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Abstract

The efFects of]3asta, a commercially avallable foliar―application type herbicide, on an ,7P S′r″ Phas¢θFrrs

脇Fga/アts L leaf was analysed with the ch10rophyll nuorescence and thermal imaging system The images of

photosynthetic electrOn transport activity in photOttstem II(OPsII)and leaF temperature across a leaf surface
、vere obtained before and aner the herbicide treatment い、t30 ilin aner the treatment,ΦPsH began to decrease in
severai sites、″ithin the treated reglon atthough the leaftemperature did not change At 60 min aner the treatment,

the leaf temperature gradually increased at the sites、vhere ΦPsll had markedly decreased Those results sho、ved

that the ΦPsII pttmarily decreased and the leaftemperature increased aner the Basta treatment This suggests that
Basta initially inhibited thc photosynthetic electron transport activity and the inhibition caused the stomatal

c10sure This study demOnstrated that the early detection and detatled analysis of the physlological damage

caused by herbicide are possible using the chlorophyll fluorescence and thermal imaging system
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1.IntrOduction

The  aerial  application  of pesticides  inciuding

herbicides in farmiand has become vett co■ lll10n in

the recent years  P、 lthough, aerial application of

herbicides irnproves the ettciency of agricuitural

、vorks, there is no、v a growing concern about the

elTects of the scattcred hcrbicidcs on nOn― targeted

areas Henceo early detection Of invisible herbicide

damage is necesstt to prevent the herbicide from

cttecting nOn‐targcted plants

lmaging   techniques   such   as   chlorophyH

rluOresccnce imaging and thermal imaging are suitable

SOr the early detection of plant damage because both

techniques  can  detect  invisible  photosynthetic

dysttnction across a plant ieaf(OmaSa and Takayaman

2003) ChlorOphyll fluOresccnce imaging gives the

retative maps Of the photOsynthetic electrOn transpolt

activity in photosystenl 11(ΦPslI)(Gentyでアα′、19891

Genty and Meyer、1995)On the Other hand,thermal

inlaginど pro、
′ides inttrmation of the dynanlic and

heterogcneous distributions of leaF temperature that is

an indicator ofthc extent ofstomatal opening(JOnes研

α′,20021」ones and Leinonen,2003)

In this study、 the early detection of the etFects of

herbicidc on attached plant leaf、vas performed 、vith

the chiOrOphyll tluorescence and thermal imaging

svstem

2.Ⅳraterials and Ⅳrethods

2.l ChlorOphyli tluorescence and thermal imaging

system

Figure  l  sho、vs a schematic diagram of the

chlorophyll auorescence and thermal imaging system

developed from our prevlous works(Omasa and

Takayama,200112003)Uttng thC Saturation pulsc

methOd,the image of(DPsil shOVヽing the distribution Of

photosynthetic electron transport activly waS lettVed
貯om the following equation Φ PsH=1_(1ダ /T私

1)X

(ズs1/尺 嘔)(Genty β7 α′,19891 Genty andや teyer,1995)

Where 1/V‐and lfmi are the chlorOphyll auorescencc

intensity images captured under the continuous actinic

light(photOSynthetically active photon llux(PPF)of

400 μmol m 2 si)and the saturation light puise(PPF

of 2500 μ mol n12 sl) The actinic hghi drives the

photOsynthetic reactions 、 vhile the saturation pulse

lighi causes a transient saturation of photochemical

reactions The light、vas provided by four 180ヽ V metal

halide lamps(Sumtta optical Glass,Inc、 LS‐M180)

equipped 、vith short―pass ilters(COrning. 4‐96i え <

620 nm)ズ sl and Rtt are the PPFs of the saturaHon

iig4t puise and the actinic light,respectively lmages

Of T and iin'Were measured wih a CCD camera

(Hamamatsu Photonics,CS985-02)equipped with an
interference fliter(OptiCal Coatings Japanぅ IF_ Vヽ,え =

683 nmぅ half―band width=10 nm)The images were

recorded on the hard disk of a PC at 640 x 480 pixels

、vith 8-bit resolLltiOn

Acccptcd on Apri1 28A 200S
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Thermal images for the measurement Of leaf

tcnlperature 、vcrc captured 、vith an optical―mechanical

scanning thermographic system (JEOL, JTC_5200,

thcrmal camera and controHer)having a temperature

rcsolution of O.05°C.Thc long―、vavclen8th enlissivity

of the plant icaf、vas 0 98± 002.The air temperature

and relativc humidity 、vere kept at 26 5 ±0.1 °C and

48% Other thermal environmental conditions 、 vere

kept constant around the leaF area in the、vindo、v The

detccted signals、vere converted into exact―tclllperature

images with 16‐bit resolution and recorded on the hard

disk ofa PC at512 x 480 pixeis

2.2 Plant material and herbicide treatinent

Thc plant oF P力 αs2ο′″s ッ″′gar,s L  cv  Shin―
cdogawa was grown in a growth chamber for 4 weeks

after sowing in a pOt(12 cm diameter x 10 cm deep)

that was nlled with artincial soil(miXture oF

vermiculite and perlite, 1:l v/v).The plant was

illuminated for 10 h each day at a PPF of 300 μmol

m2s,.Air tempcrature was 26 5° C/20.0° C(Day/

Night)Rclahve humidity was 45 % / 60 %

(Day/Night)A mature lcaf that remained attached to
thc plant 、vas sandwiched bet、 veen t、vo opaquC pteces

of cardboard containing 5 cm x 5 cR3ヽ VindoM/s、vhich

、verc aligncd abovc and belo、 v thc leaf and mountcd

horizontally on a「 lxing apparatus(Fig l) ARer the

leaf acclimated to the actinic light, the herbicide

solution、 1:100 dilution of Basta(AgrEbo)with pure

、vatcr,、vas sprayed in a 3 c“l x 3 cnl square region of

thc adaxial lear surfacc Basta is composed or i8 5 %

Glufosinatc―amnlonium   <ARlmOntum   ― DL―

homoalanine-4-YL,(methyl)phosphinatc>and 81.5%

mixture o「、vater and dctcrgcnts Thc dircct eFfccts oF

thc spray solution, such as tcrnpora1 leaf tcmpcraturc

decline, disappeared v′ithin 10 min The boundary‐

laycr conductance 、vtthin thc mcasurcmcnt 、 vindo、v

、vas kcpt constant and uniform during the cxperirnent

according to thc rnethod or Ornasa and Takayama

(2003).

3.Resuits and Discussion

Figure 2 sho、vs changes in the distribution of ΦPsi!

and leaf temperature(TL)On thC leaf surfacc within the

measurement window during 130 min aftcr the Basta

treatment BeForc thc treatment, ΦPsil and lcaF

temperaturc 、verc uniforHlly distributed on thc lcaf

surface cxcept fOr the vein 、vith the mcan values of

O.58 and 25 6°C, respectivcly. During the initia1 30

111in after thc treatment, no change 、vas observed in

cithcr imagc.At 30 min aFtcr thc treatment,ΦPsH

started to decreasc in several sites 、vithin thc trcated

region, though the leaF temperature in those sites did

not change At 60 min aFtcr thc treatment, ΦPsH

dccreased all over the treatcd region and the lo、v(DPsH

sites expanded and thcy joined up each other.At that

tiFne,an increase at thc leaF tcrnperature in thosc sites

was obscrved.At 130 min a■ er the treatment,almost

a‖ areas in the trcated region sho、vcd lovッ ΦPsH and

high ieaF tenlperature The minimum valuc of ΦPsH

、vas O 15 and thc maxirnum value of leaf tempcraturc

was 28 3°C

Glulosinatc, the active ingredicnt of Basta, inhibits

thc activity of glutamine synthetasc that is csscntial for

thc rcmoval of toxtc ammonia produced in thc

mctabolism of living systems in plants(Lca and

Ridley, 1989)HenCe,the initial dccrcasc in OPsli

indicated that the Basta treatment caused thc ammonia

level in plant tissuc to increasc, 、vhich subscquently

inhibited the photosynthetic clectron transport activity

(Takayama夕 ′α′,2003)This decrease in Φ PЫl was

foHo、vcd by an increase in the leaf tennperaturc. This

suggestcd that thc stomatal closure、vas induced by the

inhibitlon of photosynthctic elcctron transpOrt activity
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bccausc slol13ata clo、cd 、vhcn the guard cclls dctccted

thc high(]0]conccntration in thc intcrccllular spacc

Tho、c rc、ult、、ho、vcd that Basta prinlarily inhibited thc

phot()、ynthctic clcctr()n transport, 、vhich induccd the

stonlatal closurc.

Consequcntly,  this study  concluded that both

chlorophyH fluoresccncc imaging and thcrnlal imaging

、vcre uscfu1 lo detcct thc photosynthetic dysfunction

cau、cd by hcrbicidc bcfore visiblc symptoms appcar,

Mo「covcr.thi、cxPcrimcnt shoM/cd that thc concurrcnt

usc of thcsc t、vo illnaging tcchniqucs cnablcd us to

nolicc t1lc 、ubtic changc、 in plant s` physioloBical

、tatu、
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