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CHAPTER SEVEN

Abstract  ln散 工s study,a ttFee―dinenslonal unage

of chlorophyll αユuorescence of a、vholc Plant、vas

generated and examined ARer a melon(C″ C″れな

れ冴θL`)Plant Was treated with herbicide contaidng

3-(3,4‐dicttorophenyl)‐1,1‐d血距thylurea(DCNIU),

the nvO―dttnensional mage of chlorophyll α fluores―

cence htensitt ofthe plant was capmred and mapped

onto a ttree―dllnensional llnage de五ved ttom ttdar

仰g h t  d e t e c d o n  a n d  r a n g m g ) d a t a  F r o m  t h e  i m a g e ,

lt、vas obsetted that increases ln chlorophytt αユuo‐

rescence intensitt appeared along the veins of the

leaves.DCNIU血 瓶bited Photosyntheはc electron

transpo■, which consequently caused disappear‐

ance of the chlorophytt α fluorescence quenchng

T h e r e f o r e  i t  w a s  i m p l i e d  t h a t  t h e  h c r b i c i d e  c o n t a i n―

ing DCやR」was absorbed from the root and reached

the veins of the leaves tbrough the stens.The llnage

produced ttuowed three―dinenslonal obsettation of

cttorophyn fluorescence intensiけ Of a whole plant

from any point of Vie、 v. Consequently, 、ve could

recottze the difference of the intensity at regions

along the veins in mature lcaves.
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lntroduction

lmagin.g techttques have been widely used for

plant analysis. mere tte several two―dimenslonal

lIIlaging techniques, c.g, thermal imaging, Inulti―

spectral lmaging,hyper‐spectral imattng and fluo―

rescence imaging These imaging tecttques a1lo、v

non―destructive detection of photosynthesis, tran―

spiration, stomatal response, and substances in

icaves(OmaSa 1990:Lichtenthaler et述.1996;

Ustin et al.1999;Govinttee and Nedba1 2000;
Buschmann et al. 2000; Osmond and Park 2002;

Omasa and Takayalna 2003;Chaerle et al.2003i

Jones 2004i Oxborough 2004)。 Ch10rOphyll α au。_

rescence imaging enables us to measure directly

the sPatial and temporal changes in photosynthetic

electroll transport in leaves  E)iagnosis of the

developmental stage of photosynthetic organs and

of functlonal ittudes caused by biotic and ablodc

stresses are conducted using the technique
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Lidar(hght detection and ranging)haS been used

as a novel active sensing tool for three‐dllnensional

m e a s u r e m e n t ( V a n d e r b i l t  1 9 8 5 i  O m a s a  e t  a 1  2 0 0 2 ,

2007,Tanaka et al.2004,Parker et al,2004;HosOi

and Omasa 2006).Lidar can measure accurately

the distancc bet、veen the sensor and a tarDget based

on tlhe elapsed tlme between the emssion and

remm Of laser PulsCS(time of night method)or

based on dgonomety(opdCal probe or ttght sec―

tion methods).The three‐ dimensional smcmre Of

plants,including the shape,size,position and tilts

of icaves,changes、vith gro、vth stage and alsO、vith

stress(Schurr et a1 2006;Omasa et a1 2007)`If

the three―dil■enslonal strucmre of Plants meas―

ured by hdar is combined M′ith a nvo―dil■ensional

ilnage such as a chlorophyll α nuorescence image,

it 、vould be possible to correlate infoFmatiOn

on physiological resPonSes and three‐dil■enslollal

structures, providing ne、v kno、vledge that could

never be obtained fron the two― dimensional

image alone.In this Paper、 ve combined a three―

dil■ensional image measured by hgh― resoluton

portable scanning hdar with a t、 vo―dilnensional

chloどophyll α fluorescencc image Of an individual,

herbicide―treated Plant

単Iaterials and lnethods

Plant matehal

Melon(Cι ιc″れなれ冴θL.)seedttngs were『 own in

a growth chambctt The plants were illuttnated fOr

12 h each day with fluorescent lights at a PPF Of

200μ NI m~2s-l Air temperature was 26.5° C dur―

ing the day and 24° C at night,Reladve humdiけ

、vas 70%dttng the day and 90ワ うat night for abOut

4 、veeks after gerIIunatlon. me pOtS 、vere f1lled

with artiicial soil(miXmre Of verHllculite and

p e r l i t e , 2 : 1 , v / v ) . P l a n t s  w e r e  w a t e r e d  d a l l y  w i t h  a

nutient solutton(1:1,000 dilution of H■?ONex)

Imaging system

Figure l shows a chlorophyll a fluorescence imag―

ing system.A metal httide lamp(Sumta Optical

Glass,Inc,,LS―M180)of the wavclcngth of 400-

700nln、vas used as actimc hght for photosynthe‐

s i s t  T h e  t t g h t i n t e n s i t t  W a s  k e p t  a t  1 3 0  1 6 0μN I I  m ~ 2

s~l on the leaves of a whole plant,ChloroPhyll α

nuorescence was measured by a cooled CCD

(Charge cOupled device)camera(Hamamatsu

Fig.l  schematic vie、v oF combittng chiOroPhyu a fluorescence image wich three一dimcnsional ttdar image Ai Procedure

of chiorophyll nuorescence image B:prOcedure of trec―dimenslonal Ldar image

をSPAnger
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Photodcs, C5985)with band Pass ttlter(Optical

Coatmgs Japan,NIIF,恥t central wavelength=755 nln

and hポ band width=8nm).The measurement was

startedjust after dle treatment ofthe aqueous soludon

ofthe Nekosogi―ace、vhich is a corlmercially avall‐

a b l e  h e r b i c i d e  h c l u d t t g  3 - ( 3 , 4  d c h l o r o p h e n y l ) - 1 , 1‐

dmethylurea oChfU)tO S01l h a potted plant

For the three―dilneIIslonal measurement of the

plant, a high‐resolution po■able scanning ttdar

(PulStec lndustnal Co.,Ltd.,modiied type of TDS
-130L)was uSed(Fig.lB)The Ldar is based on

the light‐probe method and is able to obtain three‐

dimenslonal point cloud data of an ottect Within
the range of 3.5-101n The spatial resolution is

l,7111m to y axis, 1.2111m to x axis.The accuracy of

range measurementis O.5 111m at a distance of 3.5 rn

and lIIIm at a distance of 5 1nt

As plants have comphcated shapes,self‐occlusion

widtt■the plants otten occurs.Thus,tle Plant Was

scanned iona four measu止 ng pomts around it.In dtts

wa) au leaves were captted without a bttd area

Since the measllred Point C10ud data included noise,

this ttre excluded by median tttettg After that,

dle ttdar data obtttned from dJtterent lneasllrement

POintS Were co―registered into the same orthogonal

coordinates.Then,the pohtcloud data was convened

into a polygon llnage,血whch ttee―dimensional

surfaces of leaves are expressed as lrregular mangie

meshes deterlnlned u五 quely by arrangement of

each point.Finatty.the ttЮ―dilnensional cttorophyll

nuorescence lmage、 〃as lnapped on the ttdar―deived

three―dllnensional ttage by dle texmre― mappi瑶

tech対que(HeCkbert 1986).The aCCurate selecdon

of the correspondng points bet、〃een the t、voぃdttnen―

sional and the ttree‐dmenslo■ 狙 mages is of geat

impoiance because of the comphcated smcttre Of

the plant.The corresponding polnts、〃ere chosen on

the disdnctve pohts of each leポ (e.g"the ttds and

edges),and the accurate ttrec―dllnensional cttoro―

phytt α nuorescence llnage、vas obtalned

Results and discussion

As shown in Fig 2,the chlorophyll α fluorescence

intensity image at 2h after the herbicide treatlnent

＼   イ

_=をニ トと

Fig. 2  An exalnple of three‐dirnenslonal cttorophyll α

fluorescencc image of a melon Plant(C″C″″なれを′θL)at

2 h after treatmeIIt of a herbicide contalning DCNILT

could bc accurately mapped onto the lidar,dettved

threc―dimensional ilnage The di」 Ference in the

chlorophyll nuorescence intensity was obsetted in

mattre leaves from the three‐ dimensional image

produced The mage then sho、 ved that increases

in chlorophyll fluorescence intensity appeared

along the veins of the leaves. It M′as noted that

DCNIU inhibited photosynthetic electron trans―

port, consequently the chlorophyll fluorescence

quenching disappeared (NIIaXWell and Johnson

2000).Therefore,it was implied that the herbicide

contai面ag DCNIU was absorbed from the root and

reached the veins of the leaves through the stems.

The image produced a1lo、ved tree―dimensional

obsen′ation of chlorophyll fluorescence intensity of

a whole Plantfrom any point ofvie、vt Consequently,

、ve could recognize the difference of the intensity at

sites along the veins in mamre leaves,Besides the

infomation of the intensity, the image contttned

detttled smcttral infomation,e.g,vertical Place―

ment of leaves and stems,leaf inclination, spatial

pattems of veins and veinlets in the leai etC.Such

infomation M′ithin the image could be applied for

studying the relationship betM′een physlological

and structural characteistics of plants, Also, the

chlorophyll fluorescence image can be replaced

to other two―dilnensional inages,such as themal

ilnage and PRI(photOChe述 cal reflectance index)

image(Omasa Ct a1 2007).The three‐ dimensional
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composite images 、vlll incrcasingly ilmprove our

spatial understanding of blotic activities of plants

and thett responses to stresses
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