJC01 fccd川島 hadnearly reachcd Ihe fully 

cxpanding stagc at thc start of gas el(posures. Theトeaveswere kcpt in almosphcre containing 

air pollutants for four full days. which resultcd in Ihc mosl sC¥lcrc innu仙 ccsfrom Ihe gases 

compared wilh leaves at olher lcaf positions. Thc Ica¥lcs turncd darkcr grecn hy NOl trcatmcnt 

Ihan Ihe onc活 incontrol. probably due to Ihc cnhanccmcnt of chlorophyll synthesis from thc 

assimilaled NU1. Minute siJ¥lcry necks wcre associalcd刷 th0) Ir凶 tmcnl.Whcn NOl and 0) 

叫 reel(posed in combination， Ihc visibJe symplom sccmcd 10 bc削 OJ-dominantIype. Thc 

f1ecks grew into Ihe coalcsccnllesions 10 form nccrotic largc 5p015. Thc Icaff resh wcighl was also 

affected by gas el(posurcs. Thc N02 cl(posure causcd only a slighl dccrcasc川 freshwcight， J .02g 

pef leaf o¥ler I.lOg conlrol， whilc the significant changcs werc obtaincd in 0) and mixturc 

IrcalmenU， 0.95g and 0.78g per lear. 

Fig. 1 shows llC_N M R spectra ofthe elhanol-watcr soJublc fraction ofl he leaf cl(tracI from 

control and from OJ treatmenl. Three 5uga時 fouramino aeids， two organic acids. and an 

unknown compound we日 identificdin Ihe spectra. Thc prcsence of a cons・derablcamount of 
'"酔rs5uch as sucrosc， glucose. fructose rathcrcomplicales thc spectra、becauseLhey give lotally 
36 peaks川 Ihcory，most ofwhich stand at the rcgIon of60-80 ppm and arc undislinguishabJe 

from each othcr. The peaks correspondcnl to sucrose 2' and 5'， glucoseーβ1and fruclose-2 were 

relatively wcll-resolved and salisfactory enough 10 be used for Ihc quantilalive determ・nation
Thc pcaks or sucrosc-J and glucose-(I' I are un5cparalcd bUI lookcd quite sharp. The peak 

inlcnsitics of carbol(yl carbons in amino acidsand orga刷'"泊swerc suppressed due 10 1 he 100 

short rccycling timc and Ihe l.ack of nuclear overhauser effect 8S compa陀dwith those 口 pectcd

from other carbons in Ihese compounds. Therc were two wcak peaks which can be sJighlly 

distinguishecl o¥ler thc noise lcvcl. They 8re 'unseparaled glycinc and scrine-I 1I1¥d the unknown 

eompound. Thc hitherto unknown compounds has nOI yct bccn indcnlificd clcarJy， whilc it is 

assumed 10 be 2-mcthyltclronic acid or ils isomer 011 Ihc basis oflhe signal Joclltiol¥ ofits mct hyJ 

carbon箇122.6 ppm and 日 rboxylcarbon 81 181.9 ppm (Mitsumori 1982) 

Pcak intcnsilics mcasurcd frorn thc spcctra shown 川町g.1 werc calibralcd agllinst thosc 

for methanoJ uscd as an cぉIcrnalslandard al cvey mcasurcmcnt， and Ihen werc exprcs5ed pcr 

gram frcsh weight. Thc rcsuJts arc 5hown in Fig. 2. Th 
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Fig.1 ')c令NMRspcαraofcthanol.watcrωlublc f問clIonfrom kidney bean primary Ita町
bcforιand aftcr "co， fccding for 10 m川 Thelowcr twn spectra 3re frnm non-gas e~posed 
control μantsandけ陪uppertwo from 0) e~posed plants. Peak nurnber~ are a~ follow駅")

sucrose-I and glucose-a.[， (2) sucrose-2'. (3) sucrosc-5'. (4) 凶 ucose-~-I ，(5) f ructose-l. (6) 
malate-3. (7) unknown acid-CII). (8) unknown acid-COOII (9) alaninc-2. (10) alanine-3 

(11) glycine-2. (12) serine・2.(13)glyci問 -1and serinc.l. (14) glutarnale-2， (15) glutamatc-3 

a剛1(16) glutamale-4 
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町g.2 I'cak inlensilics of individual 310m of ethanol and waler soluble eomp凹 nds

observed in "C-NMR speclra.The wh日ebar rcprescn!s pcak inten剖lyat友erolilllc 3nd 
dOlled bar 111 10 m川 afttr"CO， feeding. C: control. N: NQ， cxposure al 2 ppm. 0: 0， 
e足powreat 0.2 ppm and M: M ixcd exposure 10 NOI and 0， 31 lhc sa me concentral陥 11as 
Ihe single exposurc， The nll mber abovc the name of eath compound 四 rrcsponds10 pcak 
nurnber shown in Fig. I 
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Sugars 

It・sshown from the peak intcns・tyat ~uo time of sucrose-2' and 5' that the amount of 
sucrosc is significantly increased by all gas treatrnents γhe hi邑hestamount was observed in thc 

leavcs cxposed to 0) at 0.2 ppm. sarncs (1972) rcportcd that thc chronic cxpo~ure of pinc 

secdlings to 0.05 ppm 0) for 11 wccks resu1ted in significantly highcr amounlS of lotal soluble 

sugars ma川 lyconsisting of sucrose. Little change in sucrosc lcvcl， however， î~ obtained with 

lcmon seedlings cxposed 10 0.25 ppm 0)， 8 hours a day， 5 days a week for 9 weeks (Dugger et al 

1966). The discrepancy bct wecn those two rcports may comc from the dirfcrenec in plant spcc叫

uscd、analylicalmelhod or sornc other faclors 
lnoure足periment，noincorporation of IlC into sucrose was observed in O)-treated lcav明。

which meanl a negligiblc direct sy剛 h"・Sof suerose from photosynlhetic as針milates.Other 
sourc泥沼ofsucrose should bc cons・dεrεdloaccount forits increased level， which will probably bc 
supplied from Ihe degradation of starch. 11 has bcen reporlcd that Ihc amount of starcll 

decreascd in同monseedlings cxposed to 03 (Dugger et al. 1966). The degradcd starch might bc 

convcrtcd into sucrosc and temporarily stored in its form in 01 exposcd kidney bean leavcs. ln 

Ihe eχpcrimenl which has bcen performed exaclly by Ihe same manner as Ihc presenl sludics， 0) 

exposurc was reportcd 10 decrcase the cxport of 11C_labeled pholosynlhc!atcs from the pr i mar~ 

leaves to olher plant organs (Okano et al. 1984). Thc inhibition of "C incorporalion inlo sucrosε 

may be one oflhc causes to decrease Ihe translocation of phOlosynth-etically assimilated C01， as 

sucrose陪 amajor translocating substance among photos)'nlhales (Z時 ter1975) 

From Ihc e.xperimenl wilh IOCOl as a tracer. it is substanliatcd that the dislribulion of IOC 

among solublc compounds in pinc seedlings exposed to 0) was decreased in soluble sugar 

fmclion wberc sucrose was prcdominant. and was increased in sugar phosphates (Wilkinson 

and Barnes 1973). Th" r..，"1I sII8eesI‘I hal cn7ymcs cnnverting sugar phosphatcs dcrivcd from 
c.，叫ncycle to sucrose a re i mp副 redby 0) exposurc. UnfortunaleJy this could not be proven in 
our expcrimcnl because thc lcvel of sugar phosphatcs was below Ille sensilivity of IlC_N M R 

ln !hc Irealments olher than 0) exposure守considerablcincorporalion of 11C into 'sucrosc 

was obscrvcd within 10 min. Since Ihc p同scntexperimcnts have nOI bcen performed 

quantitativcly， Ihe real叩ecificactivity of each日 rboninacompound cannOI becalculated. Thc 

ratio oflhe dif 

mechanism has not yei becn clarified 

Glucose showed somcwhal different behaviors 針。m山田cof su陀rose.Thepool si~e was lhe 

highesl in theN01 exposurc，but the pool sizc ;nO) andmixed trcatmcnlS waslower thon Ihat in 

the control unlike in Ihe case of sucrose. The significant incorporation of IlC into glucose was 

observcd cxcepl in 0) trcal mcnt where the incorporalion WII.S negligible as Ihe same os sucrose 

The pcak intensily offruclQse was 100 weak to be detected in thc conlrolat 7.cro limιwhilca 

considcrable amount of fructosc was prescnt in the gas-exposcJ lcaves. Prasad and Rao (J 980) 

rcported Ihc appearance of fructose， which was absenl in Ihc control plants、byIbe exposure of 
whcat planls 10 1 ppm N01 for 2 hrs daily over a 10lal pcriod of80 days. In sp・leoflhesmall pool 
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si7.c. the conlrol plant showcd rclativcly high incorporation of "c inlO fructosc which wil1 
ccrtainly rC5ul陪din the highcsI spccific activi旬、 suggcstingrastcr turnovcr than any other 

treatments， 

研'gul!;cAcids 

Malatc録ems10 bc pholosynthet民allyinacli切 inaJl trcatmenl5 duc 10 little inco巾。rallOn

of uCinlQ山 C-3position carbon.Since Ihe kidney bean belongs 10 CJ-planl， malale will receive 

11C_label from COl through suga崎 、 whichare then 附etabolizcdvia Embdcn-Meyerhof 

pathway and cntcr TCA cycle. Decause ofthat fact and the supression of thc glycolysisand TCA 

cycle opcration under pholosynthetic condili師、日制11necd a much longcr fccding timc 10 

observc the UC label detectable by NM R in malate. The amounl of matatc in thc NOj-trcatcd 

lcavcs wa~ rcmarkably largcr than in other treatments. This may bc thc rcsult of thc incrcasing 

dcrnand for organic acids， substrates of amino acid synthesis which was g問削lycnhanccd by 

NOI cxposure 

rhc aod Icnlalivcly called "the unknown a出 "(UA)in Ihis papcr will probably bc thc 

isomcr of 2-mcthyl tctronic acid or its closely related cornpounds. The IlC_N M It spcctra of 

partially purificd acid were similar to the spectra of the acid isolatcd from sunflower lcaves 

(Miuumori 1982). Sinc沼 theslight differences以lasobserved in chemical shift value of ils 

mcthcne carbon， we still cannol definitely idcntiry the compound. The prescnce of 2-mclhり
tctronic acid in kidney beans lIad been confirmed by Schramn (1979) with GC-MS. Although 

UA present in bOlh kidney beans and sunflowcrs in relativcly lIigh concentration as comparcd 

with other substanccs， there had been 50 far no report relaling 10 its physiological function. Thc 

g凪喝cxposurcscauscd insignificant changes bOlh in the amount of UA 8nd in thc incorporation 

of IlCintoUA 

Amino Ari(/s 

Comparing pcak intcnsities ofalaninト2and3 al zero timc， wc found a51ight disagrccmcnt 

thcrc. No sig刷口cantdifference in pool size of alanine was demonstrated from thc rcsult of 

alaninc-2， whilc as fo同 lanine-JIhe apparcnl peak abovc Ihe noise level was obscrved only in thc 

control. Fundamcntally both should show a similar trend. This may be due 10 tbe error in 

mcasuring the pcak hcight whicb is exlremely sma]] espccially in unlabelcd zero time samplcs 

Then it can bc conclusively mentioned that thc gas cxposures hardly affecl thc pool 5iz沼。f

alaninc in the lcavcs. Ting IInd M ukerji (1971) reported a slight red uction of alanine in collon 

leavcs exposed to 0.8 ppm 0， for 1 hr 
The llC label may bc introduced inlo alaninc from IlC01 through three-carbon 

intermediales in Cal納 ncyclc、whichis final1y converted into pyruvatc bcfore thc transami-
nation from gJuca matc. The appcarance ofthe label in alani nc刷Ilind同組ICthc ra pid progress of 

thc above mentioned pathway. Actuatty the considcrable IlC incorppralion into alaninc was 

obscrved in all trcatments within the日COlfeeding period choscn in Ihis cxperimcnt (10 min) 

rhc IlC incorporation w悩 cspeciallyenhanctd by NO) exposures a lonc or in combination with 

0). Thc stimulalion of amino acid mctabolism by N01 cxposure may accerelatc the fiow of 

carbon from photosynthetiιally fixed C01 toalanine.lt isconcluded that in N01 trcatcd Icaves 

alanineshow$ more rap凶 turnoverthanin Ihc other two treatments. 00 the other haod， Ihe 0) 

cxposure rcsll1ted in the similar incorporation of IIC inlo alaninc with thc control.l n contrast 10 

Ollf resu1t、thedistribut間 lofItin alanioεamongsolublecompounds was問 markablyincreased 

in the while pine (Wilkinson and Barnes 1973) and the bean (Tomlinson and Rich J 967)exp田，d

to 0) 

Glycioc and serinc are thought to be reJaloo wilh photorcsp・ration，and hold ao important 
position in glycolate pathway through which a part of the fixcd C01 fiows fast espec・allyin

3' 
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CJ-plants like kidney beans used in this experiment (Zeliteh 1971). The signal of eaTb叫，1
earbon for glycinc and serine overlaped at thc similar chcmical shift and cannot bほseparalcd

rhe patlcrn of its peak intcnsity. howevcr， was ncarly idcntic渇110that of glycinc-2. Therefore 

this carboll:yJ signal may corrcspond mainly to glycine. Thc amOllnt of glycinc was increased by 

0) alonc and mill:cd cII:pOSlIrcs of 0) and NOl • This trcnd stood out particularly in thc laltcr 

¥rca¥mcnt. The incorporation of IlC inlO glycine was made much fas¥cr by aJJ Ireatmcnts. A 

similar tendency was observcd川氏rineas regards 1JC incorporalion. blll in conjllnclion with 

Ihc pool sizc the increasc was not as intensivc as in glycinc. Those resulls slIggcst that the gas 

ell:posure shouJd acceteralC Ihc carbon now through glycolatc pathway. It had bcen shown that 

Ihe cnrichmcnt of nitrogcn nutrient in the medium increased enzyme aClivities relaling with 

photor.ωpiration such as Ru 81' oxygcnase， glycoJate oxidase and catalase (Cresswel1 et al. 1979 

Fair ct al. 1974). In pine leaves exposed 10 0)， the distribulion of I'C in serine was grcally 

incrcased as compared with control plants (Witkinson and sarncs 1973). Such陀 portssupport 

the assumption dcrived from our rcsllll that the photorespira¥ion should be enhanccd by the 

exposure 10 NOl and 0) 

As for glulamate‘th，川crcas巴01P回 kintcnsiti凶 duringJO min of IJC01 feeding was 

insigniricant in alltreatmcnts、whichindicatcd that thc compound locatcd considcrably far from 
the photosynthctic s山 叩 melabolicpathway. Threc carbons in glutamatc (2.3 and 4) gavc a 

consislent trend in lerms of ils pooJ size. The uposures of NOl alonc and ill combination with 

OJ increase the amounl of gJutamatc. From thc view-point that glutamate plays an importan¥ 

rolc in amino acid metabolism， in other words that various amino acids are synthesil.ed from 

glulamllte as a fundamental substance， our result is quite reasonable because N01 receives tht 

aClive IIssimilation undcr the cond山 onused in this experiment which will rcsuJt ill the ac，tivation 

of amino acid syntl山sis.The amount of gJutamatc was al50 increased by 0) exposure， bUI not IIS 

grcat!y as by N01 ell:posure 

In Ihe prcscnt experiment thc llC_NMR was successfully叩 plicd10 the studics on 

photosynthetic C01 assimilation palhway which would beaffcctcd by manyenvironmental and 

nutritional factors like 0， and NOl exposure exam川 edherc as onc of¥hose factors. Allhollgh 
Ille compounds observable by日C-NMRafe limiled 10 those present at a relal・velyhigher 
COllcen 

ペckllowledgemel1l:^ ulhors wish 10 thank M rs. 1. Takakura for the pr巳parationof figures nnd 
typing thc manuscript 
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インゲンマメに対する二酸化窒素とオゾンの単独及び複合暴露の影響

m 光合成によって同化された日CO，の 13C-NM円による観測
伊藤治l三森文行2戸塚 制l

光合成による民地，lスの同化に対するニ俗化盟輩とオゾンの即独及び間合影響がイン
ゲンマメのDJ生誕に1JC02をJO分間供与し lJC-NMRの手法を川いることによりfl1ベ勺

れた.斑かりの袖山f肢のエタノール 水画分のJ3C.NMRスペク 1ルょには10以上の

ピークが檎認された.ぞれ符のうち 3績の鱗 2輔の有蝿階。4揖のア ミノ醒に制当す

る比較的分般の良好tJ16ピークが，槙識院紫の取り込みと古置の削定のために温ばれた.

汚染プ'j.ス暴聞により γュークロースとフラクトースの合景はm加移るが，画誕肢翠の
取り込みは臨響を畳けはかった.このことはンュークロースとフラクトースの合成分解

には光合成から離れたプールが存在することを示唆している.この現象はオゾ守録符処

理の場合に特に顕'1Iiで，JO分間ではシユ クロ スへの揖韓民議のltUljbみは全〈偲め

りれ伝かった.グリソンとセリンの古賀とそれ等への標揖炭曜の取り込みは汚聾ガス処

理によりm大した.このことはグリコレート経路を通る炭濃の流れがニ峨化盆紫又はオ
ゾンを縁掴された車においては恒避されることそ示している.

アラニンへの標鎗炭曜の取り込みは二酸化盆3慢の!¥1掛及びオゾンとの間合暴需により

促証IIされるが。オゾン単独によっては影響されタかった.ニ般化策揮の同化によりアミ

ノ聞代謝が活性化されると光合成により闘定された脱酸ガスか勺カルピン回路の三111l!i

中間体を輯てアラニンへの炭素の流れが速めりれるものと推嫁される.

本実験により lJC-NMRが.非常に簡単な蹴料宮崎製だけで。大気汚染ガス爆開伝どに

よって引き起こされるストレス条件下で¢光合成経路における代酎置動に聞9る有111伝

情報を与えることが示された。

1 鴎sl.公轡研究所 生物環境" 〒305，変厳県筑厳Il<谷田郷町小野川16-2 
2 鴎立公拘研究所 環境保健第 〒305笈媛県筑波邸谷闘部町小野Jl116-2 
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Effeds of N02 and 01 alone or in combination on kidney bean 

plants. IV. Alteration of 11C_a田 imilateparti1ioning induced hy 

0，' 

Kunio Ok.anol， Osamu 1101， Go Takeba1， Akira ShimizuJ 

and Tsumugu TOlsukal 

I Divi~ion of Environmcnl自Ibiolugy. lhc Naiwnal Insritulc for F.nvironmcnlal Studics 

Yatabc-machi. Tsukuba. Jbaraki 305. Japan 
'Yi副tingFellow of lhc NlHional Jnstitulc for Environmcnl拘ISludics. Prcscnl AddrcS$ 

Faculty of Living Sci回 tt，Kyolo I'rcfcclural Uni~モrsily. Sakyo.ku. Kyoloω6. Japan 
I Division of正ngi附 cring.thc Naitonal Inslilule for E岡~ironmen lal Sludies. Yatabe. 

mach・T，叫uba.Jbuaki 305. Jap41n 

A quanlilali惚 tracerellperimcn! 輪百 conducledin ordcr 10 clucid削elhc effeets of 

conlinuou$ ellposurc of O1.one (0，) al 0.2 ppm on the川 nsl<Kationand rhc dislribution 01 

llC_labclled assimilales from Ihc individualωUfce leavcs in 14-day-old kidncy 悦anplanlJ 

The amounl of labcl¥cd assirnilales coxpocled fcorn thc p ，im~ry leaf."'''蛇hBctcd u ~ 

mam刈 "'αofpholωynlhalcsfor Ihc rool growth， dccreascd rcmarkably by 0， duc 10 bOlh a 
considcrablc reduction of IJCOl f削 ion(by 62則 andthc inhibilion of lhe lranslocalion 

Whcrc8Ii. Ihal from thc I引川foliatcIca仁 whichmainly nourished lhe imrnalUre gro...ing 

Icavcs. was nOI so dee陀ascdby O. becausc a smaller問dωtionofl'COL行日lion(by 24%)鴨M

almosl compcnslled by thc accc1cralion oflhe translocal剛 Thepallern of Ihe 1四 milale

di5tr耐ulIonWl$ allercd by 0.. $0 lhat a greater pro同 rlionof assimilales w白戸，目山"白“山"陥。n吋t畑。
Ihc gr。、納‘的、"噌."ωaν時'"副llhee叫κp防晴削"'鈴ε。ofIhe 陪 m。倒1and I山h恥ほs引E胞cm.Con、田§挺e叫q"，叩nlly.Ihc amou川 。f

labelled 

b旬y日弘 w.削』恥，，，山.，制"ω。E巾h，P帥h。例aωy刊凶川"，ば削t旧ほ 。org.伊a叩n川S(1eIl~惚乞s吋) w拙"，陀宅叫ducedby only 289も rhosε 

resulls suggeslthallhe planls mighl hav宅adaplcdIhemscl~悶 10O. environmcnl so Ihalthc 

reduclion of growlh efficicncy c.au隅 dby 0， could be I而川mizcd
Key 1I'0rds: O. A問問Illlc_ IJC _ Translocalion _ I'arlitioning. _ Kidney bClln 

OlOne、which陪 amaJorcompon巴n!of photochemIc渇'0制 dants，is Ihc m051 imporlanl and 
widesprcad of thc air pollulanlS phytoloxic 10 plants in Japan. Growlh responses of planls 10 0， 
ha ve bcen eXlcnsively documented. Tingcy ct al. (1971)日r51reported !hal 0) affeetcd differcnlly 

the growth of various planl parlS: the rOOI growlh of radish was deprcsscd more severely Ihan 

lhe foliage growlh. Olher stud問。nsoybcan (Tingcy et al. 1973)， carrOI (sennett and Oshima 

1976) and crimson clover and annual ryegrass (8enneH and Runned:1c5 1977) ha~e also shown 

lhc 印 刷 sySlem10 be highly sensilIve 10 0). Blum Ilnd Tingcy (1977)dcmonslraled Ihal 0， did 
not pcnctrale inlO the soillo eausc自dirccleffccl on rOOl growth， rathcr lhc reductions in rOOI 

growlh might resul! indircctly 針。mO.-induccd aJtcraliol附 infoliar m己labolism and lransloca-

.This sludy帆 11be published in: Ntw /'11り仰1..91(2)υ984)
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Oshima CI a1. (1978， 1979) showcd Ihc dynamic r釘 ponscof planls 10 0) 51rcss by cmploying 

Ihc growlh analysis Icchniqucs. Thc rclal・vcgrowlh ralcs (RGR) of bOlh parslcy and colton 
planls附陀inIliallylowcrcd by thc cxposurc of lowconccntralion of OJ duc 10 Ihc reduclion of 

nel assimilalion ratc (NAR)， thcrcaftcr RGR in thc Orlreatcd planls rccovcred abovc Ihal of 

the conlorl planls. The Ol-fumigatcd planls werc characlerizcd by largcr Icaf arca ralio (LA R) 

which couldaccounl for Ihc elevalcd RGR. Consequcnlly. 0) dcprcssion oflcaf dry weighl was 

less Ihan Ihat of thc othcr parts 5uch as root and stcm. A similar gro刷 hrcsponsc to 0) was 

obscrvcd in sevcral specics of grasscs (Horsman et al. 1980) and sunnowcr (Shimil.u cl al. 198 1) 

Thosc rcsults suggcsllhat 01 should initially depress thc photosynlhetic rate and thcn cause an 

altcration in Ihe patlcrn of Ihe assimilatc partilioning in favour of the Icaves. There havc bccn 

howevcr. no report which verilics directly Ihal Ihis scquence of cvenlS indecd occurs in the 

0，四cxposcdplanls 

1 n thc present study. wc !lltempted 10 dcmonSlralc Ihe cffecl of conlinuous e認posurcof 0.2 

ppm 0) on Ihc fixation of IJCOl and on the Iranslocalion and distribution of【)C-Iabelled

assimilatcs from Ihc individual sourcc leaves in 14-day-old kidney bcan planls. Although Ihe 0) 

concentralion of 0.2 ppm uscd in Ihis slUdy was fairly higher than Ihe ambient levcl. the 

concentralion was sc1ccted in order to oblain the 陀asonablydefinitivc effecls within a rclalivcly 

shorl-Ierm exposurc. 100) 

Malerials and mcthods 

Planf mall!'f;als 

Two kidncy bean (Phast!o!us阿佐'DrisL. cv. Shin-edogaw叫 seeds附陀 sownm a pot 

containing]oo ml of artificial soils (mixturc of vcrmiculite， peal moss. perlilc a nd finc gravcl 

2:2: 1:1. ~/ v) ， 1 g of Magamp K (N: ]>10}: K10 =6:40:5. ¥V.R. Gracc Co.. Tcnncssec， U.S.A.) 

and 3 g of magncsia limc. The gcrminatωn and Ihc consccutivc growth wcrc achicved in an 

artifi山叶Iy-Iitgrowlh room (30 klx， Iighl period 14h. 25・C.R. H. 70%). One ofthc Iwoseedlings 
in a pot was eliminalcd 81 seven dllys after Ihc sowing 10 incrcase Ihc uniformily among the 

plants in a関 tof the culturc which usually consistcd of ncarly 90 pOIS 

0) V:fJOSllrt! and II C白Jt!t!dillg
The cxposurc of the plants 10 OJ al 0.2 ppm was slarlcd 10 days afler Ihe sowing. Thc 

E足posuretreatment was cond ucted conlinuously Ihroughout day and nighl in an a rtificially-lit 

fumigation room as describcd by Shimizu et a 1. (1981). Aftcr four days-ex]losure (14 days aflcr 

Ihe sowing)， 24 uniform pla nts wcrc sclcclcd for t he UCOl fceding cxperimcnt. 1 n this growlh 
， 

slagc， the plants had 8 pair of fully.cxpanded primary Icavcs. the 1st trifoliatc leaf with 70 10 

80% of il5 maximum leaf arca and unexpanded immalurc Icaves (F・g.1). Since the immaturc 
leavcs scarαly cxporled Ihe asimilatcs 10 Ihc olhcr parls (Okano and 110， unpublishcd data). all 

oflhc carbon Iranslocating in Ihe planl seemed to be derived from eilhcr a pair of thc primary 

Icaves or Ihc 1st Irifoliale Ica f. Thercforc~IC-la bellcd carbon dioxidc was adminislercd 10 cilhcr 

onc side ofthe primary Icavcs or thc lsl trifoliale Icaf. 

Feed ing of IlCOI 10 singlc Icavcs was cond ucled in a rcclangular feeding box (1]0 X 50 X 30 

em， made of plcxigl目。placcdin anolher artificially-lit fumigation room. Thc primary Ica vcs 
and thc 151 trifoliatc lca ves of 12 plants were insertcd川 oIhe box and scaled in凹 thvin折tapes

al their pelioles. Thc air in the box was purged out by C01-frccair down to 20 ppm C01 wilhin 

10 min， and then IJC01 was inlroduccd inlO Ihc box from a cylindcr. The procedurc 10 produce 

11COl gas岨 sas follows; IIC01 gas was evolved by Ihc addition of 1 N hydrochloric aeid 10 
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UC-labelled barium carbonate (叫 1alom % IJC) In ¥'QCUO. and trapped into the cylinder 

refrigerated・nthc liquid nitrogen. The concentration of IlCOl in the box w鳴smonilorcd 
continuously and regulated at 350 ppm by a fcedback system c。悶凶tcdof an infrared 8aS 

analyzer (Type ZFD， Fuji Elcctric Co句Ltd..Tokyo). a I)[D controller (Chino manuractory 

Co.， Ltd.， Tokyo) and a mass now control1er (Ohkura Electric Co.， Ltd.. Tokyo) as shown‘n 
Fig.2 

I n parallel with thc fccding of llCOl. 0) was simultancously introduced to both insidc and 

outside of thc fccding box. Thc concc肉trationof 0) inside the boκwas monilorcd every 30 sec 

and maintained at 0.20士0.02ppm by a controlling system with a UV absorptive 0) analyzcr 
(TU V-l 100. Tokyo lnd ustries lnc. T okyo)( fig. 2). Each primary leaf and trifolialc leafinsertcd 

into thc box wcre fed withリCOjfor cight hours under the fUllIigation of 0.2 ppm 0) in thc 

Fig. 1 Schemal・cdiagrlm of a 14-day唱 Idkidney bean planl used in Ihe pre鍵"'
upcriment. For dClails，!>Cc IUI 

iFBごfi
E: 

日日
Fig.2 0凶gramof "CO， fuding sySlcm lmdcr COI1$la凶" 町"'.ronme剛・1eonditions 
1. compresscd I!CO， cylindcr， 2. I R gas analyzer. 3.0， gencralor，・ UV absorplive 0， 
analy1.er， 5. maS5 Oow controllcr， 6. PID conlrollcr， 7. rccordcr， 8. R/V COl1vertcr， 9 
tempcraturc .nd humidily scnsor. 10. Icmperaturc and humidily印刷roller，11. ol1-or( 
relay， 12. humidifier. 13. heater. 14. walcr pump， 15. d~humidifier. 16. coolcr， 17. waler 
chillcr， 18. fal1 
ーー一-cI~ l ric li8nal，・ gu sow. ___ walcr sow 
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controllcd cnviron同時nl.Thc air in the box was mixcd w・ththe fans set in thc box. Thc 
tcmpcraturc and relativc humidity in the box除、crcmonitorcd continuously and rcgulatcd at 

25.0土1.5・Cand R.H. 70土 5%by a controlling system consistcd of a coolcr， a heater. a 

humidHicr and a dchumidificr desεnbed in Fig. 2. Oxygcn conccntration in the box rose 

gradually during thc 8h-fccd川 gpen吋 (from21% at thc start to 30% at thc end of feeding 
period) probably duc to thc introduciton of OJ 

Samp!illg 
Thc plants wcr sampled at 2.4.6 and 8 hours after thc start of uC01 fccding. Two groups of 

thrce plants wcre takcn at cvcry sampling timc. Onc group of the plants whωh were fcd IJCOl 

through thc primary Icaf wcre scparated into thc 11C02_fed lcaf (1' 1)， thc ICllf oppositc to thc fcJ 

lcaf (1'2)， thc 1st trifoliatc Icaf (T). thc immaturc gro刷 nglcavcs (町、 thcuppcr slcm (US， 

bctwccn the primary leavcs and Ihc 151 trifoliatc leaf)， the lowcr Slcm (LS， bctwccn the primary 

Icavcs and thc rOOI; hypocotyl and cpicolyl) and lhc rool (R) (Fig. 1). Anolhcr group of thc 

plants which wcrc fcd 11C02 through Ihc ISI trifoliatc lcafwcrc scparaled inlO the IJCOrfcd lcaf 

(T)， primary Icavcs (町、 Y、US守 LSand R 

DeurminUlion Ofl)C 

Separaled planl parts wcre dricd in an oven al 80・Cfor Ihree days， and ground to a口"'
powdcr with a vibrating sample mill (TI-IOO， Hciko manufaclory Ltd.， Tokyo). Total carbon 

conlcnt of the samplcs was dctcrrnincd刷 Iha Yanaco CN-cordcr (MT-500， Yanagimoto Co.， 
Ltd.， Ky倒的IInd"Ccontcnt was rncasured by Ihe infrarcd absorpt・onspectromctry which had 
been reccntly dcvclopcd (Okano CI al. 1983) using a JASCO EX-130 "C01 analyzcr (J叩M

Speclroscopic Co.， Ltd.， Tokyo) 

rhe cxpcrimcnts wcre rιpcated thrce lirncs on consecutive thrce days. The results are 

C昆prcssedas a mean value of nine planls frorn three replications. Anolhcr scries of experiments 

withoul thc exposure 10 0) wcre de.別gnalcdas the control 

Rcsults 

Foliar injuries called "white flcck" or "brom:ing" wcre obscrvcd on thc primary Icavcs by thc 

continuous exposure 10 0.2 ppm 0，) for four days. In contrasl， thc 1st trifoliate lcaf which was 

younj貯rthan thc primary Icavcs was less visibly injured; only a slight shrinkage and dark 

greening wcrc obscrvcd 

Tabトe1 shows thc cffccts of 0) exposure on Ihe uC01 fixation of cach source leaf. Thc 

amount of!lC fixed by thc primary leaf of Orlreatcd plants dむcreascdby 62%前 comparcdwith 

the control planl， whcreas thal by Ihe 1st trifoliate Icaf was reduccd by only 24%. Thus， 

photosynlhesis of Ihe primary Icaf was inhibited morc scvcrely Ihan Ihe 1 5t trifoliate le箇rbythe

exposurc 10 0). Menseret al. (1963) observed Ihat recently maturcd tobacco leaves wcre rnore 

Orsensitive Ihan ovcrmature or rapidly expanding leaves. Ozone scnsitivity ofthe Icavcs seems 

tO bc inversely n:latcd 10 thc leaf maturily.. No respiratory loss of IlC from the wholc plant was 

detect吋 atleastwithin 8h-experimental period 

The cffecls of 0) exposure on Ihe export of labelled carbon from Ihe individual sourcc 

leaves are shown in Tablc 2. Twcnty 10 Ihirty percent of theリCassimiJated in cach source leaf 

was cxporled 10 the othcr parts throughoul thc fceding pcriod， and Ihis vaJue increascd帆 ththe 

fccding timc. The e足portratio of tJC from the primary leaf was slightly dcprcsscd by the 

cxposure 100). On Ihe contrary， thal fro.m the 1st trifoliale leafwas割gnificantlyelcvatedby thc 

姐 rnetreatment. 01.Onc affectcd the export of labelled carbon 針。mthe two kinds of sourcc 

'2 



州陶，i<NIof M..'m，1・0<阿rli，ionin・均 o

Icavcs in thc opp凹 tcway 

Tablc 3 summar・zcsthc問 Jativcinhibition of photosynthcsis and transloc川崎nin thc 
ind・viduaJsourcc lcavcs of O，-fumigatcd planls. 07.0nc-inhibition of Iranslo叫 lionin tbc 
primary Icaf was grealcr than Ihal of pholosyolhesis， whilc aoy iohib山00of translocalion Wa5 

001 dctcctcd in thc 1st triroliate Icaf desp山 thedep何回。nof photosynth目崎 by25 10 309も

rable 1 Effects of 0.2 ppm 0， on the 'JCO， IIJlatIon" or individual田町民
Icave$ in 14-day-old kIdney bean planl$ 

Sour.ωIcaf Conl 0， 
3.50:t: 0 紛 (38')

9.02土1.15(76) 
!>rimary leaf 

1st Irifoliatc Icllf 

9，26土1.29d(1刷

11，81土1.02 {Iω} 

a. Thc amounl of "c (mg) in wholc planl温Ithc cnd of 8h-

fccding pcriod 
b. Mcan of three replicalωn凶土 standarddevilllIon 
('， Rclative v310c$ 10 CO川 101(100) 

Table 2 EffecU orO.2 ppm 0， on theexport ralio・.rr・xcd"c f10m the川dIvidual
sourcc Icaves 

Time !'rimary leaf 1st triroliatc Icaf 

"1 Conl 0， Cont 0， 
2 18.4土u' 14.8土2.8 16.2土2.1 19.9土3.2

4 21.4士2.' 18.6士1.6 19.1土 1.6 21.1土 1.0

6 24.5土3.2 22.6士6.8 "晶土 1.9 29.0土1.2

8 27.8土4.2 25.2土1.1 22.4土 2.6 30.1土2.3
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Tablc 3 Relative inhibitions of photosynlhesis and IranslocatIo引間 Iheindividual 
$Ol.lrcc leaves of O，-lrealed planl 

rime Primary leaf llil lrifoli圃lcleaf 

(h) Fixed "C E且ported"c Fixed "c Exported "c 

2 ..・ 12 68 " 4 36 31 11 

" 6 36 l3 11 " s 38 34 16 <03 

Q. NumeraJs・rerclative同 1.“均四臥rolplant (1曲}
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rhe effects of OJ expo加問onthe distribution percentage of labelled carbon in the various 

plant pa rts are shown in Table 4. 1 n the control plant. 679も。fthcIlC exportcd f rom the primary 

leaf was d・slributedto the lower parts including the lower stem and the root， and 229もW"'
parllllon吋 tothe youngcr leaves. I n contrasl. 399も。ftheIJC exported from Ihc 1 st trifoliate h::af 

was distrib叫 dlolhelo附 rparlS、and36% 四 spartilioned to the youngcr leaves. By Ihe 
exposurc to 0)， percenlagc dislribution of IJC cxporled from thc primary Icaflo the 10恥τrparts

decreased from 67% 10 53%. in conlrast. that to Ihe youngcr Icaves increascd from 22~も t036%

Similarly.lhc distr・bUlionof 11C f fom Ihe 1st trifoliatc IcaflO the yOllnger Icaves also increased 
from 36%10429もductothcdecr回 5eof distribution to thc stems. Thus. thc pattcrn of assimilatc 

distribution was altered by the exposure 10 01; a grcatcr proportion of thc assimilates was 

partitioncd to lhc growing lcavcs at thc cxpcnse of lhc stcm and thc root 

rable 4 Effcct of 0.2 ppm 0， on thc d印刷bution(剛・ofexported "c in 
thc variou~ parts of 14-day・oldkidncy bean plant. 

PI.向1pari 
Primary leaf hllrif，口liateIcaf 

Cont 0， Conl 0， 
Youn且er!eaves 22土 " )6土4 )6土3 .，土2

IsI trifol・aleL 4土f 2土 '

Up~r Slem 6土。 8土 8 14土2 "土3
Prirnary L..I 

，~ ， 1土o
Primary L.-2 I士l l土 1

Lowcr stcm 40土1 II士Z 20土 1 17土2

位。" 21士2 22土 I "土4 21土4

a. Vllues ar宅 avcrlgcsfor all $lImples from 2 h 108 h 

b. Mean土standarddc帆 剖""

Figure 3 shows the cffect of 0) on thc amount of 11C Iranslocated from thc individual 

sour叫 Icaves¥0 thc othcr leaves and Ihe stem and root during thc 8h-fceding period. Figurc 3 

olso川 dic包ICSthc contributions of Ihe IWO kinds of sourcc leavcs to Ihc various sink organs 

Since 1.111 of lhc carbon Iranslocating at this growth stagc of 1I凶 plantwould be derivcd from 

Ihosc日足cdby cilhcr a pair of Ihe primary leavcs or thc ISI Irifoliatc leaf as mentioned in 

Matcr凶 Isand Mcthods， 10lal amounl of carbon imported inlo Ihc sink organs could be 

detcrmincd qualllilativdy. In the conlrol planl. Iwo.thirds of Ihe assimi!ales required for Ihc 

slem and root growlh was originated from thc primary Icavcs. On the other hand. the leaves 

uτrc supplied with thc assimilatcs from both sourcc Icaves by near!y cqual proportion. By the 

C足posllre10 01. Ihe amount of llC cxporlcd from thc primary Icavcs decreascd rcmarkably dlle 

10 bOlh Ihc large reduclion of llCOI fixation and the inhibilion of IranslOClllion (Tablc 3) 

Whereas. the amount of IlC exportcd 針。mthe 1st trifol悶 tcIcaf hardly or barely dccreased by 

0) because Ihe reduction of IlCOI fixation was almost compensated by the acceleration of the 

translocation (Table 3). Furthcrmore. since thc paltern of assimilalc dislribution was altercd by 

Ol in fa vour of thc growing elaves (Table句、theamounloflJC岡田localcdlolheslcm and root 

decreased by 539も.while Il1al to Ihc leaves was rεduced by only 28%. 
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mg IlC 

Fig.3 Effect of().2 ppm OJ on Ihc amounl of'JC translocatcd from Ihc individuol sourcc 
leaves 10 Ihc othcr Icaves and the SICn1 and ro()1 during 8h-fecding pc川 d
p川Clranslocatcd fron1 a pair of thc primary lcav哩S
T: Uc Iranslcoatcd from the 1st trifoliatc Icaf 
Numcrals in the figurc show lhe relative values 10 conlrol (100) 

0・scussion
Dirl'cl inhibi/iQII of/rot1slo四 I;onb)' DJ 
Translocation of thc assimilatcs from thc fed leaf rnay be aitcrcd by Ihe ralc of 

phO\osynlhe~i~ . Ryle潤ndPOIlol哩11(1976)陀 porll'dIhal thl' barley Icavc$ kcpt under low lighl 

showed enhanced export of I'C-assimilatcs as comparcd剛山 thosekcpt undcr high ligh! 

Gcncrally， thc ratio of thc amous! of carbOs translocatcd to t hat fixed incrcascs as thc rate of 

carbon fixation decreascs (Tch and Swanson 1982). This was also true In thc 151 trifoliate leaf of 

thc prcscnl experimcnt (Table 2) where Ihe export ralio ofthc labelled carbon was signi訂canlly

accclcratcd by 0) 5incc thc carbon fixalIon oflhe !eaf was cons・dcrablylowcrcd. However， the 
export ratio of Ihe labellcd ε:arbon in the primary leaf was nOl cnhanced. rathcr slightly inhibiled 

by 0)， aithough photosynthesis of Ihc primary leaf wa5 5cvcrely d叩ressedby thc treatmcnt 

(Tablc 2). Thosc rcsults suggest that thc translocation pr町田sesin the primary Icaf might bc 

impaired directJy by the exposure 10 Oj. Noycs (1980) reportcd with k凶neybean plants thol the 

translocation proccss of '・C-assimilotcsfrom the fed leaf was directly inhibitcd by thc low 
coneentration of sulfur dioxide (SOl) whosc concentration was bclow thc level 10 affcct tl1c net 

photosynthesis. H凶 auto悶 diographicobscrvations suggested thut one mcchanism of SOI 

dall1age on translocation rnlgh! bc thc inhibition of sieve-tube load ing. Teh und Swanson (1982) 

showcd that the translocation ra!es dctermincd experill1enlally from SOl-stressed bean leavcs 

werc lowcr than thc ratcs cxpected from thc obscrvcd reduction in photosynthes崎、 andal50 

inferrcd thu! under SOI 51ress thc phloem loading sySICIl1 becamc a major limiting step ln 

controJling thc trans!目別ionrale. Recently， McCool and Menge (1983) rcportcd山atlomato 

leaf tis$ue cxposcd 10 0) re¥制 nedmore of Ihe labeJlcd phOlosynthctic products Ihan did 

unexposed conlrols. Ozone may acl on the translocati。ηp附eessin the same way as $01 
AIIl'r刊。nit1 II/e pOllern ofunimilole d;s/ribUlion 
Pcreentage distr・butionofthe labeJlcd carbon exported from bOlh 50urce leavC110 thc root 

and thc stem deereascd by the exposure to 0)， while that to the youngcr leaves inereased (Table 

4). Thu5， a grealer proport・onof the assimIlates was partitioned to Ihc gro刷 ngleaves al Ihe 
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expcnse ofthe root and the stcm in thc O)-stressed plants. This kind of alteralion in Ihc patcrn of 

assimilatc partitioning sccms to bc brought about not only by thc c友posure10 Ol bUI also by 

飢 hcrslrcsscs which causc thc reduction of photosynth叩 s.Rylc and Powcl1 (1976) rcportcd 

that grasscs grown in low lighl cxportcd a grealer proportiol¥ of thcir assimilatcs to immaturc 

growing Icavcs and a smaller proporliol¥ to their rools and lil1crs than thc corrcsponding plants 

in high 1ighl. This gencreal pattcrn of thc response 10 the limilation of assimilalcs has some 

similarity刷 Ihthe pattcrn obtaincd whcn a 5lre!S was imposed by Ihe physical rcmoval ofa part 

ofthc photos)'l¥lhetic organs (Rylc and PoweIl1975). Thcrefore. no matter what the causes may 

be. a reduction in the amount of available as.similate seems 10 cause such a change・nthc 
assimilate distribution (Wardlaw 1968) 

From Ihe rcsults indicatcd in Fig. 3. Ihe specific inhibition of Ihc rOOI growth caused by 0) 

could bc explaincd by thc following two factors. First. Ihc physiological functions of Ihc lowcr 
malurc leaves which actcd as main sourccs of assimilates for thc root growth wcrc impaircd 

more scvcrcly by 0， than thosc of thc uppcr younger lea vcs wh凶hmainly nourishcd thc ncwly 
growing Icaves. Secondly. resultant lowcr production of photosynthates caused an altcration in 

thc pattern of the assimilate distribution. and a grcatcr proportion of thc assimilatcs was 

partilioncd 10 thc growing Icavcs al Ihe cxpcnsc of the root and stem. Thc rcduction in the 

amount of assimilatcs translocatcd to the rOOI should have led 10 thc cvcntual dcclinc oflhc rool 

growlh (lto CI al. 1984). Conscqucntly， the root growlh would be inhibitcd drastically by Ihc 

exopsurc 10 OJ， whilc Ihc growth ofthc new Icav四 wouldnOI 50 rcduced by Ihcsame treatmcnt 

A(IQPfivl' reSPQnsl' ofp/Qflf fO OJ expOsurl' 

Although thc amount of IlC cxportcd from thc sourcc Icavcs was reduccd in Ihc Olonatcd 

plant. a largcr proportion or IlC was distributcd to thc photosynthctic organs (lcavcs)制 da 

smallcr 10 thc non-photosynlhetic organs (stem and rOOI) (Fig. 3). Th凶 alteralionin thc 

assimilat，c partitioning would result in a greatcr LAR whにhcould maintain RGR al a highcr 

levcl by compensating Ihe rcduccd NAR， as obscrvcd in many spcc回 ortheplants (Oshima ct 

al. 1978. 1979. ]-]orsman CI al. 1980. Shimizu ct al. 1981). The plants secm 10 show thc adaplive 

rcsponse 10 OJ cxposure in ordcr to minimizc thc rcduclion in growlh erricicncy cau$cd by OJ 

Walmsleyet al. (1980) dcmonslratcd thal thc adaptation pro< 
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and mineral nulrienls 10 Ihe shool. Thcsc chang'“in rOOI metabol削 n wi1l ultimately bc 
eltprcssed as a reduciton of whole plant growlh 
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インゲンマメに友ぽす NO，と0，の混合ガスの影響

W 0，暴露による日C標識同化産物の分配の変化
岡野邦夫I 伊藤治1 竹葉剛2.m水明3 戸域紛l

オゾン (0，)や型脈融ガス等の大気汚染ガスに暴輯された植物では。地 t部に比べ

地 Ft.~の<tRが特典的に阻脅される乙とが多し、.この理由を IPJ りかにする目的で。 安定

日){立体の"cを世ったトレーサー実験を行い，インゲン幼組物の側々の聴かりの光合成
置物の転流分配に且ぽすO.2ppm03の1;1)畢を割パた.

拙への光合成産物の主型信供給源である回生誕の13C02薗定能は 0，暴露により著し

〈低下し車かり時間化産物の転流も阻筈された。一方，新曜へ主として光合成獲物を

;)lっている由 1本』躍では. 0，暴置による 13co~ 闘定能の畦下は相対的に小さ<.曜か

りの向化産物の転流は0，により置に但避された.

また0，1暴露により光合成能が低下し同化産物カ司てEした結集.I等部位への同化産物

の分配パターンが霊化し，棋や主に比べ新裁に抽対的に多〈の同化産物が転流した.

以どより 新車の生長を促進する方向へと同化産物の分配パターンが置化することに

加えて.似への同化庫物由主必供給様である下位車由生理商性が0，により強〈彫曹を

畳けるために，棋の特異的信生長阻害が生ずることが明らかと〈まった.非同lt蹄官であ

る棋や革への分配を減りし 1 将来同化器官とはる新議へ少とまい同化産物そ優先的に分配

事る体制は。生長効本の畦下を防ぐのに有利であり.0，縁関下の植物の示場ひとつの

適応反応とI'!えられる。

1 国立公宙研究所 生物環境部 〒初51支減県筑波扇谷図館町小野川16-2 
2 脊員研究員 双.. 府立大学生活民学館 〒60崎京I!/l市左京区下鴨半木町
3 国立公省研究所伎術部 〒ω51史械県筑波1$谷田郷町小野川16-2 
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Effecfs of N02 and 01 alone or in combination on kidney bean 

plants. V. L1C.assimilate partitioning as affected by N01 andfor 

0， 

Kunio Okanot， Qsamu [tot， 00 Takeba~ ， Akira Shimizu' and Tsumugu 

Totsuka' 

I Division of Environrncnta[ Biology、theNationallnstitutc for Environmcnlal 
astudICS1Yatabe machl Tsukuba lbarak2305 1apan 

V削 mg陶 lowof thc Natiotml lnstitutc for E刊 ronment31Stud四 PresentAddress 

Faculty of Living Science， Kyoto Prcfcctural University， Sakyo-ku. Kyolo 
606. Japan 

J Oivision of Engincering， the National Institute for Environmental Studics 
Yatabe-machi， Tsukuba， Ibaraki 305、Japan

γhe dfecu of ozono(O，) al 0.2 ppm aod nuroKen dloxlde(NO，)at2.0 ppm al。問。""
combination on Ihe translocalion and dislribution of tlC_labelJed usimilatu from the 

indivIdualsource岡崎$in 14-<1ay-<:lld kidney bean plants wc，e inv富山gated
rhe planu exposed 10 NO， showed no叫siblefol陥rLnJury、whilelhe mixture oro， and 

NO， ω"~d 鍵vere ol.one-type Injuries 01¥ the priπlary leavu 

Exposure 10 2.0 ppm NO， $ca陀 elyarfe.:ted the transloealI。附 processesucept for .he 
exporl rrom Ihe primary leave5. Since the pho.ωynlhe.ic activi.;C$ of Ihe bothωurce tcaves 

wcre significantly enhanced by Ihe exposure to NO
" 
the amount of labelled assimilales 

，~"針。calcd 10 Ihc various sink organs wa凶considerablyinc陀2健d

rhc mixlurc of 0) and NO， reduced Ihc tJCO，口xationof both間 urceleaV<"s more 
severely， and altered thc pattern of aS5imilalc dislrib川ionmoげcdrUlically !han would be 

expcc!ed from the cffeel5 induced by !he exposure locach pOllltlant alonc. Consequently， th~ 

amount of labelled assimilales translocalcd 10 Ihc fOωand the lowcr Slcm w“remarkably 
rCduccd oy the mixture of 0， and NO， (by 85% in lhe rOOI and 809も川 Ihelower 8Iem). 
whereas th同tto Ihc yOlt向島町Icaveswas ICS5 decreascd (by 339防

Those fnu1ts $uggC$l that the plants mighl respond 10 thc miXlurc of 0， and NO， by 
divcrting rel山 velymore assimilate5 into the growing leaves and Ihat Ihe sublhreshold 

concentr刷。nof NOI could modiry the susoxp山bililyof thc plants 10 0，. Possible 
mcchanisms fo Ihc grealcf .han additive effecl induced by 0， and NO，血肉d服cussed

Kty words: I'ollu..nl combinal・on-0， -NO， -"c -Animilale -TI1I刷slocalion-
parti.ioning -Kidney bean 

In the urban and industrial areas， the atmosphere contains a complex mixlure or 

phytoloxic gascs and planu growing in the fields will often be cxposed 10 sevcral pollutants 
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simultancously. Mc:nscr and Hc:凪叫吋 (1966)firsl rc:portc:d Ihat mixturc: of sulfur d・oxidc:
(SOI) and 0) causc:d foliar injury 10 tobacco al conc泡nlralionsofthc singlc: gasc:s which would 

not normaly causc: Ihc: visibJc foliar injury. Thcy suggc:slc:d Ihat Ihis co羽binalionof pollutants 

lowc:rcd thc: thrc:shold conccntralion for Ihc injury and that Ihc: cffc:ct was sync:rg隠れC

T四 'caflcr，a number of invc:stigalio悶 havc:bec:n conductcd to dcfinc: Ihc: c:ffc:cts of poJJutant 

combinalions， mainly SOl and OJ or S02 and NOl. 011 Ihe foliar i町uryand pJant growth (sce 

Reinc:rtc:tal. 1975， Araiand Totsuka 1979， Ormrod 1982). Thc information rclaling tothe othcr 

comb・nationofpollutants， howevc:r， havc: been limitcd hithcrto. 01.onc: and N01 occur togethcr 
in pholochc:mical oxidants which arc: thc: most serious aiT poJlutants in Japan. bUllittlc is known 

of how制 cha combi剛 ionmight affect thc: plants 

In thc prcvious study (Okano et al. 1 984a)， we dcmol¥stratcd Ihallhe patlern of a叩 rnilatc

dislribution in kidncy bean planls wa5 altcred by 0.2 ppm 0) 50 thal a grcatcr proportion of 

assimilate was partitioned 10 the g印刷ngleaves and a srnal1cr proportion to thc root and thc 

slcm. The pr閃河川 paperdescribes thc Iracer expcrimcnls designcd 10 asscss thc cffccts of 0.2 

ppm 0) and 2.0 ppm NOl， applほdbOlh singly or in combination， on the translocation and Ihe 

distribulion of リC-labelledassimilalcs exported frorn Ihe two kinds of sourcc Icavcs in 14-day 

old kidncy bean plants. Thc objective of this study i5 to delerminc whclhcr N01 rnodify thc: 

susccplibility of the plants to OJ， as measurcd by thc changes in thc translocation and 

d・SlribUlionof the assimilalcs 
Matc:rials and恥ifethods

Plants 

K idncy bcan (PhoJtQIIIJ vlIIgaris L.. cv. Shin-edoga wa) ptants wcrc grown in a controlled 

c:nvironmenl growth room (30ktx， 250C， R.H. 70%. photopεriod 14抑制describedpreviously 
(Okano'el al. 1984a) 

ιxpOJurt 10 pollllfants 
Exposurc of planls 10 OJ and! or N01 were山 rted10由 ysaftcr即 日wing.AII fumigatiom 

werc: carric:d out ifl a conlrolled唱 nvironmentfumigation room with thc samc cnvironmcntal 

condilions as thc growth room. Ozone was generated bya silent clcctrical dischargc in dry 

oxygen. Nitrogcn dioxide was supplied from a prc:ssurilc:d cy1indcr o( prcdctcrmincd 

concc:nlration. ControlJed levc:ls of pollulants 明 rerelcased through a Ihc:rmal mass-now' 

controller into thc air strcam entering thc: fumig剖 ionroom. Thc trCatments wc:rc: as follows; (a) 

control: charcoal fillcrcd-air， (b) 0.2 ppm 03， (c) 2.0 ppm NOl， (d) 0.2 ppm OJ + 2.0 ppm NOl 
Pollutant conccntrations within the fumigation room wcrc mOflitorcd continuously using a 

chcmilumincsccnt 0) analyzcr (Modcl 806， KimolO Eteclric) for 0)鴻nda chc:miluminescenl 

NO-N01-NO. an凶yzer(Modcll4，Thcrmo Elcctron)for N01 to cnsurcthat thc:y rc:mained at 
thc rcquircd Icvcls 

Fl't!lling 0[IlC01 
Aflc:r fourdays-cxposurc to 0) and!or NOl (14 day~ after the sowing). 24 uniform plants 

were sc:lcctcd for the uC01 fc:c:ding experimcnt. Fc:cdiflg of lJC01 10刷、glclcaves was conducted 

in a rc:clangular fecdiflg box placed in an another controlled-cnvironment fumigation room 

Thc apparat出 andtcchniques used to provide a constant conccntration (350 ppm) of IJC01 10 

singlc Icavcs havc: bcc:n describcd eI民wherc:(Okano et at. 1984a). lJC_labelled carbon dio則do
(rnade from 90.7 atom % Ba !lCOJ) was adminislcrcd continuously for eighl hours to c:ilher one 
side or the primary leaves or thc ISI trifoliale Icaf 
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In paral1c1 wi(h the fecding or IlCOI， 0) andfor NOI were simultaneously introduced to 

both insidc and outside of Ihc fccding box. Thc conccntrations of 0) and NOl insidc Ihe box 

werc rcgulatcd bya syslem simil!H to that described for contfOl1ing IlCOl concentralion (Okano 

ct al. 1984a) using a UV absorplive 0， analyzer (TUV-lJOO、TokyoInduSlr問。 anda 
chcmiluminescent NOx analy7.er (ModeJ 258， Kim例。Elcctric)，and werc maintained al 0.20土

0.02 ppm for 0) and at 2.0土 0.1ppm for NU1. Thc fans set in Ihe box cn:ated suffieienl air 

movcment 10 ensurc the complete mix問 gof gascs and 10 lower Ihc boundary layer resislancc 

around lhe leaves. The temperaturc and relativc humidily in Ihe box were monitorcd 

continuously and regulatcd a125.0土1.5・Calld70土5%respeclivcly by a control1ing syslem as 
dωcritx:d pn:viously (Okano et aJ. 1984吋

Sompfillg alld IlC determillolion 

Thc planls wcrc samplcd at 2， 4. 6 and 8 hours aftcr the start of 1JC01 feeding， and scparatcd 

into cach parl in Ihc same way as prcviously reportcd (Okallo ct al. 1984a). 1"otal carbon and IIC 

contcnt of thc samplcs were dctcrmined as described previously (Okano ct al. 1984a). Each 

cxperiment was repcatcd threc times 011 eonsecutIve three days， 50 thc rcsulls are cxprcsscd as a 

mcall value of nillC plants from three repli同 tlOns

Resull 

Although the cffccts of 0.2 ppm 0] on thc translocation of the aS5imilatcs in thc kidney 

bcan plants ha ve bcen fully dcscribcd in thc prcvious paper (Okano cl al. 1984吋，Ihc同 rpedata 

afc includcd in thc following tabl田 andfigurcs for the comparison with the addilional data 

Thc plants cxp05cd 10 2.0 ppm NOl for four days did 1101 show any foliar visiblc injury， 

ralhcr appcared 10 bc grcencr and hcalthier than thosc grown in charcoal filtcrcd-air. Thc lotal 

nitrogclI contents ofal1 lca vcs in Ihe N02-fumigalcd plants wcrc significantly highcr than Ihosc 

in thc cOlltrol plants (data not shown). The mixturc orO.2 ppm 0) and 2.0 ppm N01 causcd 

severc ol.Onc-type injurics on the primary leaves， whilc produccd 110 foliar injury on the 1st 

trifolIatc Icaf except for a downward curvature of Ihc Icaf 

The effcct of 0， andl or N01 on thc IJC01 fixation of四 chsource leaf wcrc shown in Fig. I 
Exposurc to 2.0 ppm N01 did not dcprcs湿 theIJC01 fixation. rathcr enhanced thc 

photosynthctic aCIIvity by 189もinthc primarylcafand by 399もinthc 1st trifoliate Icaf. Howevcr 

the mIxturc of 0) and N01 inhibitcd thc pholosynthcsis of the bolh sour回 leavcsmore severely 

than expcctcd from summing up Ihc cffccts of the individual gascs. The mixture effcct was 

.'回Icrthan additiνc wilh respcct to photosynthctic C01 fixation. It mcans that the 
subthrcshold conccntralion of N01 promoted the inhibitory effcct of Ol on thc photosynthesis 

of the kidncy bcan lcaves. The mixcd gascs rcduced the photosynthctic aClivilY of the primary 

lcaf more severely (by 70%) than that of the Isl川 fol・aleleaf (by 489も，).The maturc lea ves 
appcared 10 be morc舵 nsilive10 thc mixturc OfOl and N白 thanthe younger Jcaves. A similar 

result was a150 observed in 0.2 ppm 0) trcatmcnt 

Tablc I shows the cffccts of 0) and/orNOl 011 thc e足portofthclabcl1ed carbon from the 

individual source leavcs. As wcll as 0， Ireatmcnl. N01 slightly 10wered thc export ratio of Uc 
f~om Ihc primary Icaf. whercas elcvatcd that from thc 1 st trifoliate leaf. Thc mixture of 0， a nd 
N01 inhibilcd Ihe cxport of IlC from Ihc primary Jcaf morc furiously than 0) or N01 a10ne， and 

Ihc cffccl of pollulant combination was equal 10 additivc cffc叫~ of singlc pol1utants. The 

mixturc al50 accclcralcd thc exporl of the labelled carbon from the 1st trifoliatc lcaf. but Ihc 

degrec of acceJcration was less than that caused by 0) alone 
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27.6土I.l
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25.2土 2.7
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町制，nlnf llC cxntlT.cd from .hc 50urce Icar x 100 
amounl of IJC In wholc pJanl 

Mcan of山recrcplications土針andarddcvIation 
Da'8 from Okano CI al. (1984a). 

E翼portratlo a 

b 

E 

Figure 2 and 3 show the changc$ in the dislribUlion pallerns of the labelled Carbon in Ihc 

planu by lhe cxposure to 0) andl or N02 • Exposure 10 N02 alone did nOI significanlly IIffecllhe 

dislribulion patlern of assimilates cxportcd from bOlh sour.αlellvcs. In the NU1-trellled plants 

as wcll as Ihe conlrol ones， two-thirds of the assimilate e見portcdfrom the primary Icaf were 

distribUled 10 lhe lower parts， such as the lower Slcm and thc rOOl， and a quartcr 10 Ihe youngcr 

leaves (Fig. 2). Whcrcas， the ISI trifol凶 elcaf eontributcd 10岡山 Ihclower part5 and Ihc 

youngcr lcavcs by simiJar proporlion (Fig. 3). The mixlu向。r0) and NUl increascd Ihe 

distribution percentages of IJC exporlcd from both sour民Icavcs10 thc youngcr lcaves or the 

upper slem， while decreased thosc to the root or th陪lowcrslem. Espedally， Ihc 1st trifoliate lcaf 

of thc planl exposcd 10 the mixture dIstribuled a large proportIon (609も)of ils assimilates 10 the 
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削z0， Cont 

growing Icavcs， and only a 5ma]] proportion (6%) to thc root (Fig. 3). The combined effect of03 

and NOl on thc distribution of the assimilatc was grcatcr than add itivc for thc 1 st trifoliate lcaf 

whilc sccmed to be cqual to additIvc for thc primary Ica四S

From the data describcd above. thc actllal amount of thc labcllcd carbon translocated 10 

thc various parts from both a pair of Ihc primary leavιs and thc ISI trifoliatc leaf c{)uld be 

回 IClllated，and slImmarized in日g.4. EJ¥posure to N02 alOllc increased the amOllnl of labclled 

assimilatcs tran~locatcd 10 both thc youngcr leaves and the rOOI about L5 limes as compared 

刷 ththc contm!. This was mainly duc to Ihe incrcase of "C02 fiJ¥ation in the SOllrωleaves of 

NOz-trcatcd plants (Fig. 1). The mixlure of 0， and N02岨 useda greater reduction of Ihe 
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Fig.4 Erfccls Or OJ and NO) alonc or in combinat・0向。nthc amount of IJC Iranslocated 
from a pair or primary lcaves and Ihc ISI trifoli.te lcaf 10 the variOll5 sink。昭ans.Symbols 
art thc samc as 川町g.2 

NO， 0， c.自t
4 

aSSlm・laleIran51。抽出J10 all sinks Ihan expcelcd from Ihe cffccts induced by Ihe exposurcs 10 
each pωlUlanl alonc. In particular， the amounl of回 simila¥cIranslocaled 10 Ihe rOOI and thc 

lowcrs¥cm川 sremarkably reduccd bythc mixturc ofO， and N印刷85%inIh rootand by 80% 
in thc 10凹 rs¥cm). whilc Ihal ¥0 ¥he youngcr Icavcs was Jcss dccrcascd (by 33%). A largcr 

reduction of "CO， fixalion of the primary leaves (Fig. 1) and Ihe alteration of the paltcrn of 
assimila¥e d叫 ribution(Fig. 2 and 3) could account for ¥he obsc刊 cdgrea¥er reduction of the 

assimila¥es Iranslocaled 10 Ihe rool and thc lower slern in thc mixcd gas-Ireated plants 

D脳巴usslon

明(0('15o[ txposurt 10 N白 alolle

I'he exposurc of Ihe kidney bean planlS 10 0.2 ppm 0， for four days inhibitcd Ihe "CO. 
fixalion and export of the assimilate from Ihe mature leaves. and altered the patlcrn of 

assimilate d凶 ribulionin thc planlS (Okano ct al. 1 984a). Jn contrast 10 0)， 2.0 ppm N01 
scarcely prevcntcd thc transloca¥ion proccss凶 exceptfor thc exporl from the primary lcaves 

The photosynthclic aClivitics of bOlh拍 urceleavcs werc rlllhcr significanlly enhanccd by thc 

exposure 10 NO， (Fig. 1). Conscqucnlly， the amounl of assimi1ates Iransloc温led10 thc various 
割nkorgans wc陀 considerablyincrcascd (Fi!;. 4). Thosc rcsuhs imply that2.0 ppm N01 may not 

aITccI Ihe plants as a 10足時創rpollutant， bUI aCI as a nilrogcn fcrtilizcr針。mIhc atmosphcrc 

(Ol:.ano ctal. 1984b). The fael Ihallhc nilrogcn contenl of Ihc lcaves was significanlly increascd 

by thc cxposurc 10 N01 mayalsosupport Iheabove assumption. Allhough high conccntralion5 

(above 3 10 4 ppm) of N01 could cause Ihe acule injurious effccts on Ihe physiological function5 

of the plant leaves probably through Ihc accumulalion of nitrite (Kalo ct al. 1974、Yoncyamael 
al. 1979)， low concenlrations of NOI absorbcd in thc 1帥 fcould be casily convertcd into nitritc 

and nitratc. aild furlhcr assimila¥ed jnlO amino acids (Yoneyama and Sasakawa 1979). A 

bcneficial cffcct of low conccnlration of N01 on Ihe plant growlh mighl bc ¥hercforc bc 
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'"'山pated，and has been actually confirmed with rice (Fujiwara 1973)同m針。(T問陥問削d
Leonc 1977) and cucumbcr (Yoncyama el al. 1980). Exposure 10 2.0 ppm N02 e足ceptionally

inhibited the expon of thc assimilatc from thc maturc primary leaves (Table 1). Even low 

conccntrations or N02 which unarrects the net photosynthesis may inhibit t he phloem loading 

oflhc assimilate in a similar way wilh low conc乞nlrationsof S02 as proposed by Noyes (1980) 

Combine(J effeclJ 010) OIl(J N白

Îthough singly applicd 2.0 ppm N02 might acl Ix:neficially on the plant growth， thc 

inhibitoryefrecl ofO.2 pprn 0) on thc planlS was amplified by the presence of2.0 ppm N01. Thc 

mixturc of 0) and NOl rcduccd thc lJC02 fixation ofboth sourcc leaves morc scvcrely， and 

altcrcd the pattern of assirnilatc distriblllion morc drastにallythan0， alonc did. Furukawa and 
fotsuka (1980) reportcd that thc simultaneous furnigation of 0) at 0.2 ppm and N01 at 0.2 or 1.0 

ppm inhibited the net photosynthesis of sunflowcr 10 a greater cxtent than expected frorn thc 

sum of the inhibition山 uscdby individ ual gases. Oma5H ct al. (1979)aI50 showed with su nflowcr 

that thc mはturenf 0) and NOl at the concentrations ofthc cach gas below the threshold causcd 

thc stomatal closure and the foliar injury 

rhc mechanisms causing the grcatcr Ihan additivc effccl induccd by 0) and NO， are nol 
known al present. but several possiblc mcchanisms can be raiscd町rsl，0) and NOl may reacl 

chemicaJJy with eaeh olhcr in the fumigation room 10 produce unknown ehcmieals wh犯hare 

more toxic to thc plants Ihan thc original pollutants. I n the presenl experimcnt， howcver. thc air 

in thc rumigation room was frcqucntly vcntilatcd (50 to 60 timesf h) with the charcoal-fillcrcd 

ambicnt副 r.and thc conccntrations of the rcaction products in the fumigation room could be 

controlled ata lowcr Icvel which would notaffcct thc plants (Matsumotoct al. 1979). Howcvcr 

the possibi1ity that thc unknown chcmicals might gcncrate 111 thc feedlllg box during thc 

8h-IJCOI-fccding pcri似Jcou1t not bc ruled OUI. Sccondly， Ol mighl destroy thc abilily of thc 

plant 10 reduce thc nitriteoriginated rrom NOl fumigation inlO the aminoacids. Wellburn ct al 

(1981) found that although NOI induced a significant incrcasc in nitr;le reduclase (附町acti叫 y

of thc scveral grllsses， thc mixturc of S02 and NOl complctely prevcnted the induction of Ni R 

activity. They assumed that this inhibition of a pOlcntial dCloxification mechanism of nitrite 

might be one ofthe m引 nrcasons why thc SOl + NOI combinationexhibilcd morc than additive 
cffcclS upon the growth of grasscs. Sincc NiR activity of thc plants has been found to bc quite 

scnsitive to 07.0nal;00 (Lefflcr aod Chcrry 1974). the mixture of 0， and NOl might also inh;bil 
thc rcduction ofnitr;te in a similarway as SOl + NOl comhination.l冶irdly，NO， mighl amplify 
thc inhibitoryeffccts ofOJ on the planls. Thc fact lhal the mixturc ofOland N01 causcd scvcrc 

o7.0ne.typc injurics on thc primary leaves suggests th似<hωwillbe rnost possiblc. Îthou 
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primar'1 leaves、whichmainl'1 nourished the root and the I。崎、erstcm，morcsevercl'1than [he 1st 
triroliate leaf. Conseq山 n[I'1， the amoun[ ofa叩 mila[estranslocalcd 10 Ihc roO[ and the lower 

stem remarkabl'1 reduced b'1 [he mixlure ofOJ and N02， while Ihat 10 Ihe youngcr teaves was 

tess decreased (Fig. 4). When environmental raclOrs such as Jighl， waler and air pol1ulants 

become Jimiting 10 Ihe plan[ growth， Ihe alteration川 photos'1nlhalcpartilioning ma'1 bc one of 

strategies for thc planlsto minimize [hedelrimentalefrl目 ISofthe unfavourabte eondilions. For 

example， SiJvius ct a1. (1977) and Challerton and Silvius (1980) found that so'1bean rOOI growlh 

was favour吋 ovcrshootgrowlh when vegela[ive planls wereexposed 10 lowsoil moislure， while 

morc priority was given tothe shool growth than root growlh whcn thc plants wcrc grown u目d"

a shorl photos'1nthetic period. The kidne'1 bean plants used in the prcscnl cxpcrimen[ mighl 

rcspond 10 Ihc mixture of03 and NO. b'1 diverting relativeJ'1 morc帥 similatcinlo Ihe g印刷'.
leavcs which wil1 bccome Ihe si[es of carbon assimi1ation 
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インゲンマメに友ぼす NO，と0，の混合ガスの影響

V 13C-同化産物の分配に及ぼす混合ガスの影響

岡野邦夫， . f)t雌治仁竹薬剤2・消71<明3 戸塚績B

光化学オキγグントの主成分である 03(O.2ppm)とNOz(2.0ppmJの混合ガスが，

インゲン幼植物の個々の斑からの同化産物の転杭 分配に且ぽす臨書を，13Cをトレー

サーとして悶いて糊べた.

NO，単独による車一酢iJ揖曹は認められはかったが。 N02+03の醒合ガスは初j生車に

著しい0，型の可祖種子を引き起こした.

NO，は屑iヒ産物の伝施分配にほとんど影響を与えず，草の日Cの固定能をかえっ

て促進したため，品部位への同化産物の転流置を用.kさせた..NOZ+03の混合ヵ・スは

03.m独以上に藁の"c悶定を抑制し，その程度は初生躍でより大であった.また明生
誰からの同化産物の転出を闘将し.逆に第 l本曜からの師、械を坦進した。さらに新車や

上位韮への同化産物の分配車を高め。亜に艇や下位韮への分配事を抵下させた.その結

果，担や下位革への同化産物自転出置は 031t!独以iに減少した.

本吉終盤の結果かり， NOZ+03の車合ヵ・スは向化産物の転施 分配に対して 0，単独と

顕似した車曹を与えることー共存する NO，はそれ自身では植物にほとんど慈膨響を与

え伝くとも.0，由噂性を増幅する作用があること。(¥lが明りかとはった。 0，と NO，

による相乗効泉町メカニズムについて，いくつかの吋能性を指摘した.

1 凪立公密研究所 生物環境部 〒列S茨織県筑波綿谷岡部町小野)1116-2 

2 客員研究員京都府立大写生活将学部 〒'00京都市在京区下鴨半木町
3 目立公密研究所 後術都 〒初5茨城県筑波1lI谷田部町小野JlU6今 2
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Comparison o( Ihe fales o( ISN02 and 13C02 absorbed Ihrough a 

leaf o( rice planls. 

Kunio Okanol， Jiro Tatsumi
l
， Tadakatsu Yone戸 ma'，Yasuhiro Kono' and 

Tsumugu Totsuka' 

， Oivision of Enνiror川トcnralsiology. Nalional Insrirure for Environmcnlal Sludies 
Yarahe-machi. Tsukubll. Ibaraki 305. Japan 

2民“earchCol1aboT8lor of thc Nalional Insrirulc for Environmcnral Sl¥ldies. I'rescll! 
八ddrc~s: 5chool of Agricullurc. N白goyaUniversily. Chikusa. Nagoya 464， JaplHt 
) Division of EnvironmほnralIliology. lhc N別 ionalInSlilule fnr Environ町時川al51"dics
I'resc川 Addrcss:Dcpar!1ll‘:nl of Applicd Physiology. Narional Insl山 llcof 
Agrobiologic担1Resoυ町ces.Kannondai. Yarabe-machiTsukuba.lbarab 305. Japan 

• V凶山ngFcllow ofrhc Narional InslilulC for Enνironm日nral5ludics.I'rescnl Addreu 
5chool of Agric山 ure.Nogoya Univcrsily， Chikusa. Nagoya 464. Japan 

ro invcstIgarc rhc farc of NO:!-niuogcn in planr!i IIflcr;1 was absorbcd. Uc・lahel!cd
caroon d・0制dcand l!N_labclled nIrrog'ε， ，・oxidcwでresimulrancou訓yadm・nistcred10 a 
malurc lcaf of ric:e planrs al陀 productIvcslage， and the bchaviours ofthc two・so(opesin the 
planlJ明 refollo明 dand ~omparcd ovcr ..ighl da戸

MOSI ofthc rransfcr of I>Cfrom rl'le fed leaflo the olhcr par!$ to。肱plac:e帆"川。ncday，

and during th切れme21%ofthcphot畑町imilatidUc wu 105¥ through rcspiration. Transfer 

of NO，-nitrogcn from rhc fcd leaf oceurrcd gradually rhroughout thc 叫 pcrimcntalpc:r・0'
wItharapiddnu鬼川"ほ白rst$Cvcral hOUTS. and no田gnificant1011 of "N from the plant was 

deleetcd during this pcric刈

Higherabu吟danccsof both "c and ISN wcrc obscrvcd in Ihc Pl!nidc ・helillcrs and thc 
'"附 ro015which隅 rcIhc organs actively developing. Thc closc s・milarityof lahel1ing 
paUerns of "c and !)N in the variou5 plant part5511ggcstcd Ihar rhc IJCーlahellcdsugarsand 

thc IJN.labclled nilrogcnous eompounds dcrivcd from N01 might now rogcthcr in phlocm as 

11 bulk Slrcam al I.ast during the phasc of primary d川 ribulio九 rhcIJC/IIN ratios in th. 

various plant parrs ind比atedthal the reJalivc di.lrriblltion of enbon and nitrogcn mighr he 

partly rcguJlllcd by the characrcri創出 ofthe ~ink organs 

Wc concllldcd thar NO，-nilrogcn oncc incorpuratcd ]nlo prolcins in plant I.avcs was 
thcn hydrolY1_cd 10 amino acids and rransfcrrcd 10 Ihe rapidly growing organs probably 

lltrough phlocm. and rhat rhis kino ofnirrogcn wOllJd bc ulilil.cd for Ihc growth ofncw tissue5 

in thc 5am. manncr as Ihc nitrogcn lakcn IIp by roors 

Kcy word~: NO， -Nilrogcn assimilarion -Transfcr AbsorpliOIl o( NO， IIN _ IJC 
-Riee pla川

1匂hepJants art considcrcd 10 have the capacity 10 rcmove air pollutants， such as nitrogcn 

d印刷Jc(NO，l and sulfur dioxidc (SO，)， from the almosphcrc (H ill 1971， Dcnnctt IInd lIill 1973) 

^ Jargc proporlion of the air pollulants is absorbed through stomata of thc plant leavcs 

• A pan of Ihis山 dywasprcscntcd in; Jopon. JOUT. Crop Sri. j2: JJ1-J41 (何回}
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Yoncyamaand Sasakawa(1979)demon凶tratcd.lIsing"N， that N01 absorbed in spinach Icaves 

was converted into ni1rate and nitritc. which were then rapidly assimilated inlO amino acids and 

pro1eins. Most of N01-ni1rogen takeh up by plant Jeavcs was once incorporatcd in10 protcin 

fraction、thcrcafterhydrolyzcd and Iransfcrred 10 I1ば olherorgans， ahhough some of NOl 
nitrogcn was directly e)(portcd form the fed Icaf (K旬ictal.1980，OkanoclaI.1981) 

However. the fate of N01-nilrogen in plan1S aftcr it is IIbsorbcd has not bcen sufficiently 

detcrmined hitherto. lt is neccssary 10 clarify thc bc:haviour of NQl and its dcrivalives in plants 

for an adequatc undcrstanding or thc NOj errccts on pla nt growth and thc rcmoving capacity of 

NU;J from Ihc atmosphere by planlS. Wc expec1ed tha1 a part or this problem could be 

asccrtained by comparing the movem四 Iof N02-nilrogcn with Ihat of COrassimilales 

Prcv・ouswork on sunnowcr (Yoneyama et al. 1980) indicatcd that some nitrogenous 
compounds originatcd from N01 were transferred from Ihc fcd Icaf as fast as C01 a鈴川lilate弱

and thal NOj.nitrogcn was mainly Iranslocaled 10 growing organs 

In Ihc prescnl study、"N.label1ednilrogen diωddc and llC-Jabclled carbon dioxide were 
simultancoωIy ad mi nistcrcd to泊 maturcJcaf of ricc plants at rcprod uctive sta且c，and the fate of 

N02-nitrogcn and C01-a剛 milate地 inthc pJants was foJlowewd ov巴reight days 

MateriaJs and methods 

PlulIIs 

Pre-gcrminated rice seeds (Or)'zo sutiva L. cv. Nihonbarc) were grown on a salan nct 

noating in 11 vat with a lO.fold dilution of Kasugai's rice culturc solution (Baba and Takahashi 

1956) in a na1urally-lit growlh room with a conSlant tem肝ratureat 25"C and a rclative 

humidity at 70%. The plants wcre grown under a short-day condilion during October 10 

Novcmber. At thc 5t h lcaf cmcrgcnc沼(OCI.27， 1980)， 120 sccdlings wcre transplan1cd spnω，，4 
cm X 4 cm into a watcrιuhurc bed日lledwith a 4-fold dilution of Kimura's B cullure 50lulon 

(saba and Takahashi 1956) which eontained bOlh NH.-N and NOrN as ni1rogcn source. The 

cuhure sollllion was renewed twicea week and adjuslcd to pH 5.5 with 1 N HCI and I N KOH 

The rOOl5 of main slcm were classified inlO Ihree sets of difrerent nodal問。ISby thc method of 
Tatsumi and Kono (1980).1) Lowcr rools (lR): Ihc rOOl5 emerged from Jower Ihan 1hc 2nd 

node. 2) Middle rOOl5 (MR): thc rool5 from Ihe 2nd and 3rd nodcs. 3) Upper roOIS (UR): the 

roots f rom the 4th nodc 

Feeding OfllCOt antJ U NO. 10 single leuves 
On Novembcr 20，1980， whcn the plants附 rea1 b001 stage and the 7th Icaf (Icrminal凶 η
had fullye足panded，50 plants were selcctcd and Iransplallted 10 an anothcr watcr cuhure bcd in 

an artificiaJJy-Jit growlh room (30 klx.1ightfdark 14h/10h， 25"C， R.H. 70%). Composition of 

Ihe nUlrient solution was 1he samc as bcforc. Thc fcedingexperiment was carried out in thc same 

room on Ihe neXI day. Feeding of IlC02and UNOl 10 single leaves ofeach plaot wasconductcd 

川 ana5SIm・，，，・onchambcr (130 X 50 X 30cm， mlldc of plexiglass) into which the 7th Icafblades 
of 50 p[ants were inserled and seaJed in with urcthane resIo at thcir basal parts. Thc lIir in the 

assimil副 ionchamber was purged by C01-free lIir for [0 min and C01 conccn1ra1ion wa5 

redllced toaround 20 ppm. Then， theevolution ofllC-Jabclled C01 was iniliatcd byaddIlion or 

an appropriateamounl of 1 N UCI 10 Ba円C01(90.7 a10m % llC). Theconccntralion 0(IlC02 in 

thc ehamber阻 smonilored with叩川fraredgas analyzer (Tye ZFD， Fuji Electric Co.， Ltd 

rokyo)， and was maintaincd bctwccn 350 to 400 ppm by occasional add山onof 1 N HClto 

Ba"CO) 

UN_IabeJJed N01 was introd uced simultancously with thc gencration of "C02 bya syringe 

IlN01 gas was made from K "NOJ (99.7 atom % "N) as describc:d elsewhere (Yoncyama et al 
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1978). The concentration of IJN01川 Ihechambcr was monitorcd co川川uouslyevcry minule 

w・tha NOx a拙 Iyzer(Model 258. Kim副 oElcctric Co.. Ltd.. Osaka) and was mainlained 
bctwcen 2.5 to 3.5 ppm by additional injcction of 'SN01 

The 7th 1岨 fblades of 50 planls wcre fcd問 th"COI and ISN01 for IWO hours in light. Any 

visible NOl injury was not obscrved on thc leaf surfac屯 AtIhc cnd of thc fecding period. thc 

concentrations of IlC01 and ISN01 rcmaining in thc chamber werc rcduced 10 around 20 pprn 

and 0.2 ppm respectivcly through Ihc introduction of C01-frce air for 10 m川， thcn Ihe 

assimilal・onchambcr was opened. Tcn plants werc sampled immcd・atelyafter thc lermination 
of isotopes feeding (Day 0). Thc rcst of the plants werc kept in the samc growth room、Ihcn
samplcd at 1/4 (6 h， Day 1/4)， 1 (Day 1)， 3 (Day 3) and 8 (Day 8) days afler良。otsof the 

harvesled plants were washed wilh running lap water. Ihen Ihc planlS were separaled inlO Ihe fed 

Icaf(FL)， Ihc lower leaves (LL， 3rd to 6th leaηthc young paniclc (P)， Ihe culm (C)， Ihe upper 

roots(U町、Ihemiddle刊 015(M R)， thc lower rools (L町andthc til1crs (T). Thc [eaf sheat h was 

includcd in each leafsmaplc. Separalcd parls ofthc plant wcrc dricd in an oven al800Cfor Ihrec 

days， and ground to a rinc powder wilh a vibrating smaplc l11ill (TI-200. Hei ko Scisakusho Lld 

Tokyo) 

IJeurminotioll Ofl1C ol/d 11 N 

Total carbon con山 11of Ihc smaple was delerm・ncdwith a Yanaco CN..corder (MT-500 
Yanagimoto Co.， Ltd.， Kyoto)， IInd JlC conlcnt was measurcd by infrared absorplion 

speclromctry(Okanoet al. 1983) usinga JASCO EX-I30・lCOZanalyzer (Japan Spcclroscopic 
Co.， Ud.， Tokyo). T61al nilrogen conlcnt糊 sdctermincd by Ihc d刷 illationmClhod aftcr 

Kjcldahldigeslion whcre日 licylicacidwas used 50 that Ihc nitratc nitrogen would be mcasurcd 

"N叫 ntcnlwas m四四時dby cmission speclrography (Muhammad and Kumazawa i974)制，"
a JASCO NIA-I "N analyzcr 

Resulls 

Planl grawth 

Since ricc: plants uscd in Ihe prescnl cxperimcnt wc陀 grownunder shorl-day condilion 

during Oclober 10 November、thcyoung panicle had already diffcrcsliated on Ihεm創 nslcm al 
the 61h lcaf slage. Thc tillers had al50 formed allhc uils of thc 4th and 5th leaf allhc lime of 

fccding e.o:pcrimcnt. Changes in dry 明暗hlofvarious parts oflhc planl during Ihe回 tope-chasc

pcriod are shown in Fig. 1. The liJlcrs， the roots， Ihe culm and Ihe young panicle incrcased Ihcir 

dry weight with Iheir growth， cspc氾iallyin thc tillcrs dry weighl incrcased vigoro¥lsJy. On thc 

contrary， gradual decrease of dry wcight was obscrved in Ihc fcd Jcaf and the lowcr Ica ve5. Dr) 

weight of the u"pper roots incrcascd 1inearly. In contrast， d ry weight did not show any signifieant 

changcs in the middle rools. whilc some dccrcasc oecurred in thc lower roots. Changes in 100al 

carbon comenl and lolal nitr。包cnconlenl in Ihe various planl parts during Ihc isolope-chasc 

period wcrc siO¥ilar 10 Ihosc in dry weight， thcrcfore delailcd dala are nOI 1islcd hcrc 

Exporl and respiralOry loss of iSOlopeS 

rable I showSlheehangcs川 Iheamount of 1JC and "N rccovcrcd in thc wholc planl d uring 

Ihc isotopc叩chascpcriod伏apid問 spiraloryloss of 1JC from Ihe wholc plant occurred during the 

first oneday， followcd bya gradualloss throughout thc isotope-chasc pcriod. By Day J， 21%01 

thc originally assimilatcd 11C was rcspired and a furthcr 1 19もwaslosl in Ihe following seven 

days. 10 contrast， "N rccovered in the whole plant did nOI show !lny significant 1055 over eight 

days 
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E・V・・lterIho leedin!l af iS¥llapes D・V・・It・rth. 'nding ・， intap・z
Figト1Chlrlgcsindry悶・ghtOflhc VlnOU$ planl parts(川andIhcdif(crcnt nooal fOOI$ (8) 
A: IsOI。戸fcdIClf(・川oungpaniclc (刷、"明.1εIVCS(0)， culm (印 lillcrs(叫 .ndrO叫
(6) 

日Uppcr

Tablc 1 Rcc日開ricsof IJC and日Nin wholc planls 

Isotopcs 
Days aftcr thc fccding of isotopcs 

。 114 3 

"c 5134. 4476 4028 3812 
(100).. (87) (79) (74) 

"N 236・ 229 247 

'" (100).. (97) (105) (110) 

ー
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-μg! 10 plants 
.. Relalive value 10 that in Day 0 

Most ofthc efnult of IJC from thc fed leaf al50 took placc within onc day， and柑 bscquent

slow crnult 印刷nuedthcrcaf!cr (日g.2). 1 n contrasl， 'SN was Cltporlcd morc slowly Ihan IlC 

from thc fed leaf. Gradual decrease o( ISN from thc fed leaf was obscr¥led Ihroughout Ihe 

cltperimcnlal period with a rapid dec同asein Ihe firsl several hours. By Day 1， 75%oflhe filtcd 

IIC had been cltporled 10 Ihe Olher p白rlsor 10sI in r凶 piration，whereas only 21% of thc 

assimilated I!N was cltportcd to thc other parls 針。mthe fcd lcaf. This gcneral pattcrn of cltport 

of IlC alld 'SN， and of the 10泊。fIlC in rcspiralion， wcre very similar to those previously 

reportcd on叫 nnowerpJant (Yoneya四 CIal. 19阻}
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Dayli after th leeding 01陥olop町

円g.2Efnux of "c and "N from Ihe fed kaf. 

l)islf;bIJIIOII 0/1) C Dnd 13 N ;n Ihe pltJnI 

Table 2 s ho哨 Ihe~hanges 川 IIC and IlN abl川 dances(alom % cxcess) in the various parts 
oflhe rice plant. IIC and 'SN abundanees in the f.吋 Icafdecr回 sedcontinuously wilh印刷tnow

from Ihe Icaf or resp・ratory10$s. I)C abundance in all partsεxcept for thc fcd leaf increased 
rapidlyup 10 Day 1 and thcn dccrcased mainlydue tothedilution by non-Iabellcd carbon newly 

assimilaled. J'N abundance in vegctative parts a1so incr四 sedup 10 Day 1， followed bya gradual 

decrease Ihereafler. In the young panicle， JSN abundance increased up 10 Day 3， Ihen very small 

changes were observed. Thc you同gpanicle showed Ihe highesl Uc and I!N abundances among 
Ihc planl partsal Day 1， followed bythe tillers， thcculm and Ihe rool. Within the whole rOOI. the 

highestabundanc情。fboth1JCand 'lN weredetectcd in thc upper rootsfollowcd by Ihe middle 

and thc lowcr root5. Very low iSOIOpcs abundances werc dclected in Ihc Jowcr mature leaves 

Table 2 Change~ in Ilc IInd JlN abundancc$ in various partli ofrice planl r~d from a lcrminal 
Icaf on the main stem wilh日CO，and "NO，. 

l'lant l'品"
日Cahundance何wm喝exces且) "N abundancc何10m喝 E且cess)

0・ 114 3 8 。 114 3 8 

Young panicle o.，g 1.14 2.16 1.36 0.84 。.13 0.33 0.54 0.65 0.61 
Lell~s 1" 2.04 uo 0.18 0.53 0.43 l‘J8 1.06 0.93 0.19 0.59 
6 。‘曲 0.08 0.16 0.02 0.05 0.01 0.05 0.07 0.03 0.03 
5 o.曲。∞ 0.01 0.01 0.01 。曲 0.01 0.02 0.02 O.Q! 
34 。冊。∞ 0曲也前 O冊 o.冊。ω0.01 0加 O岬

Culm 0.17 0.38 0.62 0.54 0.44 0.0' 0，19 0.25 0.24 0.15 
Tillers 0.15 0.47 1.18 0.75 0.28 0.04 0.21 0.35 0.34 0.24 
ROOls upper 0.03 目.24 0.88 0.58 0.22 0.05 0.09 0.20 0.15 0.11 
middle 。曲目.0) 0，21 0.12 0.07 o.曲。凹 o.倒 0.06 0.02 
lowcr o.曲 o.曲 0.05 0.01 o同 0.01 0似 0.03 0.01 0.02 
whok 0.01 0.06 0.33 0.27 0.14 。.01 0.06 0.11 O.仰 0.07

• DaY$ afler Ihe feedinl or i四 w"..
.. "C白 andIlN01附印刷 107th re.f for two hours 
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Thed・slributionsoflhe 1 w。凶otopesin Ihc plantarc summarized in Fig. 3. Extremely largc 
amount of 11C was Iransported 10 Ihe liI1ers. Transfcr of 11C 10 the lillers eontinued up to Day 3 

whcn 1 he lillers received more Ihlln 50% of thc 目 po円ed1Jc. The amounl of IlC in Ihe young 
panicle、Iheculm and Ihe rOOls incrcascd rapidly up to Day 1. Labellcd carbon in Ihe young 
panicle and Iheculm Icnded to incrcascslighlly from Day 110 Day 8， while significant dccrcasc 

was obscrved ln the roω5 during Ihis pcriod 
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Fig. 3 DistribulIon ofリC(A) and tJN (B)川 thcvarious parts of ricc plants fed from a 
Icrminallcar on the ma;n stem刷 thIlC01 ilnd tJNO， 
Young p聞はIc(@)，c山"(口).tillcrs (・)and rOOI$ (.6.) 

The amount of・INin the til1ers and the young panic1e eontinued 10 inc閃 aseup to Day 8 
馴 Iha gradual efflux of uN f rom the fed leaf. The tillers received a large proportion (73%) of 

cxported I!N at Day 8. Labclled nilrogen in thc roots and the culm incr国民dup to D.ヨyI 

Ihercalcr I!N in the rOOI$ was mainlained al a slcady levcl. Onlya small amount ofbolh uCand 

l!N was Iranslocatcd 10 Ihe lowcr tcavcs 

Dis印刷。"

Carbon dioxidc taken up in rice leaves could be convertcd into sugars and translocated 10 

Ihe olher parts IIS mainly sucrosc <Asada et al. 1960). Most ofthe transfer or "C from thc fcd leaf 

10 Ihe other parls took place within one dlly， and during this timc '2.1% of pholoassimil山 :d1JC 

was lost from thc whole plant Ihrough respiralion(Table 1， Fig. 2). Thc end oflhe rapid phascof 

間 piralionwas associated刷 IhIhe cessation ofcxporl oflabclled carbon from Ihe fed leaf. The 

synchronism betwcen Ihe intensc respiratory los$ of IlCOI and Ihe translocation of IJC 10 Ihc 

growing tissues observcd during onc day is indicalive of a四 U調 1rclalionship. Allhough we d id 

not dctcrminc Ihe respiralory IOS5 of llC by cach plant part. the bulk of the respiralory loss of IIC 

might occur from the plant parts importing IlC from thc fed Icaf (Gordo附 ctal. 1979) 

Rel ran5fcr oflhe carbon from once distributcd part seemcd 10 be very small， and most of IlC in 

Ihe plant appcared to be immobilizcd at the sitcs to which it had been translocated during thc 

臼
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first one day. Cont・nuoustransfcr of 1JC 10 the aClivcly growing parts such as the tillers， thε 
young岡山cleand the uppcr roots observcd after Day 1 (Tablc 2， Fig. 3) might bc duc to th巴

Iransfer of the lemporary metabolites accumulated i凪 thefed leaf. Thcsc charactcristics of 

carbon transfer in rice plant were very similar 10 Ihose in uniculm barley (Gordon el al. [977η } 

，"d 霊叫unnower(Yone町yamaet al. 198叩0).It seems t山h.剖1the u凶山lil

mayb肘"叫"帥。。町r畠酔anl附2捻e吋donadi山u山'"悶alba副"崎s制 t山hIIn川Ilec回"汀ry-ov開erofone吋day':、"“s阻s邸叩Bげ，m官nila副1白 tω。anolher
a“， G。肘'd。凪c目t叫 (υ1977)indic渇led00 uniculm barley 
Transfcr of NO，.nilrogcn from the fed leaf occurred gradualJy throughout the e認P"ト

mcntal period帆 Iha rapid efnux in the firstseveral hou凶作・g.2). Nitrogen dioxide absorbcd川

thc Icaflhrough stomata could be converled into nitrite and nilratc and furthcr assimillltcd inlO 

amino acids via glutamine synlhetase and glutamate synthasc sySlcm (Yoncya ma and Sasa ka wa 

1979). Somc of amino acids synlhe剖zedmay be dircclly cxporlcd from thc fcd Icaf to thc othcr 

parts Ihrough ph[oem in Ihe firsl sevcral hours. whi1c othcrs may bc incorporalcd inlO prolcim 

and olhcr nilrogenous compounds in the fed lcaf. Thc lattcr could be hydrolyzcd latcr and 

amino acids produced wen! exported from the leaf gradulllly (Kaji cl al. 1980. Okano cl al 

1981). Yoneyama a nd Sano (1978) rcportcd that in malure rice 1caves the prOlei田川町Ivcdwcre 

lurned ovcr and thallhe nilrogen once incorporated川 10Ihc constitucnts of thc maturc Icavcs 

was 1 hen rClranslocaled to Ihc young growing parlS. Thus守Jr1conl陥 5t10 carbon. NO:-nitrogen 

once incorporatcd inlo thc leaf conslitucnts may be casily remobilized and ul ili~cd repcalcdly 

according 10 1 he demand of merislcmatic tissucs 

Sink aClivily for N02-nitrogen expressed as Ihe abundance of uN was highest in thc yong 

panicle， followcd by Ihe li11crs. the culm. the wholc rOOI5 and the lower 1cavcs (Tablc 2). This 

labelling pattcrn of I!N in the various planl parts was very similar 10 that of 1Jc. Only smali 
amounts of bOlh IIC IInd "N wc問 Iranslocatcdto the malUre lower Jcaves where the phlocm 

might be aClive in口 portbUI nOI in impoTl (Kancko el 81. [980). Thcse results suggest that Ihe 

IJC-Iabelled sugars and the "N-labeJled nilrogenous compounds dcrived from NOl might 00愉

togclher in thc phlocm as a buJk strcam at !cast during thc phase of primary distribUlion 

(probably州内川 thefirst onc day). This a路 umptionmay be supportt.'d by Ihc finding (Hanson 

and Tully 1979) that thc tran 

ch泊ractcristicsof thc sink organs 

rhc prcscnt rcsult on ricc and Ihc previous oncs on sunnowcr and eorn (YoneYllma ct al 

1980， Okano ct al. J 981) show that NOI-nilrogcn incorporalcd into amino acids IInd proleins in 

plllnt Icaves was thcn retransfcrred 10 the rapidJy growing organs probably through phlocm 

IIlong刷 ththc photosynthales. Thc distribution p剖tcrnof nitrogcn derived from NOj in ricc 

plant was vcry割milar10 thal of nilrogen rctransfcrrcd from malu問 riccleaves whosc nitrogcn 

WIIS supplicd through root 8S ammonium sulfatc (YOIlC)'温maand Sano 1978). Thereforc 

N02-nitrogcn absorbcd through planl lea~'cs would bc utilizcd for the synthe剖5of thc new 

tissuc$ in thc samc manncr as the nitrogcn taken up by roots as nilrate or ammonium. This 

implys thal insomccascs.lowconcentrations of NOI which would notcause 8cuteinjurics may 

affcct bcnc目cialiyon pJant growth as a nilrogcn fcrlilizcr from thc almosphere 
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Tablc 3. Thc CI N and 1JC/IlN ralios in thc various parts ofricc 
plant fcd llCU) and "NO， from a tcrminallcaf 011 thc main Slcm 

Days afler thc fecding白fi50l白p"
PJanl parl 3 

CiN 日Cj"N CI" 
YOIHlg panielc 12.4 49.8 12.8 

7th Icaf* 11.2 
9‘ 11.4 

"柚It:rlcavc:s 12.4 12.7 

Culm 17.1 42.3 10.3 
Tille陪 9.3 31.2 9.' 
R.oolS uppcr 10.8 47.8 11.7 

middlc 12.2 31.9 14.2 

lowcr 21.1 28.4 

• "CO， and "NO， wcrc fcd 10 7th leaffor lWO hours 

Rerertncu 

日C/"N

26.8 

7.7 

4.5.6 
21.0 
45.4 

28.4 
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assimilalcd by the-top除aftoIhはcarOIn民 andwheat p[anll. Mcm. Rcs， [1151. Food SCI" Kyolo Univ 
22: [-11 

Baba. 1. and Y. Takahashi (1956) Waler and錨"凹加rcmcthods 伽 ElIpcr・mcnlalMClh叫 $In Crop 
Sciencc吋 $.Y.T。伊riclal.A$s悦"川副orAgr陀"・M・ITech刷q関 S，Tokyo， p.157-185. (in Japanese) 

Bennett. J. H. and A.C. 11川υ973)Ab~orption of gaseous pollu"川sbya slandardised planl canopy. J. Air 

Pollu!. Conl. AS50C.， 23: 203-206 

Gordon. A.J.. G.J.A. Ryle and C. E. I'owcll (1977) Ttte slralegy of carbon ulilizalion in uniculm barlcy. 1 

Thc chemical fale of pttol05ynthelically assimilaled "C. J. Exp. R例 28:1258-1269 
Gordon， ~.J. ， G.J.A. Ryle .nd C. E. l'owell (1979) The sIralegy of c姐rbonutiJiUlion in uniculm barley. 11 

The dfecl of conlinuous I;ghl and ωnlinuous darl: Irealmcnl. J. Exp. Bω30: 589-599 

lIonson. A.D. and R.E. Tully (1979) A剛 noaeids lra師。ealedfrom lurgid and waler-slrened bar同
leaves. 11. SlUd悶 wilhllN and 14c. Planl Physiol.， 64: 467....:171 

州 n，A.C. (1971) VegelalIon: A sink for almospheric pollulann. J. Air 1'011凶 Conl.Ass“21: 341-)46 
Kaji， M.， T. Yo情 yama，T. TOlSoka and 11. Iwaki (1980) Absorption of almospherie NO. by planlS and 

soils. VI. Transformation of NO. absorbed in 山崎 le.vcsand Iran5fer of Ilte nitrogen tltrough the 

plants. In Sludies on the Effects of Air PolIUlants on Planu and MechanIsms of Phyloloxicity. Rcs 
Rcp. Natl. [n$l. EnvIron. 5tud.. No. 11: 51-58 

Kaneko， M.， N. Chonan， T. Matsuda and 11. Kawahara (1980) Ultrastruclure ofthe small v・scularbundlC$ 
and transfer pathways for photsynlhates in the leavcs of r卜ccplant. Japan. Jour. Crop Sci.， 49: 42-50 

(in Japanese with English summary) 

Muhammad. S and K. Kumazawa (1974) Assimilation and tra目sporlof nilrogen in rice. J. ')N.labellcd 
ammOnoum 剛 trogcn.Plant & Cell I'hy針。1.，J5: 747-7S8 

Okano， K.， T. YO凶eyamaand T. TO¥501:. (198り Transfcrof NOl'nilrogen absorbed in the leavcs and thc 
crfecI of NO， fumi，alion on CO. assImilales parl・lioningin plantl. In Sludi白。neffecl$ of air 
polJutant mixlures on planlS. Prog陀ι55reporl in 197'}-1980. Res. Rcp. Nall. In51. Environ. Stud.， No 
28川 121.(in Japan皿 withEngli~h sum刷所

Okano K.. O. I!o， N. KOkubun and T. TO¥lioka (1983) D刷crmlnal・onof"Cinp旭川 materialsby川frarcd
absorption spcclromctry us・nga simplc calibra!i<m n削 hod.50・1Sci. Planl Nutr.， 29: 369-3初

ht5umi， J. and Y. Kon。υ980)Nitrog'炉nuplake and transporl by thほ inlaclroOI 5y'針emof rice plant 
-Comparison of !he aclivity in roou from differenl nodcs. Japan. Jour. Crop 5ci.. 49: 34¥み-358

Yoncyama， T. 1I.nd C. 5ano (1978) Nitrogen nUlrition and growth of ric沼 plant11. Considcrations 
四 ncerningthc dynamics nf nilrogen in rice scedlings. Soif Sci. 1'lul1I NUIf.，24: 191-1刊

Yoneyama. T叶

66 



F.，< of:対O，..ni"，，1I""川町bcdin pl・剛

herbaceous planls. In SlUd 制~son Evalualion and Amdiorllion or Air Pollulion by "Ianls. Progress 
Reporl in 1976--1977， Rcp. Spec. Res. Projccl.， NIES R-2: 10)-111μ" J.同nese)

Yoneyama， T. and ~I . Sa姐k.awa{197明 Transrormalionor atmosphcric NO， abωrbcd in spinach除aves
Planl & Cell Physiol.， 20: 263-266 

Yoneyama， T.， K. Arai and T. TOlsuka (1980) Transrer of nitrogcn and carbon rrom a maturc sunnowcr 

Icar. -ISNO， 8nd "CO，偽eding以udies.- Plant & Cclll'hysiol.， 21: 1367-1)81 

61 



水稲葉に吸収された 15N02と13C02の体内移動

岡野邦夫t 巽二郎Z 米山忠克3・河野.. ，広a・戸塚績1

議から匝収された二酸化量索 (NU2)の組物体内での微動を明りかにする口的で，

I ~N 頗織の NO，と "c 傑臓の二般化炭紫を幼線形成均lの水稲の凪上位襲に同時に供与

し 2輔閣の安定同位体の行方を 8日間追跡 a比較した.

同イヒ車からの IlCの転流は1日で大部分が終了し，その1111に闘躍された"cの21%が
呼臨によりうた伝われたo 15N の同化誰かりの流出は "c に比べて盟<.かつ~験防'JUMl

輔航して起り，その聞における組物体かりの凶Nの倒失は!1lめりれ低かった.

いずれの同位{~の存在比も活轄に生長している器官，方位わら幼総， 分げつ，新担に

おいて高かったo ISNと"cの体内分布パターンの顕似性から，少伝〈とも一次分間過
説では "Nと"cはー絡に師管中を動くと考えりれた0-15，科部{立の IlC/1SN比の通
いは.自輩と盟聾の相対的分布がシンク器官の性描によっても臨ーされることを示して

いアこ.

これりの結集から，車I師の気孔を通じて吸収され車のタンパク慣にl以η込まれた

NO，由来の盟議は，その後徐々にアミノ酸に加水分解され，光合成産物とともに師管

を過って生長巾の!II位へ転流し，新しい組織の形成に利mされると考えられた.

E 国立公害研究所 生物環境忽 〒鈎H安械県筑故事谷図部関川、野11116-2 
2 共同研究員 名占屋大学農学緩 〒'6<名古島市千調区不老町
3 同立公轡僻究所 生物瑚機能(現在I，建築生物資源研究所観能測施都 干筑ヌ5l突破県
筑波ll<谷田部町鱒宮台
4 移民磁究員 名古極大学.~季節
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Imllgc instrumcnlation of plllnts exposed 10 air pollutants 

(1) Quantificatioll of physiological information included in 

Ihermlll infrarcd image 

Kenji Umasal. Yasushi 1-lashimOloJ and Ichiro Aiga' 

， I)ivision of Enginecrinll. thc Nal附 n祖II n ~ti tulc for Environmc川31Stud時S.Yalabe 
machi. Ibaraki 305 
‘Vis・tinJl.Fcllow of thc Nalio、31InSlilule for Env・ronmcnl31Studics. P関誌nlAddress 
Flcuhy of Agricuhu~ . Ehime Uni時局il)'.Malsuyama. Ehime 7¥調。 Japan

1 n order 10 cvalualc spacial pallcrns of ph~制 ologicIII informations 5uth as tr泊nsplrat陥 n

m何刻。川副alresislance. and air凹lIulllnlso巾 ionfrom Icaf tcmpcra!Ure distribution 

measutcd by In ;n$1刊 mcnlationsyslcm of lhermal infrared imagt. heat and mau transfcr on 
a kaf w制 examined.and thcn modcls for thc evalualing IO-cre dtrived. Furlhermorc 

param('l('.s nf府 m山t~ . Aceura c問。fenvironmcnta l叫 n t rolsand measurtmcntsa吋 500n
werc cxamincd by Ihc cxpcrim引lts.As a rC5ull. transpiralion rlI.lcand s!omalal rcs凶!ancc10 

wa!er vapordiffusion on thc Icaf問 ravalU81cdwithin accuracics ofO.02 X 10 'g'CIIl !'S-l and 
0.3 s.cm". respcc刷 CI)'.Accuracy of transpiration Ta!t 口市y恥 Ipplicdcorrcspo凶dingl)'10 

Ihal of Ihほsorptionratc of air pollulanu such凶 50，.NO、。1)and PAN from all・nalogy
bclwecn Ihc modcls Tor Ihe evalualing IT1InSp・rntionrate and 5orption rates of Ihc$C air 
p凶 utants.Finally. changcs In spacial dIstributions of ph)'siologiωl川formali。附mcntioned

above werc cvaluated from Ihc dangc川 distribulionof le姐ftcmpcratu陀 duringSO: 

cxpo5urc 
I<C1 words: Thcrmal infrarcd image - Air pollulanl - Lcaf tcmpcralurc - 50rp1Ion 

Stomat制限sistantt-T"，nspi"，t附 凶

I n the rcsearch fields conccrncd wit h Ihe produelion of pla nls. thc effcclS of e同vironmenta!

pollutanls on planls. and Ihcげ pun行calionfunclions. il is n民ess.ary10 measure Ihe 

physiological rcaclion and the heat and mass transfer of growing plants Wilhoul desIToying or 

louching them (Takatsuji ct a1. 1979. 1ιlashimotocl a1. 1982. Omasa and Aiga 1984)民cccnlly.

mel hods for measuri ng a nd cva luali ng thcsc physiological informatIons as thc i magc havc bccn 

dcvdoped (Hashimoto CI a1. 1982. Qmasa and ̂ iga 1984) 

し.eaflcmpcralureof Ihe ptanls is・101only an importanl faclor dClermining phys・ological
rcactions such as pholosy川 hcsisand re叩iralion(8erry and町。rkman1980) bUI also a useful 
factor as a physiological informalion bccausc it relalcs to walcr balllnce and hcal and mass 

Iransfcr (Raschkc 1960. Takiuchi and H ashimolo 1977. Omllsa CI al. 1980). The Ihcrmography 

has bcen used for mcasuring surfacc tcmperalllrc of Ihe objccL Cctas (1978) examined problcms 

111m目印ringthe surface Icmpcraturc with iL Schurcr (1975) appticd illO the observation of leaf 
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tcmpcraturc dislribution. Rccently. Hashimoto el al. (1979、1980)and Omasa et a1. (1980) 
introduced image instrumenlalion syslems with a therma1 camera of scanning Iypc and a 

computer in order to pr町目svcry numcrous image data. They al50 reported that thc 1eaf 

tcmpcraturc d格付ibutiongavc qualitativc1y spacial patterns of phy針。10gicalinformations 
such as stomata1 movcmcnt. Iranspiration. and air pol1ul細川崎rption.1I0wevcr.thc mathemati 

同 1modetand the四 perimental叩 paratusmust be c10sely examined in order 10 quanlify thcsc 

phy針。logicalinformalions. The代 forc.wc made the presenl sludy 10 develop a mcthod for 
obtaining quantitative distributions of phys・0108icalinformations slIch as stomatal rcsisla凶"
transpげalionratc， and aIr pollutant sorption rate from Ihe leaf tcmpcrature distributions 

I'rindple for quantifie鍋tIOIIor physIological inrom川 tiOI・Sof plants 
fleatω)(1 mu.u Irllll.~'f('r I!!udel UI 111(' IUI.ul叫f'UII u II'l1.l 

Waler vapor evaporales from ccll wall of 510malal bottom and diff凶白川10Ihe frec山r

throllgh suhslomatal cavity. stomalal throal. and lcaf bOllndary laycr (Fig. 1). Fluぉofthe 

。"・e・"Slomolnl.' 
c“IIcle lh.ool .r・a".r<JceU 

M..叩 IceUI 

日g.，抽matIccross-sectIon of a $10剛

Iranspir:Hion at Ihc local剖tcon a leaf is fundamcntally detcrmincd by the diffcrcnce oflhe waler 

vapor dc附 ityand the diffusion resistance between thc frce air and lhc gas-li(IUid intcrfacc of 

以。tna.1 f Ihc leaf lemperalu rc. stomatal conditions a nd Icaf bounda ry layer are assu mcd to bc 

cqual 011 both sides on a leaf. transpiration rale. W， (g.cm 1.S 1) at the 10四 1silc i蕗

W.=ZlX，，( T，，) φX，( T.)!/(r同町 +九州) (1) 

whcrc 1; is Icaf temperature (QC)九isair tcmpcraturc (oC). X， (円 is saturaled water vapor 
density al T oC (g.cm-うゆ isrelat ivc humidity. r." is bou ndary laycr rcsistancc to walcr va por 
diff usion (s.cm -1) and r，川崎stomalalrcsisla ncc 10 walcr vapord iffusion (s.cm 1). The subscript x 

dcnOles the values at lhe local sitc X on the Icaf 

0・llhcolhcr hand， air pollutants inlrudc i1ll0 planl's川 sucsIhrough the opposite process 
to lhal of watcr vapor. As for the model for Ihe lransfer of air pollutanlS， il is ne<:essary to 

considcr lhc reaction and the transfer in thc lissues. Thcsc 3re rcprescntcd by Ihe gas 

conccnlralion of Ihe gas-I叫uid川 Icrfaccin lhe 針。mata.Thcreforc， air pol1utant sorption rale 
Q.. (g.cm、sリatIhe local site is given by 

Q. ~ '(九 Phll ( r... " + r.ll"'.') (2) 
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r~. = (Dw/ D~)!JJr.\向 (3) 

and 

r.s， = (D..f D~)，..，，~ (4) 

where 門凶 gasconcentration of Ihe gas-liquid川 tcrfacein the stomala (島'cmJ)， P.・sgas 
concc川 rationof air (g'cm-J)"，. is boundary layer resistance to gas diffusionいcm・1)，rJμ 凶
sto malal n:sisla nce 10 gas diff lIsion (s'cm -1)， D"， is a ir-water vapor diffll訓vity(= 0.249 cm~.s-I; 

250C) and D， is 創刊as.dirf間引け(=0.129 cml，s '、 501.250C). The gas conccnlratiol1 of thc 
gas-l叫uidinterfacc of rnajorair pollulantssuch as 501. NO!. 0.. and PAN， P" can bc assumcd 

to be llcarly eqllal tO 7.e問、 bec311Sethe metabolism and 1ransfer in the plant's t・ssucsare very 
large (Omasa and Abo 1978， Omasa et al. 1979. Omasa 1979. Nouchi 1980) 

l"'ul hu/all(，(， (1/ Ilte /υ("(1/ルa{J'IlI'

Heal balance at Ihc IOC31 Silc on Ihe leafis 

向、ndT，../dl= E， +ふ LW..+M..+ G， (5) 

where Eis net radiation (ca I'em -1'5 !)， S is sens・blehcat transfer by convection (cal.cm ).'5-1)， M 
凶 rcactionhcal (cal.clI¥-)..S-')， G凶 hcat conduction f rom other sitcs (cal.cm -I'S-I)， ("1 is specifie 
hcal (cal-g -'，OC-')，川iswcight (g.cm 1)， I is tirnc (5)， and L is latcnt hcat by eva polalion (= 583.3 

cal.g-I; 25 OC) 

Net radiation， 1:.".， in Eq. (5)附

ι= apE... + ~l E.，s -20(273./5 + 1'1.1"1 {的

and sensiblc heat transfer， S.. is 

S. = 2ρ.，( T.一7i..)Ir.・x j1) 

whcreιis shortwa vc radiation f rom the cnviron menl (cal'cm -l，S '; wav.clcngth:S; 3μm)ιぉ
longwave radiation from the cnvirO l1 mCnl(c~ トcσ-;' 1 .S叶 wavclcnglh足3μm)，'t. is bou nda ry laytr 

reslstanc泡 toheal trllnsfer(s.c冊、。α，.is absorption co<.'flicienl of shortwave radiation of t he leaf 
(=0，67， sunnower)， E is emissivity of longwave radiation of the lear， (J is Slefan.Bollzmann 

""凶anl(= 1 ，354 X 10-11 cal.cm -1，S 1. K勺andP'p is volumetr・cheat capacily of air (=0.285 X 
10-1 cal'ern 3.0('""; 250C) 

From an analogy of heat t ral¥sfcr a nd mass t ransfer， ratio of bOll ndary laycr resistanα10 

water vapor diffusioll 10 thallO hcat transfer， r.....1 r..， is given by 

r......1 rt.... = ("1 0..)111 (8) 

wherc" is thermal diffu罰則tyof air (=0.222 cm2's-':25・c)

Rcactioll heat， '"ん byphotosynthesis， respiration and so on i5 lIsually wilhin 2 10 3% of 

shortwavc rad凶 tion，lllthe四 seofO，20C・m，"→Ichange of1eaf tcmperature of a thin leaf such as 

sunnower plant，thc accurnlat吋 heal守刊II'，dT1...1 dl is ca. 2 10 39るoflatent heat by lranspiralion 

or nct rediation. Hcat conduclion from other sites， G~ is ca. 59f:れ whcnheat conduction by 

IO('cm 'heat gradicnt arises inO.5 cmφ 刊 c.Usually， C，II'I T1./dl and G~ at the local sitc of the 
陪afexposed to air pollutants IIrc within abovc-mentioncd valucs. Thcreforc， Eq. (5)四 11bc 

simplified as follows 
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E~ + S. -LW、 ~ O (9) 

Substituting Eqs. (6) Qnd (1) in Eq. (9) givcs the following cquation for transp・rat10nrate at 
the loc、1site 

W、 ~ [的ι， + ιIE，町 一 20(173.1 .5+ T，.>"I +1，ρI'，J.T. -T，.)I rt.~]l1. (10) 

Whcn cnvironmcntal conditions such as air tcmpcraturc， humidity， radiation and air currcnt 

arc kcpt constant， only leaf tcmperaturc. T，..附 Icftas a variablc in thc righl side of Eq. (10) 

Thcrefo問，transpirationrate can bc evaluated by measuring the Icaflempcralure. Furlhermorc 

Slomatal resislance to water vapordiffusion. r ... j • which is an indicator of Ihe dcgree of stomalal 

0戸ning.is evaluated from Eqs. (1) and (8) 

r~ .;< = 1{X，.，( T，.)ーφX，(T.HI W， -(1( 1 1)"，)1.Ilr*.. (11 ) 

Jn addition. since the stomatal rcsistance to air pω1¥llanl diffusion. r，.， and Ihe boundary 13ycr 
rcsistance to air pollulant diffusion. r，.. can be dClermincd from Ihc relalionship octwecn Eqs 
(3)， (叫and(8). the sorplion ralc. Q. of air pollulants， such as SOl. N01. Ol and PAN. al the 

local sile is evalualcd by substiluting these res凶lancesin Eq. (2ト

Epilome IInd perform調nceof aplJaratus 

日erma/il1fruretl illω'1:1' Ilul/'lIl/1elllalton.l'，1官lem

rhe block diagram of a Ihcrmal infrarcd imagc instrumentation sy材emis shown in Fig. 2 

The t hcrmal ca mcra is an oplical-mcchanical scanning typc and “sdelcctor isan HgCdTe(8 t。
13μm. eooled by liquid nitrogen). Thc dctcctcd signals from thc thermal camcra are convcrted 

inlo 12-bil digilal signals (256Hx240". quantb:ation crror 0.0 125"C) by a vidco proαssor and 

analyzcd"by a compulcr. Thc syslcm also has a vidicon camcra for cvalualing thc visible injury 

on a lcaf surfacc 

Thc dctccted image was enhanct:d by inlcgrating using Ihc vidco processor. Thc 

lempcrall問問sovingpowcr. thc uniformity of imagc， and Ihc drift were within 0.050 C土O.I"C

"d土0.05"C/4hr.respcctivcly. The image resolvIng power w可ut:a.50Hx40"in thc measllringat 

crror wilhin 4% (0.20C) 

E ，，~lr… 
，"凶叫..，

Fig. 2 BJock diagram of a system ror im・geinslrumenl創的nor plams 
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till'irOllml'1II ('ο11/(01 SrSlem 

E只perimclllswerc carried out川 anenvironmental control chamber which was dcsigncd 

aod conSlructed for studics of aiT pollulion effecls on planu (Aiga CI al. 1982). Conlrol 

aceuraυes of air Icmperalure. humidilY and air pollUlanl concentralion ・nIhe chamlx:r werc 
within土O.IOC土I%and土0.04volppm. respeclivcly. An apparalus for rixing all intact Icaf or a 

modellcaf horilontally and fans for mainlaining uniform air currcnl on I hc Icaf surfacc wcrc set 

川 Ihechambcr( Fig. J). Thc illlaclleaf or Ihc modellcaf wasatlachcd 10 a Ihin plaslic shect (20 X 

20cm) which wascut out in a shapc similar to thal ofthc lcaf. and叫 splaccd刷 thcrixing platc 

with strctchcd fishing-linc (Fig. 3). The Y oko lamp (Toshiba) with hcat absorbing filtcr waちuscd

柑 alight 5ourcc. The scattering filtcr was placed bctween Ihe lighl source and the fixing 

npparatus in order 10 prcvcnt the dircct e災posurcof short、~averadialion from the light source I。
the lc引f.Thc wallin thc chamber was covcred wilh a black wool papcr and a lawn 

Conscqucnlly. Ihc spatial distribution ofshorlwavc radia1iol1 011 a leafsurface set on thc fixing 

apparnlllS was within土2%of t hc mca 11 value. F urthcrmorc. thc Icmpcrat urc d iSlribution of the 

modcllcaf(black wool papcr) was kepl wilhin土0.20C exccpt at thc Icaf cdgcs by conl rolli ng air 

current. This n:sult means Ihallocal boundary layCf resistancc isconstanl at cvcrysitcs 011 thc 

Icaf. Bourトdarylaycr resislanees ofbolh sides on Ihc 1四 fwcrekept 11官 sameby adjusting t hc niT 

currcnt 

じ〉

百，

'" 
ドig.J Schernatic diagram of an apparatu$ for白山ngattar. Enviroηmtnrat condil凶附。"
thc leaF wcrc m祖'"旭川cdconSlarU 

Olhl'l' il1Sll'llmel1lS 

Tcmperaturc W8S calibmtcd、，vitha ~tandard glass Ih阻rmomclcr(accurllCyコtO.030C);}nd 

thcrm田 oupJcsof 0.1 mm dia melcr. Humidity was measurcd with a dcw-poinl川 strument(EG 
and G. Modcl 660. aeeuraey士0.20C).shorlwave radiation with radiomctcrs (巴民0，Model 

MS-42 and LI-COR Model Ll-18S). SOl concentration刷 th8 pulscd nUOfcscent SOl analy7.cr 

(Thcrmo Eleclron. Model 43). and wcighl馴 thclectric balanccs (Mcttlcr. Modcl PK 16 and 

PL30冊 limitof附 ighingO.lg)

J'roblcm in qUllntiric.alion and its cxpcrimcntal nccuracy 

Absorluioll {'ot'flirit'lII 01 sllOrl"，Ol't' rodiolion ond emissi¥'iげ ol'ollg"，ovl'rUlliatiO/l 0/ ;nloft 
plant /f'%r  mo(lr/ 11'0/ 
The absorpl・oncocfficient of shortwavc radi山 onof sunflower kavcs grown for 3 to 6 
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wecks artcr sowing、α'，wuO.6B土0.03and that of modcl kaves (black wool paper) was 0.98土
0.02山cscwc:rc: measured with the Model M $-42 radiometc:r (cffc:ctivc: wavelength: ca.O.4 ¥03 

μm). Thcir longwavc c岡崎割引tLesεmeasurcdwith the thc:rmal eamcra were 0.98土0.02

A1though thc: effc:etivc: wavelength of the thermal camera 15 8 to日μm，thc: obtained c:missivityis 

rc:gardcd as thc mc:an value in the range of the longwavc: bc:eausc: thc: spc:ctral emissivity ofthc 

kaf is approximatcly constant in the range abovc: 3μm， Thc: em・s5ivityof hea1thy Icaf was 
compared with t hat of leaf exposed 10 502 for about 2 hours， but there was no differcncc 

Inj/llenrl!ザ刊";rOl1mrlll;11 /I1eosllfing "1(' Il!o.f IfmprrOIlIff' 
Although thc thcrmal camcra has a function for corrccting thc: inf1uc:ncc of radiation from 

thc cn川町nment.it may causc thc crror whcn thc radiation from Ihc cnvironmcnt is not 

uniform. Thcrcforc 問 cxamincdthe inf1uence of the cnviro川 ncntin mcasuring lcaf 

lcm pcruturc in t hc chambcr. [}[pcri mcnt was carr附doul insuch a way that thc infrarcd camc:ra 

was horilOntally口}[cd，and thcn thc anglc ofthe lcafsurfacc 10 lhc camcra facc wasaltcrcd from 

60" to -600. Although thc lcaf surfacc: rcce山eddifferent rlldia!Ion from various parts of insidc 

of the chamber according to altcring the angle bctwccn thc lcaf surface and camcra facc. thc 

diffcrencc: bctwc:en tC:l1lperaturc measured 馴 ththe infrarcd camcra and that刷 ththc 

thermocouple was within土O，IOCrcgardless of differcncc of thc anglc 

(..QI1K1L'OW' rodia/;ohρ。IIII!IIl'ironml!n/lI11d bOUnt!aT1' l01'1!f rrsiSlOllcl! 
5ubstituting Eqs，(6) and (7) in Eq.(9) givcs thc following heal balancc: equation 

。，ι‘+.ι.，-2w(27J，15 + TI~)~ + 2ρ「バ 1~- TI "'>l r..~- LW~= O (12) 

Sinccι，ι'，. W~. 71， and r.." arc constant all over the modcl Icaf surface on In.c above-
mcntioned apparatus守 Eq，(12)may be regardcd as a heal ba[ancc equation of one leaf 

Thcrcf~re.longwavc rad則的nfromtheenvげonmc:nt，E"，x and boundary laycr rcsistancc to heat 
tra nsfcr. r..J can bc evaluatc:d by substItutIng leaf tempcralU問 transp・ralionratcand shortwave 
radiat・onobtaincd from expc:rImc:nts of a dry or協官tmodelleaf in Eq，( 12) and by solving the 
oblaincd simu1tancous cqu叫 '0刷 lnorder to examinc: the accuracy of this mClhod， rb.T 
c:valuatcd from Eq.(12) was cωmpared with that from thc followI時 cqualionobtaincd by 

substituting Eq.(町inEq.( [) whcre r"，.. was assumed to b氾 7.eros.cm 1 

rbx = 2fX.守(7，.)ーφX.(T.)Jt[~九(KI D"，)liJ} ( 13) 

wherc '1'1.， and W.T ofa wet modclleafwcrc substitutcd. This re5ult is shown in Fig. 4. ̂!lhough 
rh.， obtaincd by Eq.( 12) tcndcd to bc smallcr than that by Eq.( 13). the diffcrcncc bctwccn bOlh 
values was within 0.1 s'cm-I. Fllrthcrmore. lhedlffcrcncc inι'. cva l11atcd by 5U bst ituling r.~... In 
Eq，( 12) was Wilh川 1X 10'" ca!'cm-l.s←1 

バ作I/Nlcyo.f qllolllijicQ/iollザpfalllph.l'siologicQf informolioll 
1 n ordcr 10 C}[1l m川ethe accuracy of thc c:valuataion uSIng thc: abovc:-mentioned method 

transpiration ratc and 5tomalal rcsiSlance to water vapor diffusion of sunf10wcr leaves obtained 

by this mcthod were compared with thosc obtained by the weighing melhod. This rcsu1t・5

shown in F・g.5. Fig. 5 (a) shows the relat・onshipbc:twccn transpiration rate. W，断。btainc:dby 
thc: wcighing method and It屯calculaledfrom Eq.( 10). Symboll dcnotes diSlribt山 onofW.and 

symbol ・dcnotesthc mean value of all over t he leaf surface in this口gure.BCIng thc mcan valuc: 
。f創刊Icaf，IV.. arc compared with thc mcan valuc of Wx • When lranspiration rate WIlS below 0.1 

X 10 l g.cm-l's-I. thc Icaf wiltcd and thc leaf color stightly altered. The diffcrc:ncc bctwccn W .. 

and Ihe m回目valueof 叫 waswithin 0.02 X lO-s g.cm-l.s 1目白plabovc casc. Fig. 5 (b) sho悶
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町g.5 Accurac間島川 evalua!ing!ranspinion陥 !e(11'，) and sloma!al res凶白川e10 walcr 
νapor diffusion (んち).Condi!ions and paramclcrs: T.;24.9日 2S.40Cφ=51!-60%RH， 
'10.，"" 1.64s'cm-'ι，=3.01 X 10 J cal'cm-1，s-' (ca. 30 k!x). f.叫 ;;22.21X 10-1 cal'cm I.S' 

IIlc rclatiOrlship betwccn slomalal rcsislancc 10 walcr vapor diffusion，ル.%oblained from W .. 

and Ihal oblained from W.. When r...， was bclow 10 s'cm '.rhc diffcr叩 cebctwecn r"，.. from W .. 
IInd thal from thc mcan valuc of W.. was withinO.3 s'cm-I. AJthough Ihc accuracy ofcvalualion 

of Iranspiralion ralc and 針。matalresistance dcpend on Ihc environmcntal condilions. wc can 

cxpeet surricicnt accuracy undcr usual environmental condilions from Ih鳩 『ωult.FurtIlcrmorc， 

Ihe accuracy of transpげalionrate may beappl憎dcorrcspondingly 10 that of Ihe sorpt ion ratc of 

air pollU1arus 5uch as 502， NOz， 0， and PAN from IIn analogy bel恥円eenthe modcls for Ihほ
evaluating Ihc Iranspiration rate and Ihc sorplion ratc of Ihcsc air pollUlanlS 

75 



"吋i0"'.... ¥'0山内ilh山mωoand I<horo A伊

Jmagt Insl叩 mcnlalionof leaf Itmperatu陀 ofInlact plant e正poscd10 IIIr pollulanl 

and quanlificalion of its phy訓ologicalinformation 

Thc above・mClllionedmethod for the image InStrumcntation of leaf lernperalurc and the 

quantification of physiological information was applied 10 thc evalu8tion of physiological 

n:act・onofaョunnowerplanl under 501 exposu日 Anintact lear oflhc I('SI pl創刊wasplaced on 
the fixing apparatus， and Ihcn environmcntal faclOrs such as air lemperalure. humidity 

radiatIon from cnvironmcnt a nd boundary Jayer 日制stancewere maintaincd constanL Aftcr the 

plant was surficiently acd・matizcd10 the new conditions. the exposurc 10 C8. 1.5 volppm 50] 
was ca rricd OUI for 60 minulcs. Figure 6 shows changes in thc Icaf tcmpcrature dislribulion. Thc 

leaf Icmpcrature was 23.4!O 24.50C before the SOI eJ>posurc. bcgan to rist aftcr Ihc c)(posurc 

and rcachcd 24.7 to 26.8・Caflcr 60 minute ex posure. Figu同 7shows changes in d iSlributions of 
lran叩iralionralC， slomalal rcsislance 10 water vapor d iff usion and S02 sorplioll ralC eval叩Iod

from lhc Icaf Icmpcralure showll ill Fig. 6. Transpiration rate， slomalal rcsislance and SO~ 

sorption ralc bcforc lhc cxposurc wcrcO.56 100.72 X 10-s g'cm I'S-I. 0.6 10 1.5 s'cm-J and 0.0 

g.cm -1.S -1， a nd afler 60 minulc cxposurc. Ihey 旧came0.1910 0，52 X 10-1 g'cm 2.S 1， 1.8 10 9.1 

s'cm-I and 0.04100，17 X 10・g'cm-1's-l，respeclively. Thc slomalal rcsislancc、whichis an 
indicalor of Ihc slomalal apcrlurc. increased and lhe transpiralion ralc and S02 sorplion ralc 

dccrcascd wilh lapsc 'of cJ>posurc limc. 110wevcr， thcir beha viors varied randomly al differcnl 

SilCS on a lcaf. Th陪 rcsultmcans lhal slomatal 5ensilivilY to SOI varics althc local silc ofa Icaf 

SOI ca uscd phys・ologicaleffccls 5uch as decrease of pholosynthesis， fadir、gofvegelalpigmcnls 
and dcSlruClion of cclls. Allhough Ihcse phenom同naalso vary al diffcrent siles of Ihc leaf. thc 

rellllionship betwecn Ihe sorplion at local sitc and thcir phenomer同州11be elucidated by 

introdu<:ing Ihis mclhod 

c 

"岡山町

o mln "川n 岡山

?弓g.6An ClIarnplc of chang.宅5in Icn.pcralurc di~l rゐ Ul;onof a sunnow哩rIcaf during SO， 
cl<posurc 
Co向dilions:T.=25，1・C φ=69%RH，rl..=O.875s'cm ι，=2.91 X 10-' cal'cm "s 
ι戸22.13X 10 J cal'cm-1，sー'， P.=J5volppm 
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.明 1

国，師向山

ロ
.10'89，胴 ~-s "

E.posu，. tlme 
o rnir 30 rnin 開耐

Fig.1 ChangCli in dislribU1ions ()f transpiration raft. slomalal rcsUita即ec10 walcr νapor 
diffll針。nand SO， sorplion ralC obtaincd from thc lcaflcmperalllredi町 ibuliolls川下ig.6

Conclusion 

In Ih附 papcr，we have cltamined heal and mass tran5ftr at thc local s・leon a lcaf and dcrived 
models rorcvaluating the叩"・aldislTibution of phys・0108i曲 1inform山 011such as transpiration 
rate句 stomatalresiSlallcc and sorption ralc of air pollutanls from thc leaf Icmpcralure 

distribution、.Vehave also clIoamincd problems in quantification of thcSC' physiological 
information experimcntally. Conscquently、thパetranspiration rale and the stomatal n:幻slancc10 

waler vapor diffusion on the lcaf were eval田 tod削 thinaccuracies ofO.02 X IO-S g'em-1's-1 and 
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0.3 s'cm-'. respeclIvely. The accuracy of Iransp・ralIonrate may be applied corrcspondIngly 10 
Ihal ofsorplIon rale of aIr pollulants such as SO)， N01• 0) and PAN from an analogy bclwcen 

Ihe models for t he eval ualIng lhc Iranspiration ralc a nd the sorption rate of thesc ai r pollutan1S 

Finally， thc changc in dis1ribulion ofthc physiological informalion during SO) exposure w出

cvalualed as an applicalion 

This method may be effectivc for clucidation of Ihe mechanism of SlomataJ movcmcnl， lhc 

rcJa1ionship bel wecn sorp1ion of air pollula n1S and their effecls， and the phys・ological同 slstance
10 air pollutants. Furthermore， this mClhod may be applicd to not only analys・Sof 1he plant 
reaction 10 air polluta nl. bul also Ihat o{ thc phcnomena rclated 10 nJaS$ Irans{cr of planl5 such 

as planl prodUClion 

rhis sludy was publ・shedin Transaclions of the Sociely of [nstrumcnt and Control 
Engin即時 (OmasaCI al. 1981) 
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植物の画像計測

(1)熱赤外函像に含まれる生体情報の定量化について

大政謙次1橋本康2 相j~一郎 l

本昌文ではI 曜の同所部tv.における熱および物買の舗道について検問し，業温分衛力、

ら蕪散速度1 気孔抵抗，向島ヵ・ス匝収速度はどの生体制緩の車田分布を椛定するそデル

を導いた。そして.%Ii:聞に，これらの生体情綴を定量化方る際の鮪問題について県職的

検問を行い，謀世速度および水臨気拡散に対する凱孔抵抗をO，Q2XiO-Sg 伺→ g叶，

0.35 圏一lの相庄で推定移ることができた.また，主聾伝汚染ガスである S02.N02• 

0，・PAN伝どの吸収速度の権疋帽置は，革散速度と丙*ガス吸収速度の錐定モデルの

相阻性から，謀散遺症のそれに摘するものと考えられた.晶後に.502に被暴した組

物離の反応について験問したが ここで述べた而領域での生体制緩の定量化の手怯がー

日孔開閉めメカニズムや植物聾の被害と汚染ガス験且との関係，さりには，汚染ガスに

対する生理的ごま抵抗性の解明に有効であることが示唆された。

1 問主公宙研究所伎術部 〒305~定織県筑波m<谷田部町小野J 1I 1 6 - 2 

2 審員研究員 愛媛大伊良学保 守790松山市栂昧 3-5-7
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Res. Rep. Na ~ 1. In5!. EnvirO!l. Slud帆 h“""・

Image inslrumenlalion of planfs exposed to air polluta刷S

(2) Rel.，同nshipsbetween 802 or NOz so叩“onand their acute 
effeds on planf leaves 

Kenji Omasal， Yasu$hi Hashimolo' and Ichiro Aiga' 

I Division o( En8in~erin8. th~ Nationol InSliwle for Environmcntal Sllldic札 γalahc
machi. lhllraki 305. Japan 
川silingFellow oflhc N川"川1Jnslilule for Envirolll11cntal 5wd問5.Pre~enl 
Address: Fpclllty of Agr昭 IIItU問 EliimcUni、ersilY，MalSllyama. Ehime 790. J~pnn 

We have reported on a mcthod forevaluating Ihe distr・butionsof s~ oma tøl resistance t。
waler vap町 d・"，引011and SO) or 1'10) sorplion on a lear. u剖nga thermal・""陥redimage 
II1strumenl刷・0・1sys~em. In the prescnt paper. ~ eumined quanli刷。vdythe rel山 onsh・P'
bc ~wcen the acute e何回s.such悩 nomalalrc叩。回目"d叫siblcinjury. orso) or NO) on a leaf 

and gu sorption. using the im.ge inSlrumcnlalion mclhod. Thc resulu oblained、問問 U
follのW嘗

1)γhere wasa lendency fo同 lomalaloclosc du.Ing 50， o. N01txpo制Ft.Ho間関r.thc

民 haviorvar・edrandomlyal diffc陀nlsilcs on a Icaf. The dirrcrcna:s in slomalll rcsponse・z
local山cswcrc nOl dcpcndcn~ on thosc in intcgralcd 50. or N01 sorplion rorωmlllules 

exposurc. Thcsc rcsultssug~sl lha l therc arc dirrercntts in Ihc Ilomal.1鈍 nm問 Iy10 SOlor 

N01 al 1000al副tcson 01 lear. 

2) Thcrc was 01 Icndency for visib1c Injury 10 0αurat silcs whcrc Ihc intcgratcd SO) or 

N01 sorption wa凶 ovcr置 Ihresholdvallle. Injurcd leaves wcrc gencrally scparated inlo ~，，"o 

arcBS. a hea!thy area and an Injurcd o"c. 1I was scen Ihal thcchara(lcriSlI( vi訓bleinjurics were 

caused bydiffcrcnほesin boundary laycr and Slomalal rcsistancc$ al locul silcs govcrning Ih~ 
gas sorpl泊n

Kty wQrd馬 Image-Lcaf Icmperaturc -50， or NO， .~orplion -ACUle tffccIs -Slomaln! 
respon:;c Lear injury 

5ulfur dio引 dcand nilrogcn dioxidc afe major air pollulanlS Ihal cause various effecls on 

pla nls (M udd 1975， Taylor eJ ul. 1975. H cksman and Wcllburn 1976). Thc degrcc of Ihe effeclS 

of 50l or N02 in relalion 10 Ihc concenlralion， dosage s・lC.andthe amounl of sorplion on one 
lcaf or a whole plant has bccn frcquenlly discussed (Thomas 1961， Mudd 1975. Taylor el al 

1975. B町民lrI N ul. 1978). Howcvcr， visible町 uryand 針。matalrcsponsc， which afe 

consp・cuoussymploms of thc acute effecls，四ryslrikingly at diffcrenl siles on Ihe lcaf (safrcll 
and 8enedict 1970， Taylor and Maclcar、1970，Omasa l'f 01. 1980. 198Ia). Undcr Ihe usual 
exposu陀 conditionsin thc ficld and growth chamber， Ihc leaf boundary layer and Slomalal 

resistances govcrning 502 and N01 sorption also vary (Monteith 1973. Omasa t'I "1. 1980， 

198Ia). Thcrcfore，lo bettcr understand the effecls of 50] and N01 sorplion. il同nccesSlI.ryt。
clarify rclationships belwccn Io<:al sorption， factors govcrning Ihc同 'p'・on.and the dcgrcc of 
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the cffccls at local sitcs 

Wc havc rcccntly dcYclopcd Bn instrumentation method for 51吋 yingthe distribution of the 

同 rplionof副 rpollutanls， transpiration. and Slomatal diff，凹ionresistancc of lcaves using a 

thcrmat infrared imagc inst叩 mcntalionsystem， and have measured changc5 in thc distributions 

of lcaf Icmperalurc. transpiration rate， sorplion ratc and stomalal rcsislancc 10 walcr vapor 

diffusion during 501 clloposure(Umasa ef 01. 198Ia). Howcver， thc relationships bctwccn 

sorplIon and 115 cffccls all ovcr the Icaf surface have not been dctcrmincd 

、II/cthcrcforc made tlu:: prcsent study 10 elucidatc the rclatio附 hipsbctwccn thc distribution 
paltcrns of SOI or N01 sorplIon and ils acutc effecls such as visible injury and s(omatal rcsponsc 

on Icavcs 

Materials and methnds 

Plalll 1/1111刊'ulls

Sunnowcr plants (lIeUal1lhus amlllus L. cv. Russian Mammoth) were grown in a 

phylOlrOnll1 25/200C daY/nighllcmpcrawrc and 70%R H undcr naturallighl for 6 (0 7 wccks 

(1，800102.500 cm} leafarea/plant and 20 to 251eavcsjplal1l) aflcr sowing in pOIS (10 cm in 
diamclcr and 20 cm in height). Thc pOI was fillcd wilh a 4:2:4:1 (vlv) mixlure of vcrmiculitc 

pcrlile， peal moss刷 l.dfine gravel which was mo・slenedwith nUlrient solution. Thc planls were 
川 igateddaily. Intact malllrc 1日 vcs(130to 140cm11四r"回)werc uscd in Ihc expcrim(川崎

Environ/llt.'1II rOlllro{ s.l'slt.'m(Omasa c( al. 1981a) 

SOl and NOl wcre introduec:d into thc environment conlrol chamber dcsigncd and 

conslructcd for slUdies of aげ pol1ulioneffccls on plants. ̂ir tem似:ratureand humidity in the 

chambcr were m剖 ntainedat 25.0土O.IOCand 62土19もRH.SO} and N01 conccntrations werc 

kept副 the dcsircd valucs of ca. 2 volppm and 7 volppm， respectivcly. ̂ n apparalus for日xmgan

imac( leafhorizontal1y and fans for mainlaining a u刷 formair currcnt on thc lcaf surfaees wcre 

set in thc chambcr. 1'hc intact Icaf was auached ωa thin plaslic shect (20 X 20 cm1) cut OUI 

geomctr・callyin a shapc叩 nilarto that oft hc 1caf(cut arca; ca. 100 cmう、andwas placcd 0凶Ihc
fixing apparal us. Thc distributions of shortwavc radiation， longwave radiation. illumination 

and boundary laycr rcsistancc to heat transfer on thc leaf surface wcre maintained al 2.37土0.05

X 10-'cal'cm I.S !.2.23土0.01X 10-1 cal'cm -l.S -1. ca. 25klx. and 1.5土0.1s'cm-l cxc氾pt!llthc Icaf 

cdgcs 

IIISll"lll11enlalioll sp'lelll(Ornasa c! al. 1981a) 

DiHributions of integraled SOl or NOl sorp!ion and stoll1utalγcsistunct 10 wUlcr vapor 

diffusion werc cvaluatcd from Ihc lcaf tcmpcralurc distribution， mcasurcd by ¥lsing a tけ山hcrma剖l 

infrnrcd imag炉"川"'針1刊山z

foll。、wνs
(1) Slomatal rcsistanαto water vapor diffusion atlocal sile X， r ... 仰い，m一、'"足presscdby 

r.... =込山コ坐型一(£YL
(1) 

，"d 

的ム:...+ t{ι‘-20(271.15 + T，.)'J + 2pr，(九ー九)/rt.・M
'仇 -==--:.="---=~.é'..:'':-L~!..:':c'-''''-~~w..~ (2) 
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where ηis leaf lemperalure (oC)， T. is air temperalure (oC)， X. {ηis salural¥::d woter vopor 

density 01 1・C(g'cm-勺 φisrelative humidity. W is transpiratio目 rate(g'cm-1，s 1)， rb is 
boundary laytr resislance 10 heallransfer (s'cm -1)， " i5 thcrmal diffusivity of aげ (=O.222cm2.s.・)

D.. is air-waler vapor diffusivity (=O.24'kml.s.り ι isshortwave radiation from the 
cnvironment (cal'cm-J内 ιislongwave radiat・00from thc environmcnt (cal'cm-l's-1jα'，.1$ 
absorplion coefficienl of shortwave radiation of thc Icaf (=0.68. sunflower). f is emissivity of 

1008帥 veradiation of thc Icaf (=0.98. sunflower)σis Stdan-Bollzmann constant (=1.354 X 
IO-llcal'cm I.S I.K-4)ρCI' is volumctric hcal capacity ofoir(=0.285 X 10 )四l'cmJ・C-')andL
陥 lalcntheat by evaporation (=583.3 cal.g'I). The suf日深xdcnotcs the valucs at local sitc.'( on 

the leaf surfac沼

。)Intcgratcd 501 o..c...NOl sorption at local sitc x， Q;耐r~ (g.cm-I). is exprc錨cdby 

。的=10ιd， (3) 

(4) 

'p.イまrfh (1) 

and 

F帥イ会)，_. (6) 

where Q is 501 or N01 sorption rate (g'cm -1'S-I)， Tis exposurc timc (5). I is time (5)九is501 or 
N01 conccntration of air (g'cm-

J
). fp is boundary layer resistance to 501 or N01 di仔U510n

(s'cm 1). '.. is stomatal rcsistanc泡 to501 or NOl diCfusion (s'cm-
I) and D， is air-SOl or -N01 

diITusivity (=0. 129m1・s・(501).=O.IS5cm1.s-1 (N01)) 
I"his imagc instrumentation system was calibratcd by a blackbody 50urcc (Electro Optical 

Indl凶 rics.M odels l' D 140 1 X and 0254) with chromcl-conSlantan thermocouples which were 

traceable to the National Burcau of 51andards in thc U.5.A. "J"he error in measuring lcaf 

tempcraturc us川島 thissy~ tcm was within土0.10巳 andcrrors il1 cvaluating sorption and 

stomll.tll.l rcsistance to water vapor dif印刷nwcrc山 thinca. 10% and O.3s'cm-I， rcspcctively， 

unlil beginning of fading of planl pigments. Thc rcsolulion of Ihis systcm was 256/{ X 240v 

pixcls. ̂  ir lemperalu問 wasmeasured with a calibrated copper-conSlanlan thcrmocouple ofO.1 
mm diamele人 humidilYwith a dcw-poil1l inSlrumenl (EG and G. Modcl 660). 501 
conccnlralion刷 tha pulsed nuorescenl $01 analyzer (Thermo Elec¥ron. Model 43). N01 
conccntratlon刷 tha chemiluminesccnt NO-N01-NO... anaJyter (Thermo Elcctron. Modcl 14) 

and shorlwave radiation or illuminll.tion with radiometers or a photomctcr (εko. Model MS-42 

and U-CQR. Model U-(85). Longwave radiation and boundary [ayer resistance 10 h回 t

transfer快..ereevaluated by substiluting values obtained 針。mexperiments， whcre dry and wet 

model leavcs wcre used instcad of a real leaf. in Ihc following Eq. 7 and by solving the 
simultaneous equ叫 onsthus obtaincd 

• . 2pcp (九 T，)。Ipl::...+ fι、-2w (273.15 +h)・+一一一一一一一一一一LW，=O (7) 
"h 
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wherc ι附 止川 W~， 7i. and fk4' wcrc maintaincd conSlanl all ovcr thc Icaf surfacc. Lcaf 
tcmpcraturc and transpiration nllC wcre measurcd with this imagc instrumcnta1ion systcm and 

elcctric balanccs (Mettlcr. Models PK 16 and PL 3000). The errors川 cvalualinglongwavc 

radiation and boundary layer rcs凶 ance10 heat Iransfer were within 1 X 10・cal'cm-2'S-1 and 0.1 
s'cm-E• Ttspeclively. The signals delecled wilh Ihese insuumenlS WCfe converlcd inlO digilal 

signals and wcre Iransmittcd to a computer for thc image instrumcnlation syslcm 

ιrpI'l'Imt'I!I(l! 1lEt'lhods 
n̂ intacI leaf of 11 Icst planl grown in a phylOlron was al13ched 10 a Ihin plaslic shcet and 

was placcd horizonlaliy on thc fill:ing apparalus川 Ihcchambcr. After t he plant was suffぱicntly

acciimatizcd to the newconditions. ell:posure 10 501 or N01 wascarricd out for6O minutcs. Thc 

changes 川 Icaftcmpcralurcdisl ributi。伺wefemeasured at inlcrvals of2 m川 utcsd u口ngthcgas

clI:posure by using the imagc instrumentalion system. and thc mcasured dala were ri1cd on 

magnctIc lapcs. The changcs in distrihulions of stomatal rcs山lancc10 waler vapor diffusion and 

intcgratcd 501 or N01 50rplion附 recvalullIcd from Ihc山 dimagc data of thc leaf 

lempcraturcs， according 10 Eqs. I 106. Thc visiblc injury imagcs on thc leaf surfaces were 

photographed one day latcr 

Results and discus凶00"

Figurc J shows changcs in the distribution of slomataJ res削 ancc10 watcr vapordiffusion 

on a leaf surface d uring c~ posure 10 ca. 2 volppm 501. Thc stomata 1 rcsi山I1lcesdistributcd il1 

Ihe ra "gc ofO.410 l.4s'cm -1 bcforc Ihe start of S01 cllposure， began 10 Increasc withi n 5 mInutes 

afler Ihe starl and reached 0，7 to l2s'cm-' after帥 mInutcscll:posurc. From a scries of imagc 

data， therc was an observablc Icndcncy for Iheslomatal resistance 10 bc great and to incr凶"

espccially in thεvicinity of vcins and lcaf edges. 510matal陀sislanccis gencrally a n indicator of 

Ihc degree of 針。matalopening and incrcas凶 atsItes of slomalal closurc under usual growing 

condilion陪 ell:ccptin cascs of watcr-soaking and刷 lting(Monleith1973， Omasa 1'101.円81a)

Figurc 2 shows changcs in thc d iSlribution of inlegraled 50j sorplion d II ring thc clI:posure and a 

pholograph (ηtaken onc day latcr under lighling. The integraled 50l sorptions wcre 0.05 to 

0.10 X 10 S g'cm -1 after 8 minulcs of SOI exposurc. 0.31 to 0.50 X 10'3 g'cm -1 after 30 minutcs 

uposure and 0.62 10 r.OS X 10-3 g'cm -1 aftcr曲 minules.Visibl引 nJuf1CSprogre田 dsuc百四vely
wit h w3tcr-soaking. wilting. fading of pigmenu and nccrosis or chlorosis. Watcr-soaking began 

to appear slightly at sites bf Ihc smallcsl slomatal resiSlancc aftcr 60 minutes clI:posure 

However. wihing and fading of vcgtlal pigmcnts did not appcar during SOI c誌p田 urt.The 

t町uriesin Fig， 2. (りwhichoccurrcd one day later. rcached 1hc stage of necrosis und chlorosis 
Thcre was a tcndency for thc visiblc injury 10 occur at sItes wherc thc inlcgratcd 501 sorption at 

the end of帥 mlnul“nposurcwas ovcr a thrcshold value of ca. 0.85 X ro-s g.cm-1， The 
differcnccs in stomalal rcsponsc at local sitcs wcre n01 dcpendcnt on thosc in thc integraled 501 

$orptlon 

Figurc 3 shows changcs in Ihc distribution of Slomalal resiSlancc to water vapor diffu針。n

on a leaf surfacc during 口 posu閃 10ca. 7 yolppm NOl-Thc stomatal rcsistanccs wcrc 0.4 to 

l.4s'cm -1 bcforc 1 hc 5tart of N01 cxp凶""、beganωincrcasewith川 afew minules after the start 
and rcached 4.8 to 17s'cm-1 after曲 ffilllut国 C広posurc.U n1ike Ihe phcnomcna obscrved during 

SOI cxposure. the siles whcre incrcase of the stomatal rcs凶tanccwas slriking could not bc 

spccified. Figurc 4 shoW$ changcs in thc distribution of integrated N01 sorption during thc 

cxposure. and a photograph (ηtakcn onc day latcr undcr lighling. Thc integrated NOj sorptions 

wcreO.08Io0.J4X IO-)g'cm lat8minutesell:p帥 urc.0.55to 1.0X 10づ g'cm1 aftcr 30 minules 
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Fig. 2 Changes川 distributionof inlcgraled SOjliorp!ion during the exposure in Fig. [and 
~isi b[ e irリuryphOlogrllphed one day [aler. (a) 10作)show d凶IribU!ionpallerns of Ihe 

inlegra!cd SOlliorplion al gi~en p(“。dsof exposurc. (f) shows thc di回Iriburionpallcrn。
Ihe ~isi blc injury 
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h・J<，n<l附関川"onor pl・附'"

cxposure and 0.83ω1.85 X 10-) g'em -l aitcr 60 minutcs. Visible injuries progressed suceessivcly 

with watcr一日aking.wilting. fading of pigments and nec冊目。rchlorosis・namannersimilarto 
that seen in the imagu with 50l exposure、，Vatcr-soakingbc:gan toappear at the sites with the 

smallest stomatal resistanαaftcr 30 minutcs exposure， and saturation occurred at Ihe 5it目 刷，h

叩 lallstomatal resislances after 40 minutes. It w田 observedthal successive willing bcgan at Ihe 

same sitc5 aflcr 50 minutC5. The injuries in Fig. 4， (ηwhich oc印 rrcdone day lalcr. reachcd Ihc 

slagc of nccrosis and ehlorosis. There was a tendcncy for the visiblc injury to occur at sitcs whcre 

thc inlcgraled NOl sorption at theend of60 m川 ulesexposure was over a threshold value of ca 

1.2 X 10-1 g.cm-l. The differenec$ in stomatal response allocal sites wcrc not dcpcnd創刊onthosc 

in the inlcgralcd N02 sorplion 

510matal rcsponscs to 50l or NOl arecomplex; Scveral investigalors have shown Ihat Ihc 

stomalal rc叩 onsc5vary with plant spcαC5， culture condilions and gas concenlralions( Majcrnik 

and Mansfield 1970.1972， U旧 worlh1972， Kondo and 5ugahara 19河、 ドurukawa1'1 01. 1979、

Ornasa判。1.1919). Rceenlly， by using Ihe imagc instrumcntalion mClhod， wc havc nOliced t hal 

thc Slomalal re体ponsesto 50l vary al diffcrcnl sitcs on a leaf. al下dIhal the Slomala behuvcd 

randomly(Om3Sa ('/ 01. 1980， 1981叫 lnthe present剖.dy、wιrccognizcdthat Ihc stomalal 
rcsponse to N02 alloeal sitcs is also random. We further nOliced Ihal differenα5 in slomalal 

response allocal sitcs art not depcndcnt on thosc in the inlegratcd 50l or NOl sorplion. Thcs巴

results suggest Ihat thcrc arc differences in the stomatal sensitivity 10 502 and NOl allocal sitcs 

。na leaf 
50me invesligato(s ha vc attempled to analyle quantitalively the rclationship belween the 

amounl of SO! or NOl sorption and Ihe degrec of visible injury 針。mthe standpoint o.f onc Icai 
or of a wholc plant(Thomas and Hill 1935， Bressan ('1 tJl. 1978). 1I0wever、Iheydid not pay 
attcntion 10 differences in gas sorplion and thc visible injury at 1叫 alsites. It is a characle巾 licoi

SOl and N01 visible injuries， which rcached the Slage of necrosis and ehloros・S，Ihal an in町IJur陀，d
1 悶 fi凶，.'鮮eneral1y総叫p

wc examined the r陀elalion旧shi中pbelween inlegralcd s阻。町'P似lionand v山 blein町lJur門y.創1local 5ilはle5al1 
。v問erthe Jeaf 削『巾f“"“e.and s山how問宅吋dthal the c由haract旬e円s針h悶"川叫n町IJunes隅 recaused by thc slighl 
differenees in these vicinities of Ihc thrcshold value of Ihe integrated sorp;ti。白
In Ihe present cxperiments. diffcrcnccs in the integratcd 502 or NOl sorption allocal siles 

were caused by diffcrences in thc stomalal rcsistance because Ihe boundnry layer resislance was 

kepl constant all ovcr thc Icaf surfacc， and the 501 or NOl concentration at the gns-liquid 

inlerfacc in the SubslOmatal cavity was assumed to hc zero volppm(Omasa and Abo 1978， 

Qmasa ('101. 1919， Omasa 1980). Undcr the usual exp国¥lrtconditions in the field and growth 

chambcr， howcvcr， the differenccs in the gas sorplion al Joclll sitcs dcpcrトdon both bOllndary 

layer a nd Slomatal rcsislances. Thercfore， it can be said that thc characteristic i njllrics ofS02 o! 

NOl art eauscd by differcnces in Ihe boundary layer and stomatal resistanccs allocal silcs 

Wc sincerely wish to Ihank Messrs. Naka lto and Takcshi Yan鳩山 ofthc University of 

rsu1c.uba for their assislance in these e匁pcrimenls，and Ihe mcmbers ofthe Engincering Divisioll 

who ma・nlaincdthc equipmcnt包ndcullivaled the plants used in the experimcnts 
This slUdy was publishcd川 EnvironmenlControl in Biology(Omasa elol. 1981b) 
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植物の画像計測

(2)植物葉の SO，あるいは NO，収着と急性影響との関係

大政謙次l紙本 版2 相賀一郎 l

本論文では，先に開発した画像計測手法を用いて.S02あるいは NO，に被暴した植

物業に生じる罰孔匠応や可観害等のι・性器富とプfス岨l1l1!との関係を定量的に検討し
た。その結~は，以下のようであった.

1) SOzあるいは N02!降躍に伴い。気孔は聞朝する傾向があった.しかし。その挙

動は.j震の局所部位により典r"り 不劇削であった.これらの局所1JI位における気孔匠
応の直いは，ガス暴揖期間中の積算ガス収着震の濃いには依存しはかった.このことは.

SO，あるいは NO，に対する虫孔の田空位が草の局所部位により典はることを示唆して

いる.

2) SO:lあるいは NO，に被~1， 1:'識において 訂I税容は，繍算ガス収活貨がしきい

値を越える翻峨に発現する帽向があった.そして，陣書曜は.正常伝包i域と可祖害域に

分緩されるという特置があった.この特置ある可説容の尭羽は，車の局所部位における

気孔抵抗や築而場卵屑抵抗はどの SO，あるいは NO?収曹を支配方る聾問の迎いにより

生じることが示腔された。

1 図~公省研究所緩衝都 千305茨臓県筑厳軍谷田部町小野川崎一z
z 客員研究員笈緩大学属学節 〒700絵山市精味 3-5 -7 
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Image inslrumenlation of planls exposed 10 air pollutants 

(3) ReJationships belween 03 sorption and its acute effects on 

plant Jeaves 

Kcnji QmilsiIヘYasushiHashimot02 and Ichiro Aiga1 

I Di川附nof Engineering. !he Na川田1I n~titule for Environmcnlal Stud回 Yatabc:-
machi， Iharaki 305. Japan 

Visitillg Fcllow of I1阻 NationalIllstitutc for Environmcntal S!udics. Prcsellt Achlrcss 
Facuity Ilf Agricuiturc， Ehimc Univ哩rsity.Mauuyama， Ehimc 790， Japan 

w"足amincdIhc rc!alionships bclween 0) sorplion and the acute dfcC1S of lhc 0， 01'1 
sunnower lcave.豆、suchas changes in s同 町natalresponse and ，'isible injuT)'. us;ng an image 
mstrumc向 tionmclh岨Th，問u1tsobta;ncd wc~ 創 foll。哨

りChangesin stomatal responsεω0) varicd 向。domlyal dirfcrcnt siles 0川 aIcaf. and 
wcrc nOt depcndcnt 01'1 thc intcgratcd 0， sorption allhcsc sitcsτ1Iis result suggCStS thal thc~ 
afC di作'erCnl:t'5in slOmatal scnsitiY;ly 10 0， among local silcs。白 aIcd 
2) Thc dcgree of明則blcinjur)' al local山凶 01'1a leaf. whほhrcachcd ehlorosis aoo 

附 crosis，was 1'101 relalcd 10 Ihe intcgrated 0) sorpl悶 nal thesc SiIC$， This resul¥・uggestsIhlil 

Ihc di lTc~nl:t's in Ihe degree oflhe vi引b1einjur)' among local silCS 01'1 a Icaf Irc dcpendenl on 

diffc陀neC5nωonl)'in faelors rclalcd 10 0， sorplion， bUI圃lω凶刷hcrphysiological flCIOrs 
among Ihesc sites 

Kcy word5: Image -Lcaflcmpcralure -0)釦 rplion-Acutc cffects _ Slomatal response 
- Lcar injury 

01.Onc is a major air pollutant of photochemi四 1oxida川、 whichis produccd in Ihε 

atmosphcrc by a scries of photochemicaJ reactions invoJ凶ngnitrogcn oxidcs and gascous 

hydrocarboncs (Dcmcrjian et al. 1974， Hcchl et al. 1974). Entry ofO) inlO a Jcafthrough Ihc 

針。mstllcauses variolls cffecls on leaves (Duggcr and Ting 1970， Heath 1975， J-Iorsm包nand 
WeJlbllrn 1976， Manning and Feder J 976). Thc dcgree of thc cffccts vllfies al diffcrcnt sit凶""'
leaf. For cxamplc， chlorotic and necrOlic 抑制bieinjllrics causcd by 0)， which IIrc conspicuous 

symploms of thc acutc cffcCI， are gcneraJly charactcrizcd by numcrous discrCle Icsions scattc問 d

over alJ ora large portion oflhe leafsurfacc. D叩endingonthe plant spccics and Ihc鈍vcrityof

thc injllry， Ihe J問。nsrangc from small superfiα.1叩OIS10 a largc nccrOlic IITca (Hill f!fol. 1961 

1970). Therefore， 10 beltcr undcrsland thc cffcct5 of 0] sorption， il is necessary to dcfinc 

rclationships bClween Jocal gas sorplion， factors govcrning the sorplion， and the dcgree of Ihe 

gas sorption cffccts at local silcs 

As dcscribcd in the prcecding papcT$ (Omasa el 01. [981a、b)，wc have dcvclopcd an 
inSlrumcntation method for studying Ihe distribution of the sorplion of air pollutants， 

Iranspiralion， and slomatal diffusion rcsiSlancc of leaves using a thermal infrarcd imagc 

lOSlrUm町1Iallonsystem， and hilvc cxamined quanlitativcJy the rcJationships bclwccn Ihc acutc 
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effcclS， such as changes附針。matalresponse and v・s・bleinjury， of SOI or NO: on a Icaf and gas 
sorption. Ilowcver， thc 同lationshipsbclWCcn 01 sorption and its effcCIS all ovcr the leafsurface 

have n削除enclarificd 

We Ihereforc madc Ihe prcscnt study to clucidalC thc relali創刊hipsbctw<<n the disuibution 

patterns of 01 sorption and its acutc cffeclS such as changes in stomalal rcsponsc and v山 b1，
l町uryon a leaf 

Materials and methods 

Plall/ mlller;oh 

Sunnower plants (He/ianJJllIS annuus L. cv. Russian MammOlh) wcrc grown in a 

phYlolron nl 25/200 C day 1 night tcmpcratllre and 70%R H undcr naturallighl for 6ω7 wceks 

(1，800ω2，500 cm1 lcaf areal plant and 20 to 25 leavesl plant) after sowing in pOIS (10 cm in 

dilllnctcr and 20 cm in height). The pOI was filled wilh a 4:2:4: 1 ('，11'，1) mixture of verm陀ulile，
pcrlilc 抑制 moss and fine gravcl which was moiSlen吋刷thnutr削 t回!tnion.Thc pl削 15wcre 

irrigatcd daily. 111lacl maturc Icaves{IJO 10 140cm1 in 1悶 farca) wcre used in Ihc experimcnls 

I:.'III';/"o/叩 I'ntconlrof $.I'sll:'m {Omasa 1'1 of. 1981 a. b) 

03 was introduced into thc cnvironmcnt conlrol chambcr dcsigned IInd constructed for 

stud悶sof air pollulion effccts on plants. Air tcmpcrature and humidity in the chamber were 

maint制 ncdat 25.0土O.IOCand 62土1%R H. OJ concentrations were kept at the desired values 

of ca. 1.2 volppm and 1.0 volppm. An apparatus for fixing an intaclleafhori1.Onlally and fans 

for maintaining a uniform a・rcurrcnt on thc Icaf $urfaces wcre set in the chambcr. The intaclleaf 
WIlS attached toa thin plasticshc叫 (20X20cml) CUI oul gcomctri曲Ilyin a shape similar 10 that 

。fthe leaf(cut arca; ca. 100 cm1)， and was placed on Ihc rixing IIpparatus. The d凶 ributionsof 
shortwavc radiation， longwave rad則自on.iIIuminalion and boundary layer resislance 10 hcat 

transfer.on Ihc Icaf surfaαwere mainlaincd at 2.37土0.05X 10-) cal'cm 1'5'1.2.23土0.01X 10-: 

cal'cm l，S I，ca. 25klx，and 1.5土O.I s円cm-1， excepl at the Icaf cdgcs 

I/lS"1I1II1'1II01;01l S)'SII'III (Omasa f'loJ. 1981 a、b)
Dislributions of intcgratcd 0) sorption and slomatal re5istanc乞 towater vapor diffusion 

wcre evaluated from thc leaf tcmperalure distribulion， mcasured by using a therrnal infrarcd 

IIn3ge 1附 rumentationsystcm. Thc system was calibratcd by a blackbody source (Electr。
Optical Industries. Models POl4JOX and 0254)帆 thchromcl-constanlan thermocouples 

which werc traceable to thc Naliona! Bureau of Slandards in thc U.s.̂. The crror and 
rcsolulion in mcasuring leaf temperature usir、gthis systcm wcrc土O.1 oC nnd 256H X 240v pixcls 
and crrors in cvalu<ll ing sorption and stomatal resisla nce to water vapor d iffusion川町within 

ca. J 0% and 0.3s'cm -1， rcspcctivcly. until t he bcginning offading of vegetal pigmcnts. Radialion 

and boundary layer rcsistance 10 heat transfcr wcrc mcasured帆 Ihinpre訓話ionsof J X 10'" 

cal'cm-:'s-I and 0.1 s'cm-I， rcspcctivcJy， using Ihis syslcm and electric balances (MettleれModcls

J>K 16 and J>L 3000). Air tcmpcrature was mcasurcd ¥¥川111a ca!ibrated coppcr-conslanlan 

thcrmocouplc of 0.1 mm d・

F.xpl'r;ml'nlalllletnodJ 

An intact Icaf of a tesl plani grown in a phytotron was attachcd 10 a Ihin plaslic shcct and 
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was I:cpl hori7.oolally 00 Ihe fi，ll.Ing apparalus in the chamber. f̂ter the planl W!lS sufficienlly 

acclimatized 10 the包ivencond叫Ions.0) e足posu問 toplant was carried out for 60 minutes. The 

changes in leaf tempcrature d叩 ributIonwere measured al inlervals of 2 minules during the gas 

cxposurc by using thc image inSlrumcnlalion system. and Ihe measured data were filcd on 

magnetIC lapes. The changes in distributio断。fstomatalr白山anceto watcr vapor di仔"'・onand
intcgrated 0) sorption wcre evalualcd from the rited imagc dala of the leaf tempcrature 

according 同 Ihemethod reporled prcv・ously(Omasa e/ 01. 198旬、 b).ChlorOlic and I1ccrolic 
visible injury on the Icaf surfacc was pholographcd aflcr I:ecping thc planl under lighling in I hc 

chamber for onc day after the c)[posurc Ircatment 

Hesults叩 ddiscussion 

Rclationships bClwccn diSlribution pattcrns of 0パorptionand its lIcute effccts. sueh as 

chan畠csin slomatal responsc:u凶chloroticandnccrolIc visiblc injury on a lcaf. in IWO cascs with 
Iypical symptoms of OJ injury IHC shown in Figs. 1 10 4. Figurc 1 shows changes in Ihc 

distriblllion of stomatal rcsislancc to watcr vapor diffusion 00 a Icaf surface d uring cxposurc t。
ca. 1 voJppm 0). Thc stomataJ rCSiSlances. dislribuled in a rangc ofO.310 1.2s.cm・Ibcfore thc 

slarl of 0) exposurc. bcgan 10 increase afler a few minules of exposurc and showed a peal: aflcr 

ca. ]0 minulcs. The stomataJ resIslances Ihen decrcased. but inc問的cdagain the閃aftcrand 

rcachcd J.O to 4.5s.cm-1 aftcr曲 minutcsof exposure. There was a lendency for Ihe phenomcnon 

to bc slril:ing al sites刷 thfastcrInilial incrcases in the stomalal rcs凶 ance.such as al sites in the 

'"・nityofvcins.Figu陀 2showschar司gcsin Ihc distribution of Ihc i剛 egraled0) sorpt・onduring
the cxp。印rc.and 11 pholograph (η lal:cn onc day after Ihe gas cxposurc. Thc inlcgrated 0) 
sorplions wcre 0.02 to 0.04 X IO-Jg.cm-1 aftcr 8 minules of 0) exposurc. 0.12 tO 0.20 X 

IO-Sg.em-J after 30 minutcs exposurc and 0.25 10-0.39 X JO-'g.cm-I after 60 minulc$. Visiblc 

injuries such as walcr-soaking.l四 fwiltinga瓜dfad・ngof vegetal pigmcnls did not appear during 
0) cxposure. Thc chlorotic and necrotic i町uriesin Fig. 2 (ηwerc observed onc day later 

Irrcspeclive of differcnccs in thc OJ sorption among local sites. the degrec of injur・cswas fairly 
uniform all over lhc uppcr Icaf surface. From thc data in Figs. 1 and 2・twas 81so shown that 
changcs in thc slomatal responsc at local siles were not dependcnt on thc intcgrated 0) sorplion 

at thcsc sitcs 

Figurc 3 shows anothcr casc of changes in the diSlribution of stomatlll res附Iilnceto walcr 

vapor diffusion on a Jeaf surfacc during exposure to ca. !.2 volppm 0). Thc Slornillal resistances 

were 0.3 10 1.2s.cm I beforc thc 5tart of 0) exposure and began to increasc aflcr a few min UICS of 

cxposure. and rcachcd 1.010 3.8s.cm-1 aftcr 60 minules of c)l;posurc. Thcn the slomalal 

rcsislanccs al the sileゅnuctuatcdwilh timc. Ul:c Ihc phcnomenon observed io Fig. r， Iherc wasa 

tcndcncy for the phcnomcnon 10 be stril:ing at sitcs wilh fasler inilial increascs in Ihe stomataI 

rcsIslancc. 110wevcr. w巴cou!dno! specify sitcs whcre the phenomcnon was striking. Figure 4 

shows changes in the distr・bU1ionof Intcgralcd 0) sorption. during Ihe eχposure. and a 
pholograph (ηlal:en one day arter gas c)l;posurc.Thc intcgraled 0) sorplions wercO.03 100.05 X 

JO-'g'cm 2 a仇町8minulcs of 0) exposurc. 0.14 to 0.25 X 1O-'g'cm-1 after 30 m川 ulesc来posure

andO.30100.45X 1O-'g.cm寸 after60minut凶 Watcr-soal:ingbegan to appear且fter50 minutes 

of exposurc. and became rcmarl:able al Ihc siles wilh a larι:c intcgratcd 0) sorption aftcr 60 

minutcs. Howcver. leaf wilting and fading of vegetaJ pigments did not appear during 0) 

cxpo阻 re.Thc chlorotic and necrOlic inj叩 esin Fig. 4 (f) were observcd one day later 

Irresp田 livcoflhc small amount of intcgrated 0) sorption in the vicinily of veins， lhe chlorOlic 

and necrotic川.juryallhese sites was mucn morc remarl:ablc than Ihal at othcr silcs. From Ihe 
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deta in Figs. 3 and 4， it was also shown that changes in the stomalal response at local sites wcrc 

not dependent on the integrated 01 sorplion at these siles 

Stomalal resistance is gencrally acccpled IU an indicator of thc dcgrcc of slOmatal opcning 

tlndむru$ual growing conditions， cxcept in cascs of water-soaking and wilting (Meidncr and 

Mansficld 1968， Montcilh 1913). Se叩 ralinvestigators havc evaJualcd a Slomatal rcsponSc to OJ 

by using Ihe stomatal resistance determined with a resistancc poromctcr (Du阻crand1'ing 1910 

Hcath 1915， 1980). whilc Evans and 1'ing po・M凶。ulthat the stomatal rcsislanee was 
innueoccd by dcstroction of the palisadc parenchyma and upper epidermis resulting from OJ 

exposurc (Evans aod Ting 1914). Another availablc mClhod forcvalu3ting Slomatal responsc I。
0) is a slomalal imprcssion melhod (Lee 1965. Mcidner and Mansfield 1968). H owever， Ihc5C 

methods arc nol effective for cvaluating the stomalal rcsponsc a同dthe relationship belwecn Ihc 

re5ponse and 0) sorption all ovcr a leaf surfacc. In the prcsent study. by using our imagc 

instrumcntation method. wc 5howed that changes in stomatal rcsponse to 01 varied randomly al 

diff，ιrent siles on a Icaf. and were n01 depcndcnt on thc inlegratcd 01 sorplion al thesc sItcs. Th陥
result suggests that Iherc are diffcrcnecs in thc slomatal scnsiti判Iyto 0) among local siles on a 

leaf similar 10 thosc obscrvcd in cxperimcnls with SOl or NOI cxposure (Omasa ('( af. 1981 同

Several invcsligalors havc reporlcd that rcsislancc of planllcaves 10 0) was dcpcndent on 

stomalal conditionS such as the numbcr and opening of Ihc stomata (Lce 1965. MacDowall 

1965、EnglcandGabelman 1966). Thcy havc rcported a posilivccor陀 lalionbetwccn thcdcgree 

or Ol dama息.eand thc 510malal opening. but othc四 havc:failed to confirm Ihcsc conclusions 

(Duggc:r t'I af. 1962， Mcnser ('f af. 1963. Ting and Dugger 1968). Howc:vcr. siocc Ol sorpl・00
dcpends on not only stomatal conditions、butal50 leaf boundary conditions at loca! silcS 

(Monleith 1913， Om asa ('/ af. ! 979)， the resistancc or susceptibility of plantlcavcs to 0) must bc 

cva!uatcd byelucidaling relationships betwcen stomatal condition， 0】同rptionand leaf damage 

al local sIles al1 ovcr a Icaf surfacc. In tbc prcscnt sludy， we look IwO cases wilh Iypic酒l

symptoms of 01 injury and cxamincd the rclatωnship betwccn thc inlcgraled 0) sorplion and 

Ihc chlorotic and necrotic visib!c injury al silcs all ovcr a leaf surfacc箇ndshowed thallhcdcg陀e

of thc visible injury was nol corrclatcd wilh thc 

Wc sincercly wish to th制 lkMessrs. Naka 110 and Takeshi Yamada of Ihc Univcrsily of 

I"sukuba for their assislo.ncc in IhescexperimcnlS， and the mcmbcrs of Ihe Enginecring Di引針。n

who maintaincd thc cquipmcnl and cullivatcd Ihe pla川suscd in the expcrimcnls 

This study was published in Enviror、mcnlConlrol in Uiology (Omasa r'l af. 1981e) 
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植物の画像計測

(3)植物葉の 03収着と急性影響との関係

大政謙次人橋本政2・相貿一郎}

本論文では，先に開罰した画瞳計酬手法を聞いて，0，に被曇したヒマワ 'J ;躍に~， u

る抗孔庇応や可制窃等の急性影響とガス収晋量との聞係について融制した.その結果は1

以下のとおりであった.

1) 0，に対切る気孔匠応は，聾の局所部位陪ま骨不縦IiIJであり また，これらの局

所部位における積算0，収骨量には関係しなかった.このことは，0，に対する日孔の暗

畳"が車の局所部位により奥与る乙とを示唆している.

2 ) ネクロシスやクロロシスの段階に進行した聾の向所部位におリる百I也容の瞳庄

は.これりの部位での積算 0，収若貴には聞係しαかった.ζのことは，誕の局所部位

での可担警の程度の途いが， 0，収着に関係する要因だけではく，他の生理的聾因の遭

いにも位存することを示唆している.

1 困立公笹研究所筏術部 〒305l度械県筑波lIII谷由都町小野J11I6-2 
2 '1;員研究鈴 史観大学線学部 〒190怯山市梅昧3.5-7 
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Image instrumentalion of plants exposcd to 8ir pollutants 

(4) Methods for 制Jtomaticevaluation of thc degree of necrotic 

and chlorotic visible injury 

Kcnji Omasat， Yasushi Hashimolo: and lchiro Aigal 

• OIvj創。向。rEngin<<ring， Ihe N副ionalInstitute for E目別ronmenlalStud回 Yatabe 
machi， Ibaraki 305. Japan 

2、VisitingFcllow of Ihe Nalional InSIItulc for En川rorlll1Cl1la1$Iud凶s.Prcscnl Address 
Facult~ of Agric凶w向。 EhimcU即時rsit~. Malsuyama. Ehimc 790， Japan 

MClhods for a凶omaticcvalualionof dcgrec ofneerolic and chlorolic visibk injury臼 uscd

b~ air poll川附目 W宮間 examincdusing a mulli-speclral imagc川slrumc目lal.ons}'$tcm 

I"hc s pect ra 1 eharacteristics of t he i n j u陀 dp岨ruofSOrandNOl-i町urcdleavesal bands of 

0.45.0.55 and 0.67μm 創刊'erc:dfrom those of hcalthy par1S. The gray Icvcls ofthe i町uredparu 

a1 thOliC bands w電陀d伺 rlyseparatedfrom lh。総oflhehealthy paru. Thereforc. wc separalcd 

a spcctral・magc:ofan injurcd Icafinlo injurcd partsand hcalthy p・ruusingathn:sho凶 gray
Icvcl valut. and c:valualcd thc: degr侭 ofSO.町 NO，哨iblcinjury of • Icar'from lhc 
dcrcrmining ralio oflhc i町uredlI<ell 10削 lur.rω 刊 Cmo'l erreclive明 velcnglhfor the 

$cparat附nwas 0.67μm 

可'hcspcctral charactcristiCi of Ihc injurc:d par悩 ofOvinju問dIClves al bands o( 0.45. 0.55 

and 0.67μm .150 differed from those of the healthy paru. Ho"，'cvc:r. lhc aboyc mClhod ¥01唱S

not uscful hc<:ause Ihc g旭YIevels ofinjured parl5 11 these bands wc:rc dislribuled over a widc 

~，齢附crcfore . ¥01何cuscd 11 mcan valuc: of g泊 yIcvcls Oflhc speωral image ofan injured leafω 

an indicBlor for Ihe cvaluation. The mean ~a lu c of gray Icve[s rela!cd toωntent of 10lal 

chloroph~lls ， which werc major components of plB川 pigmcntsfadcd by air polluti。白山e

四 rrelalionwas highesl in Ihe ease of band ratio of 0.55μmfO.9Oμm 

"阿 IU1Cdarea5. air凹lIutantsrarelycltisl alonc:; inslcad. lheairc:n問。nmenlCO剛山。r.

compltx mi川 urc:of phylolox旬gascs.Wc can ev・lualcthe dcgn:宅。fvisible injury by such 
mbtcd pollulanlli using bOlh mClhods mentioncd Ibovc: 

Kty words: Image -Air pollulion -Necrotic and chlorot悶 visiblcIcafinjury -A凶omalic

C~alUÞlion 

Necrotic and chlorotic visible Icaf injuries afe used ・5an importanl indcx forevaluating the 
effccts ofair pollutanls on plants in pollutcd areas and laborator悶sbeca凶 cthey are the most 

<0附plCUO凶 symplomsof the effccl$ (Jacobson and Hill 1970， Japan Socicty of Air Pollution 

1973. Mudd and Kozlowski 1975). Discriminalion of thc symploms for Ihc evaluation of thc 

V山 bJeinjuries and quantificalion of Ihe degrec have been performed by visual observat・0'
(Chesler J 959， Jacobson and Hill 1970， Japan Society of Air Pollution J 973). However， these 

mcth。由 arcn似 objectivcbecausc Ihc rcsuJIS dcpcnd upon thc pcrsons pcrforming thc 

discriminalion and quantification. Thcreforc， methods of objcctivc evaluation which can 

autom山 callyproc出 manysampJes mUSl bedcveJopcd (Mortcnsen and Weisbcrg 1980， Omasa 

f'f al. 1980， Omasa and Aiga 1984). We prop田 eda method using an imagc instrumentation 
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system In the prcvious report (Oma阻 t'ftd. 19帥).In thc presen[ paper"we examincd more 

minu[ely mclhods adap[ed 10 aulomal叩 e四 luationof thc degree of visiblc injuries 

Malcrials and melhods 

Planl "凶 If'rials

5unflowcr planls (llelianlhus annuus L. cv. Russian Mammolh) werc grown in an 

environmenl-controlled grecnhouse (Aiga t'f al. 1982) at 25/20・Cday/night [emp限ralureand 
70% RH under帥'"叫 lightfor 4 [0 6 weeks (1.5曲 [02.500cmJ lcafarea/plant and 15 to 25 
lcaves/plant) after sowing in pOIS. The pots werc ril1cd wilh a 4:2:4:1 (v/v) mixturc of 

vermiculile. per1ilc， peat moss and rincgravel which wcrc moislened wilh nutrient solulion. Thc 

plants were irrigalcd daily 

Gas f'xpOS/.Irf' 

rcst planlS wcrc cxposed 10 2 volppm SOI， 8 volppm NOl or J volppm 0) for 1 hour in an 

en vironmen[ -contro 11むJchamber <Aiga f't al. 1982). Air tcmpcralUre， humidity削 dillumina[ion 

in Ihc chamber wcrc mainlained at 250C， 609も R ~I and 30 klx. f̂[er thc exposurc， Ihe planls 

werc rClurncd [0 the grcc肺houseand grown forca. I to 3 days. Thcreafter、Ihcfading of vegelal 
pigments at thc injurcd parts did no[ progrC$S 

Image instfwl!enωtion unJ proct'ssing 

After hcalthy and injured Icaves wcrc ClIt a way. spectral同flcctionimag'宅sof thcse leaves or 

hcahhy and injllred pans (20 X 20 mmうofIhcsc lcaves were Immedialdy mcasurcd Ih同 ugh
various intcrfcrence ril!crs (白川ralwavc1cngth μm (half-band widthμm); 0.45 (0.03)， 0.55 

(0.0 1)，0.67 (0.0 1)， 0.78 (0.0 1).0.90 (0.0 1)) underconstant lighling with a silicon vidicon camcra 

rhc delecled signals (rom thc camera were convcrtcJ into 8-bil (256 gray levels) by a vidco AI D 
converter， transmittcd 10 a compUler Ihrough a viJco 1/0 intcrfacc and analY7.ed by thc 

compU!er (Om市5aet af. 1983). Thc 間同1utionof thc oblained leaf imagc was ca. 0.8 mm 

Determinut馴 01cMorophyll 
After sptc[ral reOection images of h巴althyand injured parls ofleavcs were mea崎ured，lhcsc

parls were cul OUI， and then homogcnizcd in 80% acetonc， rcspectively. After ccnlrifuging. the 
absorption speclra of the supernalant solution werc mcasurcd with speclrophotometcr 

Chlorophy!l conlenl was dClerm川吋 usingabsorption cocffjcient of Mackinncy (Mackinney 

1941 ) 

Re~ult~ and discusslon 

Figure I shows photographs oflypトcalacule501-. NOl-and Orinjured leave渇ofsunflowcr

planls. Ihcse reach 10 Ihc necrosis and chlorosis slage. I t was observed that large areas of cl帥 d，
visible Injury occurred on the 501-or N01-injur吋 leaf.whereas numerousdiscrele， notclearly 

visible injury occurred on Ihc Ol-injured Icar 

日J:ure2 shows spectral characterislIcs with thc average gray Icvcls of healthy、SOrinjured
and N01-injured parts. The spectral characteristics of the 川~ured parU at bands ofO.45， 0.55 

andO.67μmdiffercd 針。mthose of thc healthy parts. Thc gray leve1s of thc injured parts allhesc 

bands werc cl四 rlys巴paraledfrom [hosc of Ihe healthy parts. Thercfore守 w<阻 nseparatc a 

speclral image of a injurcd leaf inlO injurcJ parls and hcalthy parts using a [hreshold gray leve1 

四，，，、andcan eval ualC thc Jcgree of 501 or N01 visible injury of a leaf from Ihe dctcrmining 
ratio of Ihc injured area 10 the 1caf area. Table 1 shows Ihc mean valuc and standard crror of gray 
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Icvcls of all 50，-and NO]-injured and hcalthy parts at (ach band of0.45. 0.55 orO.67μm. The 
most cffcctive wavelcngth for thc s叩 arationisO.67μm because the diffcrcn世 betw関 nthc mean 

valucs of the hcalthy parts and thc injured parts is the gr日 t制 andthc standard crror of thc 

hc凶thyparts is smallest. Figure 3 shows an cぉampleof cvaluntion of dcgree of判sibleinjury in 

F E 
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Fig. t Pllo!ograpllsofty阿.，祖cu!e50，-. NO，-and O，.injurcd Icavcs of刊 nflowerplan!s 
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Fig. J An evalu81ion of dcgree ofvisiblc injory in differenl leaf positions of a $unnO鳩町
planl cl¥po5ed 10 50l 

differc:nl leaf pos・tIonsof a sunflowcr plant exposed 10 SO:. ^ threshold value for Ihc 
separation. G幼 wasgivenbyG.~+4G..::::: 70. where G...is the mcan valucofthcιray lcvcls oflhe 

B町uredpartsat Ihe 0.67μm band (= 53.5) and G.. is the standard crror(= 3.7). Thc dcgrce of 

'"・bleinjury was greater al lower leaf positions. This rcsult suggcsls that thc 1caf rcsistance 10 
50! is smarler in low posilions than in high pos・tlOns
Figure 4 shows spcclral charactcristics with thc avcragc gTa)' levcls of healthy and Oj-

injurcd parts. Thc spcctral characteristics of the injun:d parls al bands ofO.45. 0.55 and 0.67μm 

diffcrcd from those of Ihc hcalthy parts. Howevcr. the above method ・snot useful because the 
gray levels of injured parts at thc民 bandswcrc distributed over a wide range. Thercforc. we have 

exmained an e噛 luatIonmethod using mcan value of gray levels of the spectral Image of an 

injured Icaf as an indicatoT. Tablc 2 shows thc corrclation coefficient and standard crror which 

indicate Ihe relatio同 hipbct凹 enIOlal chJorophyl! conlents of hea1thy and 0)"， SOI-and 

N01-injured parts. C~I (μg'cm"l) and thc average gray Jevels of the spectrlll imagcs. G.. or the 

band ra li05 of the images， B，. The correlation was hi畠heslin Ihc casc of band ratio orO.55fO.9(] 

whcre thc correlation coeffic陪ntwas -0.95 and the rcgrcssion line wasgiven by C~I =-69.68，+ 
82.6 (μg'cm 1). Thc standard crror in evaluating tO(1I1 chlorophyl! content according to 1h附

cquation WIlS 4.2μg'cm 1. The訓sibJeinjur・eswcre caused by fading of plant pigmenls 
ChlorophyJJs IIrt m旬。rcomponenlS of the faded pigmcnts. Therefor広間 canevaJuate thc 

degrec of OJ visibJe injury of a Jeaf by determining the ratio of Ihe total chlorophyl1 content of 

the cxposed leaf 10 the averagc conlcnt of thc healthy 1eaves. Figure 5 shows an examplc of 

evaJuation of degree of visible injury in differentleaf posilions of a sunnowcr plllnt exposed 10 

0). ThclI・erageeonlenl of the healthy leave汚 was36.1μg'，冊.1and thc standard crror was 4.3 
μg'cm 1. Thcdcgreeofv・s・'1，・njurywas greater 111 lower leaC posilions similar 10 S02 cxposurc 
1 n polluled arclIS， lIir pollulanls rarely exist alone; instead， the air environment consists of a 

complex mixture of phytotoxic gases. Wc can evalualc Ihe degree of visible injury by such m肌，d

pollutants using both methods mcntioncd abovc. lt i雷arUlurc probJcm to dcvclop cvaJualion 

melhods including automatic discrimination of symploms of visiblc injur・escauscd by創r
pollution.5・ckness.in詑1:1and 50 on 
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Table 2 Correlation cocfficicnt and standard crror which川 diclltcthc rcJatiOluhip bctwcen 
何回Ichlorophyl1 conlcnlS or hC3lth)' and 0)>， S01' and NO，・"J'陀dpans IInd the a内問"
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植物の画像計測

(4) 1裏痘状可視害の程度の自動評価手法

大政謙次1・稲本 日l'・柑賀一郎l

ぷ誼文では，マルテスペクトル画像計開システムを聞いて，太町汚染により生じた植

物誕の担割直杭可視書の程度の白動肝価手法について検討した.その結果は，以下の通り

であった。

正常聾直ぴ50，あるいは NO，被告革の正常制域と彼留萌繊のスベクトル特性を比較

したところ，0.'15， 0.55， 0.67 p mの搭媛において。正常領域と彼担額唱のスベクトル

特性は輿伝っていた.このことかり，502及び NO，被害誕の可担脅の程度は，スベク

トル画像を闘他演直により正常傾城と被告領峨にニ値化し，謡曲1舗に対する被暫制域の

而績比を求める乙とによη評価できることがわかった.使用されるスベクトルtiF輔は，

正常闇践と被害嗣践の担JJl:平均値の置が大きく.正傭領域の線市誤差が小さい0.67μm

が最も有効である.

他方.0，後省車も， 0.45， 0.55， 0.67 p mの術械において。正常幅域と被告制域のス

ペクトル特性は舛伝っていたが，SOzやN02被告曜のように彼Z毎朝域と正常闇域に二値

的に分かれるのでは伝<，斑点状のiiJ製害として現れるために被由領輔の面圃ltを指標

とした際価よりは.スベクトル副像の濃度平均値を問いた方ヵ'11効であることが分かっ

た.スペクトルiIf様は，クロロフィル古有量と般も相聞白高い0.55/0叩 (pm)のパy

ト比の場合カず'Ii効でめる。

はお，複合汚染による可担惜の肝価に止上把の二つの方法を併問 ずることが行効で

ある.

1 国立公客研骨済技術'" 〒制策城県筑波111谷関節目川、If11l16-Z 
2 'It員研究員愛媛大学a島学部 〒790船山市縛昧J-5 -7 
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Image instrumentation o( plants exposed 10 air pollufants 

(5) Evaluation of early vis出leleaf injury by polarized speclral 

renection image 

Kenj・Omasal，Yasushi Hashimoto1 and Ichiro Aigal 

1 Oivision of E同gineering.lhe Nalωnal InSI.IIlIC for I';nvIronm日nlalSlud回 Yalabc:
阿川chi.loarak.i 305 
'v路ilingFe!low of Ihc N山朝日1InslIwte for Environmclll~1 Sludics. Prωcnt Addrcss 

Faculty of Agr;cllllllre， Ehime Univers・ty.Mauuy.ma. Ehimc 190 

WC dev可elopeda mClhod for cvalualIng lhc visible lcaf injury using 1In image 

InSlrllmcnlallon 叩 lcmror mcasuring and a凶 ly1ingIhe polari~cd spcclral向日出剛llmagc

Sincc Ihis mcthod corrcctcd thc crror causcd by lhe leaf unevencss and lhe diffcrcncc of 

distancc rrom Ihc li酔Isource at local silc$ 00 Ihe kar. wccould cxaclly cvalualc n制。nlythc
nccrotic and chlorOI古川・出injuryoutat50 Ihc carly vi由化IOJurys山 haswalcr.ミωk.ingand

馴 lting.
K句 words:lmage -Air pollution - Watcr-soakin邑 - Willing - [valuatIon mClhod 

-I'olarilcd ~pectral ren~tion 

Acute lcar injurics c.used by air pollulants progress succcssivcly with walcr-soaking 

wiltingand rad川 gof pigments， and reach to Ihc necrosis and chlorosis stagc (Jacobson and Ilill 

1970， Mudd and Ko友lowski1975). MClhods for objcctivc cvalualioll 'of thc町uriesin Ihe 

necrosis and chlorosis Slage have been rcporlcd (Omasa e/ af. 1980， 1983， 1984). Ilowcvcr 

met hods for cvaluating Ihc early visible injuries such as walcr-soakingand willing have not been 

devclopcd 

Lighl renectcd from thc objcct's surface is polaris吋 Thecharaclerislics of thc polariscd 
Iight vary wilh propcrlics of Ihc objcct's surface. Thcreforc， the polarized light from thc leaf 

surface involves many川 formationsconcerncd wilh propcrtics of 1caf surfacc. Eguchi cl al 

(1982) reccnlly rcported a mClhod for evaluating acute 1caf Injury using rcneclance of Ihe 

polari1.ed renectiOn image. However.lh悶 methodhad large error in IhcεvalualIon bccause thc 

rcnectance allocal sitcs on Ihe Icaf. which was innucnced by Icaf unevennCSS and a d凶 ancefrom 

Ihe lighl sourcc， was not corrcclcd. In addition， thc rclationships bctwccn the leaf surface 

conditions and Iheir refleclances were nOI shown 

We， therefore， madc Ihe present s¥udy 10 dcvelop an evalualion method. which was nol 

innuenced by leaf unevcness and a d凶 anccfrom the lighl sour民 USlOgan Image lIlstrumcnta-

tion sySlem for measuring and analyzing the polarI1.cd spectral rcfleclion Image. We also 

examincd the rclaliOt凶hipsbctween Ihc polarized speclral reneclion Imagc and I1時 leafsurfacc 

condilions 
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Ma tcria l ~ 別Id melhuds 

Plunt maurIa/s 

Sunnower plant (H.>fjamhus IIl!nUUS L. CY. Russian Mamrnolh)、;yasgrown 111 an 

envirOllll¥cnt-controlled grccnhouse (Aiga e/ 01.. 1982) at 25/20・Cday/night tcmperalurc and 
70% R H undcr naturallight for 5 weeks aftcr SOWII in a pot. Thc pot was fillcd with a 4:2:4: J 

(vlv) mixlurc of vermiculitc， pcrlite， pcal moss and finc gravel， whκh was moistcncd wil h 

nutr刷 t50!山 on.The plant was irrigatcd daily. ̂  malurc Icaf(同 J50 cm2tcaf arca) ofthc inlacl 
plant was llsed in the exp<:rimenl 

IIISlrllml'nlOI;OIl alld e/lvirOnmelll control SI'Il'I/'/IIS 

Figurc I shows a diagram of our image inslrumenlati。、 systcmfor mcasuring and 
analy7.ing the polari羽dspectral ren恰ctionimage. An inlacl leaf was attached 10 a Ihin plastic 

shcet (2ゆ×叩cml)cut oul geomclr陀allyin a shape割milar10 Ihal oflhc leaf(cul arta四 100

eml)， and was hori1.Onlally placcd on a fixing apparalus sel in an environment-conlrolled 

chamber (Aiga t'f al.， 1982). Air何回peralureand humidilY in Ihe chamber was maintaincd al 

250C and 65% RII. 501 conc定nlralionwas kcpt althc desircd value ofca. 2 volppm for 1 hour 

Thc metal halidc lamps and a lungslcn lamp Ihrough Ihc heat absorbingglass日Ilcrswcrc uscd as 

a light sourc噌 ant!thc illum川 alionwas ca. 40 kl.ll:. Thc IUngstcn lamp was SCI in an anglc of 30 

degrccs 10 Ihe lcaf surfa氏、 andthe polarized rencclion image from the 1caf $urfacc w田

measurcd wilh a TV camera (chalnicon) sel in an angle of -30 dcgrccs lhrough a polarized 1ight 

fihcr a nd an inlcrfcrcncc fihcr (ccnlral wavelcnglh 0.67μm and half-band widlh 0.01μm). Thc 

polarized light fillcr was adjuslcd 10 a slit angle wherc lhc polarizcd rcnection from thc 

waler-soakcd leaf surfaαwas Ihc largcsl. The mcasurcd imagc was convcrt胞edi川"'同。8-bitdigital 

s甲
a叩E凶、a副lyz総edby thc compul陪er(Omasa ('1 al.， 1983) 

M加。chroma!lc
TV monlter 
64 gray levels 

Color 

TV mo川."
16，。畑町

Fig.1 0巾gram首ofimagc inslrumcntalion sy唱・cmfor mCa5uringand圃nalylingthcpola引zcd
speClral rcn回'"山magc
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Imagl' proct>ssillK 

Lel Sbe a polarizcd rcncclion image. and S"bc thcgray levcl!lt pixel (i，j) in S.ln ordcr t。
回 rreclIhe innuenccs of Icaf unevencss and the diSlance from thc lighl sourcc. the同日。f

increasc of Ihe rcncttion. Pr(/) taused by the air pollulanl eltpo$urc is given by 

P'<') = fSr(1) -S古IlsN， (1 ) 

where sN， is gray level al p山 I(i，jl of a heallhy Icaf bdore Ihc目 '0叫 陀 andt i5 timc aftcr 
5tartIng the exposure 

、，VhenIhe injured arca isdefincd by P/I{I)主主 P.t.. ratio of the inj urcd area 10 t hc Icaf area. K(I) 

凶 cxpre総cdby 

叫1) = 三II~(/) / バ
J 1: P~(I) 

"v(l) = 1 t 0: P;J，.I) < P，~ 
(2) 

.，加crcP，h is the threshoJd valuc and A is sumbcr of pixels in thc Icaf. Furthcrmore守Ihcratc 0 
incrcasc of the ilvcragc rtncction atlhe injurcd arca. X(I) is givcn by 

X(I) = f ~11;J，.I) PV< I)J / rn~(( ) (3) 

Resulls and discussio凶

Figu同 2shows frc:qucney distributions in Pj"(O) of an original image of a healthy leaf all = 
o minUles and P，仰 of開 imagccorreetcdby Eq. (1). whc~; sN，in Eq. (1)叩 g，剛bySu(f)alf
= -10 mInulCS. i.e.，IO minulcs bcfore the exposure、P，(O)was defincd by the following.equalion 
in order to eompare with P， (0) 

P， (0) = (Sv(O) -S (0)11 S(O) (4) 

where S(O) is the average gray level of S~(O). The diSlribution in Pv(O) was improved 10 1/5 of 

that川 P“0)because the error caused by the Icaf unevencss and thc diffc問 nteof dista nce from 
the light source at local sites on the leaf was同 問 ctcd.̂  Ih附 holdvaluc for dividing the川Ijured
M 回 fromthe h回 Ithyarea.Po was given by P.~= 20%. where K(O)dclcrmincd from Fig. 2 was 

within 1% 
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Fig.2 Frequcncydiuribulions in p，(O)Orilll original image of a hea!thy leafand p，(旬。r"
・mageeorretted by Eq.( 1) 
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T、eehanges in K(I) and X(I) ofa leaf afterthe eltpOSllre I。日 2volppm SOlare seen in Fig 
): K(けbegant山 田町aseaccording 10 thc appearance of thc岡 ter.soakingat SO minules after 

slarling Ihe cxposure and reached 10 a constant value aftcr overshoolingal 70 minutes; X(I) kept 

on increasing afler Ihe injllry began 10 appcar. Figurc 4 shows Iypical microphotograph in each 

stagc oflhe visible leafinjllry. Thc Ic泡finjllry progressed $ucccssively wilh walcr.soaking (町

制Iting(C) a nd fuding of pigmenls， and rcached 10 necrosis and chl町 田 isslage (D). Howevcr、
Ihcre was Ihc mi災IUrcof Ihcse Slagcs， espccially water.soaking and willing ・nthc leaf. Figurc S 

f;に::;ゴ♂;;ヌヴうr35守f汗rf「i
: o ;@抽山ι@叫@

250 

{ 

ー} 
'" 25 

;;:口 ? 日 5U'許可

FIJ.) Cha目gUI防 K(r)and X(r) of a leaf afler the e匁posureto ca. 2 volpprn 50，. Typical 
割agcof vIsiblc leaf Injury: A， hcal!h炉 8.waler.soaking: C. wihing: 0 附引ωisand 
chlorosis 

-30μm 【

日 c D 

Fig.4 Micropholograph in each剖agc(A. 8， C. or 0) show刷 l田町，.3
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A B 

c D 

Fig.5 Two-valued imagc oflhc leaf divided inlo heahh)'and injured areas b)' P"， = 209もm
cach 51agc (A. H. C， or D) shown 川町'"J 

shows chunges in thc two-valucd imagc orthe Icafdivided into healthyand injured arcus by Pp， 

= 20%. AI!hough Ihes1ishr wftler-sn・king and wiltin~ arca rccovered ils health， thc serious a rca 
progresscd with fading of pigments， and reachcd to lhc nccrosis and chlorosis stagc 

The above-mcntioncd rcsults denotcs that this mClhod is effective for cvalualing nOI ooly 

Ihc nccrotic and chlorotic visiblc injury but also thc carly visiblc i町urysuch as water-soakiog 

aod wilting 

We siocereJy wish 10 Ihank M r. Takeloshi [00 of the Ehime Uoivesity for his assisla nce io 

thesc experimeots. and the membcrs of the Engincering Division who maintained thc 

oq刷 pmeotaod cultivated thc p[ants uscd in thc c:oc:pcrimcnts 
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植物の画像計測

(5) 偏光反射スペヴトJレ函H撃による初期障害の評価

大政E量次:・橋本 政2 ・相賀一郎 f

偏光反射スベクトル画像計開システムを悶いて可視瞥を評価ダる手法をIlII賀した.

乙の手法は.業iuiの各部位の匠射角や光源かりの距離の遭いにより異なる反射特性を出

正したので，機UI状可出事だけでは<.水準や聾れといった初期の可観告を正儲に肝側

できる.

1 国立公轡研究所設術鰯 〒305茨城県筑波郡谷創部町小野)1116-2 
2 ~年白研究員 愛媛太宇農学鮪 〒7切松山市御昧3-5-7
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Image instrumentation or plants exposed to air pollutants 

(6) Lighl microscope system ror direct observation or stomatal 

movements or intact pJants 

Kenji Omasa
l
， Yasushi l-Iashimoto1 and Ichiro Aiga' 

， Div割。nof Engim:ering. tltc National ln以 i!ut~ for En引 ronmcntalStudies. YQtubc 
町市Cオhi，lbaraki 305. Jap3札

， Visiting Fellow of thc Nntiomll Institute for Envir印刷entnlSl¥ldies. Prescnt Addre低
Facuhy of Agricultorc， Ehim同 Univcrsily.Matsuyama， Ehime 7¥10， Japan 

In order W ob民"宅 theslOmalal responsc of ;nlsct plants to cnvironmenlal changcs 

undn growing conditionl 明白同lopcda remote-control image川Slrum刊 lallon5)'stcm 
Wilh a light microscope. Th時 sySlcmis composcd of: (1) 8 light microscop同州Iha widc 

working d附加僧{口 m叫 81higlt mag岡市削ion(ca. 1曲。 foldmagni行'"・0目。n8 TV 
monilor); (2) a mo凶 bkmicrosc句:KSlag.， desig凶ed10 pcrmit Iltc p踊 sageof condilioned air 
along bOlh則自省。fa fi:ted leaf and for illumina川島 from abo~ and below; (ll' a h嶋h
"0・ili川 1)'SIT elme"， (S20・)'PC~peclral re叩。n.e)Ind I monochrom制 限 TVmonilor w“h 
high resolulion and smatl dislorlion. used 10 observ宅them陪roscope'11鳩gcmlsepar・Icroom
(!tom山 canbe obse~d wilh single陀 fkctedor Iransmitted light abovc ca. 0.1 mW Icm')， (4) 

同 moteconlrollers10 adjuSI camera sc同Sll1YLIY，m問。“。pefOCU5 and movemenl ofthe v・sual
目tldof 1M mieroscope image from山"εparaledobscrvatIon room. This s)'slcm知れでdIhe 

problcmsencounlercd with an ordinary light micro民0'"向。b，白川崎針。matalmovcmenl 0 

intact growing plants. This syslcm alsocan be used 10 observc many剛'"針。mlllbc旬、凶，0' 

ilS euy and rapid opcration. Furthcrmorc. Ilte 針。malalapcrlUrc and Ilte ratio or 

'"凶piralionfrom Ihc cu!Ic1e to Ilta! from Ihc s!omala con be aecuralcly delcrmined using 
山崎syslcm

Kc~ word‘OTscrvation of stomalal movemenlS -Int田CIplnn1s -Irnagc inslrumc川ation_ 
い酬m隠rosc叩ト RcmolC∞nlrol

Stomatal movcmcnl陪 8河川Iyinflucnccd by lhe plal1t's environmenl (Mcidner and 

Mansficld 19()8， Burrows and Mi1thorpc 1976. Raschke 1979， Po叩山lovaalld Solarova 1980 

Jarvis and Mansficld 198Ia). Thc 針。malalconductance or resistancc， mcasurcd using 

poromctcrs (Meidncr and Mansficld 1968， Mcidner 1981) and a Ihcrmal image instrumcntation 

systcm (Omasa el al.198Ia，1983吋 hasbeen uscd to eval凶 tcthc stomalal response of intact 

leaves 10 cnvironmcntal cha nges of growing plants (Mcidncr and M ansfieid 1968. Kaufmann 

1976，、，VCSIand Gaff 1976， Omasa ct al. 1981 b、c).However， d・rcctobservation of the stomatal 
movcmcnl of growing intact plants has becn very dirficult (Mcidncr and Ma回目eld1968 

Meidncr 1981). Although Ihe scanningclcctron microscope(Turncr and HeichclI977. Shira ishi 

el al. 1978) and the light microscope in which a piece of 1c:af is immcrsed in waler or liquid 

paraffin (Monzi 1939， Stalrclt 1959， Mcidner 1981) can provide a clear imagc at high 

magnification， obscrvation of川tactSlomala under their growing condilions is impossiblc. An 
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ordinary light mにroscopecan provide a clear image ofthe large stomala of an intaCI plant allow 

magnification with tra肘 mittedor renecled li&hl. ~I cath (1959) oblained a cJear image of a large 

510ma bclow400-fold magnificalion with transmilled lighl froma condenscraud a dryobject附

correcled for thc Jack of a cover glass. However. obscrvalion of Ihe smatl SIOmata. which 

requires high magni目白Iion.w国間rydifficu1t(Heath (959). Furthcrmore， observalion with an 

ordinary lighl mieroscope undcr a planl's g印刷ngconditions poses some problems (Me凶""
and Mansfield 1968)ドirsl.visua[ observation under wca k Jighl is vcry difficuJI. Second， thc 

'"'・ronmenlof thc [ower side oflhe leaf can nOI bc controllcd bccause Ihe leaf Is directly hcld on 
Ihe m・croscopeslage: Ihe environmenl i5 also affcctcd by human m同・pulationof Ihc 
mlcroscOpC八ndthird. Ihe working dislancc. Ihal Is. thc dislance belwecn Ihc Icaf and thc 

。bjecliveduring the observalion is vcry na rrow at high magnificalion. IhllS sllbjecling the [cafto 
the d削 gcrof sticking 10 the objcctivc during fo印刷ngand dcslroying Ihc p[ant's cnvironmcnt 

belwccn Ihe Icaf and the objective 

We， thcrcfore， dcvcJopcd a rcrnotc-conlroJ imagc inslrumcnlation systcm using a new lighl 

rnlcroscopc帆 Iha widc workingdistancc at high magllificalion and an S1T cllmcra wilh high 

scnsilivilY， and obscrvcd Ihc stomalal responsc of inlacl plants 10 ellvironmenllll changcs llndcr 

Iheir growing conditions u5ing this system 

MateriaJs and methods 

Plalll ma/l'rials 

Sunnowcr (Hl'/iollJlws O/IIII1I1S L. cv. Russian Mammωh) and tomato (L)T011f'rsicOll 

I's(，1I/1'1II1I11I MilJ. cv. Fukuju No.2) plants were grown in an e目制ronmcnl-conlrollcdgreenhouse 

(Aiga el al. 1982) at 25/200C day/nighllcmpcralurc and 70~も RlI11ndcr n8turallight for 5 10 6 

wecks afler bcing sown in pots. Broad bcan plants (Vidalobo L. cv. O!afuku) wcre grown at 

20/15・Cday/nighlter叩eralUreand70% RH for6to 7 weeks. The pO!s were fi[]cd with a 4:2:4: I 
(v/v) mixlure of vermiculilc. perlile，戸almoss， and finc gravel. which was moist叩吋 with

nulricnt solulion. The plants were irrigated daily. After Ihe 1(51 plants had becn阿lovedto an 

environmcl1l-controlled chambcr (̂iga el al. 1982) and acclimali1.ed 10 the new condilions 

malurc leavcs of Ihe inlacl planlS w~r~ u5cd in the cxperiments 

RI'II/O/f'-(，ol!lrol ill1agf' inslrllml'nlatIon SJ九S/f'1IIhリ'Iha lighlmicroscope 

Fig. I shows a diagram of our remotc-control imagc instrumentalion syslem with a light 

rl1ICrOSCope剛 dFig. 2 a pholograph of the syslcm. This systcm has a lighl microscope with a 

widc workingdislanc巴(ca.13 m m) a! high rnagnification (a 50x obμ:ctivc， 1.5x and 2x IIrnplificrs 

and a TV adllpler lcns: ca. r .600-fold magnification on a TV monitor) (sausch & 1.0mb、
MicroZoom)， an S1T camera with high $cn釦"別Iyof S20 Iypc spcClral responsc. imagc 

rcsolulion abovc 600 TV [incs. distortion within主2%andshading will.in 20%(llamarnatsu TV， 

Modcl CIOOO・12)as a dcleclor of Ihc microscopc imagc， a monochromalic TV monitor with 

imagc resolulion of ca. I凹oTV lincs昂nddistortion wilhin 3%(Chuomuscn， Modcl M 02凹2A)

and remO!eco・lIrollcrsfor adj山 tmgc，ョmcrascnsilivity， mieroscope focus. and rnovement ofthe 

nllcroscop~ stage 

Obsl'r‘叩沼1/0ω'110lSI011l010111川IIO¥'f'nI階e開"'臼'.りグ(;1110('1pl.“加aω"山，臼S111，，1.必'erIhl'iげrgroll川!リillg('oIllJi，ion 
rhemj，陀"附。s詑oopεw，叫thIhe SITcamera hcad wass挺ε1in the e凹""げronrncn川"司<叩。ωntr問。lIedchamber 

Air Icmperalurc in the cha mbcr was maimaincd at 20.0士O.IOC(broad bean p[ants) or 25.0:t 
O.IOC (sunnower and tomalO pJanlS) and humidity was kept al 70土"も RIl.lIIuminalion 

{・rradiance)from nuor.αcen! lamps was varIed制 IhSCR elcctric manipulalors and Ihal from 
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Environment-conlrolled chamber 

Fluorescenl lamps 

γ 

Slepping 

E且旦

Environmenl conlrol machine 

」 -E函司

C8. 30m 

Re町、oleroo打、

Fig. r Diagram of Ihc陀 mOle-conlrolimagc inSIrUmenlalion勾Slemwilh I I;ghl 
m;croscopc: 

ト~ig . 2 I'holOgraph Oflhc imagc ;nstrum問ntationsyslem 

!Ungsten lamps with aUlOtransformers through the heat-ab四 rbingglas$ fillers. IlIumination 

was measured wIth a photometerfradiometer (U-CQR. Model U-185) 

Fig.3 show$ a sεhematie cross-sectional view of the m・eroscopestage for holding a Icaf of 
the intacl planl. Th巴leaf(C)was held on a ring(F， 30 mm in innerdiamctcr， 10 mm widc and 10 

mm high) fixed 10 a rcmole-conlrol movable slage (G) by a holding ring (E， the same diameler 

IInd width as F， 3 mm in hcighl) in ordcr 10 have thc conditioned air pass undcr Ihc surracc of-I hc 
lcaf. Furthcrmore， sincc Ihc cenlcr of thc movable stagc was cut out in a circlc 30 mm in diamctcr 

and the d回 ancebetwccn thc movablc stagc and a platc (H) fixcd on a base (K) was kcpt at 10 
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mm，thcωme tempcrature and humidity were mainlaincd on bOlh sides of the Icar. The movabJe 
Slagc and the plate w宅remade of Iransparent aerylic resin in ordcr to allow Jighl from Ihe 

'"'げ。nmenl10 entcr. A shade covcr (8)拘13Snol used except in Ihc obscrvation wilh Ihc 
'"悶mlll吋 lighl，Although Ihe obscrvalIon was usually carried OUI川 thlighl from Ihe 
environmenl， a halogen I陥amp(L) was s拍。melJme尚sused as a suppJcmentary light for the 

。bservati。聞n帆 t山hIhc tra聞a別Y

The mi陥"問。scopc・mageof the leaf held 00 the movablc stage was ob出'"刊vedon Ihe TV 
mOnltor附 thesεp"愉"旬eobser刊vationroom. Camera 5e悶 itivity.microscope focus， and the 

movement of the visual ficld of Ihe microscope imagc wcre adjusted wil h the rcmote controllers 

in thc scparale room. The knobs for focusingand movIng the stage were driven by the stepping 

motors. The stomatal image displayed on the TV monitor was pholOgraphεd with black and 

whitc film 

D 

ど
F唱)Sehematiecro詰 sectionalview orthe問 icroscopeslagc ror holdingan in1aC1 Iω仁A
。，~ωi崎町 shade eover~ C，leaf; D. Slem: E. holdillg rillιF. rillg fiJCed 10 rem01e一回目1rol
mo\'abte 剖a~;G. remote-co副trolmovable slage: H. p陥1e:t. heal absorbinggla錦町Iler:J， 
diffu!illg filler: K. base; L. halogen lamp; M. mirror 

ε:rpl'riml'111 J 
川cpcrforman“of this in5trumentation system was exami ned. We obseTved t hc rcOcction 

Rlld Iransmi悩 ionimagcs of the stomata of intact sunnower plnnts undcr various types of 

illuminatトonfrom a bove and below in order to cκamine thc scnsitivity of thc systcm. We also 

checked a tcst clHlrt for thc mにroscope(Toppan Printing， Toppan resolution tcst target) 10 

cJCumine lhe rC50Julion of Ihe sy5tcm 

Experimrllll 

rhis systern was thcn uscd for conti nuous observation of lhe stornlltal response of inlact 

broad bcan plant to ilIurn川 alionchangc undcr il5 growing conditions. An intact Jeaf of t he test 

plant was hcld on Ihc rnicroscopc山 geand ・lIurninatedal 30 klx (1 J.9 mW， cmうAfterthelcaf

had bcen sufficicntJy accl・rnatizcd10 thc new eondit ion5. t he illunlinat ion was challged from 30 
to 2 klx (0.5 mW， cmうandthcn from 2 10 20 klx (7.7 mW' c闘 うJ"hcmieroscope image was 
obscrved附 ththe rcOeeted light 

f.:-rpl'rimelll J 

rhe rclationships between 510malal apcrtures of sunnower. broad bean. and tomato plants 

and th創刊ωmalalconduclanccs wereexamincd. An inlact Icaf of~hc test pJant was hcJd on the 

m・cr05copestage undcr conSlant illuminalion. Aftcr Ihc Ieaf had bcen sufficiently acclimatizcd 
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10 Ihe newcondit・on5，ca. 35 stomata in an area ca. 15 mm川 diarncter of the leaf were randomly 
obscrved wIlh the rcflectcd lighl， and then the slOm:ltal conductance of thc arca was quickly 

mcasured with a poromclcr (L1-COR守 ModelL1-1600). This proccdure was repeated for Ihe 

same area aflcr the illumination was changed 

Resu1ts and discm針。"

The system was lirsl evaluated and Fig. 4 shows microphOlographs of an intacl 510ma 

obscrved閉山rcncctedand transmitted Jight using Ihis syslem. The stomata[ imagc was clear al 

high magnilication (ca. [，600-fold magnification on thc TV monitor). Thc stoma was observcd 

wilh reneCled light a Ild Ihcn rapidly obscrved with Iransmined light， and Ihc Slomatal apcrlu re 

was found 10 bc the same ror both. A1though this systcm cOllld pfovidc slomatal images with a 

mixture or rcnectcd and Iransmined Jights， the clearcst imagc was obtaincd with the single 

rcnccted or transmittcd light. Thc stomata could bc obscrved with single renectcd or 

Iransmined light above ca. 0.1 m¥V' cm-J[environmcnt illumination ; ca. 2 klx (0.5 m¥V' cm 1) 

刷 Ihrenectcd light ca.0.5 klx(0.5 mW， cm-1) with transmittcd light). ICthc obscrvation wilh t批

判 19[elighl ofO.1 mW， cm-1 is done by naked eye through thc cyepicce instcad of the SIT 

camcra、theeye musl be suHicicntly accJimatized in a dark room. Judging from the 
microphotograph (Fig. 5) of thc tcst chart mcasurcd using Ihis systcm. wc could Icll that the 

resolution of thc microscopc image was within 1μm 

やぷ|
ト一一→ (a) 
20μm 

(b) 

Fig.4 M問。pholographsof an intacl slom. obscrv吋剛山間n回 cdor trarumiucd tighl 
using thc imagt: instrumcnlalion $ystem. (叫"n，凶on，magc伶)IrlIn$mission ima!c 

-E----a---EE-

--------------

-E----E
・・
E.... ，
 

--EE---

一20μm 
Fi.:..5 MicropholOgraph of leSI charl measured四 ngthc imagc inslrumenlHtion syslem 
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、"'hcnIhis systcm wωused for continuous ohscrvalion of Ihc slomalal movemcnt of 
growing intact plant， we obtained microphotographs like Ihose in Fig.6 which show the 

responsc of an川 tacISloma of thc adaxial epidcrmis of broad bcan plant 10 illumination change 

rhe illumination waschanged from 3010 2 klxatO min (a)and from 210 20 klx al20 min(c): The 

movcmcnt of the ccntral porc of the sloma could be continuously obsεrved 日g.7 shows 

changcs in Ihc widlh (I，) and dcgree of apcrture (kl) of Ihe slomalal pore shown in Fig. 6: 1. 

bcgan to decrcase within 5 m川 (b)after lowering the illumination (30 tO 2 klx) and bccamc 0μm 

aflcr回 15min (d). 11 bcgan 10 incrcase again刷 thin15 min aftcr raising thc illllmination (2 10 

20 klx)， and aflcr 180 min (i)， had recovered 10 ca. 75% of Ihc valllc bcforc thc illumination 

cha nge. The degrcc of the slomatal apcrlure (k 1) was cxpresscd by Ihe rSlio 1./1 .... 臥 whcrcl"欄，

was thc Itnglh (1，，) of Ihc slomalal porc of an opened Sloma， thal is. Ihe maximum vatue of 1" 

(1加問 = 28.3μm) 

(a) 0 rnin (b) 5 min (c) 10 mIn 

(d) 15 m川 (e) 20 min (f) 40 m川

(9) 80 min (h) 120 min (け 200mi n 

一20μm 
円g，6Mio.:rophOlographs of respon拠 $of an intaet 510ma of an置d"凶 I'p・dermIsof a 
broad bean planlto illuminalion ehange. The time after the firsl川umirullionchang'ε" 
shown undcr thc photogrllphs. Thc iIIuminalIon明日hangedfrom 30 10 2 klx al 0 min川
and from 2 10 20 klx al 20剛 n帥
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円g.7Change5 orche aperclIre ~flhe 510ma shown in Fig. 6. O. wid山ofslomatall'ore(1，) ・degm:of山川lalaperlll陀 cxpres.sc:dby山l凶 ..(kl).wh<::re I ~閥、= 28.3μm 

rhis systcm was llscd tO analy7.c che relationship bctwccn the stomatal apcrClIrc and lhc 

stomaral conducta叫 e.Fig. 8 shows thc relaionships bctwccn I，'s of thc stomata of thc adllxial 
or abaxial cpidcrm凶ofthcvnrious intac! plantsand thcir針。m掴"11conductanccs (剖 rhcrcwas 

a positive corrclalion bctween 1， and g. measurcd in Ihc same arca ofthc Icaf. Ilowcvcr. Ihe 
regrcssion curvcs varicd刷山thckind of plant and cpidcrnlis. Thc ma ximum vall1cs of 1. and g. 

also var・ed.5incεallrcgrcssion curvcs wcrc conccnlratcd ncar Ihc origin of thc coordinatc axcs 
thc transpiration from the cuticle of I hese plants was ncgligiblc川印mparJson刷 ththat from thc 

stomala. Tablc [ shows thc dcnsity of the 510mata (n.) and thc mc削 va[ucof 1_，[印刷;)]in 

Ihc same arcas as Fig. 8. From Fig. 8 and Tablc 1. we cOllld scc that g， ...as dcpcndent nOI only 
upon J. bUI aJso upon 11，. Thc ma)(imum values ofふofIhc町 nOowcrplants with largc n， and 
E(J bmo，) were largcr than thosc ofthe broad bean and tomato plants with small n. or 印刷、).Fig 

9 shows thc rcJationshi阿 betweenrhc dcgrce of stomatal aperturc (kl) and g. obtained fromFig.8 

and TabJe 1. From the ratio E( 1.) I E([伽制)， whcrc E( 1.) was thc町canvalue of 1.. kl could be 
C鍋JcuJatedand was found 10 dccreasc at a givcn value of g， in the order of: tomato adaxial 

cpidermis> broad bcan adaxial叩 idermis>broad bean abaxial叩idermis>lomato abaxial 

epidermis> sunO。問radaxial epiderm・s>sunnower abaxial epidcrmis 
ro ovcrcomc thc diffreulty of directly observing the stomatal movcment of intact plants 

undcr their growIng eondItions.駒で developeda new remotc-control image instrumenlation 

system叫 tha light microscope and回edit forcontinuous observation of Ihε510malal response 

10 cnvironmental ehanges and for analysis of the rclal・onshipbctwccn slomatal apcrture and 
conductance. Th凶systcm凶composcdof( 1) a light microscopc with a制 dcworking distancc 

(13 mm) at high magnification (ca. 1、600-foldmagnification on 11 TV monitor); (2) a movabJe 
microscopc stage dcsigncd 10 permit thc passage of COIトditioncdair along bOlh sides of a fixed 

leaf and for illuminating from above and bcJow; (3) an 51T camcra刷 thhigh sensitivity (520 

typc spectral rcsponse) and a monochromatic TV monitor with high resoJution and small 
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d叫 orl;on，loatlow observation of Ihc microscope imagc in a separalc room (Ihe Slomata can be 

ob，ε"叫 with叩 19lereflccted or transmitt吋 lightabovc ca. 0.1 mW/cm可、 and(4) remote 
conlrollen for adjusling camcra sensiti¥li旬、microscopcf OC¥l5. and visual field movemcllt Oflhc 

microscope imagc. Thus、wewcrc abJe to sol¥lc the problcms oflhe ordinary lighl micro“。pcJn 
observing Ihe stomalal mO¥lement ofinlacl planls under growing condilions. This systcm・salso 
effective for observing many intact Slomala bccausc of ils easy and rapid operation 

Furthermore. Ihe slOmalal aperlure and Ihc ratio of Ihe IranspげalIonfrom the cUlicle 10 Ihal 

from the slomata can be accuralcly delcrmined wilh this syslem 
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Fig.9 Relalionships be"，'<<n Ihc degrcc ohhe Momatal aperlllrc (.1) and g， obtaincd from 
Fig. 8 and Tablc 1. 5ymbolsarc Ihc samc as those in Fig. 8. 

Stomatal conduclance， g5 

w，帆5hto thank thc mcmbers of the Enginccring Di叫sion，Thc Nationa川ηstitutefor 
Environmcnla 1 Sludies. who maintaincd t he equipmcnl and cu1tivalcd Ihc plants uωed in Ihcsc 

expcnmenls 

rh凶 studywas published in P1a川&Cel1 Physiology (Omasa el al. 1983 b) 

Appendix 

1.. width of a stomatal porc: r b. length of a stomatal pore: 1""，ωI蜘inthe case of an opened stoma 

i.e.. ma;o;imum value of [b; g，.， stomutal conductancC; 11.. density of the stomata; E(J.). mean 

valuc of 1.: E(lb"，，，)， mcan vnlue of Ibm，，; kl. dcgree ofthc stomatal upcrturc c;o;prcsscd by 1.1 
hmu or E(J.) I E(Jbn"'); working distancc. dislancc bc!wcen thc Icaf and Ihc m町 oscopc
objcclivc during observation; R H， rclativc humidity; 51T， silicOn intcnsificr targct 
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植物の画像計測

(6) 生育している植物の気孔間関連動の直傍観察のための

光学顕微鏡システム

大政謙次橋本版2 相釘一郎1

植物の気孔!刑問迦動を，その生育している環境を破検場ることはく観察9るための光

学顕微鏡システムを閥弛した.このソステムは，(1)日惜本 (TVモニタ上で16加{告)

で広い作動的1厳(I3mm)をもっ光学顕微鏡， (2) 固定された曜の両闘が胤辺大奴と!司

じ瑚場条件に保たれ，また，上方及び下方かりの閉明を可能にした可動式のステージ。

(3)微弱光下での観察を可能にするための SITカメ ラ， (叫別盤で制察するための高

岬憧，低車みの TVモニタ 1 また，カメラの暗j宜や顕微躍のフォーカス。担野はどを

迫隔で醐師するため田コントローラはどで編成される.このシステムにより I 間単に

生育している継物の剖孔剛間運動由連続観察を行うことができた.

l 闘立公省研即1荷役術郎 〒筑~l康成県筑波1II谷田部町小野川 1 6・ 2
2 審員研究員 震媛大農学部 手790.tl山市梅昧3-5-7
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An evaluation of chlorophyll content of leaves based on Ihe 

spectral rencdivity in several plants 

M.鍋 IOshiAoki'.I. Kawl関 hiY圃buki'and Tsumugu了。Isuka'

， Visiling Fcllow or Ihc Naliollul lnslitutc for Environmemal Swtl陪S.Prescnt八ddrcs!
Col1cge or Agric叫IUrc.Univcrsily or Osaka Prcfe凶日間 Mnluumcmachi. Sakai. Osak白
591. Jap1ln 

1 pre~t nl addrcn: Facuhy of Agricuhurc. Ya町 aguchiUniversily. 1677. Yoshida. YlIrnaguchi 
753. Japon 

J Div制 nof Eovironmenlal siology. lhc Nali叩市IlnSlilUlefor Environmenlal Studies 
Yalarn:-rnachi. Ibaraki ]05. Japan 

The e((c山川characlerislicsof spec・ralrencclivily foreSlim叫lingehlorophyllcomcnl of 
lcaves wer富山、、eSllg:副edexpcrimenlally in eighl species. U ~i凶gregression cqualion bcl、時"
chlorophyll COlllcnl and rencctivily同 1'0r削 '{rG'.wt問主 rNI'andrG' 3rt Ihe spt'clral 

renccl川 Y31 800nm 3nd 550nm. rtspeclively. Ihe chlorophyll conlenl or lhe Itaves was 
cSlimaled川 May10 Deccmbcr. The obla;ned咽 lueshowc:d 111ほ剖and圃rdtrror of a boul 

Sμg'cm-1whドchi.s aboul 10% oflhe mean chloropllyll comcm or alltca将軍{姐mplcs・7e:147) 
examincd. irrcspecl問 。fplanl spcc時sand seasons 

Keywords; Chlorophyll conlenl of a [caf. speclral陀 necl;v;ty.deciduous Ir伐S.ev巴rgrttn

U飽 s.sweel pOlal。

rhc conlelll of ehlorophyll in lea vcs which is a prinαpal pholosynlhetほ pigmcnt.may bean 

important indcx of physiological activity of leuvcs. It is known thal chlorophyll conlcnl of 

Icavcs dccreascs to Ihc dcmagc of air and/or wiJ poJ]ulions (Knudson et ul. 1977. Sakaki and 

Kondo 1981). 11凶vcryuscCu!l and convcnicnl as a rcmO¥e scnsing Icehnique if such dccrc，tScs 
canbeeνuluatcd wilhoul dcslroying 1caf samplc‘ 
l"he aUlhors (Aoki CI 111. 1980) havc rcportcd thallhc chlorophylJ content of Icavcs in 

camphorlree、olcll!トdcrand Japanesc viburnum ean bedeteclcd by the usc of rcfleclivity rllli05 
such as rNI'/rG'and rNI'/rR' whcrc rNI'，rR'and rG' are the spcctrlll reneclivilyal800nm 

630nm and 550nm， respcclivcly. They a Iso showcd IlIal Ihe eSI imalion crror was IlbOUI J 0% of 

Ihc chlorophyll contenl of hcall hy Ica ves and Ihallhc crror is induccd mllinly by Ihe thickness 0 

IcavcS.lI.nd Ihat the Variat ion of leaf waler contenl makes littlc crror if Ihe shonagc oflcll.f walcr 

contcnt・snOI so scvcn: 
The aim of the prese川 paperis 10 clarify the most effcctive characlcriSlics of spcctral 

rcnectivity for cSlimating t hc clllorophyll conlent of 1田 vC$of various pJanl sp<<ies in d・ffcrent
5easons 
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Material凶温ndMelhods 

Sp'αes of plants lested were selectcd from Ih陀ecalegories， Ihat is the cvcrgreen !ree， the 

deciduous tree and the herbaceous plants. As the evergreen trees， camphor trec (Cil1lwmoll1um 

叩叩IIoruSieb.)Japan町民問burnu叫Y山川IIII/1U刊 bukiK.K白川，(oleanderN~r;1I 1/1 imfi，'Ull1 

Mill)， Japanese holly oak (QunCIIs plrif~rrQt'oitft's A. Gray) and Japanese privel (LiguSlfUlI1 

jafJOlJifUI/I 71"mb.) were sclectcd. As the dcciduous trees， poplar (PopIIIIIS lIigru L.). plane tree 

(1'/{I/(l1II1$ oril'lllOlis L.)and Japanese z.elkova (Zdko、官Y('rrUluMakino)¥t.でrcchosen， and swecl 

potato (Ipomt'a ba/O/Os LaIJリwaschosen as the herbaccous plant. The spcctral renectivilY of 
lhe lellves was measured allhc wavc1cngths of 450nm， 550nm. 600nm， 630nm. 680nm and 800 

nm using Cary !7DX Spectralphotometer円arianCo. Ltd.)，The procedure of Ihe measure-

mcnlS was the samc as reportcd bcforc (3). The obtaincd spcctral rむnectiviticsin % wcre 
cxpresscd IlS rB'. rG'， rY'， rRヘrFR'and rNI'， respeclivcly. 1'Olal 42 kinds of rencction 

characlcrisl 山 whi印chil山tにd，胤凶K川lethe abovc mcnt羽tω剛『

r同c叩αp仰『。叫c印a山Isof 1け山h阻ema削削"川dthe rali肘 b"川w包m泡"b加0'山b，問，n恥"口'"川'"凶凶a叫It，印。mb耐a川'"副"附。n同samOll、gthc町m1 
wcrc 司寸J、。senas an indcpcndcnt varia温bk e 
fhc mcasuremcnts we問 rcpealcdin late May. ca叶YJuly， lale Augusl角的dlale Dcc屯mbcr

1981 10 invcsligale lhc scasonal changes in the rcOcctivity. Thc samplc sizc of measurcmcnts in 

each monlh is shown in Table J. Addilional m四 $uremenlswcrc mltde ror 25 Jca vcs in camphor 

Iree， 25 lea¥'es in Japa nesc viburnum and 20 lcaves in olcander in July， and 30 [eavcs in Japa nese 

viburnulIl In Augusl 

Sampk sizes or mCa$urcmenlS in each moouh γabk I 
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Resulls 

Fig. J shows Ihe rclationship bClwecn reOeclivity ralios of rNI'frG' and rNI'JrR' and 

chlorophylt conlenl orleaves. For Ja panese viburnum in ^ ugust， renection charactcristics such 
as rNI'frG'， rNI'frY'， rNl'JrR'， rO'frG'， rB'frY'， rB'frR'， rG' and IJrG' showcd very high 

corrclalion州 hchlorophyll eonlcnt町theorrelalion coefficicnl (r) of above 0.8， ahhough the 

Olhcr 34 n:ncclion characlcriSlics showcd poor correlation 

Thc relalion bclween renectivity ralio rNI'f rG' and chlorophyll conlenl showed the highest 
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corrclation (戸0.98)for sevcn specics of plant (sample s凹 11=35)in Oecembcr(Fig. 2). Thcre 

was a lilllc dirfcrcnce in the rdalion among spcc・cs.Table 2 shows Ihe lisl of correlalion 
cocfficicnl bclwcen se¥leral kinds of rcncction characlerislics and chlorophyll contcnl for 

camphor Iree， o1eandcrand Japancsc viburnum in J uly u5111g20-25 IC1l¥lC5 in cach Icavcs in cach 

spcc間 rheIlllmcrals in Tablc 2 show that Ihc rcncclivil)' ralios rNI'fr8' and rNl'/rFR 

corrclaled poorly (r=0.0 1-0.07) wilh ch lorophyll conlcnl， whiトeothcr rencclion charactcristics 

showed high correlation (r>0.8). Thc correlation coefficicnl for rNI'/rG' oblaincd by 40 

"刷plesin 8 specics (r=0.95) showcd similar value 10 Ih1l1 obtaincd in each spccics of camphor 
Iree (r=0.98)， oleandcr (，.，-0.94) and Japa ncsc viburnum (戸0.95)

ヤE1凹
J.，・neseviburnu・

~ 80 

E印

旬。

;四l
o 

AlJ9. 1981 

。 毎 s 12 l' 初

「判['/rG' ， rNI' /rR' 

町g.1Rclal陥哨 belweenreneclivily rali05 (rNl' I rG' and rN 1'， rR')拍ndch¥orophyll cnηlenl 
oflcavcs in Japancse viburnuln in AogllSI 1981. rNl'， rR制 drG' are Ihc Spccl ral rcnt<:llvity 
，，'曲nm.630nm and 5S0nm何Spccl・vcly.n;5 Ihc sarnplc 5i1C， and r 凶 IhecorrdalIon 
cocfficienl. +: r削 ，，0・，N川市

'1'e凹
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E E U 
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旬。

害53h 却0 

o 2 

色h
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l'ig.2 Rclal;on bclwccn rcflectivity ratio rNI'frG' and chlnrophy¥l conlcnl OrlC3VCS in 7 
species examincd in Dccembcr 1981. Symbols in the figure show Ihc speci~s 包 s ro !t ow~: 0 
olcandcr 企 camphortrec X: Japancse viburnoln -t : Japancsc ho¥¥)' oak・Japanesep川'"
6: p。向r口約百IpOlalo 
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rablc 2 Correlalion co..ffici..nl$ for Ihc r..lalωn be1w....n charac1eriSlics of spcclral 

reOeαivily and ..hlorophyll con1..nl of Ica~$ in camphor Ir....， olc・nd..rand Japan..~ 
viburnum and 8 s隊創“illJuly， Spccics arc show同白血 rablcl，nis・h，姐mplc5i，..， and r is 

1hc corrda1ion cocHi削cn1.Corr..lalioncocffi附 ..n15ICSlcd in 9 5pccics (11=147鎗cTablc1) 
C)llm;隅 din May， July， AuguS1 and Deccm!)er 1981 ar.. also shown， rN t'. r':R'， rR'， rY'， rG 

and rO' are 1hc 5μclral陪 ncctivityal 11曲nm.680nm， 6JOn肌“Xlnm，'50向mand 4SOnm 
問 pccli時 ly

rcnccliv;ly camphor oleandcr vJiabpuar ne日 8 spcci..s. 9 spcci..s" 
rahO IfCC 同，m

""" 25 IJ = 20 IJ= 25 n:::: 40 11 '" 147 

rNI'frll' 0，68 0.13 0.23 0.36 0.44 

rNlirG' 0.98 0.94 0.95 0.95 0.95 

rNI'frY' 0.95 0.89 0.89 0.!!7 0.89 
rNI'j，'R' 0.92 0.83 0.84 0.80 0.83 

rNI'j rFR' 0.70 0.18 0.30 0.42 0.51 

rll'jrG' 0，94 0.95 0.97 。咽80 。76
rH'/rY' 0，93 0.93 0.93 0.84 0，77 

rS'/rR' 0.9。 0.9。 0.90 0.82 0，71 

，G -09・ -{l.92 ---0，91 ---0.84 0.83 

JlfG' 0.96 0.94 0.94 0.91 0.90 

司tamphorlrcc. Japa・1"5"馴burnum.ol..ander， Japancse holly oak. poplar. pla凶c1r..... Japanc民1...lkova
舗WCCIpOlalo (認..Tabk: 1) 

orrhc eighl spet:儲 abovemen1ioncd and Japanese pri附附fCm剛健d(sce Tablc 1) 

1∞ "14.3・駕 .16.' 

匝.r~明同 'h 川
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Fig. J Scasonal changcs in Ihc rdationship bclwccn rc何回川砂川，.，削 'rG'and 
chlorophyll 回附"刷。rI..av..s t..slcd in 7-8 S]l"cics， Spc(:IC5 1 .. 山 d.陀 shownin Tablc r. Th .. 
regreu・00lin.. oblaincd for allsamplcs(n::::147)tcstcd in 9 5伊c.esa叫 dirrercnlmonlhs is 
also shown in IIlc figur... whcn: Y and X arc Ih.. chlofophyll conlcnl川 μg'cm'and 
rNl'frG'， r"sr碍ctively.Th.. corrclalion cocfficicnl (r) was 0.95 and 111..剖andardcslima1ion 
..rrof (5") Wa$ 5.0μg.cm-' 
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F・g.3 shows the seasonal changes or regression linc bClwccn rNI'frG' !lnd chlorophyl1 
COlltcnt c}[amined in 7-8 species (4-51eaves in c3ch spccIes; n=32-40詑 eTablc 1). Thc regression 

IInes in August and Dcccmbc:r whcn thc 1caves malurcd. showcd slightly largcr slope than IhoR 

in May and July when thc 1eaves愉'crcstill younger or lInmalured. lIowever. the calculatcd 

correlation coefficicnt of rNI'/rG' eltamined for 147 slImp怜諸問cludingdala obtaincd by 9 

speC1CS・ndirrcrent monlhs was 0.95， which was the largCSI among all Ihc rcncclio同
charac¥cristic5 leSlcd (sc:c Table 2). Thcrero問 。Ihercnectivity ralio rN 1'， rG'はcms10 bc thc mosl 
u5cfull rcncclIon characleristics for evalullting chlorophyll contcnl oflcaves in any plant spccほs

tcstcd. Following corrcl・tionequation between chlorophyll content (Y、μg'cm-l)andrNl'frG 
(X) is applicable 

Y= 14.JX-16.9 (t) 

1'=0.95 

，，= 147 

se = 5.0μg.cm-1 

The slandard csti mation crror (s吋was5.0μg'cm -1 chlorophyll. and the error was cquiva ICI1I to 

about 10% of Ihc mcan chlorophyll con印 刷 ofalllcavcs cxamincd 

Discussion 

rhe strUCIUfC$ of transv町民府ctionof lamina arc quite different among plant spccics 

Icsled. Howcvcr. Ihc chlorophyll conlent of leavcs in differcnt s~ics coutd bc cvalualcd 

accuralcly by the same corrclation叫uation(J). irrespective of maturity orteaves. This finding 

suggc洛tsthal thc evaluation of chJorophyll content of forcst canopicscomposcd of scvcral planl 

'P'αωcan be performcd with high reliability by a rcmotc scnsing tcchnique using川 fraredcolor 

photography， multi.spectral s回 nncr

Thc abovc mcntioned results are applicablc to a singlc Icaf. It is morc important to dcvelop 

Ihc rcmote scnsing technique for evaluating chlorophyll content of plant ca nopics of herbes and 

trces in larger arell undcr ficld condition. The farther examination shoutd bc pcrformcd in th凶

respect 
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分光反射特性に基づく数種植物の葉内ヲ口口フィル含量の推定

青木正敏1.2・矢吹万寿l 戸塚績2

9欄顕の植物車のクロロフィルの含量を迫隔探査法によη推定するために巡した分光

臣射特性を呉監的に明勺かにしようとした。

rNI'/rG'の比匝射率 (rNl'及び cG'はそれぞれ800nm2itび550nmにおける分光反射率)

から 5F]-12!1にわたり誕内クロロフィル含量の鍛定告行った枯製，拙物の輔副及び時

期のいかんにかかわりす 5pg. cm-2{eaf (帽本動147枚目誌のクロロフィル合罰的平

岡値の約10%に相当切る)の推定揮準誤差で推定しえた.

l 本日麟多記只 大阪府立大学農学部 〒591大阪府堺市百舌烏樹福岡r~ -408 
2 客員研究員現住山口大学農学tII 〒753山口市吉岡崎"

3 111:，1:公嘗‘奇跡]再生物環境侮 〒305l庭織県筑波郡谷囚隼町小野川16-2 
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Phytotrons ・nthe Nalional Institute for Environmental Studies 

Ichiro Aiga'， Kenji Omasa'and Shigcru MatsumOIO' 

1 Di叫針。nof EIIgine~ring. lhc Nalional Instilule for Environmcnlal Studics. Yalab-c 
machi， Ibarllki 305， Jap1ln 

I'hylolrons in thc Natiollal Institute for Environrnelltal Stud田 (NrES)附 rcIlIlro. 

duccd. Thc fCDlurc of thcsc facililics was de~cribed from thc stand~山 11 of cnllinccring. 
Furthermorc. an e~pcrimcnl for analy引 ngt he sOfplion of air pollutants by pla刑囚rnrnul1lty

W附 shown

Kcy ..ord5: Phytotron - Controlled Grccnhousc Grow¥h Cabinc¥ Environmcnt 

Simu加 。r-Planl Community -En判 ronmcnlalSludy 

rhc firSI-period Phytotron (Phylotron 1) in the National Institulc for Environmenlal 

Studies (NI ES) was built in Deαmber. 1975， and Ihe second-period Phy刷 ron(Phytotron 11) 

was compleled in August. 1981 ;n ordcr to obtain basic data for planning the cnvironmenlal 

policy.Thcsc facilitic$ bclong to Ihegrcat and new Phytolron in lhe IVorld. The PhylolTon 1 has 

conlrollcd grccnhousc5 and growlh cabinels for thc air pollutant cxposurc. and the Phylolron 11 

includcs simulators to analyzc Ihe plant-cnvironmcnt sys印刷 Outlioes of Ihcse facilitics aod 

Iheir lechnical fcaturcs are described川 thispapcr 

Outlines or fac・I・lies
Ovcrall view5 of the Phytolron 1 and 1I are shown in I'hoto 1. Fig. I is room layouls in Ihe 

I'hylotrons. Thc Phytolron 1 is a bui1ding consisting oflhrce floors abovc Ihe ground and a 

pcnthouse (101川'"四 3340m2). In Ihe soulhern arca of cach noor， Ihe follo叫 08facilities are 

arranged thrce-d imcnsionally; six controllcd grcenhouses (growt h room 40 m勺forthe study of 
correlalions belwccn envげonmenta!factors sllch as lemperalurc and hurnidIty and planl 

reactions undcr Ihc nalurallight， and four growlh cabinets (4 m2， double Ch1・n、bersystcm) for 
studyiog Ihe cffect of air pollutants 00 planlS under I he nalural light. Ninc growth cabinets of 

thc artificial-I・ghlIypeμmうareal岨 includedfor slUdying Ihe innuence of air poJlutants 00 
plants 

00 Ihc other hand， Ihc Phytoloron 11 is a building consisting of Ihrce floors aboYc the 

ground， onc floor undcr Ihc gro回 d，and a penthouse (total arca 2090 m1). This I>hytotron is 

provided 刷 thtwo simulators (growth room 6 ml) for rcproducing ptaot community's 

eOVlroOl前nts(Iight， air， and 50il). in order 10 cltaminc the effect of thc environmcntal 

dctcrioralioo on plants. the traosfer phcnomenon of the pJant-environment syslcm， and thc 

improvcmeot capacity of environment by plants: also. Iherc are three growth cabinels (11 ml) 
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(a) Phytotron 1. (b) Phylo・ron11 

. 

" 

" 101: managing room 
102 。町民

103: con1rol room 
104: ~cmina r room 

105: prcparalion rOOm for 

plant malcr凶"
106則。ragc

107; lra山formerroom 

108: c仰 1陥 1machinary 

room 

109-111: growlh room of 

controllcd greenhOU$C 

112: air conditiollcd 

corridor 

Phmo 1 Ovtrall view$ of thc NI ES Phylolron 

， ， 

2F 

201-203; growth cabincl 

rooH1 
204: machinary roorn 

205: laboratory 
初6臼 rkronm 

初7:labnralory 
初8、ω凶 room
209: dark laboralory 

210: scm山arroom 
211: machinary room 

212-214: growlh room or 

印刷rollcdgrttnhou$c 
215: ~ircon山1叩d

corridor 

ョ，

JF 

]{)I: "1向chinaryroom 

302-303: grOlVlh cabincl 

'"附{・lDlural-lIghltype) 
3倒 machinaryTOom 

305-306: air condトlioncd

ωrridot 

SCI止g，o"'lhcabincl 
(nalural-lighllype) 

SGJ-2; g附"，IhcabinCI ror 

."凹lIulamu問Ilrc
(nalllral-lighltype) 

HCI-3: gm"司hcabinct (artific泊 I-lightlypc) 
JlGI-6; growlh cabincl for (a川町c凶 lighlly叫

3ir pollula川 ε足posurc

(a) Ph抑制ronI 
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目"， 
811 

l問1;c~nlral machinary 
r帽剛

田 2川附加mcrr同 m
}民)l心4:utility 

IF 

101: munaging room 
102: control room 
103: storage 
104: pr~paralion roorn ror ，1.川川aterials
105: ~ imu lator room 
106: simulalor control 
.oom 

引-2:simulalor ror 
analyzing Ibe pla 目'
enVlfonmenl syslem 

" 
2F 

201; scminar room 
202; laboralor)' 
203: .Ierilc room 
204-205: dark laboratory 
2。丘町 droom 
207: storage 

(b) PhylOlron 11 

， ， 

Fig. 1 Room layouls in Ih ~ NI ES I'h)'lolrol1 

M~、附}hH".n

， ， 

JF 

301; laboralory 
302; 醐 rumcnt削卜onr同剛
303: clumbcr room 
304: fronl包rCaor growth 
cabincl 
305-306: macl1inary rool11 
307: sloragc 
KGI-3: growth巴:abinet

for pcrforming various growth and physiological cxperimenls under Ihe artificiallighl 

In addition， as同lativcfacil山C5.an cnergy ccntcr supplics hcating and cooling sources such 

as Slcam and cold waler， and a storchouse providcs gases uscd forthc experimenl. Furlhcrmore 

thcre are equipments for supplying brine as a cooling sourcc in cach Phytotron 

Supply of energy and gaN 

Enf't"K.1" n'lIl('( 

Thc sources of hcal川 gand cooling cxccpt brinc art Stll>plicd from Ihe encrgy ccntcr 10 

vario¥ls faci1ilies川 1hc N 1 ES. Thc lolal amounl of Ihc sourccs supplicd from Ihc cncrgy ccntcr 

arccstimated al 1.27 X ]01 kcal/h for Ihc heatingsource and al 8.35 X 10・kcaljh for thc cooling 
日 urcc.These sources musl bc刊 ppliedstably刷 出outinterruption throughoU! the year 10 the 

facilitics for biological cxperimcnts a nd intermItlently to the f3dlil iC5 for.physical四 perimenls

FIg. 2 shows a $ystcm dIagram of thc slcam $upply system in thc energy centcr. Thc steam 10 

thc facility is supplied by three fiue boiicrs that uses kcroscnc as fuel. The water consumptIon IS 

reduccd by using the rccovery drain for thc boiler watcr. The load rcduction on thc softner凶

also performed by rcproccssing Ihe wastc waler 針。mthc facilily. Thc number of operalcd 

boilcrs is dctermincd according 10 thc load fiucluation and thc slcam prcssurc supplied 10 the 

facility時 maintained5 kg/cm1. Thc stcam陪 ILscdin the fa口lityaftcr Ihe hcat cxchange or thc 

pressure reduction 

135 



lohi，，， Aip. ';:c叩 O~凶 ・"" ~ h'I<'" M....u冊。00

draln 

C目

。 boilcr (5.388.000 kcal/h且II 01'; feed oil pump 

"C boilcr conlrotlcr 051'; oi! tral'1sfer pump 
CB conlinuous blow down conlroller OST: ruclo・l 担問c~ lank 
CF: 由。IInuouschcmkal rccdcr OT rucl oil Slora且elank 
CP '"川rolp司"，' fced pump 
OF drain liltcr PJI; P'目担reIl1InsdllCCr 
。了 drain lank ps; walcr pres.surc switch 
LC; kvd controllcr SF; softncr 
1.1; levcl indic圃'" SH 引camhcadcr 
MV; motor valvc 

Fi8.2 Sleam supply systcm ;11 lhc cncrgy c沼ntcr

Fig.] shows a syslcm diagram of Ihe cold watcr supply systcm in thecncrgyαntcr. Three 

turbo-refrigcralors and an absorplIon refrigeralor arc cquipped 10 supply thc cold walcr 10 the 

facility. In order 10 rcspond 10 Ihe load nuctllation a closcd circulation sySlem is introduccd and 

Ihe number of operatcd rcfrigcrators is detcrmincd according to the load. Sincc thc recyclcd 

walcr IS U舵dfor cooling Ihese rcrrigcrators in a similar mllnncr as Ihe boiler waler. the control of 

pH and clcclroconduα;vity becomcs casy. Thc tcmpcraturc of cold walcr supplicd 10 Ihe facility 

is 70C 

E"ergy supply sy.uem 1" I'hy/Qlron 

rhc energy supply sylcm in I'hylolron's 印 刷 ralmach・naryroom convcrts thc slcam and 
Ihe cold waler supplicd frorn Ihe cnergy center according 10 the purposc Oflhc applicalion and 

supplics 10 Ihe conl rollcd greenhousc. thc growlh cabincl. and Ihe simulator for a nalYling the 

plant-c白川ronmentsyslεm. The syslcm al50 prov・desbrinc as a coωing SOlHCC for these 
cqulpmcnts 
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仁工:j:三三;:fと三三三三三三三三三三三三三三三三-'三ヨ:]:1:上二亡仁二二 ::μ;LLLいいc口凶副叫OI川川11川』比t
;吋咋?但竺空:三;|E;;三ζ司:子司J干l凶河司:云言註注え主平牛:二ι一一一一一一一一ヨ一一一主一一云一三i. 

L宣車Ji引

い十(
CII: cold咽 lcrhcadcr 
cp; con.rol pancl 
DI'; diffcrcn.ial prc$Suτe scnsor 
FA; now ra'c addcr 
ド/1; now ra.c trllnsduccr 
1'1; prirnury cold w山 rpump (4.050 11m川 x2. 10.0∞I/m;n ~ 2) 
円 secolldarycold walcr pump 
(1.8101Imin認 3.3.410I/min足2.2.350I{min. H10 I/min) 

rc: sc:co!向州四回 p11mpcomroUer 
1'/1: prcssure.帽 nsducn
PIC; prcnure白川roUcr
R 1; turbo-rcfrigerator (1.210.000 kCll/h J( 2) 
R2: lurbo-refrigera.or (3.024側)(lkcal/h) 
KJ: absorp.ion阿 frigeralor(3.024.000 kcal(h) 
RC: rdrigcrlI.or controllcr 
SD: signal di~trib utcr 
T/I: therm副 lmnsduccr

Fit¥.3 Co凶 watcrsupply .ystcnl in thc cncrt¥y ccnler 

fig. 4 shows a system diagram of the energy supply system in Phytotron [1. Thc steam 

supplied from the cnergy centcr Is converted into hot waler by a heat 口 ehanger and is provided 

to the simulator and Ihe growth eabinet as a heating 50ur.αThe steam for humidifiCltlion is 

generated bya sleam converter using the trealcd water. which does not contain any harmful 

substancc 10 plams， and th叩 issupplicd 10 Ihe simulator at a pre田ureof2 kgfcml. 1I is als。
supplicd to the growth cabinet after thc pressure is reduced 100.5 kgfcml. As a cooling source 

besidcs the cold water from thc energy centcr， thc brine is providcd for thc simulator and thc 

growth cahinct、wh凶hhavc 11 widc lempcrature and humidity control range， by thrcc 
refrigcralors. In the brinc supply system. a brine tank is used to absorbthe load variation in the 

day and the cxpcriment a5 a accumulalor， al1d the number of opcrated refrigerators is 
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dClcrmined accordin包10Ihc brinc Icmperalure川 Ihclank. ~I igh conlrol accυracy， which was 

required ror air Icmperalure and humidilY in Ihe simulalor and Ihe growth cabincl， was 

incorporaled in I he design of Ihe control system of healing and cooling sources. ŝ a result， hOI 

waler can be supplicd al土O.IOC.brine al土 O.IOC守andSlcam al土0.1kg/cml 

切"禍tcrp"c) -.. 
ste.. (5 kgh.') 

且島宜f
陶"ヰド出

..，蝿ter(50・"陶，，，ω"帽'"
cald ".ter (7"，) "ω.. (2 kg/clI1t) 
slCi国 (O.5kg/cll') 

."阿."・"

" 
treated禍 ter

初 rnlt"1Ycr~ter ~~ 
UT 

CT 
01": 
IIE: 

p， 
1'2: 
P): 

G"日Sl/J1Jlly.I.I'SII'III 

brine lank 
coolin且1O¥¥'cr
drain lank 
hell ~xchanger 
(J69‘刷)(lkcall h x 2) 
hOI ¥¥剖rrpu耐 p
coolin阜W富lerpump 
brinr purnp 

114: fced凹 m
p，、 drainpump 
R: pressurc rcduc・ngvalvc 
R8: rcαproclll rdr'llcralor 
(2“D岨 kcallh足JJ

RT: walcr I刷、k
SC: Slcam con時 rlcr
(68J kglh) 

日g.4 Encrgy suppJy syslem in Pnylolron 11 

^ gas Slorchouse is providcd in ordcr 10 slably supply large amount of gas uscd in thc 

racilily for binlngical experiemcnls. Fig. 5 shows a syslem d悶gramoflhc gas supply syslcm in 

I hc gas slol'chouse. Thc gas uscd for I he pla nl expcriment should bc carcfully controllcd i n ordcr 

10川 crα1StIhc rcJiability oflht cxpcri町 cnt、Ncusc gascs loadcd in町Irioussto叶ngconlalncrs 
for SOl， NO)， NO， or HC(C2H.. CJ H ~). Thcse gases havc high Iraccllbili!y in concenl問 liOI1Hnd 

ljualily. ŝ the sloringcorl1aincr， a cylinder (47 1). a SCl ofcylinders (47/X 10) and 11 conlaincr 

(1751) arc sclccted llccording 10 I hc a mounl of I hc usc a 1叫 thcsloragc condil iOns. Two serics of 

contalllcrs arc・Iwaysconnccled 10 each supply 1ille 10 supporl longlcrm and conlinuous 
cxperimcnlS; Ihc $wilchover is aUlomalicalJy pcrrormcd according 10 the reductio帥 ofIhc 

pressure 1・・Ihe supply line. In add・lion，N01 can be suppJ陀dbydilulingl叫udiedNOI with N2 
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Gas SUPl'ly syslem 

On the olhcr hand， 0" which eannot be supp!icd frorn thc containcr is made from 0， bya 
0， gcneratur that lltilize si!cnt dischargc. Fig. 6 shows a syslell1 diagram of Ihe 0， gCllcralor. The 
principal causcs of fluctualioll in concentration of 0， gcneraled by silenl discharge arc the 
changc in now of the supplied 01. the changc in pressurc within the d凶chargctube. and Ihe 

changc in dischargc ¥lollagc. The同 fore.in this equipmむnt，the 0， flow rate is rcguhl¥cd by 
mass.flow controllcrs. the prcssure within thc discharge tube bya pressurc control ¥lalve. and 

the dischargc vohagc by a stabilizer for power supply. By thesc cOunlerpla ns. a stable supply of 

eonstanl conccntration 0，悶 possiblc.The concentration of 0) from thc generator can bc 

sclecled by combining discharμtubcs with diffcrcnt capacities and adjusting thc pr・mary
voltagc of cach d陥chargctubc 

The othcr manipulation ga!. COl is prodU(:cd from liqucficd CO2 by a vaporizcr 
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coolll1g 
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sT: bu汀'"姐，k
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M FC; mass nOW controller 
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sl.lpply 03 

同
purge 03 

PG; pr凶sure併".'
PR; preS$urc rcdm;;n8、官，，，
SV; sωenoid vlllvc 
1"5: thcrmallimit switcll 

Fig.6 5yslcm diagram of 0.¥政 ncralor

骨JPrQ/I()1!$1"$11'111 

The 1'lIYlotr。同時 cOlllinuouslyoperalcd day and night and some expcrimcnls arc 

conlinucd for scvcral monlhs. The陀 forc.wc should havc somc atlcnlions to Ihe dcsign. lhc 

maintcnancc. and thc opcralion 

Thc ultra h・gh-voltagcsubstation re<;civ白 clcclricilyfrom !wo lincs to guard againsl 
冊目dcnts叫屯has t he. falling of a thunderbolt. Furthermore. an indcpcndcnt clcctric po叫 rplant 

sccurcs all powcrs for thc fad!i!y and onc third of thc !ighting for onピslivingduring thc fai!urc 

。fcommercial powcr supply. Also. by c10scly managing thc opcration corrcsponding t。
nuctuation in thc load of boilcrs and refrigcrators. sparc machincs may be kcpt a stand-by 

condition. For cquipmcnt that may frcqucntly fail 5uch as thc pump system， two parallcl scrics 

IIrc providcd 

The opcration is dividcd into thrcc part~; daily monitoring. checking， IInd rcpair. Thc 

monitoring function ・sconccntratcd into a c泡ntralcontorl pancl， whcrc thcre are emergcncy 
alarms (buzzers a nd lamps) for thc power system and each control systcm. Whcn an emcrgency 

occurs， Ihe failure point can bc locatcd by tracing the alarm. Also， thc stcam pressure. thc cold 

watcr tcmperalurc守 thebrinc tempcrature. thc gas leaka昌弘 Ihcgas pressurc. ctc. are bcing 

mOl川orcdat many locations 

rhc chcck of Ihe equipmcnt is pcrformed on an hourly、daily.weekly. monthly. 
鈴 miannually.or annually basis dcpcnd川 gon picce of thc cquipmcnl. Furthcrmo問'"

o¥lcrhaul is an nually performcd 10 maintain Ihe normal opcration oflhe cquipmenl. The trouble 

is rcpaired on occasion. Thc adjustment of equipmcnts and Ihc correction of cach sensors are 

performcd from liP1e to timc 

Conlrollcd I:reenhou陪e

Ovcrall view of thc controllcd grecnhouse in Phytotron 1 was shown in PhOlo 1. In the 

natural-1ight typc facility. thc 1ight intensilY should come near thal川 thenatural world 

Thcrefore句everygrowlh room of the controlled greenhouse rronts on the south to effectively 

回 tchthc sunlighl. Thc room area iSdesigned to bc40 m1• which is relat・velylarge for this type of 
greenhousc， in ordcr to附 "αthcratioofa area， whcre !he light transmission dcc問 ascsduel。
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thc sidc glass. 10 thc cntire room arca. FUrlhcrmorc. 10 improvc thc sp泊lialdistribution of air 

tcmpcrature and humidily. thc enlrance side wall is glazed. and thc air-conditioned corridor is 

installcd. In addilion. Ihe innucnce of heat transfer is rcduced by thc pair gla路

rable 1時 alisl of thc basic pcrformanc芯ofIhc conlrolled grcenhousc. Pholo 2 shows a 

gcncral vicw of the growth room. and Fig. 7 shows a scclional view. The aIr from Ihe growth 

room passcs the air rClurn duct and is mixed wilh frC5h aiT in the mixing box. Furlhermore. the 

air. afler Ihe dust is rcmoved by thc filtcr， is regulalcd to the desired valuc of temperalurc and 

h"m“Jity byaげ condil同neusuch as Ihe heal cxchangcr and the humidificr. and Ihcn ・sblown 
OUI from Ihc noor 10 Ihe growlh room Ihrough thc sending duct and Ihc buffer chambcr by Ihe 

blowcr. Thc noor with porous plalcs and Ihe buffcr clmmbcr pcrmillcd 10 uniformly blow oul 

Ihc a・rfrom Ihc wholc noor surfacc. Also. Ihe slrucl ural design of Ihc room such as the gradienl 
oflhe cciling glass. Ihc location oflt刊 airrClurn port， CIC. considers spalial disl ribulions of wind 

、円clocily.lempcralu問 andhumidilY in thc room and Ihc heat Ira問先rfrom glass surfaccs. In 

add ilion. thc roof is cquippcd with sprinklers in nrdcr to reducc thc Ihcrmalload caused by solar 

"d削 101¥!n summcr 

Fig. 8 shOW$ a systcm diagram of Ihe temperalurc and humidity conlrol syslem for the 

grcenhouse. Thc PIDconlrolteris uscd 10 rcgutaled Ihc openingoflhe modulrol mOlorwilh Ihe 

proportioning relay for thc hcal c:'lchanger and Ihc humidificr. Thc lempcralure and humidily 

conditioflS in Ihe growth room can be oplionatly selcclcd ac印 rding10 Ihc 0吋cctof Ihc 

cxperimcnl. Fig. 9 shows an e:'lmaple of Ihe program control of Icmperalurc and humiJily 

Tempcrature anJ humidilY C3n bc regulated 10 accuracy within土 IOCand土 3%RHundcr 

Irans・cnlcondilions 

rable 1 CharaClerisliClo of lhc conlrolled grcenhou$c 

characlcrislics 

"阿'P"由'"" rlIngc 
dH土aEEPyhC t 15I l 45・C。ー劫・c

dcviation {{mM} } 
dislribulion 土20Cfmax 

humidity 
draeHvBtae t-on 5士士0骨349%60R民1島t1 R H 4{{max) ) 
4凶tribution Ilma毘

wind ~."同』田ily 03m33 I2 
distribulion 士0.35m/s (ma:'l) 

同nlUation 5冊目'fh

Photo 2 Gcneral view in the growth room Oflh陪 contrωIcdg陀enhouse
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2: oir rl:lurn ducl 
J: frcsh嗣irit巾1

4; buffcr chambcr for rcturn air 
S 川市ingbo)( 

6: fi巾"
7: cooling c訓 1
8: dehumidifying coil 

9: IIC...ling coil 

10: sleamjel unil 

11; olo"'cr 
12: air町 ndingchllmocr 

1): airsendingduCI 

14咽bI白WOlllpositiol1 
15: bufferchambc:r 

16; noor with porou~ plalu 
11: laddcr 

18: growth room 

F i~レ 7 Sectio陥 Iview of lhe comrolled gr凹n hou~e

". " M州トー-ASl

'" 

'" m 

." 

(a) diagrom of I hc air nnw (b) diagrom of lhe跡地，，'

円 blowcr 1': ps)'chromclcr 
CIC: cooling c凶 トII'S: program sel station for humidity 
[)/ C: dchumi<lif)'ing coil M M: mooutrolmolor 
FR: growlh ro伽n PC: I'I[) εonlrollcr 
H: slcamjer unil PR: proportioning rclay 
"1と M山 ngcoil TPS: program SCl stolion for Icmpcrllturc 
T， 陀剖Slancctllermornctn 

Fig. 8 Systcm diagram of thc tcm~raturc and humidity control systcm for the greenhoυm 
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Growlh cabinel for air pollulanl exposurt 

As ment ioned above. various growth cabinets of artificial-light type and nalural-lighl type 

are inc1uded in I'h)'totron 1 and 11. Hcrc the growth cabinet for exposure to mixed air pollutants 

in Ph)'totron 1 is i nt r~duced 

I'hoto ) shows a gcneral view of the gas exposure cabinct. Table 2 is a list of thc basie 

pcrformancc of thc cabinel. Thc fcature of th時 cabinetis that it can keep thc gasconecntration 

10 lhc Jc胆1sla IIda..d valuc for a long timc under various conditions of・irIcmpcralu問。humidity
and light intensity in ordcr 10 anal)'7.e Ihe eff~.河CI of the air po11ulanl on planls 

Fig. 10 shows a民川clionaJvicw of the印 binct，which is comp剖 edofafrωhair proccssing 

unil. a chambtr to perform the gas cxposure cxperiment on p1anls， and an exhaUSI proccssing 

unil. The frcsh air for ventilation is inlroduced inlo the chambc:r Ihrough an airconditioncr and 
bolh filtcrs of actIvc: carbon and manganc:se in Ihc fresh air proccssing unil. Thc: frequcncy of 
ventilalion can bc: adjuslcd by 01-4 and A 1-2 dampers. bc:ing variablc: rrom 0 10 280 limcs/h 
in order 10 remove rcaclion producls gencrated b)' chemical or ph。ωchem・calrcaelions ofthc 
aIr pol1ulanlS in thc chambc:r 

Photo J Gcncral y附wof tl1e growth cabinet for aIr pollutant口posurc
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Tablc 2 Characu:rislほ$of Ihc grQwlh cabincI ror air pollulanl c足posurc

CharllClcrislics 

lcmpemlure 
rdacnVE1aE ltoH 

15-40ロC
土Olecl(max)} 

disuibulion ::t:O.30C 1m自1

humidity 
dfarnvs，ae tHM 

5土土か21「998bも0依R9もM"R((Hmm・axm}} 
diSlribulion 

gas concenlr:ahon range 

{rSoNCTeOO，Of・e富土abar士K土0土to30231m} 26p4pnpppgpbpepbbtmo{a{afat(1gaao0aoS os 40otaS5snpOpapppplpmypmmmm} } ， ) rs dcv;atiQn 

HC士10ppb (al 0.2 !lpm) 

wind rnean velocily 0.2 mls 
distribution 土0.1m/s{ma~) 

lightin且 ma~ 40 kl~ 

vcmilalion 0-2.800 m'Jh 

exhaU$1 3ft 

lomp hou$c 

合
Iresh alr 

(a) fresh lIir proほ~引0' 聞叫 (b) chamber (c) e~hau Sl proccssing I，H1It 

A; a叫 ornalicdarnpcr 

AF: aClive carbon filler 

B: blower 

C/C: coolingcoil 
0: m.nu~1 damper 

D{C: dehumidifying co・l
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Fig. 11 shows a system diagram of the conlrol system for thc cabinet. This system is 

conlrollcd bya compuler刷 thanalog PIDcontrollcrs as a叩 ppOftsystem. For the venlilalion. 

thc frcsh air is inlroduccd through Ih ~ frcsh air processin昌uniland ・smixcd with thecirculatcd 
air in thc chamber. Thc mixcd air is cooled and dchumidificd by brine coils， and then aげ

tcmperalurc and humidilY in Ihc growth room is reguhHcd 10 thc dcsircd value by an clcclric 

healer and a slcam humidifier. The gas supplicd from thc g組S針。同houseor the 0) gencralor is 
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manipulated by the mass now controller， according to・""附ctionsfrom the computcr or the 
analogcontroller. 11悶 nccc5saryto carefully select the gas analyzer uscd for the fecdback scnsor 

from the standpoint of rcliability， rcsponsibility， and sensiti叫ty.Tablc 3 shows a list of thc 

performallcc of the gas a nalyzcr obtained from thc opcration.Thc analyzcr is always calibratcd 

by the standard gas dilutcd、叫thstandard air us日ngmass now controllcrs. Fig. 12 shows an 

cxample of thc program conlrol of gas concentration undcr mixed conditions ofSOl. NOl tllぱ

0， 

...58 ...52 ...56 "'51 P56 A.ω 

(a) diagram of Ihc air Dow 

" ， 恒'"←"， 
'"叶 I C P U r I ト一ーセ目上_...51 

H ~ト"， 
王子一回一"， 問主主回聞き斗 r--1 11r---.1 '" 

"， 
~.S4 

~.S5 

五~ト...
~.51 

"・P5J-! 

国広 居孟"'" " ，，.叶 '" 
'" 

" 
月 3"';P C日目

巨D-.s畠
圧:SJ-.s ， 
百Eト .510::::lEr~JE葦;;; 101'5 

1'56-1 P 

(b) d旧grllmof tlM: compuler con¥rol s}'"I'tcm (1::) d岨昌晴mof t!le analog b.ack ul' sy冒"m

A uu¥omalic damper M FC; mass no，"， conlfollcr 

" 
blo，"，官r MM  modutrol mOlor 

C/C: cooling coil MT mugnet;c IUpe rccordcr 

D m'"山 1dampcr ド10咽 p"偶 55110interface 

D/C‘ tJchumidifyin晶co;1 I'TR: papcr I白pcrcadcr 

EIC: c1cclric hCUI;且ngcoil SA 5crvo-aclualor 

G ga5Jct unlt SCR咽 SCR clectric man;putalor 

GA 畠asanalyzcr STW: syslcm typcwritcr 

GR 阜rowthroom CDS: 拭 tsta¥ion for cool;ng and 

GS 草田掴mplingunil dchumidifying basc 

H SlCa何lJC¥umt GPS; prog同 mSCt slatton for 伊 Z

II/C; hca，;ng co・l conCCnlra¥IOIl 

P psychromclu III'S: prog同 mset station for 

T 同耳目lancc¥hcrmomcter hurnidity 

CDK咽臼rtridgcdi叫 PC: 1'10 coulfoller 

CPU: 開1Ir81pfO但 Ismgun!l SC signal couvcrter 

DC dampCf cOlllroller 1'I'S; prOl!;r同rnset Sl且tionfor 

[)I': dot prinlcr lcmpcruturc 

Fig. 11 Systcm diagram of tlle growlh cal)incI (or air polllllanl cxpo5ure 
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Table) Characteristics or gas analy<<rs 

IIC 

FID 

1-50 

10 

20 

20 

0.1 

CO， 
NDIR 

気)1)-'似)1)

I (ppm) 

1 (ppmfd.y) 

2 

0.1 

0， 
chcmilllmi 
m問問

0，01-2.0 

5

・50
0

0

0

1

 

50， 
plllsc 
suorc田 "cr

0.1ー10.0

4 

1.0 

1.0 

J.5 

NO，NO， 
chemilumi 
同町民

0.05--10.0 

2 

0.25 

0.' 

'.0 

pflnα，1， 
rangc (ppm) 

noisc (ppb) 

7.cro d刷ft(ppbfday) 

span drift (ppbfdayl 

"'P仰 setime (min) 

， 
50， ... O.o~ ppm 0.0 

"，壬0.05ppm 0.0 

《

E
a
a 0.' 0， 
0.' E
E
i
u
 

0.' 
。も

， ， 
11m" (・0

向島 12Ane翼ampleof the program contorl ofSO，. NO， and 0， in the gr。、判hcabinct 

。0'。

Thc arliriciallight SOllrcc of the cabinet is described. Since Ihe sunlighl changes al cvery 

momcnl， Ihe arlificiallighl SOllrce should be u5cd 10 obtain Ihe reprod叫 ib・lityof experiments 
Amonglampssold al prescnt， the xenon lampand thc spccial metal halide lampappro疋imatcto

sunlighl in Ihe spectrum in the range ofvisible light. Melal halide Inrnps付師WX24lamps)叫 Ih

thc emission sp目 trumof IIn halide are used in thc eabinet. Sincc thc inf rarcd cmission from thc 

lamp is unneccssary for thc growth of plants and may causc abnormal incrcasc in plant 

tem peralurc. t hc phosphide glass containin畠ironoxidc is u凶edas thc heat-ab事orbingfillcr.Fig 

J 3 shows spcClnll charactcrist凶Soflhe lighling in Ihc growth cabinCI. Thc infrarcd cmission is 

l110Slly rcmo¥lcd by Ihc filtcTS. Thc wall surface of Ihc cabincI is mlldc 10 incrcasc lhc lighl 

川出lsilyby slainlcss山 el.Thc aiT inside fhe lamp housc悩 m剖 ntaincd同 300Cin ordcr 10 

protcct lhc lamp and thc hcat-absorbing glass fihcr 

Simulalor for analYl.ing plant.cn"ironmc川 町sltm

A gcncral vlCw or Ihc $・mulatorror analyzing thc plant-cnvironmcnt syslcm 1$ shown in 

Pholo 4. and a 11s1 of basic performancc of thc simulator;n Tablc 4. This創mulalorcan 

reproducc Ihc planl community environment as a light-almospherc-plant community-soil 

systcm. PUlicuJarly， it is possible 10 change Ihc spatial distribution or tcmpcr3lure， humidity 

and wind ¥lclocily in height wilh Ihree kinds ofthc profilc unils. Also， spectrum and intensity in 

the lighting can be freely changed 
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1: Chnractcristics of Ihc mClal halidc vupor lamp 
(Yoko-I~ml): Toshiba) 

2: Char百ClcnSll凶 ofIhc hC3t-absorbing fil1er 

ω 

ヰ

混同

3: S抑制問Icharactcristics ofthe ligl山'"川 lhcgrowlh cabil1ct 

1・g.13 Spcct r~l charaClcristic.s of the lighting in ・hcgrowlh cabin副

州自"μ."削

rable 4 CharaclcriSli白。<h，副mulalorfor analyzini thc plant-相馴ronme川 町以'm

atmQspher隠 e個別ronn理川
lemperalu日

humidity 

川 "d

伊 5cone.笹川ralion

s山 rslm山'"
lighting 

事叫environmc削
Icmpcrature 

ventilation 

ranll.e 
deviation 
distribution "同tifieation
同""deviati曲
distribulion 
stratifieation 

eharacterist回

10-35・c
土O.IOC(ma足}
土:0.3・C(max)
10由 gC5.[“‘ '鴫 謡 JO"C
3か~"もR H
土O.I"C(max) (dcw point) 
土0.2・C(max) (dcw poin!) 
10 slages 札制~副ÖIiíi 50CるミH

rangc 0.1-2.7 mls 
d"出ωn 土:O.I%FS(mu) (rcvolution of blo明，)
distribution 土39も(m，刈
lurhulcncc in旬nSlly土3%(ma刈
stratification 10 stages， V刷.IVω~

""民dcviation 

ranl!e 
d，吋ation
diSlribulion 

悶""deviation 

27ZMn 
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rcfcr 10 rangc of g昆sannly1.crs (Table 3) 
$0，土3.2ppb (al 0，05 ppm) 
NO，企0.6ppb (al 0.05 ppm) 
0) :t0.2 ppb (~I 0.01 ppm) 
CO，土r".4 ppm (&1 450 ppm) 
HC土10ppb (al 0.2 ppm) 

←ωklx (initial) 
土0.19ωS(max) (SCR OUlpul) 
土10klx. {at曲kI刈

-5-+35・C(brine Icmperature) 
土O.IGC(brine lempc:ralllre) 

50--250 m'， h 
全2m'fh 
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(a) upper tunncl (b)崎明rtunnel 

I'hoto 4 Gcneral view of the simul針。rfor analYJ.ing thc pla川-environmenl$yslem 

Fig. 14 shows a configuration ofthe simulator. This simulator is a誌pccialwind tunnel ofthc 

low wind velocity and circuillype. The main airconditioner市 installedin thc lower lunncl and 

thc: profi1c: unils for馴 ndvcloαty. air temperalure and humidit)' art equippcd in the upper 

lunnc1. The growth room is a150 installcd in the upper tunncl. 011 its upper and sidc surfaces， the 

50]ar simulator. which can automaticalJy regulate light spcctrum and intensity. 3re mounled 

The 50il environmcnt cOlllrol unit is inslalled 011 the [owcr surfacc orthe room. Vicwing Ihe air 

51fcam制 thinthcequipment， thc aircirculated from the growlh room comes to the main blower 

through the contraclion cone. The frcsh air is mixed with the circulated air in Ihe cone and the 

air pollutant in the corner. Thc air 5ent f rom the ma in blower comc活tothe main airconditioncr 

through thc diffuser. Aftcr thc air lempcralure and thc humidity is dccrcascd basic cond山ons

for forming lemperllture IInd h umidity profilcs by thc main air eond山oner.the air is introduced 

into the. settling chamber through the diffuser and thc corner. sy means of the sellling chamber 

with screen and honeycomb and the contraclion cone (contraction ratio・sJ/2)arαtifi国 tion
now is given and relurned 10 Ihe growth room throllgh Ihe profi1c units for air temperatllre 

hllmidityand wind veJOcIly. Jn the prolile units the humidity profile is adjllsted by steam 

hllm;difins， thc air tcmpera¥llre p印刷ebyeJeClric heaters， and wind velocity profilc by plates 

with slits. Each profile lInil isarranged ・norder ofhumidity， temperature， and wind velo引tyfor 
taking off droplets scallered by stcam hum川市cationand for maintaining the wind velocity 

profile. 

Fig. 15 showsa system diagram ofthc control syslem for thc simuJator. Photo 5 shows a 

gcncral view of the control room. This systcm is composcd ofa direct digital control (DDC) 

system and analog PID controllcrs that backs lIP thc computer. T~e introduclion of DDC 

syslem makes il 1'0叩 ble10 develop algorilhms required for the profile conlfol and the eontrol 

of the solar simulator 

Theairlemperature and humidilyprolilesare formcd by healingand humidifying using the 

profilc unilS after decreas川島10the air conditions required 10 make the profilc by Ihe mllin air 

eonditioner. The pr。行leunit ・Scomposed of 10 stages， eaeh of which can be independently 
regulated by signals from Ihc computer 10 pro¥'・deany spatial d・stributionoflempc防相reand 
humidity in hcight. "]ιhc lemperature profi1c unit， in which forcach Slagc 12 elcctric hClllers arc 

IIrranged 
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1; sculing chamocr 15; main blowcr 

2; $C町'" 16; ckclric mOlor 
3; honcycomb 17; diffuser 
4: conlraclion cone 18: main air condilioncr 
5: humidIl)' prori~ unit 19: cno1ing c由自l
6: lem~ra l urc pro日IcunII 20: hcating coil 
7: v官l皿 il)'prorile unil 21; hurnidi日"
8: lamp housc air conditioner 22; cor・lcrvane 
止 solarsimulator 23咽 frcshair riltcr 
10: growlh ro白『目 24: vCnlilation blowcr 
! 1: soil environment conlorl unit 25: ven1Ilalion control valvc 
12: door 26; C且haustair rihcr 
13; dUSI lilter 27: gases slLppl)' syslcm 
14; corncr 

Fig. 14 Conriguration of the simulalor for anal)'祝inglhc plam-cnvironmenl syslcm 

ratc in the range ofO.2 1012 kg/h. Fig. 16 shows an e，..maple of temperaturc and humidilY 

profiles formed by Ihe profilc lInilS 

rhe wind veJocity profile is produced by the relardation using the profilc lInil after 

preeonditionIng by the main blower. The velo<:ity profilc lInil consislS of 10 slages. each of 

which Is madc by Ihrcc ph"l¥es with Iheslit ofaverage 50%0pening. Two plalesareslid 10 changc 
Ihe opening ralIO剛 thinthe rangc of 0 10 50%四cordingto the signals from Ihe eompuler. Fig 
17 shows an example of wind velocity profile 
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(a) diagram of ~hc air now 
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(b) diagram of Ihc compulcr conlrol ~y叫<m

~ヨ一倍品
(c) diagr車mOlll1c analo且backup $y~tcm‘ 

且咽 V菅川illtionhlow肝 L; nuorO$tt剛 IImp MT: ma8n<l悶.，老町田川町

日M咽 mainhlower SA‘ Ip<<'.um anal)'U". 1'10咽'"田$[/0 inler(.田
目T; hrin. ，.mp."'u.. .on，.oll.. SE; .oil .nvi.onm.n. (oolrol unll PM; ~~~;;;--，;;~; ;. 
C/C; coolina ooil SS: ，elllin且ch.mhc. PTR.I P咽 pap.r'"1'<' rcad.. and punchn 
DD咽 d."， poin， d.，ec'or T咽 re.jSl.nc.'hcrmom.tc. SCR.; SCR. clcClri. n，渦nipulator
OS; dew poin， dC'c.lorロI，h. TP咽"同I'<'ralu.eprofilc unit IIDC: ，;，nll COn同"e.f.om rclllivc 
humidily 1"0111. sy剖em TS:rESSEUrB田 Ih..mom酎..of Ih. h~mid; I Y 10 dcw pooinl 

F; filt.. tempcra，u司 prol1lc'y.，em HM: 1<:1剖..ionofhumidily 
FD: now r;Ue d回目tO'o(lhc VP; wind町 locilyp.ofil. "nil HPS; ulcclo， of Ih. S1u咽 J.Iu町 1fo. 

町附IIlio.、副 CPU; 白川目1p，oc回目"."nll lh. humidily p.ofil. 

"・ 岡山1・110"..，. 00由"01v，・l吋 CRT/KB:，拘"田帥問。1. HS: ..Iccto，ofthc副目mJ.t"曲川
G‘ IU;.t uni， [(': 片岡 LC 四，，，剖mullt町田町ltollc.
GA: 酔川副Iyl<l" EC: .I<<:"opn." .... 墨田冊目崎市 PC; PlOoo副 '011..

GR; 1'"凶Ih'00.... FDI>. nUlhk dist PMC; pul$c mO・"印 刷 .011..
GS; ps抽 mplin，"nil FXI>. fixcd出.k PS5: p'o且阻m..t.. 剖 ion
H; "u....jct uni， 101': li.o p.i副 .r SC; .i，nlloonv.n.. 
HIC: hu，in， coil M FC: ml" 110'" oon"oll.. TM: .."lllion of t.ml'<'.llu.. 

H P; humidi，y profile u~il 

Fig. l' S)'~ (çm d同gramor en川 ronmcnlcontrol in thc訓 mulalor
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Photo S Control room of Ihe 5imω川"'
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》町
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temperature (・cl humidity (%RH) 

(a) lempe国 lureprofilc Ib) humid;ly profilc 

D.I'.: dcw阿川
r: air lempcralurc 
U: mcan velocily 
X: di~lancc frollllhe hlowOUI scrCCrl of Ihc profilc unit 
Z: hcighl川 thegrowlh room 

町g.16 An example of crcaled profiles 

Thc light spectrum and thc Inlensily in thc growlh room are regulatcd by Ihe solar 

simulalor. which cons・SISof various fluo陀sccntlamps (110 W X 224lamps) wilh thc SCR for 
powcr contorl. Photo 6 shows a gcneral vicw of the insidc of thc growlh room. Thc control 

system of fluorescent lamps can divIde into 6 scri目 forIhe uppcr ~urfacc and 3 scries for the side 

in thc g印刷hroorn. Fluorescent陥mpscoatcdwith various luminous paints arc made 10 ordcr 

Fig. 18 shows spcclral charactcristics of thc slandard fluorcscent lamps. They can bc selecled 

according 10 the object of expcriments. The light叩eClr¥lmis performcd by combining thcsc 
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color n‘Joresccnl lamps and b)' rcglllaling Ihcir lighl inlcnsil)' as shown in Fig. 19. Sincc Ihc 
Icmpcralllre insidc the lamp housc affccts Ihc luminous crricicnc)' of Ihe lamps. an air 

conditioner is installcd to automaticall)' 陀 gulateIcmpera¥ure of the lamp bulb wall 

Final1)'. the soilcnvironment conlrol unil isdcscribcd. Six porlable unII5(0.6 W XO.9 D X 

1.2 U ml) wilh carricrョarcprovided in Ihe growlh room. This cquipmenl has a brine tank 

inSlallcd around thc soil container. The 50il lemperature can bc rcgulalcd by thc control of brinc 

tempcraturc. Also. an automatic 5prinkling unIt is furnishcd 10 adjust thc water conlcnl in thc 

50il 

2.0 

". • x:O.1 m 
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)( 2.5m 
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o
 '
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X: d;Sla~ rrQm thc blQWQut screen QrlM: pro(i1c unit 
Z: heighl川 IhegrQwlh room 

Fig. 11 An exampl<: or剛 ndvelo<:・1)'pro(ile 
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Photo 6 Grow山 rQomin 1M: simuLalor 
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An u:maplt or lht simulalor u:pUiemtnl 

Fig. 20 shows an experimental evidence on the funclion of plants for the purific81ion of 

pollt山 d8tmosphere. Introducing 2田 poplaryoung Irees in Ihe growlh room of the simulator 

¥lfC examined the absorption of 0) and NO) by lhe plant community. Air flow from point A 10 

p印刷 1Iwas set at a vertical prol"ile as shown in Fig. 20. Air Icmperature and humidity werc: 

mainl8m吋 15・Cand 60% R H. The vertical distributions川 thc:gas concc:ntration 81 cach gas 
sampling point wcre comparcd. A rcmarkable dirrc:rence or thc: gas concc:ntration bct wc:en A 

and B under lighting conditions (40 klx) was noticcd. Thc: dccrcase of thc gas conccntralion 1S 

rcsultc:d from thc gas absorplion by lhc plant communily 

44 
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和文抄録

国立公害研究所ファイトトロン

相賀一郎1大政謙次'松本茂1

大鼠汚染ガスの掛物僻畿について由一通の研究の伝かで1 汚染ガス暴露実験は国立公

明研究所ファイ トトロンの!Ii位で行われた。それ勺の提韓航*の日頼性は，!Ii世田技世

特性に依存する部分がJにさい.この指では，経験植物の品問にHIいりれた混由IJ!.現境~

制御した実験温室及び縄々の汚染ガス暴露実験が行われた国境制御キャピネット白線

聾，それり白装置特性:&ぴ環境制脚伎術と管理上の問姐点について解説した.また，光，

大拭且ぴ土爆についての植物鮮高環境を人為的に再現し，環境悪化による組物影響や純

物の柑世輸送現象そ植物園線高として総合的に解析し，植物による環境改善綴能に問

.-る研究を行うために新たに閲覧した自然理境シミュレーターの装置特性とその装世に

よるポプラ劫樹集団の 0，及びNO，の吸収実験について述べた.

l 国立公怒研究所技術節策械県筑波榔谷田部町小野川16-2
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園立公害研究所特別研究成果鰻告

l!Il号 陶水繊の潟栄鍵化"閲する総合研究ー一霞ヶ測を対象緩として一一附4向山51年度 ( 1977) 

第 2号陸上植物による大気持集環IIの野価と改轡に聞するa基礎的研究ー~附初日 52年度 研究報告
(1肘引

(改綜)

圃立公害研究所研究報告

第 3 号 A comparative nudy of adults and immatu開山gesof nine lapanese sp略目的。fthe genus 

Chiro1lomuI (Diptera， Olironomidae)【1918)

〈日本産ユスリカ料 。町.onomU$ 腐9積の成虫I サナギ!幼虫の形悠の比綬)

割前 4号 スモッグテゃンパーによる炭化水素窒素畿化物系光化学反応の研究一ー昭初52年度中間縄

告 (1勿ち〉

l!¥ 5号 芳脅綾炭化水禁 鐙索殴化物孫の先酸化反応槻織と光般化二次生成物の繕養制胞に&1ます彫

I!IIζ閲する研究ーー昭和51，52fド度 研究柑告 ( 1978) 
貨16号附ホ掲誌の富栄発化陀関する総合研閣(u)ーー霞ヶ浦を中心として 昭和53年度 ( 1979) 

第 7.g A morphological study of adults and immatu開 stagesof 20 Japanese sμαes of the flmily 
Chironomidac (Dipt町 a).(1979) 

〈日本産ユスリカ科20種の成立1.サナギI 幼虫の形態学的研究)

ll! 8号大気汚後物質の単一花よぴ復合汚員長の生体に対するIi・K閉する実験的研究 昭拘""同年， 
度研究報告 ( 1979) 

首19号 ス毛ッグチゃンパーκよる炭化水紫一室索駿化物系光化伊反応の研究一一昭戦時3年度中間報

告(1979 ) 

第 10号陸上値物による大気汚験環績の野舗と改替に閉する基礎的研究ー一昭"'151-53年度特別研究

組告 (1979 ) 

第 11号 Studles011 the effects of alr poUutants 011 plants and mechanisms of phytotoxlclty. (1980) 

〈大気汚染勧慣の鰍物影'およびその植物権性の緩績に闘する研究}

第 12号 Multielementanalysls studies by flame and inductively∞uplcd pla~ma spectroscopy utili<ting 
曲 mputer-c蜘IrolledinSlrumentation. (1980) 

(コンピュータ制御装置を利用したフレームおよび訴噂紡合プラズマ分光法による多;c索同時

分析〉

第 13号 Studicson chironomid midges of the Tama River. (1980) 

Part I可lIedistribution of chironomid specics ln a tribulary in rc!ation 10 th巴 degrceof pol 

lution with scwage water 

Part 2. 0旬criptionof 20 species of Chironomlnae 問。~vered from a uibulary 

〈多摩JIIIζ発生するユスリカの冊究

一一節 1報 その-:J[慌に見出されたユスリプ，;;碩の分布と下水による汚険度との関係ー一

那2栂 そのー支旅に見山された Chlronominae亙科の20揮についてー-)

第 14号釘4・8題棄物，合成有織化合物，ll!金属等の土]j(，生態系fと及ぼす".と浄化に関する研究 昭
初日， 54年度特別研究締告 (19酎〉

第 15.1}大剣汚康晴慣の単一および組合巧5おの生体 Ic;t~する~. ，C闘する実験的研究一一附和54{1 度

特別研究暢告 ( 1切。〉

ll!16号計測車レ』ザm レ-ダーによる大気汚員長選繭It様 ( 1後調。}

第 17号減体の運動および繍迭過砲に及ぼす浮力効蟻 臨梅地織の気象特性と大気鉱散現象の研究

一ー附粕53，54年度 特別研究報告 (1980 ) 

IX 



第 18 >l} Prepar~t剛1 ， analysis and cerli日目lionof PEPPER白USHst叩 dardreference material. (191$0) 

(1l1相直視埼匹以料 「リ"ウプJの捌乱分析および保鉦儀〉

第 19号 降水械の吉富栄養化に関する総合研究 (m)一一霞ヶ浦〈西浦〉の糊総一ー附初日.54年度

( 1981 ) 

第四号 限ホ援の.<栄養化4ζ閲する総合研究<IV)一一輝ヶ捕球械の地形気象水文物性およびその湖

水劇場"及ぼすIiW 附~[)S3 ， 54年度 (1981 ) 

第 21号 隣水減のd栄養化に関する総合研究(V)一一償ケ補擁入河'"の椛IliMJJlt変化とその評価一一

附-fl153，54年度 (1明日

第 n号 幽..崎氏の富栄養化iと醐移る総合研究〈羽〉ー-iII'ヶ輔の1:.!態系の栂遣と生物袋存量一ー昭和田，
54'手段 ( 1931 ) 

第四号 陣取域の潟栄養伎に闘する総合研究 (¥1) 瑚聞の}託衆餐4はR態術"に聞する1Ii礎的研究

附初日，臼年度 ( 1981 ) 

第 24号 !t!水織の富栄養化"関する総合研究〈沼)ーー術栄礎化が槻利JllIC及ぼす膨修の定鼠化に関-;

る研究 附ホl凶.54年度。 (1981)

第 25号 降水械の怠栄養化に醐する総合研究 <IX)一一(MicrocynisI (藍斑矧〉の幼硝締佳 昭事1153

M年度 ( 1981 ) 

第 26号 防水械の窃栄養化に闘する総合研究 (X)ーー糠鎖熔餐鉱験法によるAGPの背d 削湘日.

54年度。(1981) 

第'lJ号 隙水械の，.栄饗化tζ閲する総合研究(苅〉一一研究総徳一一昭取153，&l年度 ( 1981 ) 

第 28.f~~ 組合大気汚染の植物膨."関するOf9i:一一附取154，5Sif-1.!l特別研究報告 ( 1981 ) 

第四号 Sludieson chirorlomid midges of the Tama River. (1981) 

I'arl 3. Species of the Jubfamily Orlhocladiinae recorded allhe summer 5urvey and Ih同irdistri 

bUlion in relation 10 lhe pol1ution whh sewage waten 

Plrt 4. Chironom・daerecorded al a winter survey 
〈多庫川tζ発生するユスリカ舗の研究

一-m3鰍 夏期'j剥在で凡HIされたエリユスリカ弧科Orthocladiinac各磁の記載と。 その分

布の下水汚lI!Ulとの関係についてーー

一-m，報 南出11の冬期の調査で見出された各績の分布と配歳 〉

第 30号 梅岐における富栄劃むと亦潮の盟主樋績に関する鑑礎的研究ー- ~J幅4. 伍年度特別研究傾

告(1982) 

第 31守 大気汚象物質の単ーおよび似合的般の生体犯対するIi瞥i乙聞する実峨的研究一一昭如5~握手度

特B研究報告 ( 1981 ) 

第 32.1:)スモッグチャンパ却による炭化水楽 章繁般化物系光化乍反応の研究 環境大気中における

3仁化"f.二次汚般物質生成機構の僻究〈フィールド研先1)一一昭良154年度 特別研究報告(19田)

第 33号 臨梅地械の気象特性と大気鉱散現象の研究ーー大気運動と大気鉱微過程のシミ A レーシ習ン

間細目句度特別研究組告 ( 1錫2)

第 34号 鳳境汚換の逮隔計測 ."偏手訟の開発tζ関する研究一一昭初55什ul特別研究報告 (1982) 

第3s号 環境而よりみた地崎氏交通体系の評価に閲する総合解析研究 ( 1982) 

第 36.q fI:I漫試料iとよる汚t;，の長期モニタリング手法に聞する研究 附拘155，56年度特別研究仰詣

( 1鎗幻

第 37号 環境施策のシステム分析支銀銭術の開発に関する研究 (1後宮2)

lI¥38号 Preparalion，analysis and 句 rlificati加。fPOND SEDIMENT certirlCd reference malerial. (1982) 

(思/jI標噂録料 f地底慣Jの禽魁!分析及び保E値)
第 39.fj .t.;!j健所換の遼隔計測.ff価手訟の出発"関する研究ーー聞狗156年度特)jIJijf間報告 (1982 ) 

x 



第 40号大気汚E食物質の単-11<び似合汚後の生体fζ対する膨.'ζ関する実験的研究一一昭和56'ドlJt特

"J研火報告 ( 1983) 

lHl号土岐磁場の遮梢計測と野舗に関する統計学的研究 ( 1鎗3)

第 42号底泥の物自主11<ぴ流送特性tζ閉する災験的研究 ( 19S3) 

第 43q. Slud同 onchironomld midges of the Tama River. (1983) 
Part S. An observation on thc distribution of Chironominae aJong the main stream in June wlth 

description of I S new species 

Parl 6. De民rlptionof species of the釦 bfamilyOrthocladiinae reoovered from the main stream 

in theluneωrvey 

P.art 1. Additional species eol1ccted in winler 針。mthem制nSlream 

〈多摩川に発生するユスリカ矧の研宛

一一第5傾 本械に宛主主するユスリカ績の分布K聞する6月の創護成績とユスリカ誕科に腐す

る15新繍絡の配線

一一節6暢多隊本流より 6月に銀製されたエ リユスリカ亜科Hの各種について

ー→第7報多"根本流より 3月に保製されたユスリカ"の各縄についてーー〉

1Il"号スそッグチャンパによる炭化水素一議案酸化物系光化学反応の研究 一一環枇た気中におり

る光化学二次汚傑物質生成機締の研究(フィールド研究2)一一昭如54年度特別研究中館占

( 1鑓3)

第 45号有機廃棄物p 合成ずTl!Uヒ合物，道金属等の土蟻生鯵系に及ぼす彫・と浄化。ζ闘する研究一一昭

幅 3年~師匠皮特別研究報告 (1983) 

第 46.q.U-lI廃業物I 合成有峨化合物，賃金属等の土境自主鰻系に及ぱす彫容と浄化iζ関する研究 開
政刷 5時'!t'特同研究鮒告第 1分冊 "岨3)

知 47l'守有機関棄物l 合成行織化合物，重金風与の土J1i生/!!l採に及ぼす彫・と浄化に関する研究一一附

和田.55勾lJt特))IJ研究緑色第2分冊 (1983) 

第"号水質観測点の適正配砲に関切るシステム解析 ( J鎗3)

1Il49号環境汚捻の遠隔計測野価手按の聞朝亡関場る研究一一昭利157制度特別研究鋸告。(1984 ) 

第国号陵氷指定の篇栄警化防止に闘する総合研究(1)一ー霞ヶ浦の流入負荷畳の算定と野偏ーー昭拘

55-57年度特別研究柑告 (1984 ) 

第 51号 陸水繊の富栄養化防止に闘する総合研究〈 日 〉ー-tlケ捕の湖内物質循腐とそれを支同~j る凶

子 町i事155-57年度特別研究報告 ( J004) 
第 52号 陸水械の富栄養化防止に関する総合研究〈町)一一磁ケ柿高浜入における隔擁氷界を利川した

?誌栄祭出防止手法の研究 ー一附稲田-57年度 特別研究桜侍 (19刷)

第日号 際水織の市栄饗ftl防止に閲する総合研究(IV)ーー世ヶ怖のりi，矧11<び甲錨鎖製作量の季節変化

と富栄餐化一一目別取155-57年度 特別研究報告 (1悌.)

第 54号 陸水均五の，1栄養化防止に闘する鉱合研究(V) 髄ヶ測の1l栄噴射t現象のモデル化ー-11{l和
55-57年度特別研究組告 (1田.)

郷田号 陸水械の官民栄建{田町JI:K:聞する総合研究〈明〉一一宿栄餐化防止対到底一一附和55-57年度純

別研究報告 (1聡.)

lI!国号 陸氷績の富然餐化防止に関する総合研究 (¥1)一一織の湖tとおりる協栄餐化とその防止女将夜一ー

附布日-57年度特祖師究組告 ( 1鎗.)

第 57号陵水域の富栄養化防止に関ゆる総合研究(畑〉ーー総指報告ー一昭和55-57年度特別研究報

告(J9B4)

第国守環崎氏料による汚設の反則的モニタリング手法に関する研究ーー附剰155-57年度特別研北総

合報告 ( 1984) 

刈



;8'"号炭化水素-li!lI:.化物一磁貫徹化物系光化学反応の研究 光化学ス"'7グテ.，パによる
オゾン生成機栂の研究ーー大気'1'におりる有槻化合物の光駿化反応槻摘の研究ーー配偶155-57

勾"度特活研究報告〔第 1分間). (1!ll4) 

第曲号 鋭化水案一穫祭.化物一備鎚駿化物系光化学反応の研究ーー光化学エアロゾル生成績摘の研究

一ー剛~J5シー 57年度特別研究報告〈第 2 分間). (1004) 

第 61号 炭化水素ーき質素般化物一蹴煩駿化物系光化学反応の研究ーー環境大然中にお貯る光化?二次汚

!l>物質生成機織の研究(フィールド研究日一一 昭事155-57~1'.度 特別研究報告〈第3分附〉
( ]C援W)

第 62号 行轡汚染物質による水界1.:tlI系のかく羽しと回彼過伎に関参る研究ーー附和田-~f" l史特別研
先制間報告 ( 1錫，) 

第日号 泌毎夜における清栄発化と坑咽回先生繊I~Iζ閲する基礎的研究 附拘弱年度特別研究鍬告

(]包4l

第 64号 組合大気汚換の継物影・K関する研究ーー健闘臼-56~1 度特別研究総合報告 ( 19B4) 

第 65号 Studleson effects of air pollutant miXlures 01) plants-Part 1. (1984) 

(組合大気汚換の植物に及ぼす~.-l!! 1 分冊〉

l!!凶号 Stud閉 onerrCCls of air poUl，llant mixlures on plants_ Pan 2. (1984) 

〈機合大気汚!l>の捕物K及ぼす影智 第2分附〉

第 67ε;} fl場中の有荷物質による人の慢性彫響に関場るさ基礎的側先 附布市'-56年度特別研究総合

報告 (]9B4 ) 

第曲号 尚昆の土績還元とその環境に関する研究一一昭初56-57年度特別研l".l!l合報告 (1004 ) 

第開 .q lþ樽寺湖の，~栄養化現象K関する基礎的研此 (1984)

第 70号 SUld回。nchlronomid midges in Jakes of the Nikko Natlonal Park (1984) 

Part 1. Ecological studies。目chironomidsin Lakes of the Nikko Nati。回IPark 

~)an n. Taxonomical and n闘がlo1ogi回'"叫問。nthe出向同midspec間四l1ectedfrom lake$ 

in the Nikko Nationall'ark 

〈日光国立公幽の湖沼のユスリ削ζ閉する研究

一-1Il1部 日光圃立公閣の湖のユスリカの生態学的偏究

ーー買l2ffl~ 悶光国立公闘の械部に生息切るユスリカ鎖の分続学的。形態学的研究一号

館 71 守 リモートセンシyグによる残普及び雪阻相生の分布解折 (]9刷)

，1 



Report of Special Research Project the Natωnal Jnstitute for Envi問、mentalSlud回

No. I・Manactivity and aqualic environment -wilh spee・alrererences 10 Lakc Kasum羽~aura -Progreu 

report in 1976. (1977) 

No. 2・Studieson evaluation and amelioratIon of alr poUulion by planls一円。gre5.'lreport in 1976.1977 
(1978) 

[Starting with Report No. 3， the new title for NIES Reports was changed to: 1 
Research Reporl from Ihe National lnst.itute for Environmental Sludies 

No. 3 A∞mparalive study of adults and immalure山畠凶ofnIne Japanese spec回 ofthe genus Chirollomr.u 
(Dipter.， Chironomidac). (1918) 

No.4・Smogeh・mbersludies 011 pholochemical r悶 elI6nsorhydr。阻rbon-nitlOgenoxldes sySlem -I'rogrωs 
開portin 1977. (1978) 

No. 5・Sludieson the photooxldatIon products of Ihc alkylbenzcn⑤nltrogell oxides system， 回 don their 
effccts on Cultured白 lls-ReseITch report in 1976-1977. (1978) 

No.6・MallaClivity and aqualic environment -with sp回 ialreferellces 10 Lake Kasumigaura -Progrcss 
repon in 1977-1978. (1919) 

No. 7 A morphological stody of adults and lmmalure 5tagcs of 20 Japanese spccies of Ihe family口1Irono-

midae (Dipteraト(1979)

No. 8. Studies on the biological effects of single and combincd exposure of air pollulants _ Research rcport 

in 1911-1978. (1979) 

No. 9+加 ogo.:l'1U'畑山dic5on photochcmical reac山 nSof hyrlro<:arbon-nilro抑制加sy$tem-Progress 

report in 1978. (1979) 

NO.10・Slodieson evaluation and amelioration of air pollutlon by planls -Progress report in 1976-1978 
(1919】

No.11 S川Idieson th巴effectsof lIir pollotants on plants a，叫mechanismsof phyloloxicity. (1980) 

No.12 MultieJemenl analys・ssludi凶 byf1ame and帥duclively回 upledplasma spectro記。pyotiliz.ingωm 
puter.conlrolled inslrumenlalion. (1980) 

No.13 Stud問。nchironomid midg'師。fIhe Tama River. (1980) 

Pllrt 1判!edislribution of chironomid spccics in 11 uibutary in relation to thc degree of pollulio同

with 5ewage waler 

!'8ft 2. Description of 20 Jpecies of Chironominae recovercd from a uibutary 

No.l4・Stud回。nIhe巴ffcclSof orgallic waSles 011 the soil c凹 system-Progre鎚 reportin 1978-1979. (1阻め
No_1S* Studies on the biological effects of s..inglc and combined ex抑制reof 3ir凹 llut嗣 IS-Re鈍arch1印刷

1111971-1978. (1980) 

No.l6・Remotemω如 remenlofair pollotion by a mobile la鈍 rradar_ (1980) 
NO.17.lnf1u四 ceof buoyancy on f1uid motion' and transporl proces聡s-Meteorolog回 1characleristics and 

atmospheric diffusion phenom帥 ain Ih沼田astalregion _ P10gress report in 1978-1919. (1980) 

No.18 Preparalion， allalysis and certificalion of PEPPERlJUSII standard rcference material. (1980) 

No.19・Comprehensivestudies on the eutrophication of fresh-walcr arc3S - Lakc current of Kasum唱.aora
(Nishiura) -1978-1979. (1981) 

No.20. Comprehcnsive sludies on the eUlIophi伺 tionof fresh-waler且reas-Geomorphologica1 and hydrome 

leorological characleristies of Kasomigaora watenhed as related to the lake en叫ronment-1978-1919 

(1981) 

X刷



NQ.21・CQmprehensivestudies Qn the euttQphicat崎町 Qffl偲 sh-walerIrtaS -Varialion of pol1utant load by 
innuenl rivers tQ l.ake Kasumigaura -1978・1979.(1981) 

No.22・CQmprehensivestudies Qn th巴削trophicat胸nof fresh-water .reas -Structurc Qf ccosystcm and 
standing crops in Lake Kuumigaurn -1978-1979. (1981) 

No.23・Comprehensivestudies on the cutroplii姐 tionof fresh-watcr a陀担 - ApplicabiUty of ttQphic state 

indices for 1akes -1978-1979. (1981) 

NQ.24・CQmprchensivestudies on Ihe culroph・cationQf fresh-water areas _ Quantitatlvc削 a1ysisof eutrQphi 
~，悶 n effects Qn maln utilization of lake water re如 urces-1978-1979. (1981) 

No.2S・Comprehensivesludies on the eutrophiωtion of fresh-water areas -Growlh charocterist同 ofBluc 
Green Algae，ル1ycrOCYltis-1978-1979. (1981) 

No.26・Comprehensivcstud問。nthe eutrophication of fresh-water 8reas _ Determinutioll Qf Irgal growth 
pOlentlal by algal凶sayproctldure -1978-1979. (1981) 

No.27・Comprehensivcsludics on Ihe cutrophication of fresh-water artas -Summary 01' research剖 -1978-
1979. (¥981) 

No.28・S!udleson effects of air pollutant mixturcs on plants -Progress rcpot ln 1979-1980. (1981) 
No.29 Studles on chironomid midges of the Tama River. (l981) 

Part 3. Spcelcs of the凶 bf.ηlilyOrthocladiinae recordcd at thc summer survey and their disttibulion 

m re泊tion10 Iht pol1ulion with sewage waters 

Part 4. Chlronomid随時cordedal a、"，intersurvey 

No.30・Euuophi削 ionand red tides in the田制almari町 environmenl 桁ogre舗 reportin 1979-1980 
(1982) 

NO.31・Studieson thc biologi叫 effects.of sing1e and ∞mbined田凹組問。fait pol¥utants R四 archre凹"
in 1980. (1981) 

No.32・Sm。包 chamberstudi情。nphot田 hemicalr悶 ctionsof hydrocar回 n-nitrogcn叫 idcssyslem -Progre鎚
report i!l 1979 -R箇伺rchon the photochemi四 l鍵田町darypollutants formation mechanism in Ihe 

environmenta1 umosphere (Part 1). (1982) 

No.33・Meteorologica1characteristiC5 and atmospheric diffusion phenomena in the ∞舗lalreJl，ion -Simulat 
ion of aunospherlc motions and diffu~ion processes -Prog r~臼 report in 1980. (1982) 

No.34・Thedevelopmcnt and evalualion Qf remole measurement methods for en叫ronmentalpollution -Re 

search report in 1980. (1982) 

No.3S・Comprehensiveevalualion of environmenlal impacts Qf road and traffic. (1982) 

No.36・Stud回 011Ihc method for 10ng term env:ironmentaJ monitoring -J>rugreu report in 1980-1981 
(1982) 

No.37・Sludyun supporlIng techllology for systems analysis of environmenlal policy _ The evaluation labu. 
ratury of Man-cnvironmcnt System~. (J 982) 

NO.38 Preparation， analysis and certification of POND SEDIMENT eerlifled refereリ~cematerial. (J 982) 

No.39・Thedevelopment and evalualion of remole meuuremenl melhods for environmental pullutionー

Research report in 1981. (1983) 

No・0・Studielon Ihe biological effecls of single and ∞mbined叫 posureof air pollutants _ Resωrch reporl 
in 1981. (1983) 

No.4l. StatI5t回 ISludies on melh叫 Sof measuremenl and evaluation of chemical∞ndilion of soi1. (1983) 
No.42・E叩erimcnlalslud問。nIhe physical properl路島Qfmud and Ihe characteristics of mud tran~porta出n

(1983) 

NQ.43 Studies on chironomid midges of Ihe Tama River. (1983) 

XlV 



Part 5. A1I observati01l 011 th巴distributi01lof Chironomi1lae al01lg the rnain Stre3m i1l JU1le， with des 

crlpti01l of 15 1Iew s肝ω"

l'art 6. De$eription of speeies of the $ubfamily Orthocladiinae recovercd from the rn.in stream in the 

June survey 

Part 1. Additional spec陪霊曲llcctedi1l winter from the mal1l stream 

No.44・Smogchambcr Sludies 011 photoc市町nicalr，ωclio1ls of hyd悶c.arbon-nitrogenoxidcs system -)'roglcS$ 
teport in 1919 -Researeh 011山cphotoehernieal secol1dary polluta1lts formation mechanism in the 

cnvironment舗Iatomosphere (Part 2). (i 983) 

No.45・Studieson thc cffect of organ旬 wasteson thc soil ccosystcm -Outlinωof sptlαal reseurch project 
1918..¥.980. (1983) 

No.46・Studieson the effect of organic waSlcs 011 the soil ecosyslem -Research report i1l 1919-1980， Parl I 
(1983) 

No.41・Studieson the effect of organic wastes on the soi1 ecosystem -Research report in 1979-1980， Part 2 
(1983) 

No.48・Studyon optimal al1ocation of w.tcr quality monitoring阿山 (1983)
No.49・The devclopment and evaluallon of remote measuremc河川 melhod for environmcntal pollulion _ 
Research report in 1982. (1984) 

NO.50・Comprehensivestudies on the eulroph回 tlon曲川崎1of frC$hwalcrs -Eslimalion of input loading of 

Lakc KasumJgaura. -1980-1982. (1984) 

NO.SI念 Comprchenslve81udies on the eutrophic31悶 11controJ of freshwalcrs -The function of thc ecosystem 

and the 回potta 1lc~ of sediment ln 1Iational cycle in Lake Kuumigaura. -1980-1982. (1984) 

NO.S2・Comprehe附sivcsludies 011 Ihe cutrophical随時 eontrolof freshwat巴rs- Enclo則H~ ~言reTimenu ror 

re~toration of highly eutrophic shaJlolV Lake Kasumig四四一 1980-1982.(1984) 

No.53・Comprehe凶sivestud目。nthe eUlIophiωlion∞川rolof freshwaters -Sca50nal changcs of thc bi。
m凶sof fish and Cfustacia in Lake Kasumigsura and il5 rclalion to the eutrophication. -1980-1982 

(1984) 

NO.S4・ Comprche1l~ive stud胞S011 thee川Irophicationcontrol of frcshwaters -Modeling the eutrophication of 

Lake Kasumigaura. -1980-1982. (1984) 

No.5S* Comprehensivc sludies on the eutrophi凶 tioncontrol of fruhwaters -M四 '"'ωforeutropttication 

四 ntrot.-1980-19田 (1984)

No.S6・Comprehensivestudies on the eutrophieation control of freshwaters -Eutrophication in l..ake Yunoko 
一1980-1982.(1984) 

Nu.S7・Comprehenslvestud問。ntheωtrophicalion control of freshwaters _ Summary of resealch凶ー
1980-1982. (1984) 

No.S8・Sludie喝。nthe method for 10同gtetm environmental monitoring -OUllines of spccial rcs沼崎日hprojcct 
in 1980-1982. (1984) 

No.S9・Stud問。nphotochemieal reactions of hydr民..加n-nitrogcn叫 feroxides systcm -l'tIotochemiω1 
。zonefonnation studied by the evaeuable smog chambcr -Atomospheric photooxidation mecha 
nl5m， of sclected organic eompounds -Res目 rchreport i1l 1980-1982 Part 1. (1984) 

No.60・Stud間開 photochemical間 cllonsof hydr町川加n-nitrogcn-sulferoxides sySlem -Format町
mechanisms of 抑制。chem・calacroz叫 Research rcport in 1980-1982 !，art 2. (1984) 

No.61・Sludieson photochemi.伺 1reactlons of hydro回 Z加 n'1Iitr<判gcn-sulferoxidωsySlcm Research on the 
ph例。chem・calsecondary pollutanu rormation mCl:h・nism in the env・ronmenlal atmosphele 
(Part 1). -Research reporl in 1980-1982. (1984) 
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N。日・ EffecUof toxic subs剛健墨田叫uaticeeosy5tenu -Progr開 reportio 1980.1983. (1984) 
No.63・Eutrophie別問、 aodred udes io Ihe曲目talmarIne environmeot _ prog陀 錨 reportin 1981. (1984) 
NO.64・Slud同 oncffccts of aIr凹llutantmixtures on pJanls -Fina1 rcpon 10 1979ー1981.(1984) 
No.65 Slud問。neffects of air pollutant mixturcs on plants -Part 1. (1984) 

No.66 Stud同渇。neffe応Uof aIr pollutant m民tureson p1anls -Part 2. (1984) 

No.67・Sludicson unfavourable effecls on humao body陀司gardiogI。抱veralloxic matcrials in Ih陥 eovlfon
ment， using cpidcmiologIcal and analytIcal t町 hniques-Project rc民 archrcport in 1979-1981. (1984) 

No.68-Studies on thc en叫問時mentalcffects of the application of scwage sludge t。ωil Rcscarch report in 
1981.1983. (1984) 

No.69・FlIndamentalstud削 onthc cutrophi白tionof Lake Chuzcnji sasic research report. (1984) 
No.70 Studies on chironomid midgcs in lak:es of the Nikko National I'ark _ l'art l. Ecological studies on 

chironomids in lakes of thc Nikko National Park→ P3rt U. Taxonomical a叫 morpholog回 1stud附加

the chironomid sp山 cscotlcctcd from takes in thc Nikko National Park. (1閉め

No.71・̂nalYlison distrlbutions of rcrnnant snowpack and ~now patch vcgctation by remo tc剛~ing. (1984) 

• in japanese 
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