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General Introduction

　　Morphological　expression　of　landscape　trees　is　usually　the　equilibri㎜between

endogenous　metabolic　processes　and　exogenous　metamorphic　actions　exerted　by　the

enviro㎜銀t．　L飢dscape　trees　grow　in　the㎜emi廿ingly　altering　enviro㎜ent㎝d

respond　to　it　at　any　time　and　in　varied　pattems．　Under　the　favorable　collditions　they

make　a　response　of　rapid　growth．　However，　the　extremely　unfavorable　or　catastrophic

env輌ror㎜ents　occasionally　hapPen　in　field，　even輌nduce　thern　into　protective　response　or

directly　damage　to　them．　Especially　in　recent　yea5，　many　reports　indicate　that　the

unfavorable　meteorological　extreme　events　have　increased　as　the　large－scale　climate

changed　in　some　area（Neilson　and　Drapek，1998；Easterling　et　aL，2000；Frichθτα1．，

2002）．Among　them，　the　summer　hot　wave　and　the　s仕ong　typhoon　associated　with

elongated　less∫ainfall　often　trigger　many　landscape　trees，　which　is　still　in　the　situation

of　rainfbd　growing，　into　significantly　visible　i吋uries，　such　as　leaf　or　branch　abscission，

1eaf　necrosis，　branch　dieback　even　death　of　overall　plant（Kozlowski，1973；Bhatε沈1．，

1986；Addicott，1982；Rust　and　Rolof£2004；Gtmthard㌔Goerg　and　Vollenweider，

2007；Yapp，1912）．

　　A臨ough　no　unique　definition　of　the　meteorological　extreme　evem　has　been　fbund　in

the　related　fields，　it　is　an　event　with　small　probability　is　confirmed．　Here　the

meteorological　extreme　events　were　considered　as　the　events　that　the　spread　value　of

meteorological　variables　reached　2．O　tirnes　moτe（or　less）than　that　of　standard　deviation．

From　2004　to　2008　it　appeared　a　significantly　varied　and　strongly　contrasted　climate　in

Yamaguchi，　Japan．　During　this　period　a　lot　of　meteorological　extreme　events　happened，

跡ic輌the　exceptional　typhoon　O613（TO613），　extreme　su㎜er　drought　in　2007

（SD2007）．　Apparent　responses　or　damages　were　fbund　on　many　landscape　trees　hit　by

TO613　and　SD2007，　which　comprise　the　main　content　ofthis　study．

　　The　Mediterranea加ype　sun㎜er　drought　and　tropical　cyclone　are　two　special　types

of　meteorological　phenomena　and　ofセen　induce　significant　response　f≧om　landscape

tτees．　Serious　disturballce　to　fbrest　and　trees　by　this　kind　of　meteorological　extremes

was　mo重e　co㎜on　in　many蹴ea　of　the　world．　Both　high　temperature　and　strong　wind，

associated　wi也less　rainfal1，　easily　result　in　pla斑s　or　trees　into　serious　water　imbalance

even　desiccation（Langeθτα1、，1976；Whitehead，1963）．　The　combination　of　them

evidently　decreases　the　threshold　of　plant　or洗e　responses　to　the　extreme　stresses．
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Under　extreme　water　stress　conditions，　many　of　them　can　save　their　lives　ftom　lethal

desiccation　status　at　exp銀se　of　partial　organs　that　comprise　m司or　parts　of　the　damage

character．　It　directly　results　in　leaf　abscission，　necrosis，　branch　dieback，　crown

discoloration　and　so　on．　In楓，　these　te㎜inal　pans　are　the　sensitive　or丘ail　points　in

their　hydrau狂c　architecture．　The　charaαeristics　of　tree　responses　to　these　kinds　of

extreme　events　usually　show　genetic　specific　diversity　and　stability．　The　structure　of

Iea£branch　and　vascular　system　and　so　on　in　a　large　extellt　manifest　the　adaptation

pattem　of　them　to　extreme　desiccation．　As　a　result，　they　indicate　diffbrent　characteristics

during　the　hit　by　these　meteorological　extreme　events．

　　Visible　symptoms　of　responses　f十〇m　landscape　trees　often　showed　temporal　delay．

The　postponement　of　the　metabolic　procedure　under　water　deficit　status　often　defbrs　the

leaf　shedding　or　partial　death．　The　rapid　leaf血lling　or　necrosis　after　rehydrat輌on

suggests　tha杜hey　are　initiated　by　a　response　to　water　stress　that　cannot　be　completed

without　adequate　water（Kozlowski，1976）．　From　the　report　of　some　oak　species，　a　time

lag　of　three　weeks　between　the　onset　of　drought　stress　and　increased　severity　of

abscission　of　leafy　twigs（Rust　and　Rolof£2004）．　By　observation，　the　kousa　dogwood

leaf　defense　barrier　usually　occurred　during　night　after　serious　summer　drought　stress

du血g　the　day．　Various　symptoms　of　many　tree　or　shrub　species　appeared　numbers　of

days　afモer　hit　by　strong　TO613．　This　kind　of　delay　fhrther　suggested　that　the　irOured

symptoms　were　the輌ntegrat玉on　of　the　extreme　stress　and　the　responses丘om　landscape

trees．　The　delay　of　the　tree　responses　to　one　extreme　hit　also　increases　the　possibility　of

血rther　hit　by　the　other　extremes．　The　longer　delays　of　landscape　tree　response　and　their

invisible　responses　may　be　more　interesting　to　the　change　in　the　vigor　status　of　thern。

However，　the　visible　symptoms　at　present　are　the　main　fbcus．

　　Landscape　trees　are　usually　selected　and　planted　by　their　characteristics　of

omamental　values．　Partial　of　them　are　aesthetically　or　mechanically　planted　and

regenerated　at　their　unfavorable　site　so　as　to辻）e　sensitive　to　the　enviro㎜ental　changes．

They　hit　by　the　environmental　extremes　one　after　another，　especiaUy　the　individuals　at

constricted　site　condition　that　are　in　the　situation　of　higher　sensitive　to　the

meteorological　extreme　events．　It　is　more　co㎜on　that　be品re　they　per允ctly　recover

宜om　an　extrerne　shock　another　hit　has　occurred．　By　observat輌on，　a允w　of　landscape
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trees　grown　at　poor　site　condition　are　even　in　the　cycle　of　branch　sprout　and　dieback，

and　remain　a　srna11，　narrow　or　stem　alone　crown．　These　kinds　of　continual　damages

cause　them　impossible　to　put　up　an　all－round　effective　defense　against　the　biotic　and

abiotic　intrusion，　and　trigger　the　low　vigorousness　or　abnormal　fb㎜of　them　even

accelerate　senescence　alld／or　death．　The　merge　of　the　persistent　meteorological　extreme

events　may　be　one　of　the　m司or　inductive　causes　of　acce玉eratmg　senesc題ce　and／or

death　of　some　landscape　trees．　Persistent　hit　to　one　direction　or　part　of　them　and　the

self二shelter　one　part　of　them　by　another　as　well　as　the　asymmetric　growth　during　the

restoring　period　often　cause　asymmetry　of　some　landscape　trees　in　the　restricted　sites．　It

should　af琵ct　the　vigor　status　to　respond　the　fUture　meteorological　extreme　events　like

Typhoon　O613．

　　The　studies　concemed　extremely　enviro㎜ental　impacts　involve　in　varied　layers

covering　fbrest　communities，　populations，　individual　tree，　organ，　tissue，　cell　and

molecules．　In　this　study，　the輌ndividual　trees，　branches　and　leaves　as　well　as　small　area

of　bamboo　canopies　compose　the　main　research　o旬ects　studying　with　the　method　of

combining　image　and　spectral　analysis，　field　visual　observation　and　laboratory

measurements．　Since　the　big　body　of　landscape　trees，　the　conventional　approaches　in

observing　the　damage　characters　of　them　in　field　was　visual　scale　method．　To　some

extent，　they　are　observer　specific　and　affbcted　by　su句ective　judgment．　As　the　rapid

advancement　of　infbrmation　tec㎞ology，　it　is　emerging　a　trend　fbr　developing　the

o句ective　methods　to　determine　damages　by　typhoons　and　other　disasters，　especial正y

using　imagery　analysis．　The　main　obl　ective　of　this　s加dy　is　f～）cused　on　evaluation　of

responses　f≧om　some　landscape　trees　to　two　meteorological　extreme　events，　TO613　and

SD2007，　by　using　the　nondestrtlctive　and　noninvasive　rnethods．　It　is　carried　out　at

Yamaguchi　University　combinilユg　with　analysis　of　meteorological　data　and　tlsing

spectral　analysis，　RGB　image　analysis，　thermography　as　well　as　water　content

measurement．　During　the　study，　it　was　fbund　that　the　RGB　image，　reflected　spectrum

and　the　thermography　are　especially　sensitive　to　the　necrotic　part　of　leaves　or　branches，

which　becomes　the　bases　of　damage　evaluation　hit　by　TO613　and　SD2007．　It　may　be

originated　f錐om　the　special　spectrum　characteristics　of　necrotic　parts．

　　The　main　architecture　o茸his　thesis　is　composed　offive　sections．　The　first　is　a　general
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introduction．　The　second　comes　the　Part　one，　which　presents　the　climate　character丘om

2004to　2008　in　Yarnaguchi　City，　especially　the　two　meteorological　extreme　events，

TO613　and　summer　drought　in　2007　in　Chapter　one，　and　then　the　representative

characteristics　of　sorne　landscape　tree　responses　to　them　are　described　and　analyzed　in

Chapter　two．　The　Part　two　is　the　quantitative　evaluation　of　the　symptoms　of　gir止go　and

bamboo　induced　by　TO613　with　spectral　and　image　analysis」t　includes　Chapter　three，

丘）ur，　five　and　six　respectively．　Estimating　and　measuring　the　responses　ffom　some

normal　and　transplantation－shocked　dogwood　trees　to　the　2007　and　2008　summer

drought　or　hot　stresses　by　using　the　RGB　image，　spectral　analysis　method　and

the㎜ography　are　a汀anged　in　Pa白㎞ee　which　include　Chapter　seven　and　eight．　Finally，

it　presents　the　general　d輌scussion　and　summary．　It　is　by　the　way　of　response　description

and　analysis　in　Part　one　and　the　quantitat輌ve　measurement　of　them　in　Part　two　and　three

complete　the　research　of　this　thesis，　in　which　includes　some　cause　analysis．

4



Contents

General　htrod観ction

Part　1 Two　Meteorolo　ical　Extreme　Events　and　Res　onses　from

Chapter　l　Two　Meteorological　Extreme　Events　in　Yamagucbi　from

2004to　2008

1．11ntroduction

1．2Materials頷d　methods

1．3Characteristics　of　climate　variation　in　Yamaguchi

L4　Varied　climate　characteristics　from　2004　to　2008

1．5Extre】me　typhoon　event－TO613

L6　Extreme　summer　dmught　event　in　2007　and　2008

1．7Conclusion

Cbapter　2　Responses　from　Some　L頷dscape　Trees

2．11ntroductiOI1

2．2Materials　and　me也ods

2。3Responses　of　sweet　gum　trees　to　the　meteorological　extreme　event一鉦om　2004　to

2008

2．4］Leaf　desiccation　speed　of　15　tree　species

2．5Response仕om　some　tyPi田l　t「ee　sPecies　to　the　meteo「ological　ext「eme　ev斑t

－TO613

2．6Asymmetric　response　to　the　TO613　by　some　landscape　trees　and　shmbs

2．7Asymmetric　growth　of　some　landscape　trees　and　shrubs　a｛Xer　hit　by　the　TO613

2．8Conclusion

P館t2 uanti伽tive1　Evalu誕in　S　m　toms　of　Gink　o　and　Bamboo

Induced　b　TO613　with　S　ectra1頷d　Ima　e　Anal　sis

Cbapter　3　　Estimation　of　Ginkgo　Le3f　Necrosis　Induced　by　TO613

　　with　Spectml　Reflectance

3．1111troduction

3．2Materials　and　methods

5



3．3Selection　of　the　optimal　spectra　waveleng也for　the　measurement　of　ginkgo

Ieaves

3．41）if飴rence　of　leaf　necros輌s　between　w輌ndw訂d　and　leeward　of　ginkgo　tree

3．5Leaf　necmsis　and　spectral　renectance　of　dif民rent　tree　species

3．6Dif恥r斑ce　of　leaf　necrosis　and　spectral　reflectance　among　different　sites

3．7Conclusion

Chapter　4　　Estimating　Bamboo　Leaf　Necrosis　and　CMorosis　Induced

by　TO613　with　RGB　Image　Analysis

4．1111troduction

4．2Materials　and　methods

4．3Estimating　leaf　chlorosis　and　necrosis　by　image　G／R　values　fbr　individual

bamboo　Ieaves

4．4Comparis⑩of　GIR　value　and　G／L　value　of　RGB　images　with　big　dif丘rence　in

Iuminance

4．5Conclusion

Chapter　5　　Evalu加ing　Ginkgo　Leaf　Necrosis　and　Asymmetric
Crown　Discoloration　Induced　by　TO613　with　RGB　Image　Analysis

5．11ntrodluctiOI1

5．2Materials　and　methods

5．3Leaf　necrosis　estimated　by　I．NAP　and　G／Lleaf　value

5．4Asymmetric　crown　discoloration　estimated　by　CI）AP，　IP　and　GILcrown　values

5．5Relation　between　DC　and　both　G／Rcrown　and　G／Lcrown　values　of　ginkgo

5・6ConclusiOIl

C』pter　6　Quantitatively　Estim就ing　Vigor　Status　of　Ginkgo　after

Hit　by　TO613　with　Image　Analysis

6．11ntroduction

6．2Materials　and　methods

6．31）iscoloration　of　ginkgo　crowns　hit　by　TO613

6．41）efbliation　of　ginkgo　trees　hit　by　TO613

6．5Comprehensive　vigor　status　of　ginkgo　trees肋by　TO613

6．6Multi　analysis　and　class輌超catio⑭f　ginkgo　v輌gor　status

6．7Conclusion

6



Part　3 uantitativel　Evalu3tin　S　m　toms　ofDo　wood　Induced　b

Summer　I）rou　ht／hot　Stresses　with　RGB　Ima　e　A顕l　sis　S　ectral

Chapter　7　　Evaluating　Symptoms　of　I）ogwood　Induced　by　Summer

Dmugkt／hot　Stresses　with　RGB　Image　Analysis

7．11ntroduction

7．2Materials　and　nlethods

7．3Characteristics　of　kousa　dogwood　leaf　necrosis　and　crown　discoloration

7．4Leaf　necrosis　of　transplant訂ion－shocked　kousa　dogwood

7．5Water　re励on　of　kousa　dogwood　dur迦leaf　necrosis

7．6Conclusion

Chapter　8　1）etecting　I．eaf　Necrosis　and　Branch　Dieback　of　Dogwood

with　Spectral　Reflectance　and　Tbermography

8．11ntroduction

8．2Materials　and　met㎞ods

8．3Kousa　dogwood　leaf　necrosis　and　branch　dieback　detected　with　thermography

8．4Kousa　dogwood　leaf　necrosis　detected　with　spectral　reflect紐ce　method

8．5Conclusion

General　Discussion　and　Conclusion

Reference

Acknowledgement
Appendix

　　Photograph　of　instru氾ぼe】駐ts

　　Ijst　of　the　concerned　software

　　List　of　the　concerned　landscape　tree　species

　　List　of　69tlres

　　List　of組bles

7



Concept　system　and　Abbreviations

A．Concept　system

Meteorological　extreme　events－usually　were　considered　as　the　events　that　the　spread

value　of　meteorological　variables　reached　2．O　times　more　or　less　than　that　of　standard

deviation．　It輌s　mainly　fbcused　on　the　extreme　eve飢s　of　TO613　and　SD2007．

Response－it　is　the　reaction　ftom　landscape　trees。　It　gives　more　importance　to　the

reply　ffom　the　trees　to　the　meteorological　extrelne　events。　In　the　consideration　of　the

symptoms　caused　by　meteorological　extreme　events，　it　has　some　inter－crossing　with

‘damageラ．

1）amage－－the　symptoms　caused　trees　less　amactive，　usefhl　or　valuable，　it　directly

reduces　the　vigor　of　landscape　trees．

Vigor－it　is　thought　as　one　kind　of　ability　to　fbrm　a　perfbct輌ndividual　and　healthily

grows　of　trees，　which　varies　with　the　cultivated　conditions，　increases　with　fine　nurtures

and　decreases　by　serious　pest　damages，　disaster　destroys　and　various　k輌nds　of　stresses，

such　as　drought，　salt，　nutrition　shortage．

Lamlscape　Trees－the　trees　used　fbr　rnaking　the　land　greening，　beauty，　ill　this　thesis

especially　the　trees　planted　in　the　park，　along　the　street，　highway　and　river，　which　are

some　tree　or　shrub　species　common　seen　in　Yamaguchi　City．

Necrosis－it　means　the　death　of　tissue，　organ　and　overall　individuals　of　trees．　In　the

thes輌s，　it　mainly　study　the　death　caused　by　the　two　meteorological　extreme　events　or

aboitic　factors．

Dieback－the　characteristics　of　tw輌g　or　branches　of　trees　and　s㎞ubs　died＆om　distal　to

proximal

1）iscoloration－tree　crown　or　leaves　lose　their　green　color，　especia11y　the　loss　of

chlorophylls　as　well　as　the　crown　color　changes　caused　by　leaf　necrosis

1）efb簸ation－the　symptoms　that　tree　lose　their　leaves　and　make　the　crown　become
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more　openness・

Windward－－Apro61e　of　crown　against　the　extremely　strong　wind　haz田d

Leeward－－Aprofile　of　crown　reverse　to　the　windward

Sideward－Aprofile　of　crown　being　perpendi田lar　to　leeward　or　windward

Asymmetric　crown－the　crowns　that　showed　significantly　difference　of　covered　area

or　discolored　area　between　windward　and　leeward　from　sideward　profile　of　the　crown

Normal－the　meteorological　variables　averaged　fセom　the　data　more　than　30　years．

Threshold　the　point　j　ust　befbre　the　leaf　or　branch　becoming　necrosis　or　dieback．

Imaging　tempemtw←temperature　value　fξom　the㎜o　image　analysis．　In　some　extent，

it　is　the　near　synonyrn　with　surface　temperature．

Sunshine　heating－the　process　of　leaves　and　branches　heated　by　the　direct　sunshine

Shading　cooIing－the　cooling　Process　under　the　shade　condition　after　sunshine　heating．

B．Abbreviations

LNAP－1eaf　necrotic　area　percentage

SI）2007－summer　drought　event　in　2007

TO613－typhoon　number　13　in　2006

TO418－typhoon　number　18in　2004，．．．．．．，the　rest　can　be　deduced　similarly．

AI）13－aridity　index　ofthirteen　days

HD13－humidity　index　of　thirteen　days

GW33－gusty　wlnd　index　of　typhoons　with　maximum　gus巧wind　over　33　m／s

TMAI）－three　month　aridity　index

AMeDAS－Automated　Meteorological　Data　Acquisition　System

αLcrown－the　ratio　of　green　and　luminance　values　of　RGB　images　fbr　tree　crown
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GZRcrown－the　ratio　of　green　and　red　values　of　RGB　images　fbr　tree　crown

G凡learthe　ratio　of　green　and　luminance　values　of　RGB　images　fbr　tree　leaf

G／Rlearthe　ratio　of　green　and　red　values　of　RGB　images　fbr　tree　leaf

RGL－relative　G／L　value

RGR－relative　G／R　value

WLAR－the　percentage　of　area　between　windward　and　leeward　of　crown　divided丘om

rnaln　stenl

CGAP－the　crown　green　area　percentage

LAR－single　Ieaf　area　ratio　between　windward　and　leeward　ofcrown

B〕）P－branch　dieback　percentage

LBP－living　branch　percentage

WLP－Water　loss　percentage

LSD－leaf　desiccation　speed

SPAI）－the　values　measured　by　using　SPAD－502　chlorophyll　meter

NDVIR－no皿alized　dif衣）rence　vegetation　index　reputing　value

NI）VI755／67g－normalized　difference　vegetation　index　at　755　and　679㎜wavelength

CI）AP－crown　discolored　area　percentage

IP－inflection　point

I）C－the　shortest　distance　f㌃om　coastline

AI）C－average　distance　f｝om　AMeDAS　stations　to　the　coastlines　of　west，　southwest，

south　and　southeast

CC－crown　coverage

VI－vigor　index

AT－average　tempera加re

RH－relative　humidity

F－Ftest　value

＊－95％proberbility　of　significant　de飽rence　in　F　test

＊＊－99％proberb輌1輌ty　of　significant　defference　in　F　test

TSR－transp輌ring　surface　reduction

WC－water　contents
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Part　1

Two　Meteorolo　ical　Extreme　Events　and　Res　onses　fmm

　　　　According　to　the　meteorological　data　f壬om　Yamaguchi　Observatory，　a　tendency　of

changed　climate　character　f沁m　1967　to　2007　has　been　fbund。　Recently　the

meteorological　extreme　events　showed　a　trend　of　number　increment，　particularly　the

extraordinary　strong　typhoon　and　high　temperature　associated　with　prolonged　less

rainfall．　In　the　recent　20　years，　both　extremely　high　annual　temperature　and　low　annual

precipitation　occurred　in　1994　and　2007　respectively．　The　exceptional　TO613　associated

with　long　period　no／less　rain　became　the　extreme　events　that　havenラt　occurred　fbr　more

than　40　years．　From　2004　to　2008，　the　c臼mate　in　Yarnaguchi　showed　a　special　changed

and　strongly　contrasted　character．　It　caused　many　meteorological　extreme　events

occurred．　The　meteorological　extreme　events　of　typhoon　O613（TO613）and　summer

drought　2007（SD2007）should　be　the　proper　examples．

　　　Exogenous　enviro］㎜ental　factors　o危en　become　operative　through伍e　endogenous

metabol輌c　processes　of　trees。　In　the　normal　weather　conditions，　the　role　of

meteorological　factor　is　not　easy　to　be　segmented　from　others　in　field，　since　the

complication　of　their　impact　oll　the　phenotype　of　landscape　trees．　However，　the

meteorological　extreme　events　usually　become　the　limit　factor　or　catastrophic　origin

and　often　cause　these　trees　to　appear　significantly　visible　symptoms　that　are　important

feedback　in負）rmation　of　these　extremes．　Both　TO613　and　SD2007　induced　rnany

landscape　trees　into　abnormal　status　even　apParent　protective　responses　or　damage

characters．　Combined　analysis　of　leaf　water　conservation　propelty，　meteorological　data

and　digital　images　of　leaves／branches　and　the　cornparison　among　landscape　tree　species，

they　are　described　and　analyzed　in　this　part．

ll



Chapter　l　　Two　Meteomlo9輌cal　Extrerne　Events　in　Yamaguchi

廿om　2004　to　2008

1．1　1nt〕！0（lllction

　　In　the　surroundings　of　atmospheric　CO2　elevation　and　the　persistent　increment　of　a輌r

temperature輌n　the　past　20　years，　the　annual　mean　temperature　in　Japan　rose　up　like　the

other　areas　in　the　world．　Significant　characteristics　of　climate　change　indicated　that　the

numbers　of　abnormal　lower　air　temperature　decreased　and　extreme　higher　a輌r

temperature（＞35℃）increased　recent　years　in　Japan（Kurihara，2007）．　Although　it　is

dif丘culty　to　find　significant　diflerence　of　precipitation丘om　no㎜al（Kurihara，2007），　a

trend　of　raising　number　of　days　of　no－rain（Kimotoθτα1．，2005）and　the　days　of　heavy

rain　over　100mm　or　200mm（Kurihara，2007）was　anticipated．　Therefbre，　a　tendency　of

adding　probability　of　the　meteorolog▲cal　extreme　ev銀ts　characterized　by　1〕igher

temperature　and　both　lower　and　higher　precipitation　would　be　expected（Easterling　et　al．，

2000；Frich　eτα1．，2002；Meehl＆Tebaldi，2004，　Bacheletθτα1．，2001）．　Under　the

condition　of　no　increasing　of　the　total　global　precipitation，　rising　of　rainfall　in　one

region　implies　the　reduction　of　the　precipitation　in　other　area．　In　the　same　region，

seriously　positive　gain　of　rainfalhn　a　period　of　time　seems　to輌nduce’he　coming　ofdry

period．　The　disproportional　changes　in　the　upper　end　of　the　precipitation　fiequency

distribution　in　United　States，　most　area　of　Canada　and　northeast　Mexico　might　be　one

special　case（Groisman　et　aL　2007）．　The　drought　in　1994　a負er　the　year　with　heavy

precipitation　in　1993，　and　the　persistent　less　rainfall　in　2007　should　be　another　in

Yamaguch輌，　Japan．　From　2004　to　2008，　significant　variation　characteristics　of　cIimate

appeared　in　Yamaguchi，　Japan　accompanying　with　some　meteorological　extreme

events．

1．2Materials　and　methods

　　This　s組dy　was　carried　out　in　Yamaguchiαty，　Japan．　In　the　study，　the　armua1，

monthly，　daily　meteorological　data　f士orn　1967　to　2007　fbr　Yamaguchi　and　other　150

main　observatories　was　obtained　f沁m　Automated　Meteorological　Data　Acquisition

Syst斑1（AMeDAS）of　Japan　to　study　the　climate　variance　ffom　the　beginning　of　the

AMeDAS　in　Yamaguchi．　The　daily　maximum　temperature，　precipltation　and　gusty　willd
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over　33　m／s　ffom　2004　to　2008　were　used　to　calculate　the　aridity　index　of　thirteen　days

（AD13），　the　humidity　index　of　thirteen　days（HD13）and　the　gusty　wind　index　of

typhoons　with　maxim㎜1　gusty　wind　over　33　m／s（GW33）as　well　as　the　three　month

aridity　index（TMAD）．　They　were　calculated　with　Equation　U，12，13　and　I4

respectively．

　　　　　　　　　　　　　　　　4Dl3’一ξ⇒ξP呪匂

　　　　　　　　　　　　　　　　0γ

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロ

　　　　　　　　　　　　　　　　狙13・－m・xZ沈耽γα1微プ…r∂伽Z・wh・nΣPR、．、－0　（∫1）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ノ＝0

　　　　　　　　　　　　　　　　…’－Xp飛・・／曇吟（∫2）

　　Where，　i＝1，2＿365　and　i＝10n　the　January　1．j＝0，1，2＿12。　MTiぷs　daily　maximum

temperature　at　the　day　of　iガand　PR司is　daily　precipitation　at　the　day　of司．　The　13

days　of　up　l輌mit　was　screened　by　repeat　calculat輌ons　of　diffbrent　days　to　reduce　the

numbers　that　denominator　equals　zero．

　　　　　　　　　　　　　　　　G研33∫＝（ヲz4w6『∫／30　　　　　（∫3）

　　Where，　i＝9／2004，9／2005　and　9／2006，　which　the　TO418，　TO514　and　TO613　took　place

respectively．　The　Guwd　is　the　maximunl　gusty　wind　over　33m／s　during　hit　by　typhoons．

The　divisor　of　30　was　decided　fbr　integrating　it　into　same　coordinate　system　with　AD　13

and　HD　13　in　the　graph．

　　　　　　　　　　　　　　　　卿一ξ獅／X獅（∫4）

　　Where，　i＝1，2＿10　and　i＝1　in　January，　j＝0，1，2．　MMTi刊is　monthly　maximum

temperature　in　the　month　of　i七and　MPRi刊is　monthly　precipitation　value　in　the　month

ofiヰ」．

1．3Characteristics　of　climate　variation　in　Yamaguchi
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　　From　the　beginning　of　the　AMeDAS　observation丘om　l　967　in　Yamaguchi，　the

a皿ual　mean　temperature　drew　a　fluctuated　increasing　line（Fig．　C　1－1a），　like　the　most　of

other　cites　in　Japan．　By　calculation，　the　air　temperature　increased　l．68　degree　centigrade

伽m1967　to　2007．　Although，　the　amual　precipitation　almost　remained　at　same　level

（Fig．Cl－1a），　it　tumed　to　raise　the　fluctuations　of　their　standard　deviati皿in　recent　21

years　especially　in　the　second　half　of　a　year（Fig．C1－1b）．　The　tendency　of　amplified

precipitation　deviation　even　appeared　in　more　than　60％of　150　central　observatories　in

Japan．　In　recent　years，　not　only　the　heavy　rainfall　has　increased　　in　sorne　regions

（Kurihara，2007；Matsumoto　and　Yamamoto，2007），　but　also　the　probability　of

meteorological　extreme　events　have　raised（Easterlingθτα1．，2000；Frich　eτα1．，2002）．
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　　Fig．C1－l　Characteristics　of　climate　variation　in　Yamaguchi，　Japan；Cl－la　represents　the　temporal

series　of　annual　mean　temperature　and　precipitation廿om　1967　to　2007．　whlch　appeared　a　slant　and　a

Ievel　line　fbr　temperature　and　precipitation　respectively．　Cl－lb　showed　the　yearly　and　nlonthly

distribution　characteristics　of　standard　deviation　of　precipitation　in　the　period　of　l　967－1986　and

l987－2007　fbr　Yamaguchi　City　and　showed　a　characteristic　of　larger　precipitation　standard　deviation　at

all　months　in　second　half　year　during　recent　21years．　C　I－lcpresents　the　occulT・ed　number　of　different

fblds　of　spread　to　the　standard　deviation　value　of　precipitation－ternperature　ratio　at　Yarnaguchi

Observatory．　It　showed　lnore　occurrences　of　Ininus　value　of　spread　and　standard　deviation　ratio　and　less

occurrence　ofpositive　value　in　l　987－2007　than　in　l967－1986．　Cl－ldwas　a　graph　of　max　gust　wind　speed

（MGW）and　max　wind　speed（Mw）of　strong　typhoons　whose　gust　wind　speed　is　over　33　m／s，　the

precipitation㎞the　day　typhoon’s　hit（PADTH）and　the　rain制l　during　44　days　afモer　typhoon’s　hit

（P44DATH）．　Both　the　average　value（A）and　the　standard　deviation（S）of　them　showed　significant

varlance．
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　　Integrated　the　rneteorological　extreme　events丘om　1967　to　2007，　thereεしppeared　a

trend　of　rnore　negative　extreme　spread　value　of　the　precipitation－temperature　propo】〔tion

（P／T），less　positive　extreme　of　it　in　Yamaguchi丘om　1987　to　2007（Fig．C1－1c）．　It　is

indicated　a　trend　of　more　years　with　h．igh　tempera加re　and　low　precipitation　and　less

years　with　low　tempera加re　and　high　precipitation　occurred．　Meanwhile，　the　occurrellce

of　strong　typhoons，　gust　wind　speed　over　33　m／s，　increased　during　1987－2007

comparing　to　that　of　1967－1986　and　the　standard　deviation　of　them　also　raised（Fig．

C1－1d，　line）being　consistent　with　average。　Both　the　mean　value　ofprecipitation　44days

after　strong　typhoonうs　hit　and　rainfalls　in　the　day　strong　typhoonラs　hit　was　lower　in

1987－2007than　1967－1986．　The　standard　deviat輌on衣）r　both　of　them　got　larger　during

1987－2007than　1967つ986（Fig．C1－1d，　Histogram）．　Therefbre，　it　seems　to　increase

the　probab輌lity　of　meteorological　extreme　ev銀t　of　high　temperature　and　low

precipitation　irl　local　area　under　this　situation（Bachelet¢τα1．，2001）．

1．4Varied　climate　characteristics　from　2004　to　2008

　　　　From　2004　to　2008，　significant　variation　characteristics　of　climate　apPeared　in

Yamaguchi，　Japan　accompanying　with　some　meteorological　extreme　events，　such　as

historical　record　of　10times　typhoonうs　hi垣n　2004，　extreme玉y　strong　wind　ming」ed　with

less　rainfall　during　TO6Bうs　hit　and　persistent　high　temperature　and　drought　in　2007　as

well　as　the　heavy　rain　during　the　hit　by　TO514　in　2005．　In　2004（Fig．C1－2a），　numbers　of

typhoon’s　hit　brought　plentifUl　precipitation，2224　mm　in　Yamaguchi，　and　poured　on

the　Japan　Islands，　which　means　less　AD　13peak　period　occurrence．　The　seriously　strong

gusty　wind（maximum　50．3　m／s輌n　Yamaguchi）during　hit　by　TO418was　also　fenced　in

alarge　HD　13peak（Fig、C1－2a）．　Both　AD　13　and　I｛D　13　during　2005（Fig．C1－2b）showed

significant　d輌ssimilarity　to　that　in　2004．　Not　a　large　quantity　of　precipitation　in　all　year，

1613mm，1ed　many　AD　13　peak　appeared（Fig．C1－2b）．　However，　the　TO514　was　inlaid

into　the　HD　13　peak　in　September（Fig．C1－2b）．　By　contrast，　in　2006　it　was　almost　same

as　in　2004　during　the　first　eight　mon重hs（Fig．C1－2c）．　Nevertheless，　the　TO613

characterized　by　strong　wind　and　less　rain（max　gusty　wind　speed　42．4　m／s），　merged

into　a　persistent　AD13　peak　period　of　more　than　one　month（only　once　in　2006）．
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Although　there　was　no　serious　typhoon’s　hit　in　Yamaguchi　during　2007　and　2008，　the

prolonged　extreme　weather　of　high　temperature　and　less　rainfall（a㎜ual　precipitation

1321and　1691　mm　in　2007　and　2008　respectively），　especially　in　July，　August　and

September（F輌g．C1－2d，　C　1－2e）became　the　weather　extremes　during　these　two　years．
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　　Fig．C1－2　The　characteristics　of　meteorological　extreme　events　fTom　2004　to　2008　in　Yamaguchi　City．

AD　13（一），｝ID　l　3（○－o）and　Gw33（一）values　in　2004（a），2005（b），2006（c），2007（d）and　2008（e），

and　their　peaks（extreme　weather）．　The　characters　of“J　F　M　A　M　J　J　A　S　O　N　D”stand　fbr　January，

February，＿December．

　　Durirtg　th輌s　period，　a▲ot　ofmeteorological　extreme　ev頭ts　happened，　particularly　the

TO613　and　SD2007．

1．5Extreme　typhoon　event－TO613

　　The　Typhoon　O613（TO613）originated　ffom　the　sea　area　east　to　the　Philippines　on

Sep．9，2006　and　took　the　similar　track　as　the　catastrophic　T9119and　TO418（Fig．　C　1－3）．

It　hit　the　Japan　Islands　starting］｝om　the　vicinity　of　Sasebo　City，　Nagasaki　Prefecture．

The　center　of　it　passed　through　the　Japan　Sea　and　shaved　the　southwest　corner　of

Yamaguchi　Prefbcture　with　characteristics　of　strong　wind　and　less　rainfall　in　Yamaguchi

αt）なIts　max　gusty　w輌nd　speed　reached　42．4　rn／s　and　minimum　air　pressure　at　sea　level
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was　980．4　hPa　as　well　as　less　rainfall　associated　when　it　passed　through　Yamaguchi　City

（Fig、　C　1－3）．　It　even　made　a　new　meteorological　record　of　lowest　precipitation　44　days

after　hit　by　TO613　at　Yamaguchi　Observatory（Table　l－1）．　According　to　the　data　from

Yamaguchi　meteorological　observatory，　the　precipitation　was　only　26　mm　during　the

period　hit　by　Typhoon　O613　and　as　the　max　wind　speed　reached　to　the　peak　almost　no

rainfall　associated．
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Fig．　C1－3　Track　ofthe　TO613，　Tg　I　l　g　and　TO418；The　center　of　TO613passed　through　the　Japan　Sea　and

shaved　the　southwest　comer　of　Yamaguchi　Prefecture　with　characteristics　of　strong　wind　and　less　rainfall

in　Yamaguchi　City．　When　TO613hit　Yamaguchi　City　on　Sep．17，2006，　the　max　gusty　wind　speed　reached

42．4m／s　and　the　precipitation　was　26　mm．　Almost　no　rain制1　associated　when　the　wind　reached　the

maximum　speed　during　hit　by　TO613．

17



Table　1－L　Related　meteorological　data　fbr　Yamaguchi

　　During

Typhoon　O613

Past　40　years

Max Mean Min

Max　gusty　wind（m／s）

Max　wind　speed（m／s）

Precipitation　during　TO6］3（mm）

Precipitation　in　44　days　a茸er　TO613（mm）

42．4

20．0

26．0

8．5

53．1≠；

28．8＊

247．0＊

544．0＊

395誓

2LO＊

9L2＊

233．1＊

33．2－

15．4＊

5．0＊

85＊

★The　data　came　f壬om　typhoon’s　hit　that　maximum　wind　speed　was　over　15m／s．

＃The　data　came伽m　typhoon’s　hit　that　maximum　gusty　wind　speed　was　over　33　m／s．

L6　Extreme　summer　drought　event

The　me給orological　extreme　ev銀t　in　2007　is　expressed　fbr　its　less　and　uneven

precipitation，　lower　relative　humidity　and　higher　temperature　than　that　of　normal　year

（1967to　2007）．　It　took　the　first　rank　of　annual　minimum　relative　humidity，　third　rank　of

minimum　annual　precipitation　and　third　rank　of　annual　maximum　value　of　mean

temperature　during　these　41　years．　Particularly，　it　made　new　records　of　many　monthly

meteorological　variables．　The　Ineteorological　environment　in　2007　in『Yamaguchi，　Japan

was　characterized　by　dry　in　almost　all　of　the　first　eleven　months　and　hot　in　February，

August，　September　and　October，　The　almual　precipitation　was　71．6％of　normal　year

and　only　60．1％fbr　the　first　nine　months．　The　annual　precipitation　fk）r　ent輌re　Japan　was

87．6％to　the　no㎜al　and　the　lowest　observatory　was　55％or　so（Table　1－2，　Fig．　C　1－4）．

In　Yamaguchi，　the　annua三mean　temperatuτe　accounted　fbr　107．3％of　the　normal　year

and　106．7％in　entire　Japan．　The　h輌ghest　one　reached　113．5％of　normal　year　and　only

one　observatory　was　lower　than　the　no㎜al　year（2007／norma1＜100％）in　2007　in　entire

Japan（Fig．　C玉一4）．

The　extreme　weather　fξom　August　seventh　to　eighteenth　could　be　considered　as　the

key　of　meteorological　extreme　event　in　August　2007　in　Yamaguchi．　Although　hit　by

typhoon　O7050n　August　3，2007，　its　max　wind　speed　was　lower　than　10　m／s

accompanying　with　heavy　daily　rainfal1（775mm）and　not　very　higher　temperature

（daily　highest　temperature　29．80C）in　Yamaguchi．　Th銀，　more　than　15　days　anticyclone
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weather　occurred．　During　these　days，　as　the　average　temperature　and　minilnum

temperature　maintained　higher　than　the　norlnal　year（1971－2000），　the　max　wind　speed

and　gusty　wind　speed　reached　the　peaks　at　9．1　and　17．7　m／s　and　associated　with　no　rain．

Meanwhile，　the　relative　humidity　drew　a‘U’shaped　curve　and　the　period　of　no　rain

persisted　seventeen　days．　All　ofthese　Ied　to　a鉛e㎞like　weatheL
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Fig．　C1－4　Annual　deviation　of　mean　temperature　and　proportion　to　normal　of　precipitation　in　Japan　in

2007and　in　su㎜er　of2008（Jun．，　Jul．　and　Aug．）

Table　1－2　Spread　and　ratio　of　annual　precipitation　and　tempemture　in　2007　to

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　normal　year

Precipitation（mm） Tempera加re（℃）

Yamaguchi Japan Yanlaguchi Japan

Ratio％ 71．6（60．1＊） 87．6 107．3 106．7

Max　ratio％ 137．4 ll3．5

Mm　ratio％ 55．0 98．9

Spread 一517．1 一215．9 1．1 0．75

The　data　of　Japan　was　mean　vabe　fセom　l　500bservatories．　The　data　with＊means　fτoln　the行rst　nine

months．

During　the　su㎜er　of2008，　the　a皿ual　deviation　ofmean　tempera加re　was　more　thall

O．5℃degree　compared　to　normaL　Meanwhile，　the　precipitation　was　less　than　80％of

no㎝al　years　at　Mmaguchi（Fig．　C　l－4）．　During　the　hottest　day丘om　Jul．22　to　Aug．14in

2008，0nly　l　1㎜rai㎡all　was　recorded　at　the　Wmaguchi　Observatory．　The　maximum

daily　temperature　in　all　of　these　days　during　this　period　maintained　higher　than　33°C．
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1．7Conclusion

　　　　From　the　begi㎜［ing　o負he　AMeDAS　observation　in　Yamaguchi，　especially丘om

2004to　2008，　although　a　changed　and　strongly　contrasted　climate　was　fbund　in

Yamaguchi，　whether輌t　is　pers輌stent　and　irreversible　or　not　is　still　unclear　and　needs

血rther　observatiol1．　However，　many　meteorologica玉variables　became　the　evems

occurred　once　more　than　40　years　and　the　conlplex　of　these　variables　maybe　longer　than

500r　60　years　even　more　during　this　period．　The　meteorological　extreme　events，

partiω1arly　the　strong　typhoon　and　summer　drought　associated　with　prolonged　less　rain，

such　as　the　TO613　and　SD2007，　may　endanger　the　sensitive玉andscape　trees，　which　will

be　showed　in　next　chapter．
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Chapter　2 Responses　from　Some　Lands田pe　Trees

2．11ntro〔luction

　　The　Mediterranean　type　summer　drought　and　tropical　cyclone　are　two　special　types　of

meteorological　phenomena，　and　often　induce　significant　protective　responses（LIU　at　a1．，

2007）from　trees．　Both　high　temperature　and　strong　wind　associated　w輌th　less　rainfall

easily　result　in　trees　or　shrubs　into　serious　water　stress，　desiccation　as　well　as　the　energy

imbalance（Lange¢τα1．，1976；Makiετα1．，1991；Whitehead，1963）．　As　a　result，　the

responses　f｝om　plants　or　trees　at　first　stage　usually　appear　the　var輌ation　of　metabolism

and　photosynthetic　pigment　especially　fbr　the　chronic　responses　that　is　often

recoverable（Balaguer　et　al．，2002）．　The　abscission　of　plant　organs　or　tissues　is　one　of

the　most　apparent　responses（Kozlowski，1973）．　Leaf　abscission　was　considered　as　a

drought　resistant　mechanism　to　reduce　the　transpiring　surface（Orshan，1954）and

prevent　dehydration　of　plants　to　lethal　levels（Kozlowski，1976）．　The　abscission

response　to　drought　are　usually　aggravated　and　accelerated　by　dry　wind（Addicott　and

Lyon，1973）．　Leaf　scorch　and“windburn’うare　associated　with　hot　and　dry　wind　during

serious　drought　stresses（Yapp，1912）and　even　apparently　stimulate　branch　abscission

（Millington　and　Chaney，1973）or　dieback　of　some　perennial　trees．　Historically，　in　the

early　1930’s　the　severe　drought　at　the　central　states　of　United　States　and　unusually　dry

weather　in　Australia　in　1965，　many　trees　appeared　early　defbliation，　leaf　scorching，

discoloration　and　so　on（Kozlowski，1976；Bacheletθτα1．，2001）．　These　kinds　of　climate

extreme　even　triggered　or　accelerated　the　tree　mortality（Guarin＆Taylor，2005），　tree

decline（Jurskis，2005），　fbrest　defbliation（Zierl，2004），　reduction　of　radial　grov吐h　of

trees（Pichler　and　Oberhuber，2007），　wide－spread　primary　productivity　reduction（Ciais

θτα1．，2005；Barberθτα1．，2000）particularly　in　Mediterranean　region（Busso磁and

Ferretti，1998），　Australia（Jurskis，2005）as　well　as　the　specific　area　and　constricted　sites

（Van　der　Werfθτα1，2007）in　some　countries．　In　Japan，　the　rainfbd　rice　crop　in　west

Janpan（Yamamoto¢τα1．，1996）and　fbrest　trees（Kotani，1997）suf允red　fξom　the

extremely　drough巧and　hot　weather　in　1994．

　　The　characteristics　of　tree　responses　to　these　kinds　of　extreme　events　usually　show

genetic　specific　diversity　and　stability．　The　difference　of　leaf　structure，　fhnction　and

21



water　conservation　strategy　between　deciduous　and　evergreens　lead　to　different

expression　in　response　to　the　extreme　stresses．　Most　of　the　deciduous　tree　species

possess　relative　light，　thin　and　poor－covered　leaves，　which　cornplete　the　trade　off　among

the　water　use　ef五cient，斑ergy　balance　and　CO20btai㎜en毛By　contrast，　most

evergreen　leaves　have　relative　thick　and　well－covered　and　desiccation　resistant　cuticles

and　some　of　them　contain　more　complex　transfhsion　tissues（Fa㎞，1990）．　Cuticle　layer

construct　first　and　the　most　important　barrier　to　prevent　water　loss　f十〇m　leaves　after

stomata　closed，　which　is　a　m司or　property　fbr　trees　to　ma輌ntain　hydraulic　status　during

serious　water　s池ss．　In　a　great　part，　it　manifもsts　the　ability　oftrees　to　resist　desiccation．

However，　this　kind　of　desiccation　process輌n　plants　or　trees　has　less　thoroughly　smdied

than　other　aspects，　mainly　because　it　is　not　of　great　significance　in　agriculture；fもw

crops　are　grown　where　there　is　consistent　risk　of　plant　desiccat輌on（Fitter　and　Hay，

2002）except　the　landscape　trees　hit　by　above　mentioned　meteorological　extremes．　From

limited　record　about　it（Schreiber　alld　Riederer，1996；Sch6nherr　and　Sc㎞idt，1979），

the　cuticle　transpiration　of　conifers　is　apparently　lower　than　that　of　annual　herb　species。

For　example，　the　rate　of　cuticle　transpiration　of　impatiens　is　about　130　mg／hour’l　gm．’1

（ffesh　weight），　P勅3　species　1．5　andρμθγc〃∬pecies　24．0（Thomas，1973）．　Wind　and

high　temperature　can　evidently　enhance　transpiration（Whitehead，1963；Baig　and

TranquiUini，1980；Martin　et　aL，1999）and　the　cuticle　transpiration　a杜emperature

higher　than　35℃（Riederer，2006；Schreiber，2001）．　The　cornbination　of　them　can

evidently　cause　a　decreased　threshold　of　the輌r　responses　to　the　extreme　water　and　hot

stresses．　The　striking　responses　f輪om　some　landscape　trees　should　be　triggered　by　the

extreme　high　tempera加e　and　strong　typhoon　associated　with　prolonged　less　rainfall．

In　no㎜al　growing　conditions　symmetry　is　a　marked　aspect　in　the　structural

development　of　leaves　and　crowns　of　trees　and　shrubs，　and　is　usually　morphological

hereditary（Greulach，1973），　although　there　is　irlcreasing　facts　appeared　a　fluctuated

asymmetry　of　this　character　recently（Kozlo，2003）．　Trees　usually　develop　a　symmetric

shoot　or　cro㎜except　when　exposed　to　substantial　enviro㎜ental　gradient（Lawrance，

1939）．In　some　cases　intemal　or　extemal　enviro㎜ent　c㎝alter　even　prevent　the

sy㎜etrical　development．　Tree　de鉛㎜ation　was　o丘en　considered　as　the　results　of　wind

pressure　where　exists　prevailing　wind（Noguchi，1979；Lawrance，1939），　salt　spray
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damage（Boyce，1954）near　seacoast，　and　the　mechanically　abrading　or　attacking　by

snow　or　ice　particles　at　the　timberline．　Some　others　held　that　strong　wind　pressure　under

severe　water　stresses　should　be　the　main　cause　of　the　asymmetric　crown　of　some　tree

species（Wardler，1968）．　In　fact，　the　enviro㎜ental　factors　merged　together　seem　the

Inain　cause　of　tree　defbrmation　and　they　usually　acted　together　so　as　to　significantly

decrease　the　threshold　of　tree　responses．　From　this　perspective，　researchers　in　di飽rent

opinions　have　their　special　h輌ghlight　to　the　key　of　the　ultimate　reason．　In　the　history　of

the　research　of　tree　de釦㎜ation　or　asymmetric　crown　Ib㎜ation，　large　amount　of

research　was　fb斑sed　on　the　damage　to　the　trees　by題vironmental　factors，　especially　the

decisive　factor　of　damage．　The　argument　and　controversy　were　usually　concentrated　in

several　physical　or　chemical　elements．　Field　trees　affbct　by　a　complex　of　aboitic　and

biot輌c　environments．　The　symptoms　appear　on　trees　are　often　the　results　of　their

responses　to　the　enviro㎜ental　e飽ct　and　show　genetically　speci丘c．　Among　the

enviro㎜ent曲ctors，　the　one　that　directly　or　signl五cantly　change　the　characteristics　of

tree　response　should　be　expected　the　decisive　factor．　Tb　the　tree　species　with　special

physical　property　of　branches，　the　mechanicahraining　seems　more　important　to　their

defbrmations（Lawrance，1939）．　To　the　trees　sensitive　to　salt　damage，　the　salt　irj　ury

may　be　the　m司or　cause　to　the　death　or　partial　death　of　them（Van　Der　Valk，1974）．　The

characterist輌cs　of　big　body　and　complex　spatial　structure　oftrees　or　shrubs　usually　result

in　self二shelter　one　part　of　them　by　another．1司ury　often　was　most　severe　on　the　parts　of

cro㎜s　uncovered　or　exposing　to　the　hazard．　Leaves　in　the　extreme　crown　periphery　or

toP，皿一sheltered　by　other　pans，　were　i輌red　more　than　those　in　the　crown　interior　or

proximal（Kozlowski，1976）during　extreme　water　stress．　The　sequential　ef琵cts　of　the

self二shelter　usually　result　in　significant　asymmetry　of　some　landscape　trees．　During　the

restoring　process　fセom　hurt　by　the　extreme　typhoon　events，　the　asymmetric　growth　of

dif丘rent　parts　may　be　another　reason　ofthe　asymmetric　crown　of　landscape　trees．

　　　Water　is　essential　fbr　life　and　constitutes　a　large　part　of　the　f士esh　weight　of　most

herbaceous　plants．　In　the　complicated　architecture　of　woody　plallts，　over　50％of　the

丘esh　weight　is　also　made　of　water（Kramer，1983）．　The　internal　water　involved　in

photosynthesis　process，　衙gor　and　temperature　maintenance，　and　nutrition

transportation　and　so　on（Clements，1934）．　Proper　amount　of　water　supply　can　be
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considered　as　the　saf＞guard　element　fbr　plants　to　sustain　many　abnormal　environmental

ef民cts．　Under　extreme　water　stress　condi重輌ons，　many　trees　can　save　their　lives　ffom

lethal　desiccation　status　at　expense　of　partial　organs（Tyree　and　Zimmermann，2002），

such　as　abscission　or　death　of　tissues，　leaves，　branches（Orshan，1954，1989；Addicott

and　Lyon，　1973；　Addicott，　1982；　Kramer，　1983；　Kozlowski，　1973，　1976；

GUnthardt－Goerg　and　Vbllenweider，2007），　although　it　appear　significant　plasticity　and

diversity．　For　exanlple，　needle　tip　necrosis　and　branch　dieback　as　well　as　the　needle

abscission　occurred　on　krummholz　trees　of　Engelma㎜spruce　under　the　severe　winter

wind　and　unavailabi晦of　soil　water　supplies　in　the　studies　of　Wardler（1968）．　It　was

considered　the　main　cause　of　Engelma皿spruce　tree　de鉛㎜ation．　The　well一㎞own

ph斑omenon　of“red　belで’was　also　occu汀ed　in　the　s測ar　desiccation　enviro㎜ental

conditions（Bella　and　Navratil，1987；Henson，1952；Treshow，1970）．　Edged　part

necrosis　or　death　was　often　appeared　on　trees　that　affected　by　vascular，　root　or　stem

diseases（T㌦1boys，1968），　fbr　exa茎nple，　root　rot　disease　of　many　tree　seedlings　or

saplings，　grapevine　Pierce’s　disease（Thorneθτα1．，2006）and　son　on．　It　was　observed

meteorological　extreme　events　of　su㎜er　high　temperature　and　strong　typhoon，

associated　with　no　rain　and　persistent　drought　stress，　induced　the　similar　visible

responses　f士om　some　landscape　trees　or　shrubs，　such　as　leaf　necrosis，　branch　dieback　as

well　as　asymmetric　death　of　tree　organs．　The輌r∂ured　symptoms　3ppeared　on　these

landscape　trees　or　shrub　species　are　shown　and　analyzed　in　this　chapter．

2．2Materials　and　methods

2．2．1Meteorological　data　and　related　indices

　　　　By　meteorological　data　analysis，　photo　image　analysis，　water　sta加s　measurement

of　leaves，　die－backed　branches　and　crown　asymmetry　analysis，　the　responses丘om　some

landscape　trees　and　shrubs　to　the　two　meteorological　extreme　events　TO613　and

SD2007　in　Yamaguchi，　Japan　were　studied，　in　order　to　show　a　special　example　of　this

kind　of　response．　The　investigat輌on　of　TO613うs　hit　was　practiced　in　a　long　and　narrow

area　from　seashore　to　inland．　It　includes　the　circled　sites　ofUbe，　Aio，　Ogori，　Yamaguchi，

Miyano，　Mitani　and　Tokusa　that　don’t　match　up　the　administrated　area　with　same　name

（Fig．　C2－1），　and　runs　f壬om　southwest　to　northeast．
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　　　Fig．　C2－1　The　map　of　studied　area　and　meteorological　data．　It　hlcludes　the　circled　sites　of　Ube，　Aio，

Ogori，　Yamaguchi，　Miyano，　Mitani　and　To㎞sa．●is　the　position　ofYamaguchi　University★stands

fbr　the　location　ofYamaguchi　Meteorological　Observatory．

　　The　research　on　the　extreme　summer　drought　events　was　carried　out　in　the　area　less

than　2．0㎞丘om⊃血maguchi　Meteorological　Observatory　where　is　about　l3㎞勧m

coastline．　In　Yamaguchi　University，　water　status　of　leaves　and　branches　was　measured

at　indoor　natural　condition．

2．2．21mage　analysis　origin加ed　indices

　　　　The　crown　coverage　of　vertical　profne　of　trees　or　shrubs　was　estimated　by　image

analysis　method．　Photos　of　vel寸ical　profile　of　o句ective　trees　or　shrubs　were　taken　on

ground　and　by　using　a　CCD　digital　camera（Canon　IXY　6．0）．　The　photo－taking　distance

was　determined　according　to　the　sizes　of　crowns　and　making　crowns　fit　the　screen　of

the　camera．　Positions　of　photo　taking　were　fixed　by　observing　the　sampled　tree　and

make　sure　to　take　the　exact　sideward　photo　image．　After　removing　the　o句ects　except

the　o句ective　crown，　the　image　green（G）and　luminance（L）values　were　read　from

Photoshop．　The　image　G／Lcrown　value　was　calculated　with　Equation　H　l．
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　　　　Then　the　windward　and　leeward　area　percentage（WLAR．）was　calculated

according　to　Equation　II2　with　the　windward　and　leeward　side　divided　by　reference　of

maln　stem．

　　　　　　　　　　　　　　碗正蜘ぷ㎡w伽αW功ec「°w（∬2）
　　　　　　　　　　　　　　　　　　　　　　　ρjxe1ぷq〆1θ¢Wαγ61（～ブ功θCγ01〃η

　　The　crown　green　area　percentage（CGAP）is　the　pixel　proportion　of　green　part　to

entire　prof三le　of　cτown．　During　measurement，　the　green　part　of　the　crown　was　visually

extracted　by　transitional　colo主After　getting　the　pixel　numbers　of　the　entire　crown　arld

green　part，　the　CGAP　was　calculated　by　Equation　II3．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Σ勿1。、

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　〃～瞬

Where，　lpwn　is　image　pixels　of　the　leaf　number　n　on　windward　and　lplm　is　image　pixels

ofthe　leaf　number　m　on　leeward；m＝n＝1，2，3．．．30．

　　　　As　a　result　of　hit　by　the　meteorological　extreme　events，　crown　asymmetric

discoloration　and　branch　dieback　were　more　common　on　some　tree　crowns．　It　was

rneasured　using　image－analyzing　software　of　Image－Tbol　300。　The　branch　dieback

percentage（BDP）is　a　ratio　of　total　length　of　branch　dead　part　to　the　total　Iength　of　the

　　　　　　　　　　　　　　　　　C砲P。綱3㎡9’eθ〃卿。100（∬3）

　　　　　　　　　　　　　　　　　　　　　　　　　ク元xeぴ（～〆oveγα11　cγ01wη

　　The　single　Ieaf　area　ratio　between　w輌ndward　and　leeward　of　crown（LAR）is　the

proportion　of　average　pixels　of　single　leaves　between　windward　and　leeward　of　a　crown．

It　was　calculated　according　to　Equation　II4　by　using　the　images　respectively　scanned

丘om　detached　leaves　with　a　flat　bed　scanner（Canon　d　125u2）or　taken丘om　attached

leaves　in　equal　distance　of　20　cm　with　the　CCD　digital　camera（refer　to　Appendix　1．8）．

The　leaf　area　was　expressed　by　image　pixels　read　f士orn　Photoshop．　Befbre　getting　the

pixel　value，　the　images　were　treated　to　remove　the　part　except　the　leaves．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ヨむ
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Σ輌，，

　　　　　　　　　　　　　　　　　　　　　　　　　L∠IR＝”＝1　　　　　　（∬4）
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branches　and　was　calculated　by　Equation　II5．　The　living　branch　percentage（LBP）

equals　to　100　m輌nus　BDP．

BDP＝

100×Σ14、

Σ1τ

（∬5）

　　　　Where，　ldi　is　the　length　of　dead　part　on　i　branch，1ti　ls　the　total　length　of　i　branch

and　n　is　the　total　branch　nurnber　measured．

2．2．3Water　reIated　indices

　　Five　fhnctional　and　water　saturated　current　year　leaves　of　15　tree　and　shrub　species

were　picked　at　a　rainy　day　in　middle　of　June　in　2008，　f士om　normal　growing　trees　to

study　the　water　loss　procedure　and　leaf　desiccation　speed　of　detached　leaves．　They

include　kumazasa　bamboo（5iαぷαvθ〃c乃∫∫Cαγ万），　kousa　dogwood（Coγημぷ克oμ5αBμeブg．），

sweet　gum（功〃泌紡αγぷり〃αc鋤αL．），　japanese　blue　oak（ρμεκμ391αμcα　7批ηろ．），

trident　maple　（∠l　cθγ　ゐz4θ瑠θγ元αηzノ〃2　」磁（7．2，　sasanqua　carnellia　（Cα〃2¢〃」α　ぷαぷαη（7τノα

Z励功．ノ，metasequoia〔Mθταぷogz／ojα9ウρτoぷ炉oゐo∫4eぷ励θτC乃θηgl，　zelkova（Ze1んovα

∫θγγαταMzぴ万ノ，　ginkgo↓G仇㎏o　lう」106αム，▲，　red　leaf　photinia（P乃oτか2∫α91αZ）γα（τ海z∫ηZ）．ノ

ル吻励．），丘agrant　olive　（05功αη伽ぷμ9ταηsvα万α〃燗τ元αωぷ），　camphor　tree

（αηηα〃20〃2獺cα晒力oM（Z．ノ」1）γθぷ1．），費）rtuneうs　osmanthus（0ぷmαM加ぷ〉～／b〃協ε∫

Cα〃．），kaizuka　juniper　（九励eアμぶc励θ刀ぷ∫ぷLvα万肋励肋肋〃．）　and　Yedda

Hawthome（R勿ρ万01〈iρ」ぷ仇φcαvα万醐みθ11αm．　Leaves　were　picked　up　ftom　selected

trees　and　then　taken　back　to　lab　with　plastic　bags．　They　were　dehydrated　under　the

indoor　environment　of　RH　60％・．70％and　Ar　25－30℃and　weighed輌n　a　pla皿ed　time

interva1．　Water　loss　perc銀tage（WLP）was　measured　by　rapid　weighing　method　with

1／10000gelectronic　we輌ghing　balance　in　room．　The　weight　of　sampled　leaves　or　leaf

sections　was　weighed　a負er　sampling倉om丘eld　site　without　delay．　Water　loss　percent

was　ca1ωlated　by　us輌ng　the　Equation　II6．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　F〃－D巧
　　　　　　　　　　　　　　　　　　　　　既君・＝　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　×100　　　　（∬6）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　F〃ア

Where，　FW　is　the丘esh　weight　of　sampled　leaf　and　DWi　is　the　weight　of　it　a短ihours

water　loss　procedure．

　　　　The　last　dry　we輌ght　ofleaf　samples　obtained　by　90℃windy　Oven，　the　total　water
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content　was　also　calculated　by　using　Equation　II6　with　the　DWi　equals　last　dry　weight、

　　　The　leaf　desiccation　speed（LDS）of　these　fifteen　tree／shrub　species　was　calculated

by　using　Equation　II7　to　estimate　the　water　protection　ability　ofthem．　It　might　be　a　near

estimation　value　of　the　cuticle　transpiration　character．（Cape　and　I）ercy，1996；Slavik，

1974）

　　　　　　　う

1000×（Σ（F研・品形）

LDs＝　　　　’＃］
　　　　ヨ

τ・Σ醐・

　　　1＝1

（∬7）

Where，　LDS（mg．　h∫．昏l　g．エ1）stallds釦r　the　leaf　deslccation　speed　value，　FWi　is　the丘esh

weight　of　the　leaf　number　i　and　DrWi　is　the　dry　weight　of　the　same　Iea£Tis　the　number

of　hours　when　logistic　threshold　water　loss　curve（Thomley，玉976）reached　maxim㎜

value．

　　　It　was　observed　that　the　water　loss　procedure　of　detached　leaves　was　f玉t　to　logistic

負mction　as　Equation　ll8．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　え

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　肌P（り「＋〆一〃　（∬8）

　　Where，耽P（t）stands和r　water　loss　percentage　at　t　temporal　section．　K　is　the

maximum　value　that　water　Ioss　percentage　can　reach．　R　is　a　regression　coefficient　and

翫echaracter‘aうis　a　constan輻Tis　the　n㎜ber　of　sections．

　　Based　on　the　mathematic　principle，輌nflection　point（IP）of　Equation　II8　will　exist

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ゴ2Wρ

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　＞Owhenonly　when　the　secondary　diffbrential　value　equals　to　O（t＝a／r），　and　the
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　4τ

　　　　　　　　　42レπP

　　　　　　　　　　　　　　＜Owh銀t＞a／r．　III　the　analysis　of　leaf　desiccation　speed　of　detachedt〈a／rand
　　　　　　　　　　4’

1eaves　fbr　different　tree　species，　the　IP　was　also　used　as　one　index　of　water　loss　extent．

　　Branch　water　content　of　sweet　gum，　metasequoia　and　ginkgo　was　measured　by　rapid

weighing　method　with　1／100　g　electr皿ic　weighing　balance　in　room．　Branches　were

sampled　f輪om　normal　growing　trees　and　cut　into　10cm　sections　f≧om　proximal　to　distaL

The　weight　of　sampled　branch　sections　was　weighed　after　sampling　f士om　field　site

without　delay　and　dehydrated　at　natural　room　enviro㎜ent　with　RH　50－60％and　Ar
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20－25℃．A負er　obtained　the　weight　at　i　hour（Wi），1ast　weight（WL）and　f≧esh　weight　at

the　beginning　of　the　measurement（FW），　the　water　content（WCi）was　calculated　by

using　Equation　II9．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　肪一碗

　　　　　　　　　　　　　　　　　　　　　　　　　　妬q＝W×1°°（∬9）

　　Leaf　water　potential　of　sweet　guln　was　measured　using　a　pressure　chamber（PMS　600）

輌naclear　windy　day　on　Aug．11，2007．　The　maximum　gusty　wind　and　high　temperature

iMhis　day　were　7．1　m／s　and　31．7　degree　centigrade　respectively．　Each　ten　leaves　were

measured　soon　after　sampling丘om　windward　and　leeward　of　a　garden泣e　in

Yamaguchi　University　without　delay．

2．2．4SPAI）value

　　The　SPAD　values　of　individual　leaves　weTe　average　value　of　30　duplications　per　leaf

impartially　measured　by　using　SPAD－502　chlorophyll　meter．

2．3Resp腿ses　of　sweet　gum　trees　to　the　meteorological　extreme　events　from　2004　to

2008

　　Following　the　abnormal　droughty　spring，　hot　and　dry　summer　in　2007　in　Yamaguchi，

Inany　landscape　trees　showed　abnormal　status，　especially　the　trees　planted　on　coarse

sand　soil，　rock　mountain　site　and　the　site　with　root　growing　Iimitation　etc．　Many　kousa

dogwood　trees　appeared　leaf　necrosis　on　tip　and　margin　f｝om　late　August（Fig．C7－2，

C7・・5），　wh輌ch　will　be　described　in　detail　in　Part　three．　Some　sasanqua　camellias　also

dropped　all　of　their　leaves　during　this　period（Fig．C9－7b）．　Du∫ing　the　flower　season，　the

number　of　flowers（Fig．C9－7c）on　these　sasanqua　trees　was　significantly　less　than　that

in　2006　seasol1（Fig．C9－7a）．　A　lot　of　Japanese　red　pines（Pj％3τ加功βγgj『L．）on

mountain　sites　d輌ed，　whose　needles　tumed　brown　first．　Some　deciduous　tree　species

dropped　partial　leaves　early　f｝om　late　August．　Especially，　leaves　on　parti四1arly　the

leader　and　upper　crown　branches　of　sweet　gum　tree　began　to　tum　to　dull　colored　ftom

mid－September　and　reddish－brown　or　puq）les　by　mid－OctobeT（Fig．C2－2d，　C2－2e）．　The

other　tree　species　might　be　af琵cted　by　it　without　visible　signs．

　　During　this　study，　the　AD　13，　HD　13，　Gw33　and　so　on　were　established　to　analyze

their　irnpact　on　the　landscape　trees（Fig．C1－2）．　Result　showed　an　obv輌ous　difference
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among　the　years　f㌃om　2004　to　2008．　In　2004　no　red　top　characteristic　of　sweet　gum　tree

in制l　of　this　year　seems　directly　resulted　ffom　the　plellty　rainfall　and　less　AD　13　peak

period　occurrence．　Persistent　vegetative　growth　of　sweet　gum　trees　was　benefited　from

the　abundant　precipitation　during　this　period（Fig．C2－2a，　C　1－2a）．　In　the　year　2005，　no

significant　red　top　and　asymmetric　crown　discoloration　of　sweet　gum　tree　appeared　in

飽ll　might　be　attributed　to　the　rainfall　being　mainly　poured　on　them　during　hottest　July，

August　and　September（Fig．C2－2b，　C　l－2b）and　the　TO514was　also　inlaid　into　the　HD　13

peak　in　September．　However，　the　TO613，　characterized　by　strong　wind　and　less　rain

（max　gusty　wind　speed　42．4　m／s）accompanying　with　a　AD　13　peak　period　of　more　than

one　month（only　once　in　2006）made　the　crown　of　sweet　gum　trees　asymmetrically

discolored　ffom　windward　to　leeward　and　no　red　top　on　leeward　side　of　these　trees

simultaneously（Fig．C2－2c，　C　1－2c）．　Although　there　was　no　serious　typhoon’s　hit　in

Yamaguchi　during　2007　and　2008，　the　persistent　extreme　weather　of　high　temperature

and　less　rainfall（annual　precipitation　l　321　and　1691　mm　in　2007　and　2008

respectively），　especially　in　July，　August　and　September（Fig．Cl－2d，　C　1－2e），　induced

sweet　gum　trees　into　asymmetric　discoloration　ffom　top　to　base　of　the　crown　in　falI

（Fig．C2－2d，　C2－2e）．

括．・う：

　　　　　　　　　　　　　　a　　　　b　　　　c　　　　d　　　　e

Fig．C2－2　Crown　characteristics　of　sweet　gum　in　2004（a），2005（b），2006（c），2007（d）and　2008（e）．　The

heavy　precipitation　in　2004，2006　and　summer　HD　l　3　peak　in　2005　seems　has　something　to　do　with　the

normal　green　crown　top　in　fall．　Whereas　the　red　or　puη）le　crown　top　in　2007　and　2008　perhaps　triggered

by　summer　peak　period　of　AD　l　3．　The　eye－catching　symptom　of　asymmetric　crown　discoloration　and

defbliation　in　2006　is　attributed　to　the　strong　TO613　accompanying　with　the　persistent　peak　period　of

ADI3．　It　is　worth　able　to　take　attention　in　TO418（Fig．　C　l－2a），　although　its　gusty　wind　was　larger　than

TO613，no　asy㎜e仕ic　crown　discoloration　and　de飾liation　of　sweet　gum　occurred．

　　By　observation，　most　of　the　asymmetric　responses　occurred　during　these　AD　l　3　peak

and　GW33　peak　period．　But　not　all　peak　periods　surely　appeared　these　kinds　of
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responses，　fbr　example　the　great　AD　13　peak　and　GW33　peak　respectively　in　July　and

September　2004．　There　is　a　tendency　they　are　a（U　usted　by　the　situation　of　longer　period

of　peaks．　By　integration，　the　red　top　crown　phenomenon　was　consistent　with　the　TMAD

index　during　July，　August　and　September　in　2007　and　2008（Fig．C2－3a，　C2－3b）．　It　also

indicated　that　the　heavy　rainfall　in　2004，2006　and　the　summer　of　2005　provided

sufficient　water　supply　to　soil　system　alld　met　the　normal　transpiration　coo玉er

requirement　of　trees，　and　reduced　the　impact　ffom　summer　heat　weave．　According　to

the　similar　pr輌nciple，　it　was　the　heavy　rainfall　during　hit　by　TO418　and　TO514

counteracted　the　strong　gusty　wind’s　hit　fbr　the　reason　of　the　lower　ratio　betwe銀gusty

wind　index　and　humidity　index．　It　resulted　in　no　occurrences　of　asymmetric

discoloτation丘om　windward　to　leeward　of　these　sweet　gum　trees（Fig。　C2－3c）although

the　maximum　gust　wind　exceeded　50㎡s　and　made　a　great　property　loss　of　local　people

dt〔ring　the　hit　by　TO418．
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Fig．C2－3　The　key　meteorological　variables　inducing　sweet　guln　response．　Three　months　aridity　index

（TMAD）of　Yamaguchi　Observatory　fmm　2004　to　2008（a），　the　three　months　aridity　index　starting　at　July

（b）and　the　ratio　between　gusty　wind　and　humidity　index（c）was　showed　in　this　figure．　The　key　period

inf玉uences　the　top　crown　discoloration　of　sweet　gum　trees　seems　occur　in　July，　August　and　September（b

and　a酊ow　in　a）．　The　ratio　between　gus巧wind　and　humidity　index　seems　resp◎nding　fbr　the　asymmetric

defbliation　and　discol◎ration　of　sweet　gum　tree　hit　by　TO613（c），　and　is　5．6　and　l　I　times　Inore　than　those

hit　by　TO418and　TO514，　respectivel）へ

　　It　was　noticed　that　besides　water　supply　to　soil　system　and　trans－evaporation　power

reduction　by　precipitation，　tree　pr㎜ing　also　can　counteract　the　impact　of　the　extremely

dry　weather　condition　even　the　serious　typhoonうs　hi川ike　TO613　s輌nce　it　increased

root－shoot　ratio，　reduced　transpiring　surface　and　maintained　water　balance　of　trees．

During　2007　and　2008，　many　new　pruned　sweet　gum　trees　responded　the　extremely

meteorological　condition　differently食om　those　unpruned（Fig．C2－4a－2007）、　It　resulted

31



in　no　appearance　of　red　top　crown　and　maintaining　overall　crown　green　till　leaf　fall

down．　It　also　evidently　appeared　on　the　G／L　value　of　entire　crown　of　them（Fig．C2－4b）．

As　the　time　extended　after　pruning，　this　kind　of　effect　decreased　gradually　even

disappeared（Fig．C2－4a－2008）．　It　seems　being　the　result　that　root－shoot　ratio　of　them

gradually　retum　to　normal．
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Fig．C2－4　The　effbct　ofpruning　on　the　crown　discoloration　ofsweet　gum　trees．　Difference　between　pruned

and　unpruned　trees　investigated　by　visually　counting　the　percentage　of　different　scale　ofthe　red　top　sweet

gum（a），　image　analysis　of　G／L　value　of　entire　crown　fbr　new　pr㎜ed　trees，　unpruned　trees　and　the　trees　at

the　third　year　after　pruning（b）．　During　the　hot　and　dry　summer　in　2007　and　2008，　a　lot　of　investigated

sweet　gum　trees　pre－discolored廿om　top　to　base　of　crown．　The　single　sweet　guln　trees　along　the　high　way

or　street　were　visually　scaled　into　classes　ofentire　crown　green（green），〈1／2　crown　discolored（＜1／2）and

＞1／2crown　discolored（＞1／2）．　In　graph　a，2007－P，2007－U，2008－P　and　2008－U　respectively　stand　fbr　the

pruned　and　unpruned　trees　investigated　in　2007　and　2008．

2．4】Leaf　desiccation　speed　of　15　tree　species

　　Based　on　above　analysis，　there　is　an　indication　that　the　responses　ffom　sweet　gum

trees　to　both　meteorological　extrerne　events　related　to　water　and　energy　balance　to

maintain　normal　metaboIism．　Dif飴rent　tree　species　with　dif飴rent　adaptive

characteristics　to　the　su㎜er　drought　like　SD2007　seem　relating　to　the　distinct　ability

to　maintain　water　and　energy　balance　and　their　adaptation　strategy．　The　water

conservation　ability　of　leaves　may　be　one　ofthem。

　　By　measurement，15　tree　and　shrub　species　showed　significantly　different　water　loss

curves　（Fig．C2－5a，　C2－5b）　and　IP　values　（Fig．C2－5c，　C2－5d）．　It　appeared　less

homogeneity　between　deciduous　and　evergreen　tree　species．　Most　of　the　deciduous　trees，
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with　relative　light　and　thin　lea£have　fast　leaf　desiccation　speed　according　to　their

threshold　water　loss　curves　except　the　ginkgo（Fig．C2－5a）．　The　IP　of　threshold　water

loss　curve　fbr　most　of　them　are　less　than　7　hours（Fig．C2－5c）．　Leaf　rolling　or　scrolling

was　reported　being　related　to　leaf　water　status（O’Toole　and　Maya，1978；0！Toole　and

Cruz，1980）．　It　was　observed　that　the　leaves　ofthese　deciduous　trees　often　scroll　during

su㎜er　drought　event．　Giぱgo　is　a　special　species　with　IP　more　than　30（Fig．C2－5c，

C2－5d），　and　showed　a　curve　like　evergreens（Fig．C2－5a，　C2－5b）．　In　fact，　seldom　of　leaf

scroll　characteristics　of　ginkgo　were　seen　in　field．　It　can　be　deduced　that　there　is　some

particular　mechanism　to　barrier　the　water　loss　from　ginkgo　leaves．
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Fig．C2－5　Desiccation　characteristics　of　detached　leaves　of　l　51andscape　tree　species．　Water　loss　threshold

curves　fbr　detached　leaves　of　deciduous　trees　（a）　and　evergreen　trees　and　shrubs　（b）；their　inflection

points（IP）and　maximum　values（c，　d）；in　which，　the　tree　and　shrub　species　include　zelkova（ZKV），

kousa　dogwood（DW），　trident　maple（TM），　metasequoia（MT），　sweet　gum（SG），　ginkgo（GK），　kumazasa

barnboo（KB），　Camphor　tree（CT），　Japanese　blue　oak（JO），　red　leaf　photinia（RP），　Fragrant　olive（FR），

Fortune’s　Osmanthus（FO），　sasanqua　camellia（SQ），　Yedda　hawthorne（YH）and　kaizuka　j　uniper（KJ）；

Further，　the　regression　relation　between　leaf　desiccation　speed（LDS）and　dry　weight　of　illdividual　leaf

（DrW）was　showed　in　e，　and　the　regression　relation　between　LDS　and　IP　showed　in£

　　Contrarily，　most　of　the　evergreens，　with　thicker　and　leather　or　wax　covered　leaves，

have　slow　leaf　desiccation　speed　comparing　to　deciduous（Fig．　C2－5b）except　kumazasa

bamboo（IP＝3．17）．　It　is　not　surprise　that　kumazasa　bamboo　leaves　appeared　serious

rolling　under　the　same　env丘o㎜ent　mentioned　above，　and　a　similar　IP　as　the　deciduous
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was　fbund　in　threshold　water　loss　curve　of　it（F輌g．　C2－5c，　C2－5d）．　In　fact，　kumazasa

bamboo　usuaUy　necroses　out　partial　of　their　leaf　blade　during　winter　period．　Vigorous

leaves　of　kumazasa　bamboo　still　ro臼after　detached　ffom　branch　except　the　senescent　or

necrotic　leaves．　There致）re，1eaf　rolling　or　scrolling　may　be　a　special　adal）tation

mechanism　to　trade　off　between　mainta輌ning　higher　water　content　and　serious　cuticle

transpiration，　while　the　other　evergreens　did　not　show　leaf　scroll　even　at　the　end　of

measurement．　Only　fbw　of　them，　with　smaller　IP　value　such　as　Japanese　blue　oak，

appeared　a　little　leaf　tuming．　Some　evergreen　tree　species，　like　kaizuka　j　uniper　with　the

lowest　leaf　desiccation　speed，　still　had　cuticle　trans－evaporation　until　the　end　of

experiment．　The　IP　ofthese　evergreens　maintain　higher　than　20　hours（Fig．C2－5d）．

　　Closing　relationship　between　LDS　and　IP（Fig　C2－5f）indicated　a　possibility　to　group

the　water　conservation　ability　of　landscape　tree　species　by　IP　of　the　threshold　water　loss

curves．　Fronl　Fig．C2－5e，　it　can　be　seen　that　an　inverse　power　fUnction　relat輌on　between

the　leaf　desiccation　speed（LDS）value　and　dry　weight　of　ind輌v輌dual　leaf．　It　evidently

reflects　the　dif允rence　of　leaf　desiccati皿characteristics　between　deciduous　and

evergreens　and　different　strategy　of　resource　partitioning　and　water　conservation　of

them．　For　deciduous，　comparing　to　other　organs，　leaves　are　less　important　fbr　the輌r　lives

and　can　be　dropped　off　to　adapt　extreme　environment．　For　evergreens，　more　biomass　is

stored　in　leaves　and　leaf　abscission　usually　manifbsts　a　process　of　regeneration　of　old

leaves　by　new　l㈱ves．　Di£民rent　strategy　directly　resulted　in　the　dif允rence　of　leaf珂ury

during　the　serious　meteorological　extreme　events，　especially　the　strong　dry　typhoons

like　TO613．　It　was　fbund　that　bamboo　leaves　showed　lower　biomass　coIlservation　per

leaf　area　and血ster　water　loss　at　leaf　tip　than　leaf　base（Fig．　C9－4c）．　Theimo㎜al　leaf

necrosis　characteristics　perhaps　have　something　to　do　with　this　character．　Summer

deciduous　of　many　tropical　evergreens（Addicott　and　Lyon，1973）may　be　the　result　of

trade　ofεbetween　water　and　energy　metabolism　of　them．　During　the　summer

meteorological　extreme　event輌n　2007　in　Yamaguchi，　the　sasanqua　leaf　shedding　and

Japanese　red　pine　death　might　be　a　special　example　ofthis　k輌nd　oftrade　off

2．5Response　from　some　typical　tree　species　to　the　meteorological　extreme　event

－TO613
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　　Among　the　meteorological　extreme　events　ffom　2004　to　2008，　no　irjury　to　the

landscape　trees　could　be　peerless　to　the　hit　by　TO613　accompanied　with　persistent　less

rainfall．　After　hit　by　TO613，　various　symptoms　appeared　on　the　crown　ofthe　landscape

trees（Fig．　C2－6）．　Although　the　site　conditions　and　growth　status　of　these　trees

distinguished　each　other，　the　stress　inducers　and　damaged　tendency　were　similar　fbr　the

given　landscape　tree　species．　This　kind　of　tendency　may　be　available　fbr　the　fUrther

study　of　more　landscape　trees　to　respond　the　meteorological　extreme　events　like　TO613

accompanied　with　less　precipitation．
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Fig．C2－6　Typical　responsive　symptoms　from　some　deciduous　and　evergreens　after　hit　by　TO613；They

include　bamboo（a，　canopy），　zelkova（b，　sideward），　metasequoia（c，　sideward），　sweet　gum（d，　sideward），

ginkgo（e，　sideward），　Japanese　blue　oak（£sideward），　kaizuka　juniper（9，　windward）and　Himalayan

cedar（h，　windward）．　The　direction　was　marked　with“W”fbr　windward　and‘‘L”fbr　leeward．

　　Leaf　necrosis　is　a　pattern　of　some　trees　responding　to　the　extreme　water　stresses．

After　hit　by　TO613，　the　most　serious　symptom　was　characterized　by　almost　entire　leaf

necrosis　of　bamboos．　It　occurred　on　overall　crown　of　bamboo　and　presented　no　apparent

distinguish　between　windward　and　leeward　of　the　bamboo　individuals，　which　made　the

canopy　of　them　appeared　significant　discoloration（Fig．　C2－6a）．　The　discolored　bamboo
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canopies　even　spread　into　the　area　more　than　25㎞丘om　coast（Wngθ砿2008）．

Although　both　ginkgo　and　sweet　gum　showed　leaf　necrosis　too，　the　severity　was　not　as

same　as　bamboos．　Both　entire　leaf　necrosis　and　tip　oHnargin　leaf　necrosis　can　be　seell

on　the　windward　of　the　crown　of　ginkgo　and　sweet　gum．　Serious　asymmetric　i句ury

characteristics　between　windward　and　leeward　of　crowns　of　these　two　species（Fig

C2－6d，　C2－6e）should　result　f士om　the　relative　lower　leaf　desiccation　speed　of　them

among　the　deciduous（Fig．C2・・5a）and　selfLshelter　ofthe　leeward　by　windward　leaves．　In

the　most　situations，　only　tip　or　margin　necrosis　appeared　on　the　wmdward　of　some

evergreen　tree　crowns（Fig．C2－6f）．　The　leaf　necrotic　symptom　of　evergreens　was

significantly　characterized　by　superficial，　site　specific，　less　numbers，　only　on　windward

and　much　cor㎜皿ly　on　the　trees　along　coast（Fig．C2－6f）．　Among　them，　leaf　necrosis

was　commonly　fbund　on　trees　ofρμθγcμぷspecies．　Besides　the　special　intemaI

physiological　mechanism　to　adapt　to　the　environmental　stress，　their　relative　faster　leaf

desiccation　charaαeristic　among　evergreens　seems　one　of　the　reasons．　It　was　observed

that　the　green　part　of　many　partially　necrotic　leaves　on　some　evergreen　trees　still

maintained　normal　f㎞ction　fbr　two　or　more　years，　fbr　example　the　leaves　of　Japanese

blue　oak，　which　showed　the　striking　characteristic　of　maintain輌ng　normal　status　of　main

body　at　expense　of　terminal　tissues．

　　The　serious　ir嘘ury　to　these　landscape　trees　is　characterized　by　various　kinds　of　twig

or　branch　dieback．　For　deciduous　trees，　br頭ch　d輌eback　ca皿ot　be　con丘㎜ed　untihext

spring　because　of　the　leafless　period　after　hit　by　TO613．　However，　the　most　serious

branch　diebacks　usually　apPeared　on　deciduous　tree　species，　even　big　branches　or　apical

dieback．　Based　on　the　observation　of　total　91　and　70　individual　trees，　almost　all　of　the

dieback　on　kousa　dogwood　trees，　cherry　trees　in　a　park　in　Yamaguchi　is　apical　dieback

with　apical　dieback　perc斑tage　of　68．1％and　76．7％respectively．　The　die－backed　twig

or　branches　of　ginkgo　mainly　located　at　the　windward　of　their　crowns　might　partially

a雄ibute　to　their　relative　resistance　to　water　loss　of　leaves．　According　to　statistics　f壬om

109girlkgo　trees　in　the　investigated　area，　among　the　die－backed　ginkgo　trees　over　90％

of　them　are　windward　branch　dieback．　Branch　or　twig　dieback　of　evergreens　was

expressed　in　varied　patterns　since　their　different　adaptation　strateg輌es；fbr　example，　the

apical　even　entire　aboveground　dieback　of　bamboos　was　similar　to　some　deciduous　and

of毛en　observed　in　the　area　near　coast．　The　Himalayan　cedar（CαWぷ4θoぬ」・αρ～oxの

GDoη．），　an　evergreen　tree　species　originated　in　Himalaya　mou飢ain　area，　responded　the
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serious　TO613　with　significantly　and　evenly　distributed　windward　twig　tip　dieback

（Fig．C2－6h）．　Dead　twig　tips　hanged　on　the　branch　top　in　a　pattern　of五shing　hook

Another　faαcame　ffoln　the　kaizuka　j　uniper，　one　kind　of　water　loss　resistant　evergreen

tree　species，　manifested　a　common　symptom　of　partially　distributed　twig　dieback　at

windward　of　their　crowns（Fig．C2－6g）．　There　is　an　indication　that，　with　desiccation

resistant　leaves，　kaizuka　juniper　takes　a　response　of　superseding　the　disadvantaged

twigs，　which　can　be　considered　as　an　accelerated　senescence　or　self二pr㎜ing　process　of

these　tw輌gs　to　regulate　or　acclimate　their　crown　architecture（Rust　and　RolofE　2004）．　It

was　also　observed　that　Japanese　cedar（Cり｛μo功θγ∫αノ4ρoηjcのwas　more　evident　to

respond　the　extremely　dry　TO613　with　selfこpruning　symptom，　and　showed　twigs

dieback　f｝om　less　vigorous　and　suppressed　ones　or　by　the　order　of　lower　part　first．　This

kind　of　character　had　also　been　seen　on　the　trees　ofη～41◆αor吻τα1∫ぷ，　and　some　of　them

appeared　a‘‘burned　caveう’on　the　lower　part　of　windward　of　their　crowns　after　hit　by

TO613，　especially　at　the　wind　draughty　or　unfavourable　site　condition．　The　lower　part　of

the　twigs　in　the　cave　were　significantly　discolored　or　blowed　away　after　their　dea也，

while　the　top　of　the　branches　s面a薮ve．　In　fact，　many　evergreen　species　react　by

abscising　their　weaker　organs　when　competition　becomes　su伍ciently　severe（Addicott

and　Lyon，1973；Addicott，1982）．

　　Defbliation　manifests　a　special　rnechanism　fbr　deciduous　tree　species　to　respond　the

seriously　strollg　typhoon　associated　with　less　rainf姐，　especially　after　the　starting　of

their　no㎝al　leaf　fallen　mechanism．　In　figure　C2－6b，　it　can　be　seen　a　zelkova　tree　after

hit　by　TO613　with　new　sprouting　leaves　on　willdward　of　the　tree　after　defbl輌ation．

Defbliation　also　appeared　on　many　deciduous　tree　species　after　hit　by　TO613　such　as

dogwood，　cherry，　persimmon　tree　and　so　on　with　fast　LDS．　Although　premature

defbl輌at輌on　is　not　the　patent　fbr　most　of　evergreens，　few　of　them　did　drop　partial　of　their

leaves　af竜er　the　serious　hit　by　TO613．　The　ffagrant　o1輌ve　was　one　of　them．　Leaf　falling

mainly　appeared　on　the　windwaTd　of　their　crowns　and　leR　the　increased　cro㎜ope㎜ess

on　windward　ofthem．

　　Frorn　Table　2－1，　it　can　be　seen　that　the　ffagrant　olive　and　fbrtune　osmanthus　showed

dissimilar　adaptation　pa柱em　to　serious　dry　typhoon　hit　ffom　Japanese　blue　oak　and

camphor　tree．　Almost　no　difference　of　leaf　water　content，　green　leaf　area　and　slight

diffbrence　of　NDVI　value　appeared　between　windward　and　leeward　of　them　since　no

leaf　necrosis　occurred　on　wlndward　of　them．　While　a　large　variance　of　leaf　area　and　leaf
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number　between　them　can　been　seen　fbr　the　reason　of　more　leaf　defbliated　on　windward．

On　contrary，　the　Japanese　blue　oak　and　camphor　tree　showed　no　dif民rence　of　leaf　area

and　s▲輌ght　difference　of　leaf　number　between　windward　and　leeward　because　of　no

significant　defbliation　occurred　on　windward　of　them．　The　lower　water　content，　green

leaf　area　and　the　NDVI　va玉ue　of　windward　leaves　should　attribute　to　the　leaf　necrotic

symptoms　of　windward　leaves．

Thble　24　Variation　of　defbliation　an画ecrosis　among　fbur　evergreen　trees　in　Yamaguchi

　　　　　　　　　　　　　　　University　a貨er　hit　by　TO613（windward／leeward）

Leafwater

Content Leaf　area

　　　　　　　　　　　　　　　　　　　　　　　　　　　　Leaf

Green　leaf　area　LeafNumber　　NDVI755／67g

Japanese　bMe　oak 0．888（6D） LO94（210S） 0．674（210S） 0．978（797S）　　0599（18D）

Camphor　tree 0．889（6D） 1．207（152S） 0．696（152S） 0．931（355S）　　0．686（18D）

Fragrant　O▲ive 0．987（6D） 0．690（376S） LOOO（376S） 0．662（549S）　　0。963（18D）

FOItune　Osmanthus 1．029（6D） 0．768（▲20S） LOOO（120S）　　0．777　（1022S）　0．916（18D）

　　＊AU　data　in　the　table　is　the　proportion　between　windward　and　Ieeward　of　crown，　in　which　the　water

contellt　is　measured　with　repaid　weighing　method，　leaf　area　and　greell　leaf　area　with　image　pixels　method

and　NDVI　value　by　reference　paragraph　3．2．］．The　data　comes　f『◎m　each　three　typical　branches　ofthese

trees．　The　numbers　in　brackets　were　the　amount　of　samples（S）／duplications（D）．

　　M勾ority　of　trees　responded　the　serious　stress丘om　strong　wind　and　fewer　water

supplies　during　TO613’s　hit　not　by　a　single　way．　Entirely　necrotic　leaves　o茸en　fell　down

befbre　the　end　of　growing　season（Fig．　C2－6d）and　die－backed　or　pre－abscised　branches

usually　attached　necrotic　leaves（F輌g．C2－6g，　C2－6h）．　The　metasequoia　showed　a　spec輌al

exarnple　of　mixed　response　to　TO613　including　the　leaf　blade　necrosis　from　tip　to

proximal　and　twig　dieback　or　abscission（Fig．　C2－6c）．　Rapid　leaf　cuticle　transpiration

and　normal　tw輌g　cladoptosis（Millington　and　Chaney，1973）characteristics　should　have

some　relations　to　the　appearance　of　these　symptoms．

2．6Asymmetric　response　to　tbe　TO613　by　some　Iandscape　trees　and　shrubs

　　Afler　hit　by　TO613，various　symptoms　appeared　on　the　crown　of　some　landscape　trees．

Asymmetric　leahecrosis　on　the　crowns　is　one　responsive　pattem　of　some能e　species

to　this　kind　of　extreme　water　stresses．　As　early　1912，　Yapp　had　noticed　many　tree
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species　appeared　tip　and／or　margin　necrosis　when　they　expose　to　extra－strong　wind．

There　is　a　tendency　of　leaf　necrosis　starting　at　the　part　farthest　f士om　the　central　vein．

醐gor　branch　dieback　was　another　origin　of　asy㎜etric　cro㎜of　some　landscape

trees　hit　by　typhoons　like　TO613　in　Yamaguchi．　It　is　interesting　that　more　rapid　water

loss丘om　distal　than　that　ffom　proximal　ofbranches　was　measured　fbr　some　tree　species，

since　the　tip　of　branches　is　usually　less　lignifications，　Iess　cork　bark　coverage　and

slightly　higher　water　content（Fig．C2－7a，　C2－7b，　C2－7c），　especially　fbr　the　young　leaves

and　unsuberized　branches（Shull，1934；Larcher，1975；GAO　and　ZHANq　1995）．　These

te㎜inal　paHs　oftrees　are　usually勉r丘om　water　resources∫ηslτμ．　It　seems　having　some

kind　of　relation　to　the　asy㎜etric　branch　dieback　mechanism　of　one　side　desiccated

trees．
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Fig．C2－7　The　decreasing　tendency　of　branch　water　content廿om　proximal　to　distal　of　ginkgo（a），　sweet

gum（b），　metsequoia（c）after　54　hours　water　loss　at　room　condition　with　RH　60％and　Ar　200r　so．　A

tendency　of　faster　water　loss仕om　branch　tip　than　base　showed㎞all　the　three　tree　species．　Ginkgo

showed　a　high　water　loss　resistance廿om　branches　that　possess　a　special　cork　covered　bark．　Under　nomal

room　enviro㎜ent（○一〇），　it　is　not　easy　to　appeared　this　kind　oftendency　fbr　ginkgo（a）；while　dur㎞g

90℃ov斑with　wind（●一●）the　same　tendency　has　been　fbund．

It　was允und　that　d皿ing　hit　by　hot　su㎜er　wind　on　August　13，2007，　a　sweet　gum

tree　appeared　diffbrent　water　potential　between　windward　and　leeward　with　the

windward　and　leeward　ratio（W／L）equaling　to　O．86（Fig．C2－8a）．　Windward　leaves

showed　different　kinds　of　wilt（Fig．　C2－8c）；while　leaves　on　leeward　of　the　crown

almost　maintained　turgor（Fig．C2－8b）because　ofthe　self二shelter　f士om　windward　leaves，

branches　and　stem（Fig．C2－8d）．　Two　days　late，　as　the　windy　weather　passed，　this　kind　of

dif琵rence　soon　disappeared　and　no　visible　symptom　was　seen　on　the　tree．　However，　it

was　the　serious　strong　dry　wind　blown　by　TO613　accompanying　with　less　rainfall　made
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the　same　sweet　gum　tree　asymmetrically　discolored　and　windward　leaf　necrosis

occurred．　Therefbre，　windward　excessive　water　loss　and　the　self二shelter　to　the　leeward

seem　the　main　cause　of　its　asy㎜etric　symptoms．
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　　Fig．C2－8　Self二shelter　character　ofthe　sweet　gum　crown．　Water　potential（a）of　windward　and　leeward

leaves（n＝10）of　sweet　gum　was　measured　by　pressure　chamber（PMS　600）on　Aug．　I　l，2007，　a　clear　day

with　dry　wind　and　the　maximum　gusty　wind　and　temperature　7．l　m／s　and　31．7　degree　centigrade，

respectively．　Leaves　were　sampled廿om　a　garden　tree　in　Yamaguchi　University．　From　the　photograph　in　b

and　c，　a　wilted　leaf　sample（c）on　windward　and　a　normal　leaf　sample（b）on　leeward　of　the　tree　can　be

seen．　However，　two　days　late，　this　kind　of　wilt　was　not　appeared　accompanying　with　the　wind　slowing

down　and　the　cloudy　day．　The　self二shelter　character　of　the　crown　with　twisted　braches　and　leaves　on

windward　and　relative　static　leaves　and　branches　on　leeward　showed　in（d）．
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Fig．C2－9　Branch　dieback，　crown　discoloration　and　leaf　SPAD　value　of　ginkgo　tree　hit　by　TO613．　Relation

between　branch　dieback　percentage（BDP）and　distance　fヤom　coastl　ine（DC，　measured　as　3．2．4）（a）；

relations　between　living　branch　percentage（LBP）and　DC（b，○一〇），　and　between　crown　green　area

percentage（CGAP）and　DC　of　ginkgo　trees　after　hit　by　TO613（b，●一●）．　The　curves　in　graph　b　were

drawn　by　the　predicted　value．　The　diffbrent　SPAD　value　between　windward（w　l，w2，．．．w6）and　leeward

（Ll，L2，．．．L6）of　six　ginkgo　sample　trees（c，　n＝30）．

Serious　asymmetric　discoloration　characteristics　of　ginkgo　and　sweet　gum　tree

crowns　resulted　from　the　dif民rence　of　leaf　necrosis　between　windward　and　leeward

a丘er　hit　by　TO613．　A　di飽rent　regional　variance　of　asy㎜etric　discoIoration　of　gi血go
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trees　was　also　observed（Fig．　C2－9b，●一●）fξom　coast　to　inland．　As　mentioned

above，　dieback　of　ginkgo　branches　usually　appeared　on　w輌ndward　of　their　crowns　since

the　e飽ctive　shelter　the　leeward　fξom　windward．　Ginkgo　trees　with　dif琵r斑t　distance

仕om　coastline　also　showed　significant　regional　variance　of　windward　branch　dieback

（Fig．　C2－9b，○一〇）．　Branch　die・l　backed　ginkgo　trees　were　concentrated　in　the　area　less

than　8㎞食om　coastllne　by　criteΣion　o鑑eshold　curve　become　stable（Flg．　C2－9a），

although　there　still　were　some　ginkgo加es　on　constricted　site　or　with　lower　vigor　status

appeared　slight　windw田d　branch　dieback　in　the孤ea　more　than　8㎞丘om　coastline．

Integrated　the　response　curve　of　crown　green　area　percentage（CGAP）and　windward

branch　dieback　percentage（BDP）into　Fig．C2－9b，　it　is　ev輌dent　that　there　exists　a

difference　between　branch　dieback　and　cro㎜discoloration．　It　lefセalarge　area　of　gray

space　to　think　why　ginkgo　trees　with　ser輌ous　leaf　necrosis　even　overall　crown　discolored

after　hit　by　TO613　sprouted　new　leaves　next　spring；Is　there　any　ur血ealthy　effbct　on

ginkgo砲es　in　this　area？The　resu▲ts　of　SPAD　value　measurement　during　next　growing

season　after　TO613ラs　h輌t　fbr　some　sampled　ginkgo　trees　indicated　that　there　was　no

significant　difference　between　windward　and　leeward　fbr　the　slightly　shocked　trees，

while　the　serious　damaged　trees　showed　stat輌sticaUy　significant　difference　of　SPAD

value　between　them（Fig．C2－9c），　espec輌ally　fbr　the　trees　planted　at　the　w輌nd　droughty　or

poor　site　condition．　It　is　well　consistent　with　the　visual　sense　since　the　deeper　green

color　of　leeward　leaves　than　those　on　windward。

2．7Asymmetric　growth　of　some　landscape　trees　and　shrubs　after　hit　by　the　TO613

　　Tree　growing　potentia1，　in　a　large　part，　is　related　to　carbon　allocation　in　stem，

branches，　buds　and　leaves，　which　directly　respond　the　healthy　status　of　them　including

the　capability　of　obtaining　moisture　and　nutrition　and　so　on（Robichaud　eτα1．，1991；

Kozilowski，1973）．　It　is　usually　showed　in　various　chara征ers，　such　as　the　perfections　of

vascular　system，　especia夏1y　the　Ieaf　area　during　the　restor輌ng　Procedures　of　the　trees　and

shrubs．　By　measurement　of　LAR　of　30　ginkgo　trees　in　the　gray　colored　area　hl

Fig．C2－9b，　especially　trees　located　in　more　th斑110㎞丘om　coastline　where　there　is

neither　significant　prevailing　wind（Fig．　C9－3，　Yearly　wind　rose　map　is　near　round）nor

serious　salt　spray（Ross㎞echtθτα1．，1973，　Malloch，1997），　a　statistically　meaning血1
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vari乏mce　between　windward　and　leeward　was　observed，　although　leaf　area　among

different　trees　showed　big　difference（Fig．C2－10a）．　However，　this　kind　of　difference　was

not　fbund　on　the　gihkgo　trees　clear▲y　pruned（only　lef已n　main　stem　about　a允w　tenth

years　old）after　hit　by　TO613　till　the　end　of　growing　season　in　2008（Fig．C2－10b）．

According　to　the　WLAR　value　betwe斑windward　and　leeward　of　ve貢ical　pro丘le　of

crowns，　a　statistically　rneaningfi」l　smaller　value　of　this　ratio　fbr　the　unpruned　ginkgo

trees　and　the　ginkgo　trees　pruned　befbre　hit　by　TO613　had　been　observed．　While　no

significantly　statistical　dif允rence　was　fbund　on　ginkgo　trees　pruned　not　long　after

TO613’s　hit，　and　the　WLAR　was　almost　near　L　O．　There丘）re，　the　asymmetric　crown　of

ginkgo　after　hit　by　TO613　seems　having　something　to　do　with　the　lower　growth　ability

on　wmdward　of　them　and　it　can　deduce　that　the　in£luence　to　these　ginkgo　trees　were

mainly　limited　in　branch　level　because　of　the　posit輌ve　pruning　result　and　the

interconnection　or　spiral　growth　characteristics　of　vascular　system　in　the　main　stem　of

treeS（Kramer，1983），　especially負）r　the　indiv輌duals　far　inland．
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Flg．C240　Single　leaf　area　and　crown　coverage　comparison　between　windward　and　leeward　ofginkgo　f～）r

pruned　trees（b，　pruned　after　TO613　in　2007　spring　and　leaf　area　was　measured　in　Nov．2008，　n＝30）and

unpruned　trees（a，　Ineasured　in　Nov、2007，　n＝30）；Every　30▲eaves倉om　windward　and　leeward　were

obtained　by　aimlessly　hitting　the　o句ective　tree　and　pick　up　all，　about　30，　leaves　fbr　scanning　the　images

to　calculate　leaf　area　by　using　Equation　II4．　The　detached　leaves　were　used　to　measuring　the　leaf　area衣）r

the　reason　of　high　crowns　of　ginkgo．　The　relationship　curve◎f　LAR　of　fragrant　olive　and　the　distance

廿om　coastline　was　sh◎wed　in　c．　Every　301argest　attached　leaves廿om　windward　and　leeward　were　taken

into　images　at　distance　of　20　cm　fbr　calculating　their　leaf　areas　by　using　Equation　II4．　The　reason　of　using

ph◎to　taking　images　f沁m　attached　leaves　was　due　to　the　short　crowns　of　the　fragrant　olive．

　　Based　on　measurement　of　leaf　area　ratio（LAR）between　windward　and　leeward　of

some］ゴagrant　olives（0ぷmαη功zzぷノゲαgアαηぷvαア　αz〃αη〃αα∫5），　not　only　there　existed　a

tendency　of　dif允rent　LAR　between　windward　and　leeward，　but　also　a　descent　tendency

丘om　far　inland　to　the　coastline　was　fbund（Fig．C2－10c）．　It　was　observed　that　severely
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irj　ured丘agrant　olive　trees　appeared　rlot　only　srnall　leaves　but　also　varied　w輌ndward　leaf

curls　on　their　crowns　and　serious　asymmetry　of　individual　leaves．　It　suggested　that　the

ability　of　acquiring　resources　of　windward　branches　had　been　serious▲y　inhibited　a負er

continual　hit　by　typhoons　like　TO613　so　as　to　affect　the　development　of　new　expanded

leaves．　It　was　also　observed　that　the　trees　planted　on　poor　site　conditions，　such　as　rocky，

sandy，　and　root　growing　constricted　site，　showed　more　serious　asymmetric　leaf　growth

even　dieback　symptoms　and　great　difference　between　windward　and　leeward．　It

indicated　that　the　coexistence　of　multiple　hmit　factors　on　these　sites，　in　a　great　degree，

reduced　the　threshold　of　their　responses．
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　Fig．　C2－11　Crown　area　percentage（CAP）ratio　between　windward　and　leeward　of　sweet　gum　in　2007

（a）and　in　2008（b）beside　three　roads（R三，R2，　R3）．　In　2007，　no　indication　of　the　sweet　gum　trees　at　Rl

and　R2　have　been　pmned，　while　sweet　gum　trees　at　R3　were　pruned　befbre　TO613　in　2006．　In　2008，　it

was　newly　pruned　fbr　the　trees　at　R玉，and　no　pruned　sign　has　been　seen　at　R2　and　R3．

　　The　sweet　gum　trees　with　red　top　crown　symptom　during　extreme　summer　events　in

2007（Fig．C2－11a）and　2008（Fig．C2－11b）mentioned　above　also　showed　statistically

significant　diff口ent　CAP　between　recently　pruned　and　recently　unpruned　trees．　These

differences　var輌ed　as　the　root－shoot　ratio　restores　and　trees　grow（Fig．C2－11a－R3，

C2－11b－R3）．　Asymmetric　crown　between　windward　and　leeward　was　fbund　on　them

except　the　trees　pruned　a丘er　TO613’s　hit　with　W／L　ratio　more　than　1．0（Fig．C2－11b，　R　1）．

This　suggested　that　the　increase　of　root－shoot　ratio　by　clearly　pruning　maintained

suf6cient　water　supply　to　the　new　sprouted　branches　and　m輌nimized　the　endogenous

resource　compet輌tioll　among　them　so　that　no　statistically　significant　asymmetry　could　be

seen　on　the輌r　crowns　a負er　hit　by　TO613（Fig．C2－11a－R3，　C2－11b－R1）．　Therefbre，　it

indicated　that　the　relative　resources　restriction　during　the　meteorological　extreme　events

Iaid　the　irWred　windward　branches　into　disadvantageous　condition　of　resources
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competition　so　as　to　induce　their　asymmetric　growth．

Afbw　of　ball－shaped　Convexa　Japanese　holly（Ilex　crenata℃onvexaう）planted　in　a

wall一且owerbed，6m　long，1．5m　wide　and　60cm　height，　showed　significant　symptoms　of

leaf　necrosis　on　windward　after　the　hit　by　TO613（Fig．C2－12a），　even　no　more　else　of

this　shrub　species　were　fbund　in　the　same　situation　in　the　area　nearby　But　some

Convexa　Japanese　holly　plants，　planted　in　even　smaller　wall－flower－bed，　were　also

fb皿d　with　leaf　necrosis　on　windward　of　their　crown　in　Ube　City　of　Yamaguchi

Prefecture　hit　by　TO613．　The　limited　root　growing　space　and　the血ster　growth　previous

the　TO613’s　hit　may　be　the　main　reason　of　their　symptoms．　In　this　situation，　the

excessive　transpiration　surface　needs　more　water　supplies　during　strong　dry　TO613fヒom

the　constricted　root　system．
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Fig．C2－12　Responses　to　the　severe　TO613廿om　some　Japanese　holly　balled　shrubs（near　Yamaguchi

Observatory）and　their　restoring　process．　The　halfLcrown　G／L　value　was　significantly　dif琵rent　between

windward　and　leeward　a廿er　hit　by　TO613　since　seri皿s　leaf　necrosis　on　windward　of　their　crowns（a，

Oct20，2006）．　There　is　sti11　statistically　meaningfUl　G／L　diffbrence　between　windward　and　leeward　in

next　spring　because　the　new　shallow　colored　windward　leaves　sprout　earlier　than　that　of　leeward（b，　ApriL

21，2007）．　In　the　summer　days（c，　Jun．28，2007），　it　is　difficulty　to丘nd　the　diffbrence　of　both　G／L　and

NDVI　values（measured’ηぷ’仇and　calculated　with　same　method　as　paragraph　3．2」）between　windward

and　leeward．　However，　the　length　of　new　branches　on　leeward　of　their　crowns　showed　significant

superiority　at　the　end　ofthe　growing　season（Oct，21，2007）．

Their　new　sprouting　leaves　were　also　first　thriving　on　the　windward　next　spring
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（Fig．C2－12b）．　It　is　an　evident　phenomenon　of　trees　responses　to　the　extremely　strong

typhoon’s　hit　and　may　come丘om　the　intemal　physiological　variation　during　the

restor輌ng　process．　This　kind　of　shocked　part　sprouting　first　was　also　fbund　on　many

other　landscape　tree　species，　such　as　ginkgo，　zelkova　during　the　investigation．　However，

although　both　NDVI　and　G／L　value　on　both　side　of　their　crown　gradually　achieved　same

leve1（Fig．C2－12c）in　the　summer　of　2007，　their　new　branches　on　leeward　were

significantly　longer　than　that　of　windward　at　the　end　of　the　growing　season　in　this　year

（Fig．C2－12d）．　It　directly　resulted輌n　the　asyn㎜etrical　growth　of　the　balled　crowns．　If

their　crowns　were　not　pruned　again　they　would　show　asymmetrical　shape　with　less

doubt　It　is　evident　the　unWured　leeward　indicate　more　vigorous　status　than　that　of

willdward．

　　By　integrated　some　deciduous　tree　species　in　Yamaguchi，　their　crown　characteristics

were　shown　in　Table　2－2．　The　significant　diffbrence　of　crown　area　between　windward

and　leeward　fbr　ginkgo　and　sweet　gum　seems　being　consistent　w泊the輌r　asymmetric

crown　discoloration　a食er　hit　by　TO613．　The　effective　self二shelter　and　less　necrotic

leaves　on　leeward　of　their　crown　after　typhoonうs　hit　may　be　the　cause　of　the　faster

leeward　growth　of　their　crowns．

　　Table　2－2　F　test　result　of　asymmetric　characteristics　of　fOur　landscape　tree

　　　　　specles

Sample

number
F－value P－value Fthreshold

Mean　w／l

　Ratio

Ginkgo 49 5．881＊ 0．0玉7 3．940 8LO

Sweet　gum 139 34．798＊＊ 1．07E－08 3．875 84．7

Dogwood 40 0．155 0．695 3．963 97．4

Zelkova 88 8．238＊ 0．005 3．89］ 90．3

＊statistlcal　significance　while　α＝0．05；　糠statistical　significance　whne　α＝0．Ol

The　w／l　stands　Ibr　the　crown　area　proportion　between　windward　and　leeward．

　　The　insignificant　asymmetric　crown　characteristics　of　dogwood　may　have　some

relation　to　their　fast　water　loss　characteristics　of　leaves．　The　cuticle　transpiration　oftheir

leaves　was　too　fast　to　make　an　effective　shelter　to　the　leeward　leaves　f士om　windward．

Therefbぎe，　they　possess　special　mechanism，　fbr　example　their　special　branch
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architectural　characteristic，　to　adapt　to　the　strong　typhoonうs　hit　and　making　them　only

showed　Huctuated　asy㎜etry　of　their　cro㎜s．　Although　the　zelkova　trees　appeared　a

statistically　significant　dif飴rence　between　windward　and　leeward，　the　W／L　ratio　and　the

branch　characteristic　of　them　are　still　similar　to　that　of　dogwood．　The　dif琵rence　may

have　something　to　do　with　the　characteristics　of　fast　sprouting　new　Ieaves　on　windward

of　zelkova　crowns．　Whatever，　less　of　these　fbur　landscape　tree　species　showed　per允ct

sy㎜etric　crowns　in　the　investigated　area　under　the　continual　hit　by　the　extremely

strong　typhoon　events（Table　2－2）．

　　Unlike　the　trees　along　seacoast　or　at　timberline，　almost　no　one－side　trees　had　been

observed　in　the　area　near　Yamaguchi　Observatory　since　no　severe　prevailing　wind　and

salt　spray　exist．　However，　various　asy㎜etric　crowns　can　be品und廿om　top　to　base

and　ffom　one　side　to　another，　affbcted　by　the　meteorological　extreme　events．　The　most

special　crown　characteristics　of　some　tree　species　may　be　the　diffbrence　among　quarters

of　crown，　if　they　were　divided　into　fbur　quadrants　ffom　main　stem　horizontally　and　the

middle　of　the　crown　vertically　There　is　a　tendency　of　smallest　coverage　in　first　quadrant

reasonably　due　to　the　coexistence　of　both　typhoon　and　extremely　hot　and　dry　weather‘s

ef丘ct，　and　largest　coverage　in　third　quadrant　because　of　the　shelter　ffom　top　and

windward，　fbr　example，　the　crowns　ffom　metasequoia，　sweet　gum　and　ginkgo

（Fig．C2－13a，　b，　and　c）．

　　Fig．C2－13　Example　of　asymmetric　tree　crowns　of　metasequoia（a），　sweet　gum（b），　ginkgo（c）and

zelkova（d）；Aco㎜on　tendency　of　larger　third　quadrant　and　smaller丘rst　quadrant　can　be　seen　in　the

丘gure（a），（b）and（c），　while　from　another　type　of　crowns，　a　larger　second　quadrant　and　smaller　first

quadrant　also　observed（d）．

　　　However，　the　maximum　crown　difference　may　appear　between　first　and　second

quadrant　fbr　the　shade　intolerant　species，　whose　lower　branches　usually　self二pruned，　fbr
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example　the　zelkova（Fig．C2－13d）．　It　was　also　noticed　a　significant　dif飴rence　of　single

leaf　area　between　the　windward　and　leeward，　especially　between　first　and　third　quadrant

fbr　some　evergreen　shrub　species　such　as毎grant　olive　and　fbrtune’s　osmanthus

（0ぷ〃2αη〃224ぷ〉φ）ημηe∫Cαγr．）．At　some　constricted　sites　or　wind　draughty，　even

deciduous　trees　also　showed　this　kind　of　leaf　area　asymmetry．

　　It　is　observed　that　trees　seem　hit　by　the　enviro㎜ental　extremes　one　after　another，

especially　the　individuals　at　constricted　site　condition　and　some　tree　species　with　great

branch　endurance．　It　is　more　common　that　beR）re　they　perfectly　recover　ffom　one

extreme　shock　another　hit　occurred．　Some　trees　grown　at　poor　site　condition　was

observed　they　remained　asy㎜etry　and　not　easy　to　restore（e．g．　Fig，C2－14a），　although

the　windward　coverage　immediately　recovered　f壬om　defbliation　after　hit　by　TO613

（Fig．C2－14b）．　The　leaf　chlorophyll　status　of　them　was　still　different　in　the　next　growing

season　according　to　the　SPAD　measurement（Fig．C2－14c）．　It　is　this　kind　of　persistent

hurt　at　same　direction　or　part　to　some　trees　trailled　them　into　asymmetric　characteristics．

It　should　af飴ct　the　vigor　status　to　respond　the血仕her　serious　hit　by　sto㎜s　like　TO613．

　　　　　　　　　　　　　）　　　　　　　　　　　　　　　　　　　　　　　　50
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Fig．C2－14An　asymmetric　oak　tree　in　Yamaguchi　about　13　km　fセom　coastline（a），　its　coverage　restoring

process　fTom　defbliation（b）and　the　comparison　of　SPAD　value　between　windward　and　leeward（c，　n＝65）

in　June　of2007．

2．8Conclusion

　　It　was　observed　a　significant　varied　and　serious　dissimilar　climate　in　Yamaguchi，

Japan　ffom　2004　to　2008　accompanying　with　some　meteorological　extreme　events．

Unexpected　shock　or　hurt　to　some　landscape　trees　occurred　during　the　meteorological

extreme　events丘om　2004　to　2008　in　Yamaguchi．　There　is　an　indication　that　the

meteorological　extreme　events，　especially　sho仕一te㎜Mediterranean　type　weather　or
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strong　dry　typhoon　often　trigger　the　significant　responses　ffom　landscape　trees，

particularly　to　trees　on　constricted　site　conditions，　even　to　the　trees　in　relative　humid

area　like　Yarnaguchi　with　avefage　annual　precipitation　1856　mm．　More　and　more

seriously　damages　to　them　will　be　expected　during　th輌s　kind　of　extreme　when　it　mingled

with　longer　droughty　period．　The　dif允rence　of　genetic　structure　and　f已nction，　especially

the　leaf　or　branch　cuticle　properties　cause　different　cuticle　transpiration　and　adaptation

P就tern　of　thern　to　desicca仕on．　The　leaf　discoloration丘om　upPer　to　the　base　of　the

crown　fbr　sweet　gum　tree　seems　one　of　the　striking　adapt輌ve　characteristics　during　the

extreme　weather　event　in　2007．　Distinct　adaptation　strategy　between　researched

deciduous　and　evergreens　gave　another　example．　The　characteristics　of　superficies，

localizat輌on，1ess　nurnber　of　these　evergreens　indicates　that　they　possess　special　ability

to　resist　the　desiccation．

Extemal　enviro㎜ent血ctors　usuaUy　i吋ured　plants　or　trees　t㎞ough　the　impact　on

changing　their　internal　status．　Besides　the　mechanically　training，　wind　of乏en　affects

plants　or　trees　through　deteriorating　their　water　relations（Wh輌tehead，1963；Wardler，

1968）．Salt　damage　to　them　was　also　considered　becoming　operative　through　inducing

water　stress（Mu㎜ls，1993；Pa㎜emer　and　Smith，1983）．　Even　mechanical　abrasion

also　reduced　the　cuticle　res輌stance　of　water　transpiration　loss（Grace，1982）．　The

abundant　precipitation　not　only　provide　water　supply　to　soil　system　and　trees　but　a▲so

alter　the　vapor　pressure　and　reduce　the　extra－evaporat輌on　stress．　Especially，　during　hit

by　extremely　strong　typho皿it　protects　them丘om　lethal　level　of　desiccation．　Pruning

directly　reduces　the　transpiration　surface　and　increases　the　root－shoot　ratio　of　landscape

trees，　and　maintains　the　water　balance　ofthem（Kozlowski　and　Davis，1975；Evans　and

Klett　1984）．　It　is　no　surprise　that　pruned　trees　sustain　more　serious　typhoon’s　hit　and　dry

hot　wave　influence．　Under　many　constricted　site　conditions，　such　as　rocky　mountain　site，

shallow　sandy　soil　and　root　growing　restricted　area　and　so　on，　water　and　nutrition

shortage　is　often　the　main　cause　of　more　serious　landscape　tree　response　to　these

meteorological　extrernes．　Increasing　in　temperature　alone　tends　to　cause　an　increase　in

the　rate　of　transpiration　through　its　e£丘ct　on　saturation　water　vapor　density（Fitter　alld

Hay，2002）and　aggravated　the　water　stress　of　them．　Therefbre，　it　is　not　difficulty　to

understanding伍e　ir帆ry　symptoms　of　many　landscape　trees　like　that　under　the　water
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StreSS　StatUS．

　　Actually　the　symptom　caused　by　all　of　them　of竜en　has　some　commonality，　such　as　leaf

necrosis，　branch　dieback　and　abscission　of　organs　and　so　on．　There　is　a　tendency　in

many　tree　species　that　under　serious　and　acute　stresses　they　respond　the皿favorable

extremes　f士om　distal　to　proxima1，　such　as　leaf　tip，　twig　tip，　crown　top　that　is　far　f士om

source　of　water　and　nutrition，　and　less　vigorous　te㎜inals．　It　seems　that　many　tree

species　have　the　mechanism　to　save　their　lives　at　the　expense　of　these　te㎜inal　pans

under　extremely　lethal　enviro㎜ent，　even　by　mean　of　HR－like　response

（GUnthardt－Goerg　and　Vbllenweider，2007）．　Under　these　kinds　of　extremes，　many　trees

i㎜ediately　reduce　most　of　the　large　resource　consumption　pa勒e品re　hu就the　main

body　ofthem．　Te㎜inal　organs　or　pa仕s　abscission　is　one　ofthem，　which　is　characterized

by　self－shearing丘om　pre－established　area　or　belt，　such　as　segregation　zone　at　petiole

base，　abscission　zone　at　branch　junction　and　so　on．　Tip　and　margin　tissue　dieback　or

necrosis　is　another，　which　is　characterized　by　partially　reducing　water　resources

consumed　tissues　ffom　post－established　defense　belts　or　node　position．　They　cut　off　the

way　of　fUrther　losing　the　water　resources　f士om　main　part　of　the　trees．　During　this

process，　vascular　occlusion，　cellular　death，　resources　partitioning　etc．　may　be　ef允ctive

apProach　to　perfbct　the　segregation　ofthe　partial　tissue　or　organ　to　barrier　the　excessive

water　loss　and　protect　them　ffom　extinct　hazard．　During　the　study，　it　is　often　observed

that　some　plants　ofρμeκμ5呪ρp．　showed　the　death　of　all　of　their　branches，　while　leaves

clustered　around　the　main　stem．　The　most　serious　hurt　trees　only　the　lower　part　of　stem

remains　leaves（Fig．C2－15）．

．．・
ﾓ．・
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　Fig．c2－15　A　recent　transplanted　tree　of　Quercus　spP．　with　serious　symptom　of　dieback　and　only　at　the

base　ofmain　stem　remained　Ieaves．

The　self二shelter　during　hit　by　strong　storm　Iead　the　leeward　of　the　tree　crowns　into
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less　affected．　The　resources　competit輌on　in　post－growing　period　induces　the　leeward

血ster　growth　so　that　gradually　become　larger　than　windward，　and　the　asymmetric

crown．　If　it　were　in　favorable　condition　and　no　sim輌lar　post　meteorological　extreme’s

impact，　the　windward　of　slight　hurt　trees　could　recover　ffom　these　kind　shocks．　Some

ginkgo　trees　far　f≧om　coast　and　growing　on　deep　fbrtile　soils　were　seen　that　almost　no

difference　of　leaf　area，　crown　coverage　and　SPAD　value　etc．　betwe頭windward　and

leeward　during　the　next　growing　season　after　hit　by　TO613．

　　Many　managing　approach　to　improve　the　resource　balance　or　energy　balance　within

landscape　trees　themselves　seems　to　be　able　to　change　their　response　to　the

lneteorolog輌cal　extremes．　Tree　pruning，　especially　clear　pruning　out　all　branches　ffom

main　stem，　directly　increase　the　root－shoot　ratio　of　them　and　reduce　the　resource

consumption　organ　or　tissues．　It　results　in　raising　the　ability　to　respond　the　serious　hit

by　summer　drought　or　strong　typhoon。　In　fact，　tree　p㎜ing　is　a　popular　managing

tec㎞ique　fbr　local　landscapes　and　various　shaped　trees　can　be　seen　in　Yamaguchi．　It　is

proved　all　effective　method　to　treat　the　asymmetrical　trees　and　to　refb㎜the　tree　shape．

　　Landscape　trees　are　usually　selected　an（l　planted　by　their　characteristics　of

omamental　values．　Partial　of　them　are　aesthetically　or　mechanically　planted　and

regenerated　at　their　unねvorable　site　so　as　to　be　sensitive　to　the　enviro㎜ental　changes．

It　is　observed　that　trees　seem　hit　by　the　environmental　extremes　one　after　another，

especiaHy　the　individuals　at　constricted　site　condition．　It　is　more　common　that　befbre

they　perfectly　recover丘onユone　extreme　shock　another　hit　has　occurred．　Some　trees

grown　at　poor　site　condition　are　even　in　the　cycle　of　branch　sprouting　and　dieback，　and

remain　a　small，　narrow　and　even　stem　alone　crown．　These　kinds　of　continual　damages

cause　trees　impossible　to　put　up　an　aU－round　e飽ctive　defense　against　the　biotic　and

abiotic　in仕uslon，　and　induce　the　low　vigorousness　or　abno㎜al　fbml　of　trees　even

accelerate　senescence　or　death．　The　rnerge　of　the　persistent　meteorological　extreme

events　may　be　one　of　the　m勾or　triggering　causes　of　acce▲erating　senescence　or　death　of

some　landscape　trees．
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Part　2

uantitativel　Evaluatin　S　m　toms　of　Gink　o　and　Bamboo

Induced　b　TO613with　S　ectra1紐dIma　eAnal　sis

　　As　one　kind　of　disaster，　typhoons　can　cause　serious　damage　to　landscape　trees　both

mechanica玉ly（Yamamoto，1979；Takahashi，1981；Chiba，1994）and　physiologically

（Marki，1991；Nobe1，1980）．　The　TO613　was　characterized　by　strong　wind　associated

with　less　rainfaU　wh銀it　passed　through　Yamaguchi　City，　Japan．　Salisbury（1805）

had　noted　that　great　leaf　ir日ury　occurred　when　rain　was　not　associated　with　strong　wind．

The　rainless　or　less　rainfa▲1　during　and　afτer　hit　by　TO613　reveals　the　symptoms　of　some

landscape　trees　in　Yamaguchi　City　is　just玉輌ke　Salisbury’s　note．　Although　seldom

damage　to　the　local　people，　constructions　and　roads　occurred　and　there　was　no　severely

mechanical　damage　to　trees　during　hit　by　TO613　in　Yamaguchi　city，　it　did　lead　to

significant　responses丘om　many　Iandscape　trees．　The　direct　results　of　their　responses

were　partial　death　of　organs　or　tissues　as　well　as　abscission．　As　mentioned　above，

severe　bamboo　leaf　necrosis　caused　their　canopy　significantly　discolored．　Tip　and

margin　leaf　necrosis　appeared　on　many　g輌nkgo　trees　in　Yamaguchi　after　hit　by　it　It

made　the　crown　of　ginkgo　trees　became　asymmetrically　discolored　with　the　green　and

non－green　parts　clearly　distinguishable．　Due　to　the　big　body　of　ginkgo　trees，　this　kind　of

phenomenon　was　o丘en　described　by　visual　scale　method　characterized　by　significant

deviation　and　observer　specific．　To　study　the　symptoms　of　them　damaged　by　TO613

with　a　rapid，　low　cost，　noninvasive　and　nondestruct輌ve　method，　spectral　and　image

analysis　were　used　in　the　study．　The　feasibility　fbr　describing　damaged　status　of　ginkgo

trees　hit　by　TO613　with　spectraheflectance　analysis　and　RGB　image　analysis　was

studied．　It　is　less　doubt　that　the　similar　research　will　be　benefit　to　the　qualitative　and

quantitative　ana玉ysis　ofthe　effbct　fセom　meteorologica▲extreme　events．
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Chapter　3　Estimation　of　Ginkgo　Leaf　Necrosis　Induced　by　TO613

　　with　Spectral　Reflect頷ce

3．11ntroduction

　　Gird（go（α城gob元10bαム）is　a　showy　ornamental　tree　species　due　to　its　spec輌al　leaf

morphology　and　golden　yellow　leaf　color　in　fal1．　It　is　widely　planted　in　China，　Japan

and　to　be　a　reasonable　tree　species　fbr　urban　plan慧ng　in　Europe　and　America　etc．

（Santamourσα乙，1983）．　Nevertheless，　it　sometimes　appears　leaf　necrosis（Okinakaθτ

α乙，1990）and　twig　die　back（Shimizu，2004）after　hit　by　strong　typhoon　or　damaged　by

high　temperature（TreshoW　1970），　under　abno㎜al　meteorologica▲event　and　in　the

unfavorable　site　condition（Tian　and　Jing，2006），　especially　along　the　coast．　The　partial

tissues　segregation　characters　appeared　on　many　ginkgo　trees　after　TO613’s　hit　in

Yamaguchi　City　By　observation，　there輌s　a　significant　difference　between　living　part

and　dead　part　of　ginkgo　leaves　and　made　the　crown　of　ginkgo　trees　obviously　different

between　windward　and　leeward．　The　ginkgo　trees　with　symptoms　of　leaf　necrosis

extended　to　inland　even　as血r　as　100㎞丘om　coastline　during　hit　by　the　T8218　in　the

area　of　the　Kanto　plain，　Japan（Ok輌naka　eω1．，1984）．　But，　the　visual　scale　method　was

more　common　in　the　research　on　ginkgo　cro㎜s　damaged　by　typhoons．　In　this　chapter，

the　spectral　reflectance　was　used　to　estimate　the　damaged　status．

　　　　As　an　important　non－destructive　approach，　the　near－inf士ared　spectral　analysis

method　has　been　wide▲y　utilized　in　the　area　of　agriculture，　medicine　and　industries　of

負）od，　fiber　and　chemistr）㌦In　the　field　of　agriculture，　it　was　originally　used　fbr　the　things

with　lower　water　content　and　its　application　in丘uits，　vegetables　and　crops　with　higher

water　content　began　in　modern　times（lwamotoααL，1994）．　However，　the　spectral

reflectance　method　has　been　fb㎜d　in　estimating　the　plant　leaf　area　index（Yamarnoto，

1998；Guan　and　Nutter，2002），　ch重orophyll　concentration（Carterθτα乙，1994，2001；Ito

o抱乙，2003），nutrient　elements（Hinzmanε山1．，1986），　water　content（Yamarnoto斑α乙，

1995；Carter　eταL，1993；Itoετα乙，2003），　and　so　on．　Ca】〔terετα1　（1994）had　ever

considered　that　spectral　reflectance　in　narrow　wavebands　within　the　690－700　nm　range

and　its　ratio　with　near－infrared　reflectance　should　provide　earlier　detection　of
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stress－induced　chlorosis　compared　with　broad　bands　systems　or　narrow　bands　located　at

lesser　wavelengths．　Itoθτα乙（2003）diagnosed　the　chlorophyll　content　by　the　ratio　of

spectral　reflectance　at　800㎜and　680nm．　Under　water　stresses，　the　change　of　plant

spectral　reflectance　in　near－inffared　range　has　been　repo］仕ed　by　some　other　researches

（Moran¢τα乙，1989；Yamamoto　eτα」，1995；Penuelas¢τα乙，1999）．　Thorhaug訂α」

（2006）stated　that　browning　and　necrosis　resulted　in　a　c玉ear　change　in　the　shape　of

reflectance　spectra負）r肪α1αぷぷ∫αIeaves　and　suggested　that　the　reflective　spectra　at　750

㎜might　be　a　su輌table　stress　index．　Riedel1¢τα1．（1995）noted　that　chlorosis　and

necrosis　within　crop　canopy　in　small　grain　f玉elds　infested　with　greenbugs　etc．　could　be

used　as　a　diagnostic　tool　to　detect　crop　damage　f士om　cereal　aphid　population　outbreaks．

Yamamotoετα1．（1996）reported　that　it　was　possible　to　detect　the　leaf　area　of　soybean

damaged　by　common　cutwo㎜with　no㎜alized　dif飴rence　vegetation　index（NDVI）at

750／600㎜．Steddom¢ταL　（2005）reached　a　conclusion　that　the　use　of　radiometric

methods　has　potential　to　increase　the　precision　of　assessments　of　Cercospora　leaf　spot

fbliar　symptoms　of　sugar　beet　while　eliminat輌ng　Potential　bias．

　　　Nevertheless，　whether　it　can　be　used　in　est輌mating　the　damaged　status　of　landscape

trees　hit　by　strong　typhoons　like　TO6130r　not　still　needs　to　be　researched．　What　is　the

optimum　wavelength　to　evaluate　the　damaged　status　and　are　there　any　diffbrence　among

tree　species　and　the　trees　planted　at　diffbrent　sites　with　different　distance丘om

coastline？In　the　study，　after　selecting　the　optimum　spectral　reflectance　wavelength，　the

leaf　necrosis　of　ginkgo　tree　induced　by　TO613　was　estimated　by　spectral　reflectance

analysis　combined　w輌th　the　visual　scale　method．　By　measuring　the　leaf　necrotic　area

percentage（LNAP）and　NDVI755／67g　of　necrotic　leaves，　the　relation　between　them　and

the　difference　of　spectral　ref］ectance　of　ginkgo　leaves　among　dif允rent　sites　and　between

girikgo　and　other　tree　species　were　studied．

3．2　Materials　and　methods

　　In　the　study，　three　experiments　were　carried　out．　The　first　was　to　study　the　spatial

d輌stribution　of　dif允rently　necrotic　leaves　in　the　crown　of　ginkgo　tree．　The　second　was　to

study　the　difference　of　spectraheflectance　between　ginkgo　and　other　tree　species　after

hit　by　TO613．　The　third　was　to　study　the　dif紐ence　of　ginkgo　Ieaf　necrosis　among　three
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sites　with　diffbrent　distance　ftom　coastline．

3．2．1Measurement　of　spectrahe彊ectance

　　　　〕R）study　the　percentage　of　necrotic　leaves　in　the　crown　of　ginkgo　tree，　six　standard

branches，　t㎞ee　each　respectively倉om　leeward　and　windward，丘om　three　trees　in　a

shelterbelt　were　sampled　from　Yamaguchi　University　A田eaves領the　branches　were

visually　divided　into　five　necrotic　scales　according　to　the　standard　of　necrotic　area

percentage・

　　　　After　counting　the　leaf　number，　the　spectral　reflectance　fbr　leaves　of　each　scale　was

measured　respectively　by　a　radiometer，　EKO－MS720，　made　by　EKO　Instruments　Co．

Ltd．　Its　resolutioII　of　spectra輌s　I　O　nm，　interval　of　wave正ength　is　3．3　nm　and　the

speci丘ed　wavele顧ranges丘om　350　to　1050㎜．　Leaves　were　measured　with　special

meth◎d　at　indoor　enviro㎜ent　in　order　to　avoid　the　effect　of　gap　f≧action（ltoθτα乙，

1996）and　hght　condition　between　windward　and　leeward　of　trees　in　field　measurement，

because　it　is　not　easy　to　obtain　comparable　data　of　spectral　reflectance　fbr　trees　under

these　kinds　of　conditions．　The　radiometer　was　mounted　on　a　tripod　30　cm　above　the

sample　leaves．　The　samp▲ed　leaves　were　smoothly　filled　in　a　tray　in　20×30×4cm　size

and　vertically　measured　under　40w　incandescent　lamp　light．25°of　Field　of　View　was

selected　and　the　area　coverage　was　139　cm2　approximately　being　equal　to　a　circular　area

with　diameter　14cm．　Measurements　were　controlled　by　a　piece　of　white　paper　corrected

by　standard　white　board　ofbarium　chloride　and　3（or　4）duplications　fbr　each　scale　were

conducted　at　diffbrent　positions　of　the　tra）㌦The　spectral　reflectance　was　used　to

calculate　the　M）VI　as　Equation　III　1，

　　　　　　　　　M没，，一助

ND互2〃7＝
　　　　　　　　　λ㎎。＋町，

（∬の

　　Where，　NIRm　is　the　spectral　reflectance　i回ear－in丘ared　region，　VIBll　is　the　spectral

reflectance　in　visible　region　and　rn　equals　to　750，760，．．．．．．，900　and　n　equals　to　630，

640，．．．．．．，690．According　to　the　wavelength　analysis，　the　optimum　waveleng伍to

calculate　the　NDVI　was　at　755㎜and　679㎜允r　NIR　and　VIB．　There釦re，　all　of

NDVI　values　and　NDVI　reputing　values（NDVIR）in　the　paper　were　calculated　by　the

spectral　reflectance　value　at　these　two　wavelengths　except　the　NDVI　values　in　the

optimum　wavel頭gth　analysis．

3．2．2Measurem斑t　of　leaf　necrotic　ar㈱percentage（LNAP）
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　　The　leaves　were　scanned　with　a　Canon　sca皿er（D　125u2）and　the　LNAP　fbr　each　leaf

was　calculated　by　image　pixel　method．　LNAP　is　a　proportion　of　necrotic　area　to　overall

leaf　area．　It　was　determined　by　getting　pixels　of　overall　leaf　and　then　separated　green

part　ffom　the　leaf　with　eraser　tool　of　Photoshop（Fig．　C3－1）．　The　LNAP　was　calculated

as　Equation　III2　and　the　LNAP　value　fbr　each　leaf　scale　was　the　average　ofLNAP　value

of　every　leaf　in　the　related　scale．

Lル伊＝100－（
　　　　　　　　　　　　　P舵13／0γ

P舵1ぷノ∂τ9γθεηαγθo
　　　　　　　　　　　　×100）

ov醐〃1e㎡
（∬τ2）

Overall　Ieaf　　Green　part

Fig．　C3－10verall　leaf　and　green　part　ofanecrotic　leaf

3．2．3Measuremen仕）r　comparison　between　ginkgo　and　other　tree　species

　　　　The　tree　species　used　to　compare　with　ginkgo　include　metasequoia〔M訂α5e4μojα

g硬μ05τγoゐoj漉5仇θτC舵ηg），　trident　maple（．4cθγ．8μθちgeγ放ημ沈λ物．）and　kaizuka

juniper（」μ励θぴc吻θη5i5γακKωz批α」ワOM）that　are　widely　planted　in　Yamaguchi

City．　Leaves　were　mechanically　sampled　f士om　shelterbelts　of　ginkgo，　metasequoia　and

kaizuka　j　uniper，　and　ffom　an　individual　trident　maple　tree　in　Yamaguchi　University（site

B）．The　spectral　reflectance　fbr　leaves　of　every　species　was　measured　by　the　method

mentioned　with　fbur　duplications　fbr　each　species．　Average　of　the　fbUr　duplications　of

spectral　reflectance　was　used　to　calculate　the　NDVI　value　as　Equation　III1．The　NDVIR

is　an　average　between　the　NDVI　value　fbr　leaves　on　windward　and　the　NDVI　value　fbr

leaves　on　leeward．　It　was　calculated　as　Equation　III3．

　　　　　　　／VDレ1プb〃θ耽50ηw加伽αr∂＋λのηプ0〃αルε50η1θewαr∂
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　×100～VDレ7R＝

2
（∬13）

3．2．4Measurement　for　comparison　among　three　sites

　　To　study　the　dif飴rence　of　leaf　necrosis　among　the　sites　with　dif琵rent　distance　f士om

the　coastline，　site　A，　site　B　and　site　C　were　selected．　Site　A　is　located　at　Tokusa　in　the

Amo　Canyon，　site　B　at　Yamaguchi　beside　the　Fusino　River　and　site　C　at　Ube　near　the

Yamaguchi　Bay　which　are　40．1，12．6　and　1．7　km　away　ffom　the　coastline　respectiveIy

（Fig．　C3－2）．　It　was　on　Nov．1and　Nov．2，2006　fbr　site　A　and　site　B　and　on　Nov．6and
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Nov．8，2006　fbr　site　C，　the　sampling　and　measurement　were　carried　out．　The　distance

丘om　coastline（DC）is　the　shortest　distance　f士om　the　three　sites　to　the　coastline

measured　by　a　tool　of　electronic　atlas　named　Atlas　Z　Proffessional5．　The　meteorological

data　fbr　these　three　sites　was　obtained　ffom　the　AMeDAS　of　Japan．

　　　Six　standard　branches，　three　each　respectively　f士om　windward　and　leeward，　were

also　sampled　fbr　each　of　the　three　sites　respectively．　The　leaf　counting　method　is　as

same　as　the　scale　method　above　mentioned．

　　　　The　spectral　reflectance　fbr　leaves　of　every　site　was　also　measured　by　the　method

mentioned　with　three　duplications　fbr　each　site．　Average　of　the　three　duplications　of

spectral　reflectance　was　used　to　calculate　the　NDVI　value　as　Equation　III　1．The　NDVIR

values　were　also　calculated　as　Equation　III3．

i濫A

豊認。★
、

＼．∵漂こ★

Fig．　C3－2　　The　map　ofYamaguchi　Prefbcture　and　three　sampling　sites　with　the　distance　f㌃om　coastline

3．3Selection　of　the　optimal　spectra　wavelength　fbr　the　measurement　of　ginkgo

leaves

A且er　su㎜arizing　a　number　of　studies　li血ed　with　responses　to　physiological　stress，

Carterθτα乙（2001）considered　that　the　maximum　dif琵rence　in　reflectance　within　400－

850㎜wavelength　range　between　control　and　stressed　states　occurred　at　wavelenghs

near　700㎜．　Spectral　reHectance　is　a飽cted　by　strong　chlorophyll　abso叩tion　in　the

range　of670－680㎜and　changes　with　the　variation　ofleafanatomy　or　water　content　in

responseto　stresses　beyond　730㎜in　near－in丘ared　region（Ca貫erθ批2001）．　Slaton

θτα1．（2001）thought　of　leaf　reflectance　in　the　near－inffared　region　is　primarily　af琵cted

by　leaf　structure　and　the　position　of　red　edge　correlated　to　chlorophyll　content，　plant

phenological　stages，　as　well　as　plant　stresses．　Chlorophyll　loss，　leaf　drying　and　the　leaf

stmcmre　variation　were　the　co㎜on　characteristics　of　leaf　necrosis．　There允re，　the

optimal　wavelength　should　exist　in　these　regions　to　detect　the　spectral　reflectance　of
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necrotic　leaves．

　　According　to　the　definition　of　NDVI，　a　lot　of　NDVI　values　can　be　calculated　by

measuring　spectraheflectance．　IMhis　research，　the　proper　wavelength　fbr　calculation　of

NDVI　was　determined　by　maximum　variance　of　M）VI　fbr　the　ginkgo　leaves　in

dif允rent　necrotic　scales．　Ginkgo　leaves　fbr　se玉ecting　the　optima▲spectra　wavelength

were　sampled　fξom　a　ginkgo　shelterbelt　in　Yamaguchi　University．　After　measuring　the

spectral　reflectance　at　visible　region　and　near－in丘ared　region，　the　NDVI　values　fbr　aU　of

the　wavelengths伽m　600　to　900㎜were　calculated．　For　the　visible　region，　alΩhe

M）VI　values　were　calculated　by　every　spectral　reflectance　value　at　visible　regi領and

one　de触e　spectral　re且ectance　value伽m　near－ln丘ared　region　at　wavelength　755㎜

（Fig．　C3－3a）．　For　the　near－inf士ared　region，　a11也e　NDVI　values　were　calculated　by　every

spectral　reflectance　value　ffom　near－infヒared　reg輌on　and　one　definite　spectral　reflectance

value　f士oln　visible　region　at　wavelength　679　nm，　comparatively（Fig．　C3－3b）．　From

Fig．C3－3aand　Fig．C3－3b，　it輌s　evident　that　the　maximum　variance　of　M）VI　values　is　at

wavelength　755　and　679　nm　respectively　and　the　same　values　were　obtained　when　they

are　calculated　by　dif琵rent　values　of　definite　spectra▲reflectance．
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Fig．　C3－3　Variance　ofNDVI　value　fbr　ginkgo　leaves　with　dif允rent　necrotic　scales　at　visible　band（C3－3a）

and　near－in倉ared　band（C3－3b）．　All　of也e　NDVI　values　in　figure　C3－3a　were　calculated　by　every　spectral

reflectance　value　at　visible　region　and　one　definite　specロ’al　reflectance　value廿om　neapin貸ared　region　at

wavelength　755　nm．　AII　of　the　NDVI　values　in　figure　C3－3b　were　calculated　by　every　spectral

reflectance　value　fヤom　near－infヤared　region　and　one　definite　spectral　reflectance　value　at　visible　regi◎n　at

wavelength　679　nm．　From　this　f］gure，　it　is　evident　that　the　maximum　variance　of　NDVI　value　Iocated　at

the　wavelength　of　679　nm　and　755　nm　and　maintains　the　same　values　when　they　are　calculated　by

diffbrent　de6nite　spectral　reflectance　values、

3．4Difference　of　leaf　necrosis　betwe斑windward　and　leeward　of　ginkgo　tree

　　　　It　was　observed　that　some　landscape　trees　showed　necrosis　fξom　leaf　tip　and

margin　to　entire　leaf　after　TO613’s　hiL　It　appeared　a　large　variance　in　leaf　necrosis　and

presented　a　significant　diffbrence　between　windward　and　leeward　of　ginkgo　trees　after

hit　by　TO613（Fig．　C3－4）．　From　Figure　C3－4，　it　can　be　seen　that　most　leaves　on　leeward

of　the　sampled　crowns　are　non－necrotic　leaves，　accounting　fbr　70．9％，　and　no　leaves
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become　entire　brown．　Most　leaves　on　windward　of　the　sampled　crowns　are　necrotic

leaves　and　dried　leaves，　and　only　7．83％of　them　are　overall　green．　It　means　that　it　was

the　dif允rence　ofthe　percentage　of　necrotic　leaves　between　windward　and　leeward　made

the　crowns　of　damaged　ginkgo　tree　appear　different　colors　on　both　sides　of　crown．
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Fig．　C3－4　Percentage　of　leaves　with　dif民rent　necrotic　scales　fbr　windward　and　leeward　of　ginkgo　trees

sampled廿om　Yamaguchi　University．　During　the　investigation，　all　leaves　on　the　branches　were　visually

counted　into　five　scales　including　O，1－30，31－60，61－99　and　l　OO％．

　　Many　previous　researches　on　typhoon　damage　to　trees　have　involved　ginkgo

（Okinakaθτα乙，1984，1990；Shimizu，2004）．　But，　seldom　g輌nkgo　researches丘）cused　on

spectral　reflectance　characteristics．　The　visual　scale　method　was　more　common　used　to

observe　the　damage　characters　of　crowns（Okinaka　e抱乙，1984，1990；Shimizu，2004；

MuhammedεταZ，2003），　and　seldom　of　them　fbcused　on　the　quantitative　study　of　leaf

necrotic　area　percentage．　In　this　study，　spectral　reflectance　fbr　dif烏rent　necrotic　scales

of　ginkgo　leaves　appeared　great　diffbrence．　An輌nverse　l輌ner　relationship　between　LNAP

and　NDVI755nm／67gnm，　R2＝0．985，　was　obtained　and　shown　in　Figure　C3－5．　It　means　that

NDVI　value　decreases　as　the　leaf　necrotic　area　increases．　The　NDVI　values　well

responded　the　ginkgo　leaf　necrotic　area．　Evident▲y，　it　is　possible　to　estimate　the　necrotic

area　by　measuring　the　spectral　reflectance　of　leaves．
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罰g．C3－5　Rela目on　between　LeafNecrotlc　Area　Percentage（LNAP）and　NDVI755n㎡67gnm　value，

3．5Leaf　necrosis　and　spectral　renectance　of　dif飴rent　tree　species

　　As　mentioned　above，　Inany　plants　can　appear　symptoms　of　leaf　necrosis　a負er　damage

by　u曲vorable　extreme　env輌ro㎜ental　conditions（Treshow，1970）．　Spectral　re且ectance

may　be　usable　to　evaluate　the　necrotic　status　of　other　tree　species　besides　ginkgo。　By

spectraheflectance　analysis　of　leaves　sampled　f壬om　windward　and　leeward　of　tree

crowns　at　site　B（F輌g．　C3－2）after　hit　by　TO613，　the　kaizuka　juniper，　an　evergreen　tree

species　being　resistant　to　the　typhoon　damage（Shimizu，2004），　obviously　differed　ftom

the　other　three　deciduous　tree　species．　Almost　no　diffbrence　between　windward　and

leeward　of　kaizuka　jun輌per　crown　was　fbund　in　the　spectral　reflectance　curves　since

there　was　no　necrosis　occ㎜℃d　on　their　leaves（Fig．　C3－6d）．　For　the　other　three

deciduous　tree　species，　ginkgo，　metasequoia　and　trident　maple，　it　can　be　clearly

distinguished　the　windward　and　leeward食om　spectraheflectance　curves　because　of

more　necrotic　leaves　on　windward（Fig．　C3－6a，　C3－6b，　C3－6c）．

　　From肱ble　3－1，　much　clear　difference　between　evergreen　kaizuka　j　uniper　and　the

other　three　deciduous　tree　species　can　be　seen　f≧om　NDVI　R．　The　NDVIR　ofthe　crown

is　respectively　43．9，47．3，43．6　and　75．1　fbr　the　sampled　trees　of　ginkgo，　metasequoia，

trident　maple　and　kaizuka　juniper　The　dif飴rence　among　ginkgo，　metasequoia　and

tr輌dent　maple　was　clearly　smaller　than　the　dif撤ence　betwee加he　three　deciduous　trees

and　kaizuka　junipeL　The　reason　seems　to　be　the　necrotic　leaves　on　windward　of　these

deciduous　trees　and　the　di氏rent　response　characteristics　of　spectral　reflectance　to

normal　green　leaf　and　necrotic　leaves．
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Fig．　C3－6　Spectral　reflectance　cuτves　fbr▲eaves　sampled廿om　Ieeward（○－o）and　windward（△一△）of　4

tree　species．　In　which，　Ginkgo（Fig．C3－6a），　Metasequoia（Fig．C3－6b）and　Kaizuka　juniper（Fig．C3－6d）

sampled　fヤom　shelterbelts，　and　Trident　maple（Fig．C3－6c）sampled　6’om　an　individual　tree．

Tらble　34　NI）VI　and　NI）VI　Reputing（NI）VIR）va垣e　ibr　necrotic　Ieaves　of　4　tree　species

NDVI（755nm／679nm）
NDVIR＊

Windward Leeward

Ginkgo 0．098 0，781 43．9

Metasequoia 0．166 0．780 47．3

Trident　maple 0．167 0．705 43．6

Kaizuka　juniper 0．753 0。750 75．1

＊M）VIR　is　the　NDVI　reputing　value　that　is　a　proportion　of　the　NDV茎755耐67gnn，貴）r　the　leaves　of　windwa1’d　to　the

NDVI755nm〆679nm　fbr　the　leaves　of　leeward．

3．6Difference　ofハeaf　necrosis　and　spectraheflectanc日mong　dif掩rent　sites

　　According　to　this　study，　the　spectral　reflectance　of　leaf　samples　f恒m　the　sites　with

dif琵rent　DC　also　varied　significantly．　It　indicated　that　almost　all　leaves　sampled　f｝om

gi丞go　trees　in　site　A，　which　is允r　and　more　than　40㎞丘om　coastline，　were　mainly

non　necrotic　leaves（Fig．　C3－7）．　By　contrast，　most　leaves　sampled　ffom　site　C，　less　than

2㎞丘om　coastline，　were　necrotic　leaves　and　dried　leaves．　The　leaf　samples食om　site

B，abouパ3㎞f士om　coas磁ne，　were　at　middle　position、　Therefbre，　the　symptoms
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appeared　on　damaged　ginkgo　trees　in　three　sites　were　mainly　attributed　to　the　diffbrence

of　percentage　of　leaves　after　hit　by　TO613．　The　nearer　is　to　the　coastline，　the　more

leaves　with　serious　necrosis　after　hit　by　it．
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Fig．　C3－7　Percentage　of　leaves　with　difR）rent　necrotic　scales　fbr　ginkgo　trees　sampled　ffom　three　sites（site　A，　site　B

and　site　C）　by　visual　scale　method．　During　the　investigation，　all　leaves　on　the　branches　were　visually

counted　into　five　scales　including　O，1－30，31－60，61－99　and　l　OO％．
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Fig．　C3－8　Spectral　reflectance　curve｛br　leaves　sampled　from　ieeward（o－○）and　windward（▲一▲）of　ginkgo　crowns

in　three　sites　with　diffヒrent　Distance　ffom　Coastline（DC，　km）．　ln　which，9－a．9－b　and　9－c　are　respectively　the　data　fbr

site　a。　site　b　and　site　c．　Every　line　was　an　average　value　of　three　duplications　and　the　NDVI　value　was　calculated　by

average　spectra　renectance　values．　The　sampling　and　measurement　were　carried　out　on　Nov．　l　and　Nov．2，

2006fbr　site　A　and　site　B，　on　Nov．6and　Nov．8，2006　fbr　site　C，　respectively．

　　Figure　C3－8　showed　the　spectral　reflectance　curves　of　ginkgo　leaves　sampled　ffom

three　sites　after　hit　by　TO613．　It　is　cIear　that　there　was　also　a　big　difference　of　spectral

reflectance　among　the　leaves　sampled丘om　windward　and　leeward　of　ginkgo　trees　ffom

the　three　sites．　For　the　samples　f㌃om　site　A，　with　the　NDVI　value＝0。679　fbr　both

leeward　and　windward　respectively，　the　spectral　reflectance　curves　almost　overlapped

together　that　they　could　not　be　distinguished丘om　each　other（Fig．　C3－8a）．　It　rrleans
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almost　no　difference　of　Ieaf　spectral　reflectance　between　windward　and　leeward　of

ginkgo　trees　at　this　site．　Although　the　samples　f士om　site　B　and　site　C　showed　a　similar

tendency．　the　spectral　reflectance　curves　fbr　both　win．dward　and　leeward　of　g輌nkgo漉es

were　separated　ffom　each　other，　clear　difference　still　can　be　fbund（Fig．　C3－8b，　C3－8c）．

The　spectral　reflectance　fbr　the　leaves　of　ginkgo　tree輌n　site　B，　with　NDVI　value　being

O．749and　O．373　fbr　leeward　and　windward　respectively，　was　significantly　higher　thall

that　of　site　C　with　NDVI　value　being　O　528　and　O．096　fbr　leeward　and　windward．　It

implied　that　the　trees　in　site　C　contained　more　leaves　with　necrosis．　It輌s　evident　that　the

spectral　reflectance　characteristics　are　cons輌stent　with　the　result　of　visual　scale

observation．
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Fig．　C3－9　NDVI　rep山ing（NDVIR，　C3－9a）value，　Distance倉om　Coastline（DC，　C3－9b），　Maximum　wind　speed

（C3－9c）a品Precipitation　（C3－9d）during　TO613烏）r　sampled　leaves分om白ree　sites．

　　Comparing　to　the　NDVI　value，　the　NDVIR　responded　even　more　damaged　status　of

g輌nkgo　trees，　which　combined　the　spectrah・eflectance　of　both　windward　and　leeward．

Figure　C3－9　showed　the　NDVIR（Fig．　C3－9a），　DC（Fig．　C3－9b），　max　wind　speed（Fig．

C3－9c）and　the　precipitation　of　the　three　sites　during　TO613’s　hit（Fig．　C3－9d）．　The

NΣ）VIR　values　were　respectively　67．9，56．1　and　31．2　fbr　site　A，　site　B　and　site　C．　The

related　max　wind　speeds　were　respectively　8，20　and　27　m／s，　rainfall　52，26　and　14　mm，

and　the　distance丘om　coastline　were　40．1，12．6　and　1．7㎞．　It　means　that　the　nearer　was

to　the　coastline，　as　the　wind　speed　increased　up　accompanying　with　the　decrease　of

rainfall　during　hit　by　TO613　fbr　the　investigated　sites，　the　smaller　the　NDVIR　values
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were．　In　other　words，　the　nearer　is　to　the　coastline，　the　more　serious　the　leaf　necrosis　of

ginkgo．　The　result　of　spectral　reflectance　was　well　in　accordance　with　the　dif允rence　of

wind　and　precipitation。　It　was　also　consistent　with　the　resuh　of　visual　scale　observation

of　other　researchers（Okinaka百α1．，1984）．

3．7Conclusion

　　In　brie£based　on　this　study　it　is　the　dif允rence　of　leaf　necrotic　status　between

windward　and玉eeward　of　gir止go　crowns　caused　the　variance　of　discoloration　between

them．　This　kind　of　variation　also　appeared　on　the　sites　with　diffbrent　distance　f｝om

coastline．　They　can　be　estimated　by　measuring　the　spectral　reflectance　of　ginkgo　leaves

with　dif琵rent　necrotic　status　by　using　the　handhold　radiometer　of　EKO－MS720．　The

optimum　wavelength　fbr　the　calculation　of　NDVI　fbr　necrot輌c　ginkgo　leaves　is　at　679

and　755　nm。　The　result　of　measurement　of　NDVI75511nv67gnm　is　well　consistent　with　the

result　of　direct　visual　observation．　The　close　inverse　relationship　between

NDVI755nm／67gnm　and　LNAP　of　ginkgo　leaves　indicates　that　it　has　potemial　to　evaluate

the　damaged　status　of　ginkgo　and　to　be　an　alternative　tool　to　evaluate　the　segregated

character　of　ginkgo　induced　by　typhoons　like　TO613，　especially　by　us輌ng　the　NDVIR

value．

　　By　comparison　betwe斑g輌nkgo　and　other　three　tree　species，　it　indicated　that　the

spectral　reflectance　was　tnore　sensitive　to　the　necrotic　part　of　three　deciduous　tree

species　than　evergreen　tree　of　kaizuka　juniper　Ginkgo　leaf　necrosis　is　common　sight　in

the　areas　typhoon丘equently　occurs，　especially　along　the　coast　and　the　smaller　tendency

ofNDVIR　values　fbr　gir止go　trees　was　also　observed　near　coast　af逢er　hit　by　TO613．
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Chapter　4　Estimating　Bamboo　Leaf　Necrosis　and　CMorosis　Induced

by　TO613　with　RGB　Image　Analysis

4．11ntroduction

　　As　memioned　above，1eaf　necrosis　is　a　pattem　of　bamboo　trees　responding　to　the

extreme　stresses　induced　by　TO613．　It　showed　characteristics　of　en童e　leaf　necrosis，

occurr輌ng　on　overall　crown　and　hardly　identifying　the　windward　and　leeward　of　the

bamboo　individuals．　It　made　the　bamboo　canopies　appeared　significant　discoloration．

During　symptoms　appearing　procedure，　leaves　on　the　same　crown　or　callopy　appeared

not　only　necrosis　but　also　chlorosis　fbr　a　period　oftime．

　　The　striking　dif允fence　of　barnboo　leaves／canopies　with　dif琵rent　i可ured　status　could

be　analyzed　by　image　analysis．　The　image　analysis　and　concerned　studies　used　in

measuring　plant　chlorophyll，　nitrogen　and　stress　status　have　been　much　reported

（Kawashima　and　Nakatani，1998，0kado　and　Nakamura，1993，　Suzuki，¢τα11995）．

Suzuki　eταZ（1999）used　the　G／（R＋G＋B）fbr　broccoli　identification．　Since　the　G　and　R

values　ill　the　RGB　color　system　were　sensitive　to　the　green　and　dead　leaves，髭was

長）und　that　the　G／R　vahle　was　used輌n　measuring　the　leaves　and　plant　canopy．　To

evaluate　the　degree　and　scope　of　typhoon　damage，　analyze　the　damage　mechanism　and

automatically　diagllose　the　typhoon　damage，　o句ectively　and　accurately　measuring　and

analyzing　the　symptoms　of　ir∂ured　trees　is　necessary．　However，輌t　was　reported　that　the

light　specific　characters　of　photo　images　affbcted　the　image　analyzing　result；even　made

it　not　easy　to　be　in　progress　in　clear　dayhght　condition（Kawashima　and　Nakatalli，

1998）．The　persistent　anticyclone　weather　after　TO613うs　h輌t　led　to　dif五culty　to　find

persistent　and　evenly　scattered　light　cond輌t輌ons．　Photo　images　taken　during　this　period

usually　contained　clear　blue　background．　In　order　to　improve　the　accuracy　of　image

analysis，　we　had　to　search　the　proper　color　indices　to　reduce　the　light　effect．　In　the　Lab

color　system　L　value　stands　fbr“hHninance”which　is　a　linear　combination　of　the　R，　G

and　B　values　and　increases　with　the　enhanced　brigh加ess（Equation　IV2）．　Based　on

general　mathematic　principle，　the　G／L　will　decrease　with　the　L　value　increasing．　It　can

be　considered　as　an　improved　G／（R＋G＋B）value倣ing　the　bright　enviro㎜ent．　Iwaya
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and　Yamamoto（2005）s重udied　the　relationship　betwe斑panicle　water　content　of　paddy

rice　with　19color　indices，輌n　which　the　G／L　value　was　the　highest　one　related　to　panicle

water　content　of　paddy　rice　in　1998．　It　was　used　in　determining　bamboo　leaf　necrosis　or

chlorosis　and　has　obtained　proper　resuh　in　this　study．

4．2Materials　and　methods

　　52and　50　bamboo　leaves　respectively　with　chlorosis　and　necrosis　were　typicalIy

sampled　f｝om　a　bamboo　stand輌n　Yamaguchi　University　fbr　ilnage　taking．　The　images

衣）rRGB　analysis　were　taken　at　a　position　of　50　cm　above　the　sampled　bamboo　leaves　at

natural　room　light　condition　with　a　cCD　camera（Nicon　D70s）mounted　on　a　tripod．

Images　were　stored　in　the拓㎜of　JPEG　with　image　resolution　of　300　dpi飢1d

3000×2000pixels．　According　to　the㎞own　researches（Adamsenατα1．，1999；Iwaya

and　Yamamoto，2003；Caiετα1．，2006）and　the　screening　of　ind輌ces　in　this　study，　the

G／Rand　G／L　values　were　selected　fbr　RGB　image　analysis．

　　The　measuring　and　calculating　method　of　leaf　necrotic　area　percentage（LNAP）is

same　as　III2．

　　The　G／Rleaf　and　G／Lleaf　values　were　measured　by　fbllowing　process　with　same　images

prepared　in　calcu励on　of　LNAP．　Image　background　was　selected　w泊Magic　Wand

Tool　（A　selection　tool　which　can　select　the　pixels　with　s輌milar　RGB　vahles）　of

Photoshop　and　the　leaf　was　extracted　by　inverse　selection．　The　green（G），　red（R）and

luminance（L）values　of　leaves　were　read　f十〇m　average　histogram　value．　G／Rleaf　and

G／Lleaf　are　the　proportion　of　green　value　respectively　to　red　value　and　lllminance　value

廿om　the　RGB　image　of　individual　leaf　They　were　calculated　with　Equation　IV　I　and

IV3．　Since　the　parts　except　the　leaves　are　removed　by　hand　treating，　the　impact　of

image　noise　had　been　minimized．

　　　　　　　　　　　　　　　　　　　　％ガξ∴邊：（M）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ノ＝0　　　　　　　／　．ノ＝O

　　　　Where，　Ni　is　the　pixel　number　in　i（green）gradation，　i＝0，1，2＿255．　Nl　is　the　pixel

number　in　j（red）gradation，　j＝0，1，2．。．255．
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The　L　value　is　a　linear　combination　of　R，　G　and　I3　values　shown　in　Equation　IV2．

L＝二〇．299ノ～÷0．587G＋0．114B 仰ツ

　　　　　　　　　　　Gμ如∈1。芸i冤。三謡。÷3θ嘉゜量王　傭）

　　　Images　fbr　comparison　of　G／Rleaf　value　and　G／Lleaf　value　were　taken　fセom　different

light　conditions，　both　indoor　and　outdoor，　f士om　early　moming　to　aftemoon，　with　the

same　camera　and　image　taking　method　mentioned　above．　The　shutters　of　camera　were

respectively　1／1000，1／50，1／30，玉／4，1／3　and　l　fbr　different　image　taking　conditions．

M㈱nwhile，　SPAD　values　of　individual　leaves　with　chlorosis　were　impartially　measured

by　using　same　method　as　described　in　paragraph　of　2．2．4，　in　order　to　study　the

relationship　betwe斑mean　SPAD　value　and　G／Rleaf　or　G／Lleaf　values．

　　The　most　seriously　damaged　barnboo　stands　in　each　investigated　area　were　selected

丘om　windward　of　mountains　fbr　the　comparison　of　G／Rcanopy　and　G／Lcanopy．　The　image

of　bamboo　canopy　was　taken　by　using　a　CCD　digital　camera（Canon　IXY　6．0）about　30－

50maway　fΣom　the　bamboo　stands．　It　is　characterized　by　horizontally　taking　the　image

on　ground　leveL　The　preparing　method　of　image　was　similar　to　that　of　individual　lea£

The　Distance　ftom　Coastline（DC）was　defined　and　measured　as　same　as　that　in

paragraph　of　3．2．4．　The　calculation　of　G／Rcanopy　and　G／Lcanopy　is　similar　as　Equation　W　l

and　IV3．

4．3Estimating　chlorosis　and　necros輌s　by輌mage　G／Rleaf　vahles　fbr　individual

b3mboo　leaves

　　Based　on　the　mechanism　of　SPAD　value　measurement，　it　is　a　sensitive　method　to　the

chlorophyll　of　plant　leaves，　especially　the　paddy　rice　etc．　But　one　measuring（lata　of

SPAD　value　measured　by　SPAD－5020nly　respond　to　the　leaf　chlorophyll　status　of　6

mm2 D　To　perfbctly　respond　the　chlorophyU　status　of　overall　lea£alarge　number　of

random　measurements　must　be　taken　to　reduce　variability　and　make　statist輌cal　data

comparable．　In　the　study，　one　sampled　leaf　was　measured　with　30　dupIications　that　was
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the　maxim㎜memory　number　of　SPAD－502　chlorophyll　meter．　Therefbre，　it　should　be

the　proper　estimating　value　of　the　chlorophyll　status　of　sampled　leaves．　However，　the

G／Rleaf　value　ffom　RGB　image　analysis　in　this　research　was　characterized　by　measuring

the　overall　leaf　fast　and　easily．
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Fig．C4－1　Relation　between　SPAD　and　G／Rleaf五）r　individual　chlorotic　leaves（a），　and　the　typical　images　of

bamboo　leaf　blade　with　di飽rent　chlorosis（b）．　In　the　co㎜皿si加ations，　bamboo　leaves　usually　existed

small　necrotic　leaf　tip．　In　order　to　measure　the　G／Rleaf　or　G／Lleaf　value　of　chlorotic　leaves，　the　leaf　tip　was

cut　off　befbre　image　analysis　in　the　research
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Fig．　C4－2　Relation　between　G／Rleaf　value　and　Leaf　Necrotic　Area　Percentage（LNAP）fbr　individual

leaves（a），　and⑲pica1㎞age　of　bamboo　leafblades　with　dif民rent　necrosis（b）

　　Figure　C4－1a　shows　a　positive　linear　relationship　between　G／Rleaf　value　and　SPAD

value，　with　R2＝0．961．　The　G／Rleaf　value　ranges　ffom　O．7　to　1．3（Fig．C4－1b）and　the

SPAD　value　from　near　O　to　43．　The　related　fUnction　is　Y＝－64．14＋83．578　X．　Higher

relationship　between　SPAD　value　and　G／Rleaf　value　of　RGB　image　implies　that　the

G／Rleaf　value　of　bamboo　individual　leaves　can　be　recognized　as　a　way　responding　to　leaf

chlorosis　status．
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　　In　the　research，　the　LNAP　was　considered　as　the　criterion　of　necrotic　status　of

individual　leaves．　The　relation　between　G／Rleaf　value　and　LNAP　of　bamboo　leaves

showed　an　inverse　logistic　relationships，　with　fUnction　Y＝100／（1＋3．32E－12　e21’65x），

R2＝0．958（Fig．　C4－2a，　C4－2b）．　It　means　that　as　the　LNAP　increases　the　G／Rleaf　value

deceases　srnoothly，　then　shaq）ly，　and伍en　becomes　stable．　The　relation　fUnction　seems

that　the　G／Rleaf　values　of　leaves　with　the　same　LNAP　of　O％or　100％are　not　unique．

Afterぎemoving　the　leaf　samples　with　LNAP　of　O％and　100％，　the　relation　fUnction

almost　changed　to　a　linear　fUnction，　Y＝　386．3－362．77X　（Fig．　C4－3）and　the

correspond輌ng　correlation　coefficient　R2＝0．895．　From　th輌s　point　of　view，　both　chlorosis

and　necrosis　can　be　quantitatively　estimated　by　using　the　G／Rleaf　value　of　RGB　image，

especiaUy　the　LNAP，　which　is　not　easy　fbr　SPAD　measurem斑t　and　visual　estimation．
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Fig．　C4－3　Relation　between　G／Rleaf　value　and　Leaf　Necrotic　Area　Perc斑tage（LNAP）after　removing

the　leaves　with　LNAP　equaling　to　O％and　100％

4．4Comparison　of　G／R　value　and　G／L　value　of　RGB　images　with　big　luminance

difference

　　Kawashima　and　Nakatani（1998）stated　that　leaf　color　discriminat輌on　with　a　portable

video　camera　would　be　difficult　under　clear　conditions　with　direct　solar　radiation．

Okado　and　Nakamura（1993）considered　that　the　variance　of　sunlight　could　make　a

negat輌ve　effect　to　the　result　of　chlorophyll　estimation　and　it　could　be　treated　by　image
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correction．　We　have　met　the　same　problem　and　tried　to　reduce　the　effect　of　light

condition　by　selecting　proper　indices．　Based　on　our　test　by　taking　photo　image　at

different　light　enviro㎜ent　fbr　the　same　lea£it　appeared　bigger　variance　of　G　and　R

value，　especiaUy　fbr　the　G／Rleaf　value　of　green　leaves．　As　the　G／Rleaf　value　gets　bigger，

the　d輌f允rence　also　becomes　larger（Fig．　C4－4a）．　Theoretically　speaking，　G／Lleaf　vahle

decreases　w輌th　the　increasing　L　value．　It　may　be　an　index　that　can　reduce　the　impact　of

l㎜inance　from　photo　images．　The　G／L　value（Equation　IV3）exists　a　similar　structural

character（Equation　IV4）to　G／（R＋G＋B）and　R／（R＋G＋B）as　used　by　other　researchers

（Suzukiθτα乙　1995；Cai　eτα1．2006）．
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Fig．　C4－4　C44a　is　the　variation　of　image　G／Rleaf　value　fbr　dif飴rent　leaves　taken　at　dlfferent　light

conditions．　The　horlzontal　axis　is　a　visual　arrange　order　of▲eaves倉◎m　deep　green　to　light　brown．　The

AVM　in　C4－4a　is　an　average　value　of　variance／mean．　C4－4b　is　the　relationship　between　G／Rleaf　and　SPAD．

　　By　comparison，　the　SPAD　is　much　closely　related　to　the　G／Lleaf　value　than　G／Rleaf

value　fbr　the　situations　of　leaf　images　with　big　luminance　difference（Fig．C4－4b，

Fig．C4－5b）．　It　is　clear　that　there　is　a　large　difference　of　variance　between　G／Rleaf　value

and　G／Lleaf　value　Ibr　the　same　leaf　at　different　photo　taking　conditions．　The　variance　of

G／Lleaf　is　about　1／120fthe　G／Rleaf　value　and　the　average　variance／mean（AVM）value　of

G／Rl。af　and　G／Lleaf　are　10．03　and　O．798，　respectively．　It　is　evident　that　the　variance　of

69



G／Lleaf　value　among　the　dif緬ent　images　with　big　luminance　diffbrence　is　significantly

lower　than　that　of　G／Rleaf　value．（Fig．C4－4a，　Fig．C4－5a）．
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Fig．　C4－6　C4－6a　is　the　relationship　between　image　G／Lcan。py　value　fbr　bamboo　canopies　and　the　Distance

廿om　Coastline（DC）；C4－6b　is　the　relationship　between　image　G／R．canopy　value　K）r　bamboo　canopies　and

the　Distance　fセ◎m　Coastline（DC）．

　　Although　the　G／Lleaf　value　is　not　able　to　improve　RGB　analysis　result　to　perfbctly

salne　fbr　the　images　token　in　a　large　different　light　condit輌on，　it　can　give　a　nearer

corrected　value．　According　the　study　of　dogwood　leaves（Fig．　C7つ），　the　relative　G／Lleaf

value　in　same　image　could　fhrther　decrease　the　variance　among　the　images　with　larger
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luminance　diffbrence．　By　the　image　analysis　of　bamboo　canopies，　a　similar　result　was

obtained．　The　relat輌onship　be重ween　G／Lcanopy　value　of　bamboo　and　the　Distance　f壬om

Coastline（Fig。　C4－6a）was　also　much　closer　than　that　of　the　G／Rcanopy　value　fbr　the

images　taken　at　field　sites　with　big　light　dif允rence（Fig．　C4－6b）．

　　However，　based　on　the　research，　the　G／RIeaf　value　can　be　much　closely　related　to

SPAD　value　of　leaves　fbr　the　RGB　image　tak斑at　less　light　dif允rence　conditions，　such

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ト

as　scatter　light　condition　of　cloudy　day　or　indoor　natural　light　conditions．　For　example，

Figure　C4－1　showed　a　close　relationship　between　G／Rleaf　value　and　SPAD　value．　It　was

the　result　com輌ng丘om　three　images　taken　at　indoor　sca仕er　light　condition．　The

concerned　correlation　coef五cient　fbr　G／Lleaf　value　was　O．843，　with　regression　f已nction

Y＝0．0032x＋0．985．　At　this　kind　of　condition，　G／Lleaf　value　may　go　beyond　the　proper

limits　in　correcting　the　big　luminance　di舵rence．

4．5Conclusion

　　In　brie£based　on　the　RGB　image　analysis，　nαonly　ch玉orosis　but　necrosis　also　can

be　quan磁atively　evaluated　by　measuring　image　G／Rleaf　or　G／Lleaf　value　of　balnboo

leaves．　It　appears　a　positive　linear　relationship　between　G／Rleaf　value　and　SPAD　value　of

bamboo　ind輌vidual　leaves，　and　a　significant　inverse　logistic　relationship　between　G／Rleaf

value　and　LNAP　of　them　fbr　indoor　taken　images．　Almost　no　research　has　been　fbund

to　compare　G／Rl，af　value　and　G／Ll。af　value　befbre．　Based　on　this　research，　the　G／Lleaf

value　can　get　a　closer　relati皿with　the　SPAD　value　of　sampled　leaves　fbr　the　RGB

輌mage　taken　at　condit輌ons　with　bigger　luminance　dif琵r斑ce，　and　the　variance　of　G／Lleaf

value　is　lower　than　that　of　G／Rleaf　value，　especially　fbr　green　leaves．　It　indicates　that　the

relationship　between　G／L　value　fbr　bamboo　canopies　and　the　DC　can　also　be　much

closer　than　that　of　the　G／R　value　fbr　the　images　taken　at　field　sites　with　big　light

difference．　The　G／R　value　is　more　suitable　to　be　used　to　analyze　the　RGB　image　taken

at　the　conditions　with　small　light　difference．　Comparing　to　traditional　visual　scale

method，　the　RGB　image　analysis　provides　a　simple　and　fast　tool　to　estimate　the　leaf

necrosis　and　chlorosis　hit　by　typhoons　like　TO613．　It　may　make　it　possible　to　a　mass

輌nvestigation輌n　a　large　scale　of　area　fbr　its　less　labomeed　and　less　time　consumption．
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Cbapter　5　Evaluating　Ginkgo　Leaf　Necrosis雛d　Asymmetric　Crown

l）iscoloration　Induced　by　TO613　with　RGB　Image　Analysis

5．1htroduction

　　Historically，　a　lot　of　researches　had拓cused　on　the　sto㎜ef偽ct　on　trees，　even　making

trees　as　wind　indicator，　such　as　the　well一㎞own　F司ita　lbmado　Scale　and

Saf置r－Simpson　Hurricane　Scale，　as　well　as　the　Griggs－Putnam　and　Ybshino　tree

defbrmation　index　to　predict　wind　speed　and　wind　direction　in　meteorological　fields

（Cullen，2002；Hennessey，1980；Wadeετα1．，1979；Kasper，1981）．　As　the　main　organ　of

trees，　the　crown　is　o負en　used　to　evaluate　the　health　status　of　them（Solberg，1999；

Rogers，2002；Maguire　and　Kanaskie，2002）．　But　the　less　o句ective　crown　data　made　it

dif6cult　to　establish　the　re夏ationship　to　the　visually　estimated　crown　transparency　in

Europe　wide　investigations　of　fbrest　health（Mizoue　and　Masutani，2003）．　The　big　body

of　tree　crown，　compared　to　a㎜ual　plants，　and　complex　three－dimensional　structure

make　them　dif五cult　to　be　measured．　Ahhough　many　previous　studies　on　typhoon

damage　to　landscape　trees　involved　the　ginkgo，　the　visual　scale　me伍od　was　more

common　in　observ輌ng　the　damage　characters　of　ginkgo　crowns（Okinaka¢τα乙，1984，

1990）．In　comparison　with　sampling　method，　the　digital　image　analysis　is　characterized

by　less　labor　and　less　time　requirement（Karcher　and　Richardson，2003；Richardsonθτ

αL，2001）．Comparing　to　visual　scale　estimation，　it　is　less　af允cted　by　su句ective

judgment（Solberg，1999）and　reproducible（R元chardson¢抱1．，2001；Geneve　and　Kester，

2001）with　lower　observation　deviation（Richardsonθ斑乙，2001）．　In　comrast　with　other

o句ective　color　analysis　method，　the　RGB　image　analysis　is　low　cost（Kawash輌ma　and

Nakatani，1998；Karcher　and　Richardson，2003）．　As　a　nondestructive　and　noninvas輌ve

method，　digital　image　analys輌s　has　ever　been　used　to　measure　leaf　area　index　and　gap

丘action　of　plant　canopy（Br6da，2003），　crop　coverage（1）urcell，2000），　pest　damage

（Skaloudova尻α1．，2006）and　tree　crown　transparency（Mizoue　and　Masutani，2003）

and　so　on．　In　the　research　of　wheat　senescence，　Adamsenθτα1．（1999）held　that　the

relationship　between　G／R　and　SPAD　value（data　read　f壬om　SPAD－502　chlorophyll

meter）was　linear　over　most　of　the　range　of　G／R　values．　The　G／R　value　responded　to

both　chlorophyll　concentrations　in　leaves　and　leaf　numbers．　Although，　the　observation

conditions，　o句ective　plant　materials　and　selected　optimal　indices　ffom　different　authors

varied，　the　commonality　of　them　included　the　utilization　of　RGB　proportional　values
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and　color　analysis　of　plant　as　well　as　on　chlorophyll　evaluation　of　the　plant　canopy（Cai

¢τα1．，2006）．Seldom　studies　have　been　fbund　on　the　leaf　necrosis　by　RGB　image

analysis，　especially　on　the　leaf　necrotic　area　and　asylnmetric　crown　discoloration

induced　by　typhoons。

　　As　mentioned　in　Chapter　two，　the　asymmetric　crown　discoloration　and　partial　leaf

necrosis　of　ginkgo　after　hit　by　TO613　is　a　special　characteristic　of　them．　In　order　to

quantitat輌vely　estimate　the　symptoms　of　damage，　the　leaf　necrotic　area　percentage

（LNAP），　crown　discolorat輌on　area　percentage（CDAP）and　inflection　point（IP）of　the

threshold　response五mction拓r　asymmetric　discolored　crowns　were　dete㎜ined　by

image　pixel　method．　The　green／luminance（G／L）value　was　measured　by　using　the　RGB

images　respectively　scanned　by　a　flat　bed　scanner丘om　individual　leaves　and　taken　with

aCCD　digital　camera　f士om　crowns．　Comparing　with　the　sampling　method，輌mage

analysis　has　been　used　to　quantitatively　evaluate　the　asy㎜etric　discoloration　of　both

leave　and　crowns　of　ginkgo　hit　by　TO613．

5．2Materials　and　methods

　　The　RGB　lmages　were　respectively　obtained伽m　bo翫indoor　image　scaming丘om

leaves　and　outdoor　photo　taking丘om　crowns．　The　individual　leaf　samples　fbr　image

ana夏ysis　were　same　as　that　in　paragraph　3．2．1．A田eaves　on　the　branches　were　visually

divided　and　counted　into　five　necrotic　scales　of　nil，　slight，　middle，　serious　and　dead．　All

of　partia垣ecrotic　leaves　and　partial　leaves　of　entirely　green　and　overall　brown，　in　total

1531eaves，　were　scanned　with　a　flat　bed　sca㎜er（Canon　D　125u2）．　LNAP　is　measured

and　calcula之ed　with　the　Equation　III2　and　the　G／Rleaf　and　G／Lleaf　were　measured　and

calculated　with　Equati皿IV　l　and　IV3　respectively．

　　The　sites　fbr　researching　asymmetric　discolored　crowns　of　ginkgo　were　same　area　as

mentioned輌n　paragraph　of　2．2．1．　The　sampled　ginl（go　trees　did　not　include　newly

planted　trees，　newly　pruned　trees　and　the　trees　sheltered　by　houses，　buildings　and　other

trees　and　so　on．　Most　ofthem　were　selected　in　open　sites　and　almost　all　the　data　used　in

result　analysis　were　relative　values　fξom　the　same　Ieaf　or　crown．　The　RGB　images　fbr

calculation　of　the　CDAP　and　G／Lcrown　values　were　tak斑with　a　CCD　digital　camera

（Canon　IXY　6．0）．　The　camera　was　set　to　auto　white　balance，　auto　ISO　sensitivity　and

the　image　resolution　was　1200×1600　pixels　with　images　stored　in　the　files　of　JPEG

丘）㎜．It　was　the　vertical　profile　of　sampled　tree　taken　on　ground　w輌th　little　elevations　45

days　af逢er　TO613’s　hit　under　natural　day　light　condition（From　900JST　to　1600　JST）．
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The　distance　of　photo　taking　was　dete㎜ined　by丘tting　the　cro㎜to　the　screen　of

camera．　The　position　of　photo　taking　was　fixed　by　tuming　around　the　sampled　tree　till

the　crown　can　be　clearly　divided　into　green　part　and　non－green　part　so　that　we　can

capture　the　exact　sideward（A　profile　of　crown　perpendicular　to　leeward　or　windward）

image．　The　absolute　geographical　position　of　sampled　trees　was　fixed　by　GPS　with

Caplio　500SE　Ricoh　camera．

　　　Firstly，　the　images　were　prepared　and　the　part　except　sampled　crown　was　removed

丘om　the　image　with　eraser　tool　of　Photoshop．　The　removing　process　was　showed　in　Fig．

C5－2．　A丘er　selected　the　crown　with　Magic　Wand　Tool　of　Photoshop，　the　G　and　L

values　were　also　read　ffom　the　average　histogram　of　Photoshop．　The　G／Lcrowll　value　is

the　proportion　of　green　to　luminance　value　of　crown．　It　was　calculated　with　Equation

II　l．　The　G／Rcrowl，　value　was　obtained　with　same㎞age　and　method，　and　similarly

calculated　by　using　Equation　V　l　fbr　comparison　with　the　G／Lcrown．
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Fig．　C5－l　Leaf　necrosis　and　asymmetric　crown　discoloration　of　ginkgo　tree　induced　by　TO613，　and

the　green　parts　ofboth　ginkgo　leaf　and　crown

　　The　CDAR　considered　as　the　criterion　status　of　damaged　crowns　hit　by　TO613，　is　the

pixel　proportion　of　non－green　part　to　entire　profile　of　the　crown．　During　measurement，

the　green　part　of　the　cro㎜（Fig．　C5－1）was　visually　extracted　by　transitional　coloL

After　getting　the　pixel　numbers　of　the　entire　crown　and　green　part，　the　CDAP　was

calculated　by　Equation　V2．
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　　In　which，　PEC　is　the　pixel　numbers　of　entire　cro㎜profile　and　the　PGP　is　the　pixel

numbers　of　green　part．

　　　一一一一ら　　　　　　　一一一一＞

Treated　w｜th　maglc　　Selected　by　maglc　wand

eraser　tool　　　　　　　　　tool　and　then　cut　repeatedly

Fig．　C5－2　Extracting　process　of　ginkgo　crown　with　Photoshop．　Firstly　the　background　was　removed　by

eraser　tool，　then　selected　the　background㎞terweavi皿g　with　the　crown　and　cut　it　out、　This　process

approached　repeatedly　until　the　part　out　of　crown　was　thoroughly　removed．

　　To　make　a　comparison　with　the　CDAP，　the　i㎡lection　point（IP）of　crown

discoloration　was　calculated　in　the　procedure　of　threshold　responsive　analysis．　Each

crown　image　was　divided　into　ten　sections　with　equal　width丘om　leeward　to

windward　of　the　crown．　Having　been　repeatedly　regression　tested，　the　Relative　G／L

（RGL，　Equation　V3）fbr　cro㎜sections　gradually　decreases丘om　leeward　to　windward

and　can　be　modeled　by　logistic　threshold　responsive　fUnction（calculated　as　same　as　the

Equation　II8）fbr　the　asymmetrically　discolored　crowns．

　　Checked　by　secondary　diflbrential　values　at　the　point　n＞a／r　and　n＜a／r，　all　IP　values

existed　and　were　mathematically　meaningfUl　except　the　IP　fbr　samples　with　the　crown

of　overall　green　or　entirely　brown．　Du血g　the　measurement，　the　IP　values　fbr　crowns　of

overall　green　were　numbered　with　the　maximum　value　of　10　and　fbr　the　crowns　of

overall　brown　with　the　minimum　value　of　O　in　order　to　digitalize　all　of　the　data．　The　IP

can　be　considered　as　the　estimation　value　of　the　threshold　between　green　part　and

non－green　part　of　discolored　crowns　and　as　a　refbrence　fbr　the　CDAP

　　　　　　　100・（G／LテG／Lmi。）

RGL∫＝
　　　　　　　　（G／Lmax－G／Lmin）

（73）
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　　Where，　G／Li　is　the　G／L　value　fbr　i　section（i＝1，2，3＿10），　G／LnTln　is　the　minimum　G几

value　of　all　sections　in　all　sampled　crowns　and　G／Lmax　is　the　maximum　G／L　value輌n　all

sections　of　all　sampled　crowns．　Based　on　the　study　of　dogwood　leaves，　the　RGL　value

could　obtain　very　smaller　difference　fbr　the　same　leaf　taken　into　images　with　big

luminance　difference（Fig。　C7－1）．

　　The　distance　ffom　coastline（DC）was　defined　and　measured　as　same　as　in　paragraph

3．2．4．The　SPAD　values　of　individuaUeaves　were　measure　with　same　method　as

described　in　paragraph　of　2．2。4．

5．3Leaf　necrosis　estimated　by　LNAP　and　GLIeaf　value

　　By　sampling　and　visual　method　in　3．2．1，0nly　qualitative　scale　estimation　results　can

be　obtained，　As　an　index　of　necrotic　extent　of輌ndividuaUeaves，　the　LNAP　was

detemユined　as　the　criterion　of　the　damage．　It　can　be　measured　by　many　methods　such　as

check　counter，　leaf　area　meter，　photo　image　p輌xehnethod　etc．　In　this　study，　the　image

p輌xel　method　was　used　to　dete㎜ine　the　LNAP　fbr　its　high　accuracy　and　low　variance

（Chenεm1．2006，　Baiθτα1．2005）．　The　image　pixel　analysis　method　used　in　leaf　area

measurement　can　be　remarked　as　a　fine　check　counter，　in　which　each　image　pixel　can　be

considered　as　a　check　with　5，022　checks　per　square　centimeter　fbr　180　dpi　images．

However，　using　visual　method　is　diffi斑n　to　estimate　the　exact　account　of　leaf　area　as

the　irnage　pixel　analysis，　especially　fbr　variously　necrotic　leaves　and　asymmetric

discolored　crowns．

　　The　total　leaf　necrotic　area　and　total　leaf　area　of　each　branch　were　estimated　by　using

the　LNAP　and　mean　leaf　area　on　the　basis　of　necrotic　scales（Table　5－1）．　As　the　leaf

necrosis　analysis　on　ginkgo　crowns　in　paragraph　3．2．3，　it　also　manifbsted　the　fact　that

most　leaves　on　leeward　of　the　sampled　crowns　were　composed　of　nil　and　slightly

necrotic　leaves　and　most　leaves　on　windward　of　the　sampled　crowns　weΣe　partially

necrot輌c　and　dead　leaves．　The　total　necrot輌c　l㈱f　area　of　the　windward　of　damaged

crowns　was　more　than　that　of　the　leeward　with　the　windward　and　leeward　ratio（W／Le）

equaling　to　7．416．　By　comparison，　the　total　leaf　area　showed　an　inverse　tendency　with

the　WLe　equaling　to　O．659．　It　implies　that　a負er　hit　by　TO613，　not　only　leaf　necrosis　and

asymmetric　crown　discoloration◎ccurred，　but　also　the　defbliation　as　well　as　asymmetric

growth　took　place．
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　　As　same　as　result　of　bamboo　image　analysis，　an　inverse　logistic　f已nction　between　the

G／Lleaf　value　and　LNAP　fbr　girlkgo　leaves　was　also　obtained　by　regression　analysis，

with　R2＝0．941（Fig．　C5－3）．　It　in磁cated　that　as　the　LNAP　increased　the　G／Lleaf　value

decreased　gradually　with　a　nonlinear　pa枕em．　After　removing　the　leaf　samples　with

LNAP＜20％and＞70％，　the　relation　equation　also　changed　to　a　linear　fUncti皿，　with

R2＝0．870（Fig．　C5－4）．

Table　5－1　Total　necrotic　leaf　area　and　total　leaf　area　per　branch

Nil　necrosis

　　　　つ　（mmつ

Slight

Necrosis

　　　つ（mmつ

Middle

necrOS…S

　　　つ（mrn）

Serious

　　　　　　　Died　Ieaves　Total　　Leaf
necrosis　　　　、，　　　　．，　　　　　WLe
　　　．　　（mmつ　（mm』）Number
（mmつ

Necrotic

　Area

Leeward 0 6349 4039 2蔓56 0 12545 152

Windward 0 5977 15178 12850 59025 93032 100

7．4茎6

Total

Area

Leeward　　243972 100736 11805 3148 0 359662　　　152

Windward　43285 69256 4正711 23610 59025　　　236889　　　100

0．659

†Where　WILe　is　the　ratio　between　windward　and　leeward．　The　data　comes廿om　average　ofthree　sa即led　branches，
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F輌g．C5－3　Relation　between　Leaf　Necrotic　Area　Percentage（LNAP）and　G／Ll。、f　value◎f　ginkgo．　An

inverse　logistic　fUnction　was　obtained．

　　The　leaves　with　LNAP＜20％or＞70％showed　variation　in　leaf　color．　By　measuring

the　SPAD　value　ofthe　non－necrotic　part　ofleaves，江also　appeared　significant　diffbrence
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among　sampled　branches（P＝2．3637E－12，　F＝30．735＊＊）．　It　suggested　that　the　G／LIcaf　was

affbcted　by　the　diffbrence　of　leaf　colors　in　these　ranges．　In　the　range　of　LNAP＞20％

and＜70％，　the　G／Lleaf　value　was　even　much　sensitive　to　the　variance　of　leaf　necrotic

area　than　the　leaf　color　diffbrence，　according　to　the　near　linear　relationship．　From　this

perspective，　the　G／Lleafvalue　of　RGB　image　responds　to　both　chlorosis　and　necrosis　of

necrotic　leaves．　In　fact，　ginkgo　leaves　on　differellt　crowns　showed　not　only　dif琵rent

leaf　necrosis　but　also　leaf　color　variance（chlorosis）．　Therefbre，　it　has　potential　to　be

used　in　estimating　the　status　of　crowns　damaged　by　typhoons　like　TO613．　It　also

indicated　that　the　leaves　with　similar　color　status　should　be　selected　to　estimate　the

necrotic　area　based　on　G／Lleaf　value．　Fig．C5－5　gives　some　model　ginkgo　leaves

estimated　by　LNAP　and　corresponding　G／LIeaf　values．
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Fig．　C5－4　Relation　between　Leaf　Necrotic　Area　Percentage（LNAP）and　G／Lleaf　value　of　ginkgo　afモer

remove　the　leaf　samples　with　LNAP＜20％and＞70％．　A　linear　equation　was　obtained．

LNAI熟内ぽΨ》r熟玲
（：ノLle内f＝L“｝4　　LO76　　L｛〕58　　　1．｛⊃33　　0．983　　1｝．916

Fig．　C5－5　Model　leaf　samples　and　the　corresponding　Leaf　Necrotic　Area　Percentage（LNAP）and　G／Lleaf

value．　It　is　clear　that　the　leaf　necrosis　of　ghlkgo　showed　slight　diffbrence　to　that　of　bamboos．　The　fan－like

leaflet　itself　becomes　the　special　characteristics　of　ginkgo．

5．4Asymmetric　crown　discoloration　estimated　by　CI）AB　IP　and　G几crown　values
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　　Compared　to　bamboos，　the　asymmetric　crown　discoloration　of　ginkgo　trees　after　hit

by　strong　TO613　comprise　the　main　characters　of　them．　Compared　between　the　leaves

and　crowns　of　ginkgo　trees　hit　by　TO613，　almost　similar　characteristics　has　been　fbund，

which　showed　partial　area　ofthem　became　brown　or　red　brown．　Therefbre，　as　the　LNAP

was　used　as　the　discriminatory　standard　fbr　leaf　necrosis，　the　CDAP　and　IP　were　used　to

evaluate　the　asymm［etric　crown　discoloration．
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Fig．　C5－6　The　relationship　between　Inflection　point（IP）and　Crown　Discolored　Area　Percentage（CDAP），

an　inverse　linear　fUnction　was　showed　in　the　figure．

　　Both　CDAP　and　IP　can　be　used　to　reflect　the　proportion　of　the　green　part　to　en垣e

cτown．　However，　the　fbrmer　was　su句ectively　divided　green　part　and　non－green　pa牡by

visual　method　and　the　later　was　o句ectively　calculated　by　parameters　f輪om　the　logistic

threshold　responsive　fUnction．　Because　of　the　big　contrast　between　the　green　part　and

non－green　part　of　the　ginkgo　trees珂ured　by　TO613，　the　two　indices　are　consistent　with

each　other　with　the　square　correlative　coefficient　equaling　to　O．811（Fig．C5－6）．

In　comparison　to　the　individual　leaves，　the　crown　of　trees　manifested　characteristics　of

more　complex　structure，　such　as　leaf　orientation　variance　and　difference　in　gap　f｝action

and　light　condition．　Although　it　harnpered　the　image　taking　and　RGB　ilnage　analysis，　a

significant　illverse　linear　relation　between　G／Lcrown　value　and　CDAP　fbr　sampled　ginkgo

crowns　was　obtained，　with　R2＝0．826（Fig．C5－7a）．　Ahnost　a　same　level　of　positive
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1inear　relation　between　G／Lcr。wn　value　and　IP　fbr　the　sampled　ginkgo　crowns　was　a▲so

acquired，　with　R2＝0．827（Fig．C5－7b）
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Fig．　C5－7　An　inverse　re三ationship　between　Crown　Discolored　Area　Percentage（CDAP）and　G／Lcr。wl、

value◎f　ginkgo，　and　a　positive　ftmction　between　Innection　point　（IP）and　G／Lcr。w、　value　of　ginkgo　were

presented　in　C5－7a　and　C5・・7b　respectively．

　　There負）re，　it　suggested　that　not　only　leaf　necrosis　but　also　asy㎜etric　crown

discoloration，　induced　by　strong　typhoons　like　TO613，　could　be　quantitatively　estimated

by　G／L　values．　Some　model　crowns（Fig．C5－8a，　b，　c，　d　and　e）estimated　by　G／Lcrown

values，　CDAP　and　IP　were　shown．　in　Fig．C5－8、　By　comparison，　the　commonly　used

visual　scale　rnethod　usually　scales　the　crown　healthy　status　like　VS　index　in　the　figure．

In　Fig．C5－8，　they　were　also　shown　by　five　figures　of　threshold　responsive　fUnction．　The

log輌stic　curve　divided　the　asymmetrically　discolored　crowns　into　green　and　non－green

parts（Fig．C5－8g，　h，　i）．　The　crown　discoloration　of　ir∂ured　crowns　was　clear王y　described．

It輌nd輌cated　that　the　crown　i吋ured　by　TO613　was　more　serious　on　windward　than　on

更eeward．　It　showed　responsive　equations　of　level　line　fbr　the　crowns　with　characteristics

of　overall　green　and　entirely　brown　and　respectively　located　on　top　and　bottom　of　the

coordinate（Fig．C5－8鵬j）．　It　suggested　that　the　threshold　responsive　analysis　also　has　a

potential　to　estimate　the　healthy　status　of　g輌nkgo　trees　i句ured　by　TO613．

5．5Relation　between　DC　and　both　GZRcrown　and　G凡crown　values　of　ginkgo
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　　It　was　reported　that　the　damage　to　ginkgo　trees　by　strong　typhoons　appeared　inverse

relation　to　the　distance　ffom　coastline（Okinakaθτα1．，1984）．　A　similar　result　had　been

obtained　in　the　study　at　dif琵rent　sites　with　dif飴rent　distance　ffom　coastline　with

sampling　method　as　in　paragraph　3．2．1．　Corresponding　to　the　previous　research　result，

the　damage　to　gi皿kgo　trees　by　strong　TO613　also　appeared　an　inverse　relation　to　the

distance　from　coastline　according　to　the　result　ofRGB　image　analysis（Fig．C5－9）．
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Fig．　C5－8　From　C5－8a　to　C5－8e　were　five　model　crowns　corresponded　by　G／Lcr。wn，　Crown　Discolored

Area　Percentage（CDAP）　and　inflection　pomt（IP）of　regression　curve　and　respectively　belong　to　five

visual　scales（VS）．　From　C5－8f　to　C5－8j　were　five　figures　of　threshold　responsive　fUnction　of　relative

G／Lcr。wn（RGL）and　showed　diffbrent　logistic　curves，　which　divide　the　crown　into　green　part　and

non－green．　The　C5－8f　and　C5－8j　presented　entire　green　and　overall　brown　respectively　and　the丘IP　was

more　than　l　O　and　less　than　O　separately．　From　C5－8f　to　C5一司，　the　verticaI　coordinate　is　RGL　value　and

horizontal　coordinate　is　crown　section　orders　f士om　leeward　to　w㎞dward．

　　By　comparison，　both　G凪膓rown　and　G／Lcrown　measured　by　image　pixel　method

・pP・a・ed　p。、iti。，，el・ti・n　t・th・di、tance丘。m・・a・tli・・with　R2－0．50・nd　R2－0．837品・

G／Rcrown　and　G／Lcrown　separately（Fig．C5－9a，　b）．　This　result　is　almost　the　similar　as　the

relation　between　the　DC　and　both　G／Rcanopy　and　G／Lcanopy　of　bamboo．　However，　the

deviation　of　G／Rcrown　values　was　2．02　times　more　than　that　of　G／Lcrown　values．　It　may　be

the　cause　of　the　lower　relation　between　G／R　value　and　DC　than　that　between　G／L　value

and　DC．　It　suggested　that　the　G／Lcrown　was　more　appropriate　to　be　used　analyzed　the

images　taken　mder　the　conditions　with　big　Iightning　diffbrence．　By　using　the　method　as

the　visual　estimation　in　paragraph　3．2．1，it　showed　that　the　farther　is　from　the　coastline，
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the　less　damage　to　ginkgo　trees　and　the　larger　the　G／Lcrown　value．　In　other　word，　the

nearer　is　to　the　coastline，　the　more　is　the　leaf　necrosis　and　asy㎜etric　cro㎜

discoloration，　and　the　more　serious　damage　to　ginkgo　trees．
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Fig．　C5－9　Relation　between　Distance倉om　Coastline（DC）and　G／Rcr。㎜value　of　ginkgo　calculated　with

31samples（C5－9a），　and　Relation　between　Distance愈om　Coastline（1）C）and　G／Lcr。wn　of　ginkgo

calcu正ated　with　same　samples（C5－9b）．　By　comparison，　the　deviation　of　the　G／Rcr。、m　was　clearly　larger

than　that◎f　the　G／Lcrown，　It　appeared　a　Silnilar　reSult　tO　the　analySiS　of　bamb◎o　canopy，　which　manifeSt　a

tendency　oflower　variance　of　G／L　vahles　and　high　relationship　to　the　DC．

5．6Conclusion

　　　　According　to　above　analysis，　the　conventional　method　of　measuring　ginkgo　tree

crowns　damaged　by　typhoons　is　visual　est輌lnation，　although　it　is　usually　affected　by

su句ective　j　udgment　with　various　results　ffom　dif允rent　observers．　Labor　requiremellt

and　time　consumption　rendered　the　sampling　method　unabIe　to　be　used　in　studying　trees

in　a　large　area　by　fewer　researchers．　Research　about　asymmetric　crown　discoloration

has　been　seldom　fbund　recently，　especially　on　measuring　the　asymmetric　discolored

crown　by　RGB　image　analysis．　Comparing　to　the　conventional　method，　the　RGB　image

analysis　can　be　used　to　measure　the　characters　of　trees　quantitatively　with

characteristics　of　less　labor，　less　time　needs　and　low　cost．　The　possibility　of　storage　and

reus輌ng　fbr　digital　images　made　the　continuing　research　possible．

　　Significant　relationship　between　G／LIeaf　and　LNAP，　and　between　G／Lcrown　and　CDAP

suggested　that　both　leaf　necrosis　and　asymmetric　crown　discoloration　of　ginkgo　trees

induced　by　TO613　can　be　quantitatively　estimated　by　measuring　the　G／L　value　fiて）m

both　leaves　and　crowns．　During　the　study　of　TO613，　the　relation　between　the　G／Lleaf

value　and　LNAP　of　ginkgo　leaves　indicate　that　not　only　chlorosis　but　also　necrosis　can
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be　quantitatively　estirnated　by　using　the　G／L　value　of　RGB　image．　Although，　the　hue　of

leaf　and　crown　images　were　af允cted　by　d輌fferent　light　condition，　a　significant　relation

between　G／Lcrown　and　CDAP　or　IP　had　been　obtained　since　the　g壬eat　contrast　of　the

green　part　and　non－green　part　of　ginkgo　crowns　hit　by　TO613．　It　may　be　an　altemative

tool　to　estimate　the　leaf　necrosis　status　and　asymmetric　crown　discoloration輌nduced　by

typhoons　like　TO613，　especially　by　using　the　relative　G／L　values．

　　It　was　the　variation　of　necrotic　leaves　that　made　the　crown　of　damaged　ginkgo　trees

appeared　asymmetrica1夏y　discolored．　The　logistic　f已nction丘om　threshold　responsive

analysis　indicated　that　more　serious　ir∂ury　occurred　on　the　windward　of　the　asymmetric

discolored　crowns．　The　proper　relationship　between　II）and　CDAP　suggested　that　as　an

o旬ectively　measured　parameter　the　IP　has　potential　to　describe　the　asymmet妥ic

discoloration　characters　of　ginkgo　trees　hit　by　typhoons　like　TO613．　The　relationship

between　the　distance　f｝om　coastline（DC）and　G／Lcrown　value　presented　that　the　farther

丘om　the　coastline，　the　bigger　the　G／Lcrown　value　of　ginkgo　crowns．　As　an　index　of　the

image　hue　of　entire　crown，　the　G／Lcrown　value　also　has　a　potential　to　be　used　to　estimate

the　color　change　of　overall　crown　originated　f錐om　leaf　necrosis　or　asyrnmetric　crown

discolorations．　Based　on　the　logistic　threshold　analysis，　it　indicated　that　the

asy㎜etric　cro㎜ofgi泳go　occu汀ed　indeed　in　the　lnvestigated　area．
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Cbapter　6　　Quantitatively　Estimating　vigor　St破us　of　Ginkgo　a茸er

Hit　by　TO613　with　Image　Analysis

6．1111trodtlction

　　Vigor　of　trees　can　be　thought　as　one　kind　of　ability　to允㎜aper允ct　individual　and

healthily　grows，　which　varies　with　the　cultivated　conditions，　increases　with　fine　nurtures

and　decreases　by　serious　pest　damages，　disaster　destroys　and　various　kinds　of　stresses，

such　as　drought，　salt，　nutrition　shortage。　Under　s加ssed　situations，　many　low　vigorous

symptoms　may　appear　like　severe　wilt，　defbliat輌on，　discoloration，　chlorosis，　necrosis

and　dieback　and　so　on．　In　some　extent，　it　is　a　near　synonym　with　tree　viability　or　health．

Vigor　reduction　of　Iandscape　trees　can　be　described輌n　many　aspects．　After　hit　by　TO613，

the　crown　of　many　ginkgo　trees　can　be　clearly　divided　into　green　part　and　non－green

part．　Leaf　discoloration　and　defbliation　were　two　striking　characteristics　of　ginkgo　trees

in　Yamaguch輌City，　Japan．　It　responded　the　severity　ofWury　fξom　TO613’s　hit．　It　is　also

the　indirect　manifestation　ofthe　vigor　status　affbcted　by　the　combination　onhe　previous

hit　ofvarious　ex姶me　environments，　especially　strong　typhoons．

　　Besides　the　utilization　mentioned　above，　the　ground　digital　image　has　also　been　used

in　tree　measurement　and　studied　on　the　porosity　of　shelterbelts（Kenny，1987；Guan　eτ

α1．，2002；Wanθτα1．，2005）。　Kenny（1987）concluded　that　the　porosity　of　shelterbelt

could　be　estimated　to　within　2％at　a　probabihty　level　of　O．05　by　silhouette　method，　and

the　distance　of　taking　photo　has　no　appreciable　ef飴ct　on　estimation　of　porosity．　After

improvement　of　photograph　treatment　method，　Guanθ閲1．（2002）consideI・ed　it　was　a

proper　way　to　measure　porosity　of　shelterbelt　with　high　accuracy．

　　In　this　paragraph，　by　using　the　indices　of　crown　green　area　percentage（CGAP），

crown　coverage（CC），　vigor　index（VI），　and　so　on，　the　spatial　distribution　of　dif壬brent

ginkgo　tree　with　varied　vigor　status　were　smdied　and　class輌fied　into　dif允rent　divisions

based　on　mu髭i－analys輌s　of　these　indices．

6．2　Materials　and　methods

6．2．1Research　site　and　basic　meteorological　data　dur輌ng　TO613，s　h輌t

　　The　research　site　is　located　in　the　area　ffom　I　31°16’to　131°45うeast　longitude　and

丘om　33°55’to　34°25’north　latitude　in　Yamaguchi　City．　The　investigation　was
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practiced　in　the　same　area　described　as　in　paragraph　2．2．1．　It　is　in　a　long，　narrow　area

near　Yamaguchi　Bay，　Fushino　River　and　Amo　River，　which　was　f㌃om　seashore　v輌a

plain　to　canyon．　The　meteorological　data　obtained　f輪om　AMeDAS　and丘om　the　nearest

observation　station　of　the　Hazard　Protection　Infbmlation　System　in　Yamaguchi

Prefecture（HPISYP）．　During　hit　by　TO613，　the　investigated　area　just　located　in　the

severe　right　half　of　the　sto㎜飼d．　It　is　characterized　by　the　max　wind　speed　distributed

丘om　the　highest　of　27　m／s　in　Ube　City　to　the　lowest　of　8　m／s　around　Tbkusa頁）wn

durlng　the　hit　by　TO613；The　precipitatio輌m　highest　38r㎜to　the　lowest　14㎜and

the　distance　to　the　nearest　coastline　is　j丘om　the　shortest　of　less　than　1㎞to　the　longest

of　more　than　40㎞（Eble　6－1）．　Photographs　were　taken　45　days　after　TO613うs　hit．　It　is

characterized　by　horizontally　takmg　photos　of　the　vert輌cal　profile　of　sample　trees　on　the

ground　and　with　the　same　method　as　in　paragraph　2．2．2。

Table　64　Basic　meteorological　data　fbr　investigated　areas　during　hit　l）y

　　　　　　　　　　　　　　　　　　　　　　　　TO6130n　Sep．172006

　　　　Daily

precipitation（mm）

Average　wind　speed

　　　　　（m／s）

Maximum　wind

　speed（m／s）

Distance丘om

coastline（km）

Aio 18 No　data No　data 0．9

Ube 14 10．8 27 1．0

Ogori 21 No　data No　data 3．4

Yamaguchi 24 5．1 20 13．4

Miyano 18 No　data No　data 19．5

Mitani 19 No　data No　data 3L2

Tokusa 38 2．5 8 40．1

6．2．2Establishment　and　measurement　of　indices

Crown　Green　Area　Percentage（CGAP）

　　　In　order　to　analyze　the　phenomenon　of　leaf　discoloration　of　crown　and　the

diffbr斑ce　between　green　part　and　non－green　part　on　g輌nkgo　trees　quantitatively，　CGAP
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was　applied，　which　was　an　area　proportion　of　the　pixels　of　green　part　to　the　pixels　of

overall　profile　of　the　crowl1．　Firstly，　the　photo　image　was　treated　by　image　editor

software　ofPhotoshop　C　S　to　remove　the　parts　out　of　the　sampled　crown．　After　obtaining

pixels　of　overall　crown，　the　green　part　parts　were　obtained　by　removing　the　parts　except

green　with　eraser　tool（Fig．C6－1）．　The　detail　of　calculation　fbr　CGAP　by　pixel

proportion　method　is　similar　as　Equation　II3．

　　　　　　　　　　　　　　　　　　　　　　　bイ　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　→・〆

Ovemll　crown

、

ぷ

Green　part

Fig．　C6－1　Damaged　crown　and　green　part　of　Ginkgo　biloba；Index　of　Crown　Green　Area　Percentage

（CGAP）was　calculated　by　both　of　them．

Crown　Covemge（CC）and　Vigor　Index（W）

　　Another　characteristic　of　g㎞kgo　trees　damaged　by　TO613　is　defbliation，　which　is

expressed　into　increasing　of　openness　of　the　crown．　In　the　study，　the　openness　induced

by　defbliation　of　ginkgo　trees　hit　by　TO613　was　estimated　by　CC　index．　It　is　the　pixel

proportion　of　crowll　silhouette　to　crown　shadow　shown　in　Fig．C6－2．　It　was　measured　by

pixel　method　in　reference　to　researches　by　others（Kermy　1987；Guanθτα1．，2002）．　The

detail　procedures　of　measurement　include　photo　image　processing　and　silhouetting　by

decreasing　the　color　depth　to　2－color　palette　by　using　Paint　Shop　Pro　X　in　the　pattern　of

the　blue　palette　component，　the　nearest　color　reducing　method，　and　non－palette　weight．

The　pixels　of　the　image　shadow　were　obtained　with　the　threshold　algorism　manually　set

gradation　to　255　in　Photoshop　C　S．　The　calculating允㎜ula　of　CC　is　shown　in　Equation

VI　1．

C＿C＿9、（％）一蝋θ15㎡ぷ」伽卿。1・・
　　　　　　　　　　　　　　　　　　　　1フ批θ13q∫5カα40W

（τ71）
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SiIh⊂）uette shado、¶

Fig．　C6－21mages　of　silhouette　and　shadow　fbr　same　crown；Crown　Coverage（CC）index　was　calculated

by　both　ofthem．

　　　　The　comprehensive　index　of　VI　fbr　damaged　trees　was　calculated　by　the　average

value　of　CGAP　and　CC（Equation　VI2），　which　is　a　description　of　both　discoloration　and

defbliation　of　the　crown．

脳）一（C砲P＋CC）。1・・

　　　　　　　　　　　　　2

（τ72）

Windward　and　Leeward　Area　Ratio（WLAR）

　　　　　As　a血ctor　of　sy㎜etric　characteristics　of　cro㎜s允r　multi－analysis，　WLAR　is

the　proportion　of　pixels　ffom　the　shadows　of　both　windward　and　leeward　of　crown

divided　by　refbrence　to　the　main　stem．　Firstly，　the　photo　image　was　prepared　as　above

mentioned　to　remove　the　parts　out　of　the　crown．　Then，　the　crown　was　divided　into

windward　and　leeward　from　main　stem　of　the　tree．　After　that，　both　windward　and

leeward　were　shadowed　respectively　and　pixels　were　obtained　by　using　Photoshop　CS．

The　WLAR％was　calculated　by　re允rence　of　Equation　II2．

Distance血om　coastline（DC）

　　As　a　main　analysis　factor，　the　DC　is　the　shortest　distance　f｝om　tree　sites　to　coastline

measured　with　the　same　method　to　the　paragraph　3．2．4．

6．2．3Multiple　statistic　analysis
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　　　　Principle　component　analysis　and　cluster　analysis　were　carried皿t　using　CGAB

CC，　VI，　WLAR，　and　DC　mentioned　above．　The　analysis　was　conducted　by　commonly

used　software．　The　distance　used　in　cluster　analysis　is　the　square　Euclidean　distance

（Equation　VI3）fbr　samples　and　cluster　mean（centroid　method　and　refbr　to　Equation

VI4）fbr　classes．

　　　　　　　　　　　　　　　　　　　　　　　　卿、）一［　ρΣ（xバ㍉斥＝1）ゴ（η3）

Where　4（x’・xノ）is　the　Euclidean　distance　between　sample　i　and　sample　j，　i＝1，2，……，n，

j＝1，2，．．．．．．，nandk＝1，2，．．．．．．，p．

data　of　sample　j　at　point　k．

x，ん　is　the　data　of　sample　i　at　point　k　and　xノん　is　the

　　　　　　　　　　　　　　　　　　　　　　　　　Z）内＝61（xρ，Xq）　　　（η4）

In　whichD・・is　the　cent「°id　distance　between　class　p　and　class　q・・，　is　the　cluste「

mean　value　in　p　class　and　　　　　　　　　　　　　　　　　　　　　　　　　輌sthe　cluster　mean　value　in　q　class．
　　　　　　　　　　　　　　　　　　　　　　x4

6．31）iscoloration　of　ginkgo　crown　hit　by　TO613

　　Based　on　the　calculation，　the　CGAP　distributed　f壬om　zero　or　close　to　zero　near　the

coastline　to　100％in　the　valley　far丘om　the　coastline　around　Tokusa股）wn，

correspond輌ng　to　the　overall　crown　brown　and　overall　crown　green．　From　Fig．C6－3，

although　the　CGAP　value　fbr　samples　at　the　same　site　diffもr　f壬om　each　other　fbr　the

reason　of　diffbrent　site　conditions　and　growth　situations，　a　positive　logistic　fUnction

relationship　between　CGAP　and　DC　was　obtained，　with　a　square　correlative　coef五cient

of　R2＝0．913　at　O．01　probability　level　by　screening　among　the　regression　equations　of

logistic，　10garithmic，　exponential，　linear，　polynomial　etc．　The　optimal　equation

determ輌ned　by　maximurn　correlative　coeffici斑t　is　shown　in　Equation　VI5　and　was

computed　ffom　the　regression　analys輌s　of　36　sampled　trees．

．　　　C（泌P－10L95／（1・8．821，一・・83・・）R2－0．913　（η5）
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　　It　indicates　that　the　further　is分om　the　coastline，　the　greater　the　green　part　of　the

crown　is．　In　other　words，　the　nearer　is　to　the　coastline，　the　more　the　green　leaf　color　of

ginkgo　loses．　As　the　distance丘om　coast　to　inland　increases，　the　CGAP　increases　sharply，

then　smoothly，　and　then　becomes　stable．　It　is　calculated　that　the　in£lection　point　of　this

equation　is　near　12㎞廿om　coastline，　where　is　the　location　of　Wmaguchi　with　the

concentratio⑭f　a　lot　of　ginkgo　trees．　Many　ginkgo　trees　of　half　green　and　half　brown

had　been　observed　in　this　area．
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Fig．　C6－3　Relationship　between　Crown　Green　Area　Percentage（CGAP）and　Distance　from　C◎astline（DC）；

It　was　regressed廿om　36　ginkgo　trees　f｝om　the　sites　ofYamaguchi，　Ube，　Mitani－tokusa，　Miyano，　Aio　and

Ogori　respectively．

6．41）efbliation　of　ginkgo　tree　hit　by　TO613

　　　　Defbliation　is　oflen　used　as　an　indicator　fbr　the　health　of　fbrest　trees　and　the

damage　status　in　fbrest　investigations（Zierl，2004）．　It　is　observed　different　defbliation

occurred　on　ginkgo　trees　in　varied　site　conditions　after　hit　by　TO613．　From　Fig．C6－4，　it

can　be　seen　that　CC　ranged丘oln　40％to　90％or　so　and　almost　no　CC　value　of　gi水go

trees　become　zero　omear　zero　because　there　were　a　lot　of　dead　leaves　remained　on　the

damaged　trees皿til　next　spring．　Meanwhile，　the　result　appears　that　there　is　a　positive

relationship　betwe銀CC　and　DC，　although　the　correlative　coef日cient　is　less　than　that　of

the　relationship　between　CGAP　and　I）C．　The　corresponding　equation（Equation　VI6）is：

　　　　　　　　　cc－101．34／（1・1．0076・－0・0535　DC）R2・0．622　（π6）
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　　　The　resu雄showed　that　there　is　a　dif允rence　in　crown　coverage　among　the　samp玉ed

trees　and　the　fUrther　is］丘om　the　coastline，　the　bigger　the　crown　coverage　of　ginkgo　trees

is．　In　other　words，　defbliation　occurred　indeed　and　was　more　serious　near　coastline．

　　The　fhrther　regression　analysis　by　classifying　samples　into　two　groups　of　dense

crowns　and　sparse　crowns　showed　a　positive　relationship　between　CC　and　DC，　and　the

square　correla之ive　coef日cient　fbr　regressive　equations　was　O．78　an．d　O、79　respectively

fbr　the　dense　crown　group　and　sparse　crown　group．　It　indicates　that　the　relationship

between　CC　and　DC　is　af驚cted　by　density　of　crowns．　Therefbre，　sampled　trees　with

much　dense　crown　were　elirninated　f壬om　the　analysis．
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Fig．　C6－4　Relationship　between　Crown　Coverage（CC）and　Distance　from　Coastline（DC）；It　was　also

regressed廿om　the　same　ginkgo　trees　used｛n　figure　C6－3．

6．5Comprehellsive　vigor　sta加s　of　ginkgo　trees　hit　by　TO613

　　Tree’s　vigor　has　been　evaluated　by　various　me也ods，　which　includes　fbliage－based

indices，　volurne　increment　and　height　growth　rate　based　indices（Robichaud¢τα1．，

1991）．However，　the　vigor　of　ginkgo　tree　to　be　estimated　in　this　study　is　the　status　after

hit　by　strong　TO613，　which　is　characterized　by　clear　discoloration　and　defbliation　of

typhoon　damaged　trees．　Therefbre，　discoloration　and　defbliation　were　used　to　establish

the　v輌gor　index　to　response　to　the　vigor　status　of　gi球go　tTees　hit　by　TO613．　CGAP　and

CC　are　two　indices　respectively　response　to　them　in　some　extents　and　the　VI　which

integrated　with　index　of　CGAP　and　CC　has　potential　to　conlprehensively　model　the

vigor　status　of　damaged　trees．　Fig．C6－5　gave　a　re夏ation　curve　between　VI　and　DC　and
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apositive　relationship　between　VI　and　DC　is　also　obta輌ned，　with　a　square　correlative

coefficient　of　R2＝0．882　and　regressive　Equation　VI7．　It　is　nearer　to　the　Iinear　relation

according　to　calculation．　with　a　near　level　of　square　correlat輌ve　coe伍cient　of　R2＝0．85、

Therefbre，　it　has　a　potentiaHo　be　used　as　an　index　to　estimate　the　vigor　sta組s　of　ginkgo

hit　by　TO613．

W－99688／（1＋2．5366。一・・ll・・）R2－0．882
（η7）
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Fig．　C6－5　Relationship　between　Vigor　Index（VI）and　Distance　fセom　Coastline（DC）；Ginkgo　crowns

analyzed　in　it　were　also　same　as　figure　C6－3．

6．6MuHi　analyses　and　classi五cation　of　ginkgo　vigor　sta伽s

　　　Based　on　the　principle　componem　analys輌s　by　CGAP，　CC，　VI，　WLAR，　and　DC，

samples　f｝om　different　areas　were　divided　into　three　groups　showed　in　Fig．C6－6．　Group

lconsisted　of　samples丘om恥kusa　and　Mit胆i　w泊DC　of　more　than　30㎞，　CGAP　of

100％or　near　100％，　average　CC　of　83．4％，　and　VI　of　95．4％．　Group　2　included　samples

食om　Miyano　and　Wmaguchi，　with　DC丘om　8　to　20㎞，　CGAP丘om　40　to　90％，

average　CC　of　67．3％，　and　VI　of　67．5％．　Group　3　came　f｝om　samples　f士om　Ogori，　Aio，

and　Ube　with　DC丘om　O．2　to　4㎞，　CGAP丘om　O　to　39％，　average　CC　of　542％，　and

Vl　of　21．1％．

　　The　result　of　principle　component　analys輌s　is　evidence　that　the　vigor　of　ginkgo　trees

were　more　seriously　damaged　by　TO613　within　4㎞宜om　the　coastline，　and　almost　no
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i頭Woccu貫ed　in　the　area血貫her　than　20㎞丘om　coastline　and　the　gi瓜go　trees　in　the

雛ea丘om　4㎞to　20㎞were　in　the　middle　position．

20

15

　
0
　
　
　
よ
J
　
　
　
n
U
　
　
　
5

　
ス
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
ロ

。
隻
芸
2
口
昆
巨
8
。
五
9
亙
よ 01一

Yamaguchi
Ube
Mi白ni－tokusa
Miyano
Aio
Ogori

o十

　☆口　十

　　　　口o

　Group3
　　　　　　　　　㌔

　　　ム
Group2
000

　　　　0（9

　　　　0　　0

　　　　　　％

回
◇

◇
。
u
◇

臼

　　　　　　　　　　　　　　　　　　45

　　　　　　　　　　　　　　　　　　　　－30　　　　－20　　　　－10　　　　0　　　　　10　　　　20　　　　30　　　　40

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Priciple　comp皿e耐one

Fig．　C6－6　Classiflcation　of　ginkgo　crowns　by　principle　component　analysis．36　crowns　collectively

distributed　in　three　area　of　principle　coordinate　system　and　were　classified　into　three　groups，　the　first

group　is　concentrated　in　the　first　and　fburth　quadrant　at　the　right　side　of　the　x　axis，　the　second　group

around　the　datum　point，　and　the　third　group　in　second　and　third　quadrant　at　the　left　side　ofthe　x　axis．
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Fig．　C6－7　Result　of　cluster　analysis　with　centroid　method，　in　which　the　cro㎜s廿om　Mitani－tokusa（○），

M▲yano（△），　Yamaguxhi（x），　Ogori（◇），　Aio（＊）and　Ube（□），　were　also　classified　into　three　groups．

　　　　　　Almost　the　same　result　has　been　obtained　by　Euclidean　distance　cluster　analysis

at　the　point　of　squared　central　distance　equaling　6．05　with　the　data　of　CGAP，　CC，　VI，

WLAR，　and　DC　according　to　the　discriminating　standard　of　the　sta仕ing　point　that　the
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squared　central　distance　shaq）ly　increases．　The　samples　ffom　diffbrent　areas　also　can　be

divided　into　three　groups　as　showed　in　Fig．C6－7．　The　samples　ffom　Group　l　consisted

of　samples　ffom　Tokusa　and　MitarU，　Group　2，　from　Yamaguchi　and　Miyano，　and　Group

3，丘om　Ube，　Aio，　and　Ogori　except　only　one　special　sample　ffom　Yamaguchi．

　　　FigC6－8　shows　a　fbw　of　model　of　ground－based　digital㎞age　samples　fbr　Group　1，

Group　2，　and　Group　3，　respectively．　A　great　diffbrence　among　the　groups　was　shown

and　they　are　consistent　with　the　indices　used　in　this　research　properly．

も

CGAP＝100％

CC＝90，7％

VI＝95．4％

CGAP＝54．3％

　CC＝80．6％

　VI＝67．5％

讃
ふ，
．
○
ぎ

Gro叩3
CGAP＝0％

CC＝42．2％

VI＝21．1％

Fig．　C6－8　Model　samples　of　ground－based㎞age　fbr　group　l，group2　and　group3　and　related　CGAP，　CC

and　VI　values

　　　　An　outline　of　the　research　area（circled　area），　meteorological　data，　CGAP　index，

and　groups　of　classification　was　given　in　Fig．C6－9．　In　the　figure，　CGAP　was　scaled　into

51evels，　and　respectively　represent　CGAP　of　100，60－90，40－59，1－39，　and　O．　Every

sample，　with　a　consistent　scale　mark，　was　located　on　the　map　in　the　figure．　It　can　be

observed　that　the　classification　result　was　consistent　with　the　research　sites．　For　the　first

group，　the　DC　is　more　than　30㎞，　the　second　group　is丘om　4　to　20㎞，　and　the　third

group　is　less　than　4㎞and　was　in　accordance　with　the　gradient　of　wind　and

precipitation．　It　can　be　seen　that　the　fUrther　the　sample　tree　is　ftom　the　coastline，　the

slighter　the　damage　by　TO613　is　according　to　the　indices　by　ground－based　digital　image

analysis．

　　　From　Fig．C6－9，　it　is　easy　to　see　that　there　is　a　number　gap　between　scale　100　and

scale　69－90　and　it　is　not　dif五culty　to　find　discontinuous　topography　between　Miyano
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and　Mitani－Tokusa　that　is　located　in　the　canyon．　This　discontinuous　topography　fb㎜ed

anatural　barrier　fbr　the　trees，　protecting　them　ffom　strong　wind　blown　by　typhoon，　so

that　there　was　almost　no　sign　of　damage　to　ginkgo　trees　by　TO613　in　this　area．　If　there

were　no　effect　of　this　discontinuous　topography，　the　damaged　ginkgo　trees　might　spread

血rinland　and　the　number　gap　would　not　exist．
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Fig．　C6－91ntegrated　map　ofresearch　area，　meteorological　data　and　crown　green　area　percentage（CGAP）；

Sampled　crowns　were　clearly　divided　into　three　groups，　Group　l（1），　Group　2（II）and　Group　3（III）．

6．7Conchlsion

　　In　summary，　typhoons　are　one　kind　of　disaster　that　can　lead　to　serious　damage　to

R）rests，　trees，　and　shrubs．　Besides　mechanical　damage，　vigor　reduction　is　another　kind

of　irU’ury　by　strong　typhoons　like　TO613，　characterized　by　discoloration　and　defbliation

of　ginkgo　crowns　accompanying　with　not－eye－catching　branch　or　twig　dieback．　By

component　analysis，　leaves　on　damaged　ginkgo　trees　are　composed　of　leaves　with

diffbrent　scorch　areas　at　the　time　of　investigation．　Results　show　that　the　fUrther　they　are

丘om　the　coastline，　the　fewer　scorched　leaves，　and　the　closer　they　are　to　the　coastline，

the　more　scorched　and　dried　leaves．　The　relationship　between　DC　and　indices　of　CGAB

CC，　and　VI　show　a　similar　tendency　that　the　fUrther　they　are　f士om　the　coastline，　the

smaller　the　damage　by　TO613　is　and　the　bigger　the　CGAE　CC，　and　VI　are．　Based　on　the

multi－analysis　of　this　research，　similar　tendency　has　been　fbund．　Because　of　the　low

94



land　productivity　in　coastal　area，　the　landscape　trees　should　be　af琵cted　by　more

complicated　factors，　in　which　the　salt　ir日ury　may　be　one　of　the　serious　damage　factors

（Boyce，1954；Grif飽hsθτα1．，2003；Okinakaετα1．，1990；Mu㎝s，1993）．

　　Since　the　1980s，　a　gradualIy　increasing　number　of　researches　on　image　analysis　have

been　carried　out（Wang，2006）．　However，　f壱wer　researches　have　been　fbund　on　typhoon

damaged　tree　crown　studies　by　sideward　image．　which　cannot　be　detected　by

space－borne　or　air－borne　equipments．　Although　there　were　some　reports　on　typhoon

damage　with　s輌deward　photo　as　it　is，　they　are　not　really　quantitative　researches．　In　this

paper，　ground－based　digital　image　analysis　was　applied　in　the　quantitative　research　of

ginkgo　trees’vigor　damaged　by　TO613，　and　was　characterized　by　analyzing　sideward

image　of　entire　crown．　It　may　be　an　altemative　tool　to　be　used　in　estimating　or

evaluating　the　degree　of　damage　by　typhoons　like　TO613．

　　　It　is　observed　that　Iower　vigor　sta加s　of　ginkgo　trees，　especia▲ly　at　limited　site

condition，　seems　not　caused　by　one　hit．　It　is　more　common　that　befbre　they　perfectly

recover丘om　one　hit　by　a　sto㎜another　hit　occurred．　This　kind　of　continued　damages

induced　the　asy㎜etric　cro㎜of　gi丞go　trees　in　the　sites　with　restricted　conditions　and

should　af允ct　the　vigor　status　to　respond　the蝕her　serious　hit　by　sto㎜s　like　TO613．　By

the　tracing　observation，　the　result　of　class輌fication　showed　a　tendency　of　being

consistent　with　the　restoring　status　ofthese　trees　two　years　after　the　TO613．
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Part　3

uantitativel　Evaluatin　S　m　toms　ofDo ood　Induced　b

Summer　Drou　ht／hot　Stresses　with　RGB　Ima　e　Anal　sis

　　　In　the　year　2007，　abno㎜al　weather　with㎜even　rainfall　occurTed　in　many　areas

over　the　world．　Severe　drought　happened輌n　southeast　United　States，　southeast　Australia

and　northeast　China．　The　weather　characterist輌c　during　the　year　2006　and　2007　in

Yamaguchi　City，　Japan　also　showed　sharp　contrast．　PlentifUI　precipitation　in　Japan

rainy　season，　strong　typhoon　with　less　rainfall　in　mid－September，　and　higher

temperature　associated　with　allnost　no　rainfalhn　October　became　the　meteorological

extreme　events　in　2006．　The　less　rainfall　after　strong　typhoon　O613’s　hit　almost

persisted　through　the　entire　2007　growth　season．

　　The　summer　drought　is　another　kind　of　meteorological　extreme　alld　often　causes

plants　or　trees　into　dys血nction。　Transpiration　cooling　failuτe　and　desiccation　usually

makes　plants　or　trees　into　metabohc　irnbalance　of　energy，　which　is　lethal　to　them．　In

the　summer　of　the　years　in　2007　and　2008，　more　than　20　days　persistent　high

temperature　an．d　n．o　rain　weather　during　the　hottest　days　in　a　year　seemed　the　key　of

meteorological　extreme　events．　They　caused　many　landscape　trees　into　protective

responses，　especially　the　kousa　dogwoods．　Significant　leaf　necrosis　appeared　on　many

crowns　of　them．　During　the　summer　of　2008，　some　newly　planted　dogwood　trees　were

observed　transplanting　shock　in　Yamaguchi　City，　Japan．　Leaf　necrosis　and　branch

dieback　occurred　on　some　of　them　during　summer　period．

The　heterogeneousness　of　leaf　living　part　and　dead　part，　and　leaf　color　variation　fセom

distal　to　proximal　causes　them　dif五cult　to　be　directly　measured．　The　flexibility　of　RGB

image　analysis　makes　it　suitable　to　measure　the　leaves　differentially．　In　the　study，1eaf

images　were　equally　d輌vided　into　ten　sections　from　proximaho　distal　and　the“Switch－

of㌘’type　of　threshold　responsive　fじrlctions　were　used　to　describe　the　gradually　necrotic

leaves．　Combined　the　spectral　reflectance　and　water　content　measurement，　the　image

pixel　analysis　was　used　to　estimate　the　necrotic　leaves　and　die－backed　branches　of
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kousa　dogwood　during　the　abnomlal　extreme　summer　drought　event　in　2007　and　2008

quantitatively．　　In　this　pa就，　the　segregation　of　the　hydraul輌c　architecture　of「kousa

dogwood　had　also　been　descried　or　estimated　by　image　analysis，　spectral　reflectance

and　the㎜ogr叩ny．
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Chapter　7　Evaluating　Symptoms　of　Dogwood　hduced　by　Summer

Drought／hot　Stresses　with　RGB　Image　Analysis

7．1111troduction

　Plants　usually簸ve　in　the　contradict　processes　in　capturing　carbon，　receipting　energy　at

expense　of　losing　water．　High　photosynthesis　and　carbohydrate　production　per　land　area

needs　additional　leaf　areas，　which　implies　more　water　and　nutrition　consumption．　Most　of

water　absorbed　from　soil　is　lost　by　plant　transpiration，　and　less　5％is　used　in　metabolism

an（l　growth．　There五）re，　trarlspiration　has　ever　been　regarde（l　as　arl　unavoi（lable　evil　since

it　causes　water　deficits　and而ury　by　dehydration（Kramer，1983）．　It　was　also　considered

beneficial　because　it　acts　as　transpiration　cooler　to　avoid　leaf　temperature　over　rise．　It

causes　the　ascent　of　sap　and　increases　the　absorptlon　of　minerals（Clements，1934）．　Pla斑

tissues　dissipate　heat　by　three　main　processes，　emission　of　long－wave　radlatlon，

convection　ofheat，　and　transpiration　ofwater．　Ofwhich　tτanspiration　tends　to　be　the　most

efi飴ctive　process　of　heat　dissipation　of　plant　tissues，　particularly　at　sumy　rnidday．　High

plant　temperatures（＞40℃）are　almost　invariably　associated　with　the　cessation　of

transpiring　cooling，　fbllowing　stomata　closure　in　response　to　drought　stress（F縦er　and

Hay，2002）．　Therefbreプthe　transpiration　cooler　failure　during　the　serious　drought　stress

seems　lethal　to　pla飢s。　In　addition，　increase　in　temperature　alone　tends　to　cause　an

increase　in　the　rate　of　transpiration　through　its　effect　on　sa加ration　water　vapor　density

（Fitter　and　Hay，2002）．　During　persistent　drought　and　transpiration　cooling血ilure，

excessive　leaf　area　usually　causes　losing　balance　of　energy　and　water　so　as　to　be

dangerous　to　their　lives．　A　lot　ofplam　species　respond　the　unfavorably　extrernely　hot　and

droughty　stresses　by　transpiring　surface　reduction（TSR）to　maintain　the　water　and

energy　balance　of　left　parts，　TSR　has　been　considered　as　a　hydroecological　factor　fbr　a

long　time（Orshan，1954，1989）　and　also　thought　as　an　approach　of　reducing　radiation

acceptation　to　maintain　the　energy　balance　ofplants（Kozlowski，1973）」t　can　be　seen　in

various　patteごns，　such　as　leaf　or　branch　shedding　fbr　many　deciduous　trees　even

evergreens（Addicott，1982；Rust　and　Rolof£2004）and　the　death　of　aboveground　fbr

most　annuals　and　grasses　etc．（Kozlowski，1973；Bhatθτα1．，1986）．　Some　tree　species
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trace　of　scale　insect　parasite　was　also　fbund．　It　suggested　that　improper　site　condition

made　the　trees　sensitive　to　environmental　changes．

　　The　RGB　analysis　of　leaf　necrosis　fbr　these　dogwood　trees　was　same　as　Part　two．

LNAP　was　calculated　with　Equation　III2，　and　the　G／Lleaf　and　G／Lcr。wn　were　similarly

calctllated　by　using　Equation　IV3　and　Equation　II　l　respectively．　To　analyze　the

characteristics　of　leaf　necrosis，　the　same　leaf　images　fbr　LNAP　measurement　were　used

to　measure　the　G／Lleaf　value　of　leaf　sections（G／Lls）．　Befbre　getting　RGB　pixel　data，　the

image　was　hand　prepared　by　eraser　of　Photoshop　to　remove　the　background　and　o切ects

except　the　objective　lea£Then　leaf　images　were　equally　divided　into　l　O　sections　from

base　to　tip．　The　Luminance（L）and　Green（G）values　fbr　each　sectlon　were　read　f士om　the

average　histogram　value　of　Photoshop．　The　G／Lls　value　fbr　each　section　was　also

calculated　with　the　Equation　IV3．　The　relative　G／L（RGL，　re允r　to　Equation　V3）is　also

consistent　with　logistic　threshold　responsive　equation（refbr　to　Equation　II8）fbr　necrotic
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Fig．　C74　The　ef允ct　of　decreasing　luminance　variance　by　relative　G／L（RGL）value；121eaves　fをom　deep　green　to　light

brown　were　taken　side　by　side　into　a　bright　image（○一〇）and　a　dim　image（●一●）with　large　luminance　dif佃ence．

One　was　taken　under　direct　sunshine　inΩeld（shutter　1／1250　s）and　the　other　was　taken　under　dim　corner　in　room

（shutter　L6　s）．　The　RGL　values　among　the　leaves　in　one　image　showed　no　significant　difference　f『om　the　RGL　values

in　ano也er　image（a）．　The　RGL　value　between　left　half　and　right　half　of　same　leaf　in　same加age　tends　to　be　near　l．0

負）rboth　irnages（b）．

　　Based　on　the　statistical　comparison，121eaves　fセom　deep　green　to　brown　were　taken

into　two　images　with　great　luminance　diffbrence，　the　RGL　value　among　the　leaves　in

same　image　appeared　rnuch　similar　to　that　f｝om　another　image（Fig．　C7－la）．　The　RGL
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value　between　left　half　to　right　half　of　same　leaf　in　same　image　was　almost　near　LO　fbr

both　images（Fig．　C7一ユb）．　Therefbre，　it　implies　that　the　RGL　values　ffom　same　image　are

much　comparable　than　that　of　normal　G／L　value，　which　was　another　reason　of　the　using

of　RGL　values　between　leaf　sections　in　this　study．

　　The　newly　planted　dogwood　trees，　transplanted　frorn　largely　balled　saplings，　were

observed⑩study　the　transplanting　shock　in　2008　in　Yamaguchi　City，　Japan．　Leaf

necrosis　and　branch　dieback　occurred　on　some　of　them　shocked　by　desiccation　during

summer　period．

　　Leaf　and　branch　water　relation　was　also　studied　by　measuring　water　content、　Small

twigs　were　cut丘om　selected　trees　and　then　taken　back　to　lab　with　plastic　bags．　The　water

content　f～）r　single　leaves　or　leaf　sections　fkom　newly　transplanted　saplings　and　normal

growing　trees　were　measured　by　rapid　weighing　method　with　l／10000　g　electronic

weighing　balance　in　room．　The　weight　of　sampled　leaves　or　leaf　sections　were　weighed

aRer　sampling廿om　field　site　without　delay．　Af逢er　obtained　the　drled　weight　ofthem，　the

water　contem　was　calculated　by　refbrence　of　Equation　II6．

　　Water　contents（WC）of　both｝eaves　and　branches　from　newly　transplanted　saplings

were　also　diffbrentially　measured　to　establish　the　threshold　response　equation。　During　the

study，　necrotic　leaves　fセom　transplantation－shocked　dogwood　trees　were　cut　imo　seven　or

elght（according　to　the　leaf　size）sections　in　hoof二shape　f旨om　proximal　to　distal，　while　the

die・・backed　branches　were　cut　into　certain　sections　according　to　the　node　numbers．　They

were　measured　by　rapid　weighing　method　with　1／100000r　l／100　g　Sartorius　electronic

weighing　balance　in　room．　The　welght　of　sampled　ieaf　or　branch　sections　was　welghed

after　sampling　fTom　field　site　without　delay．　After　obtained　dry　weight，　the　water　conterlt

ofthem　was　calculated　with　Equation　II6　to　study　the　variant　tendency　of　water　coment．

　　In　order　to　check　the　consistency　of　leaf　necrosls　with　the　extreme　drought　event，　the

aridity　index　of　ten　days（AD10）was　calculated　by　refbrence　to　the　Equation　I　l．

7．3Characteristics　of　kousa　dogwood　leaf　necmsis　and　crown　discoloration

　　　After　affected　by　dry　and　hot　summer　in　2007，　the　symptoms　of　tip　and／or　edge　leaf

necrosis　appeared　on　many　dogwood　trees　and　made　their　crowns　discoloration　in

diffbrem　scale　in　Yamaguchi　City．　By　RGB　image　analysis，　lt　was　observed　that
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responses　of　the　dogwood　varied　signif］cantly　f士om　trees　to　trees　and　among　leaves

（Fig．C7－2a）．　The　threshold　responsive　equation　fbr　image　RGL　value　ofdifferent　necrotic

leaves　（Fig．C7－2a　leaf2，　leaf3　and　leaf4）　presented　distinct　inverse　logistic　curves

（Fig．C7－2b，1eaf2，　leaf3　and　leaf4）．　It　indicated　that　the　ir蓼ury　did　not　evenly　distributed

on　the　leaves　and　the　necrotic　area　b皿nd　f士om　distal　to　the　proximal，　which　is　typical

necrotic　characters．　CarefUlly　observed　the　necrotic　lea£apParent　barrier　existed　on　the

leaf　surface　and　the　barrier　lines　also　arranged　fi・om　distal　to　proximal　catastrophically

（Refbr　to　Fig．C7－2a）．　The　shape　ofresponsive　curve　varied　fセom　inverse　sigmoid　shape　to

rectangular　hyperbola　shape　as　the　necrosis　became　severe（Refer　to　Fig．C7－2c，　C7－2d）．

Meanwhile　the　leaf　area　was　reduced　through　necrosing　the　part　outside　the　barrier．
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Fig．C7－2　Variant　characteristics　of　kousa　dogwood　leaf　necrosis　f士om　proximal　to　distal　and　bal・riers；

C7－2a　presents　five　leaves　fセom　dif琵rent　trees　with　different　leaf　necrotic　area　percentage（LNAP），　LNAP

respectively　are　O，27．7，36．9，59．8　and　l　OO．　Image　Green／Luminance（G／L）value　ranges　f㌃om　maximum

l．185to　minimum　O．940；C7－2b　was　the　responsive　curves　of　relative　G／L（RGL）fbr　these　Ieaves，　with　the

characteristics　of　typical　logistic　curves　K）r　necrotic　leaves（Leaf2，　Leaf3　and　Leaf4），　and　straight　lines　fbr

overalI　green　and　entire　brown　leaf（Lean　and　Leaf5）；C7－2c　showed　a　leaf　with　one　barrier　and　its　RGL

threshold　responsive　curve；C7－2d　presents　a　leaf　with　two　barriers（l　and　2）constructed　in　May　and

August　2007，　and　related　threshold　responsive　curve　ofRGL　value、

　　According　to　the　color　analysis　of　necrotic　part，　only　one　m司or　barrier　can　be

observed　on　most　of　leaves（Fig．C7－2c）．　For　seriously　irjured　leaves，　two（Fig．C7－2d）

even　three　can　be　seen．　It　indicated　that　the　barrier　withdraw　back伽m　distal　to　proximal

gradually　until　successfUlly　control　the　necrosis　and　left　a　series　of　unsuccessfUl　defbnse
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traces（Fig．C7－2a，　Leaf3，　Leaf4）．　The　threshold　responsive　curves　fbr　both　non－necrot三c

leaf　alxl　entirely　necrotic　leaf（Fig．C7－2a　Leafl，　Leaf5）appeared　a　tendency　of　straight

llnes　slightly　slanted　and　laid　on　top　and　bottom　ofthe　coordinate　separately（Fig．C7－2b）．

宜should　be　the　characterlstics　o臼he　leaves　witho斑necrosis　and　entirely　necrosed，

separately．

　　Among　the　leaves　appeared　multi　de允nse　trace，　most　of　them　contalned　two　belts

diffbrently　colored　and　separated　by　two　barriers（Fig．C7－2d）．　It　indicated　two　necrosed

periods　occurred丘om　leaf　sprouting　and　showed　different　responsive　fUnction　cu夏・ves．

Despite　the　characteristic　of　the　barrier　and　leaf　necrosed　area　varied　significalltly　among

leaves，　the　total　living　area　of　leaves　commonly　was　reduced．　By　calculating　the　irnage

LNAP，　it　presented　2．7％and　38．6％fbr　the　first　and　second　necrotic　phase　fbr　all　of　the

sampled　trees．　In　total，　the　necrotic　percentage　of　leaf　area　was　about　40％of　total

sarnpled　leaves．　Even　if　lt　was　coincidence　that　the　precipitation　durirlg　the　first　nine

months　was　about　40％less　than　that　of　normal　years，　the　relevant　between　the　leaf

necrosis　of　kousa　dogwood　trees　and　less　precipitation　should　be　less　doubt．　It　suppolted

the　opinion　that　transpiration　cooler　failure　is▲ethal　to　plant　during　the　summer　drought．

It　is　clear　that　k◎usa　dogwood　trees　manifもsted　a　grass－like　resporlse　to　it　and　showed

serious　leaf　necrose－back　during　su（lden　dry　and　hot　environrnent　under　the　insuf若cient

water　supply．　As　the　stresses　increased，　leaf　necrosis　becarne　serious　and　resulted　in

decreasing　the　total　leaf　areas　of　the　dogwood　trees．　It　indirectly　decreased　the　water　or

precipitation　requirement　and　received　less　radiant　energy　fbr　the　living　part　of　entire　tree．

The　green　part　ofnecrotic　leaves　maintained　active　status　and　as　the　erlvironment　became

飽vorable　they　restored　vigorous　immediately．　By　observation，　the　green　part　of　some

necrotic　leaves　of　Japanese　blue　oak　hit　by　TO613　maintained　normal　fimction　even　after

three　years　in　the　same　city．

　　During　the　summer　drought　period　in　2007，60　differently　discolored　individual　tree

crowns　of　kousa　dogwood　had　been　graphed　to　stし1dy　the　response　of　these　trees　to　the

meteorological　extreme　event．　From　each　tree，　ten　typical　leaves　had　been　sampled⑩

study　the　relation　of　discoloration　between　sampled　leaves　and　crowns，　and　the　relation

between　the　leaf　necrotic　area　percentage（LNAP）and　the　discoloration　status　of也e
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crowns．　Although　sampling　error　may　be　greater，　the　relation　between　LNAPIeaf　and

G／Lcr。wn　（Fig．C7－3b），　G／Lcrown　and　G／Lleaf（Flg．C7－3a），　and　G／Lleaf　and　LNAPIeaf

（Fig．C7－3c）has　been　obtained　with　signi蓋cant　linear　relationship．　Among　thern，　G／Lleaf

and　LNAPIeaf　fbr　same　leaves　obtained　rela之ive　higher　corre▲ations　since　there　is　no

significant　sampling　error．　The　correlation　between　LNAPleaf　and　G／Lcrown，　and　G／Lcr。wn

and　G／Lleafwere　relatively　lower　because　only　ten　leaves　had　been　sampled　each　tree．
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Fig．C7－3　The　relation　between　leaf　necrotic　area　percentage（LNAPlea∂and　GIL　value　of　crowns（G／Lcr。、m）

（b，炉48），G／Lcr。wn　and　G／L　value　of　leaves（GILIea∂（a，　n＝47），　and　G／Lleaf　and　LNAPIeaf（c，　n＝48）．

　　This　suggests　that　the　leaf　necrosis　status　of　dogwood　can　be　estlmated　by　RGB　image

analysis　not　only　with　isolated　leaves，　but　also　with　profiles　oftree　crown仇ぷ∫伽since　the

significant　contrast　between　necrotic　part　and　living　Palt　of　leaves．　This　kind　of

difference　can　be　directly　responded　into　the　RGB　images．　The　accuracy　of　rneasuremem

should　be　irlcreased　by　improving　the　instrument，紀chnique　and　by　adding　sampling

numbers　etc．　It　is　one　kind　of　feedback　infbrmatlon　to　respond　the　meteorological

extreme　events　in　Yarnaguchi　during　the　summer　of　2007．　Therefbre　they　not　only　can　be

used　to　estimate　the　necrotic　sta包s　of　kousa　dogwood　trees　but　also　may　be　used　to

evaluate　the　irUury　severity　of　landscape　trees　hit　by　the　meteorological　extrerne　events．

　　By　observation，　leaf　necrosls　appeared　on　dogwood　crown　during　the　extremely　hot

and　droughty　summer　days　significantly　diffbr　ffom　that　induced　by　TO6　B．　The　striklng

characteristic　is　the　even　distribution　on　the　crown　and　no　significam　asymmetrical

diffbrence　between　windward　and　leeward（Fig．C9－10）．　During　the　hot　and　droughty

event　in　2007，　some　ginkgo　trees　near　coastal　area　were　also　observed　leaf　necrosis　on

overall　crowns．　Simllarly　no　asymmetrical　crown　discoloration　had　been　fbund　like　the
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ones　hit　by　TO613．　This　kind　of　symptoTns　are　also　seen　and　photographed　on　a　large

numbers　of　ginkgo　trees　newly　planted　along　the　street　of　Jinan，　China，　in　sumrner　of

2007．

7．4Leaf　necrosis　of　transplantation－shocked　kousa　dogwood

　　Transplaming　shock　usually　appeared　in　planting　process　of　many　tree　specles　during

the　rneteorological　extrerne　event　of　prolonged　no　ra三n　and　sud（至en　temperature　ascent，

because　of　the　imperfect　root　system　of　new　transplanted　trees　and　excessive

trans－evaporation　of　water（Kozlowski　and　I）avies，1975）．　Leaf　necrosis　and　branch

dieback　even　death　of　some　newly　transplanted　kousa　dogwood　trees　ln　Yamaguchi

during　the　summer　in　2008　was　one　case　of　them．　By　observation，　leaf　necrosis　of

transplanted　trees　o負erl　occurred　at　a　period　ofAD　l　O　peak　and　HD　10trough（Fig．C7－4）．
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Fig．C7－4　The　ten　days　aridity　index（ADIO，○一〇）and　humidity　index（HDIO，●一●）廿om　April　l　to　August

31，2008in　Yamaguchi；at　the　peak　ofAD　l　O，　May　8血，　July　11出，　August五rst　and　Augus杜3由，　leaf　necrosis

event　occurred　on　some　transplanted　kousa　dogwood　trees；branch　dieback　emerged　on　the　transplanted

trees　with　serious　Ieaf　necrosis　at　the　end　of　growing　season．

　　In　spite　of　the　perslstence　of　these　peak　periods　differ　ffom　each　o施er，也ey　all

occurred　ln　a　prolonged　no　rain　and　temperature　increasing　process．　During　the　highest

peak　period　of　AD　10　in　August（ffom　JuL22　to　Aug．14），2008，　which　was重he　hot民st

days　irl　a　year，　only　H　mm　rainfall　was　recorded　at　the　Yamaguchl　Observatory．　The

maximum　daily　tempera加re　of　all　days　during　this　period　maintamed　higher　than　33°C．

High　temperature　also　tended　to　mcrease　transpiration　through　its　effbct　on　saturation
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water　vapor　density（Fitter　and　Hay，2002）and　raise　the　water　requirement　ofthese　trees．

　　A負er　transplantation，　the　successfUl　surv三val　of　trees　mostly　depends　on　rapidly

establishing　the　perfbct　root　system」fnot，　the　newly　sprouted　leaves　may　suddenly　dried

out　or　necrosis　under　sudderl　drought　environment　f～）r　the　reason　of　seriously　water

imbalance．　Suf資cient　precipitation，　l　l　6％ofthe　normal，　during　the　first　halfyear　in　2008

caused　the　normal　dogwood　trees　appearing　different　responses廿om　that　in　2007．

Almost　no　leaf　necro之ic　symptoms　occurred　during　early　summer　days　in　20080n　the

same　dogwood　trees　observed　in　2007（Fig．C7－5a－1）．　Only　some　newly　complementarily

planted　trees　showed　the　gradually　leahecrosis　symptoms　on　May　8　during　the　sudden

lncreasing　onhe　temperature　and　perslstent　no　rain　weather（Fig．C7－5a－2，　C7－5a－3）．　It　is

observed　that　the　leaves廿om　normal　growing　trees　appeared　a　level　responsive　curve　of

RGL　value　in　Fig．C7－5b－1；while　under　the　stress　of　transplanting　shock　the　leaves

desiccated廿om　tip　to　base　and　the　appearance　became　unevenly廿om　dlstal　to　proximal

（Fig．C7－5a－2）．　A　black　shade　layer，　as　Whitehead　desc曲ed（1963），　between　dried　and

non－dried　area　was　observed　and　their　responsive　curve　slanted　at　tail　end（C7－5b－2）．　In

this　situation，　although　the　leaf　tip　had　dried　out，　the　color　of　it　stilhemain　green，　which

seems　that　water　loss　was　too　fast　to　change　the　chlorophyiL　Three　days　late，　the　leaf

tips　became　deep　gray　and　a　typical　RGL　responsive　fUnction　of　inverse互ogistical　curve

or　necrotic　symptom　occurred　（Fig．C7－5b－3）．　During　the　shock，　a　lot　of　seriously　hit

leaves　dried　otlt　after　several　days　temperature　increasing　and　no　rain　weather　at　the

beginning　of　the　May．　Soon　a貸er，　the　coming　of也e　Japanese　rainy　season　and　about

350mm　monthly　precipltation　in　June　promoted　the　new　sprouting　of　srna田eaflets　with

long　and　narrow　tips　on　the　tree．　It　is　calculated　by　image　pixel　method　that　the　leaf　area

of　the　transpla航ation－shocked　tree　was　only　38．6％of　those　befbre　the　shock．　After　the

end　of　the　Japanese　rainy　season　in　the　beginning　of　July　and　about　ten　days　persistent

drought　and　hot　weather，出e　remained　leaves　and　smaU　new　sprouted　leaves　necrosed

once　again（Fig．C7－5b－4）．　Some　of　them　also　presented　two　barriers　on　leaflet　afヒer　two

periods　of　shock（Fig、C7－5b－5，　A，　B）．　The　RGL　responsive　lines　showed　a　similar

tendency　as　the日rst　shock　during　May，
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Fig．C7－5　Dif【もrent　leaf　necrosis　of　kousa　dogwood　during　transplanting　shock　period　in　2008；the

characteristics　of　no㎜al　leaf（a1），　initial　necrotic　leaf（a2，　a4），　post　necrotic　leaf（a3），　single　necrotic　leaf

（a4）and　dual　necrotic　leaf（a5）．　Their　threshold　responsive　curves　of　relative　G／R（RGL）value　of　normal

leaf（b　l），　initial　necrotic　leaf（b2），　post　necrotic　leaf（b3），　single　necrotic　leaf（b4）and　dual　necrotic　Ieaf

（b5）with　two　necrotic　parts（A　and　B）．　The　responsive　threshold　curves　were　made　by　the　average　values

at　each　point．

　　However，　the　leaf　necrosis　in　August　2007（Fig．C7－2）appeared　a　significant　di脆rence

to　that　in　early　summer　in　2008　by　contrast」n　summer　of　2008，0ne　month　persistent　no

rain　and　high　temperature　ffom　July　l　4　to　August　l　4，　the　hottest　days　in　a　year，　not　only

induce　the　transplanted　dogwood　trees　to　leaf　necrosis　again，　but　also　lead　partial　of　the

normal　dogwood　trees　to　leaf　necrosis　f士om　distal　to　proximal．　The　symptoms　of　leaf

necrosis　appeared　signi行cantly　similar　to　that　occurred　in　the　summer　of　2007，　which

also　showed　light　brown　necrotic　areas．　By　calculation，　the　LNAP　in　2008　was　only

l3．2％of　the　entire　leaves　and　less　than　l／30f　that　in　2007　fbr　the　reason　of　sufHcient

rainfall　during　the　first　half　year．　The　related　precipitation　proportion　value　to　normal

year　of　both　first　nine　month　and　summer　three　month（7，8，9）in　2008　were　respectively

gl％and　67〔ン6．

　　The　premature　response　of　kousa　dogwood　to　extremely　hot　and　dry　event　presented

leaf　gradually　necrosed　or　dried　from　distal　to　proximal，　which　Iooks　like　the　dieback　of

branches．　In　f5ct，　the　serious　leaf　necrosis　in　overall　crown　of　trees　and　shrubs　ofモen

trigger　dieback　of　branches　or　twigs．　The　less　supplement　water　supply　to　the

transplanted　trees　triggered　the　branch　dieback　of　them　in　2008．　As　above　mentioned，　the

visual　symptoms　ffom　this　kind　of　acute　procedure　commonly　were　partial　leaves　and

branches　dried　out　and　can　be　divided　into　living（green）part　and　dead　（dried）part．

Although　the　morphologic　diffbrence　between　living　part　and　dead　part　of　leaves　was
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significant　that　can　be　directly　identified　them　visually　even　distinguished　by　G／L　value

（Fig．C7－6a，　C7－6b）with　statistically　significant　variance，　it　was　usually　easy　to　be

neglected　morphologically　at　the　first　stage　of　leaf　necrosis．　For　branches　it　was　not　easy

to　morphologically　distinguish　living　part　alld　dead　part　of　them　by　both　visual

observation　and　RGB　image　indices，　especially　the　new　death　ofthe　branch　tip　at　leafless

stage（Fig．C7－6c，　C7－6d）．　However，　they　have　been　estimated　by　spectral　reflectance

and　therrnography，　which　will　be　described　in　the　next　chapter．
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Fig．C7－6　The　RGB　imaged　morphology　of　the　first　stage　of　leaf　necrosis（a）and　branch　dieback（c），　and

the　statistic　resuIts　of　red（R），　green（G）and　blue（B）values（b，　d）of　living　part（L）and　dead　part（D）of

transplantation－shocked　dogwood．　The　boxplots　were　constructed　by　using　KaleidaGraph3．6．L

7．5Water　relation　of　kousa　dogwood　du血g　leaf　necrosis

　　　　It　is　measured　dif飴rent　water　content　between　green　part　and　non－green　part　of

necrosing　leaves．　It　seems　that　there　existed　a　great　resistance　between　gl・een　part　and

dried　part　at　the　barrier　position　to　prevent　the　fUrther　water，　nutrient　and　other　resources

loss　and　intrusion　of　pathogens．　This　kind　of　necrosis　generally　originated　from　the　parts

of　the　leaf　that　is　farthest　fセom　the　main　vascular　channel（Yapp，1912；GUnthardt－Goerg

and　Vollenweider，2007）．　During　the　process　of　serious　drought，　the　shrinkage　of　the

distal　tissue　facilitates　their　separation　fセom　proximal　tissue（Addicott，1973）．

　　　　Leaf　necrosis　of　water　stressed　kousa　dogwood　trees　seem　to　extend　a　prolonged

process．　During　this　process，　leaves　usually　appeared　dif琵rent　degreed　of　scrolls　fbr　a

long　time　and　maintain　lower　water　content　than　the　leaves　on　normal　growing　trees
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（Fig．C7－7a）．　Although，　there　was　a　tendency　of　lower　distal　and　proximal　ratio　of　water

content　as　the　hot　and　droughty　conditions　persisted（Fig．C7－7b），　the　value　of　this　ratio

remained　above　l．0（Fig．C7－7b）until　a　fbw　leaves　began　to　show　significant　leaf　necrosis

on　a　tree　during　a　sudden　hot　and　dry　weather（Fig．C7－8a）．
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Fig．C7－7　The　variation　tendency　of　water　content品r　no㎜al　growing　Ieaves　and　scrolled　leaves（C7－7a）

and　the　water　content　r劔io　between　distal　and　proximal　of　no㎜al　kousa　dogwood　trees　during　seriously

hot　and　dry　summer　weather　conditions　and　at　the　interval　oftwo　times　ofleaf　necrosis　occurrence（C7－7b）．

In　C7－7b　the　distal　and　proxilnal　ratio　was　the　proportion　of　the　water　content　between　distal　and　proximal

part　ofthe　leaves　that　were　divided　mto　three　parts，　distal，　middle　and　proximaL　The　data　in　C7－7b　was　the

average　value廿om　five　trees　and　ten　Ieaves　fbr　each　tree．
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Fig．C7－8　The　variation　tendency　of　water　content　at　the　threshold　status　of　leaf　necrosis　during　the

persistent　dry　and　hot　summer　days　in　August　2008．　It　showed　the　water　content　fbr　the　leaves　befbre　the

serious　necrosis（C7－8a），　in　which　it　contained　early　stage　of　necrotic　leaves（◇一◇，■一■），　seriously　wilted

leaf（▲一▲）and　wilted　leaves（▽一▽，ロー□）；after　the　significant　necrosis　occurred　as　we11　as　the

significant　barrier　appeared（C7－8b），　which　contained　the　leaves　with　dual　barriers（○一〇，△一△）　and　single

barrier（●一●）．
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　　At　this　period　oftime，　some　of　the　leaves　appeared　evident　tendency　of　water　content

variance　between　leaf　tip　and　base　with　a　regression　line　of　water　conte斑slightly　down

slanted　from　proximal　to　dis重al（Fig．C7－8a）．　B磁the　logistic　threshold　response　curve

（刊g．C7－8b）could　be　seen　only　on　the　leaves　seriously　necrotic　symptom　occurred．

　　As　mentioned　in　Chapter　2，　kousa　dogwood　is　characterized　by　higher　leaf　water　loss

speed　than　many　other　tree　species，　deciduous　or　evergreens，　in　de重ached　con（玉ition．

However，　proper　imercmnection　of　leaf　venation　is　sufficient　to　coumeract　this

shortcoming．　his　observed　that　the　main　vein　cutting　ffom　leaf　base　cannot　suf駈ce　to

result　in　leaf　water　imbalance　of　attached　kousa　dogwood　leaves　fbr　months．　The　local

hガury　to　the　leaf　vascular　system　does　n磁necessarily　cause　the　water　transport　obstacle

（Kramer，1983）．　Therefbre，　the　whole　sectional　barrier　is　necessary　to　i磁errupt　the

persistent　water　loss　during　the　extreme　water　imbalance．　Accordirlg　to　observation，　the

def已se　barrier　ustlally　apPeared　during　night，　which　suggests　it　is　a　response　to　water

stress　that　cannot　be　completed　without　adequate　water（Kozlowski，1976）．　Some

transplanted　dogwood　trees　did　not　appeared　the　barrier　until　a　rainy　day．　In　some

situations，　not　only　one　barrier　but　also　two　even　more　unsuccessfUl　defense　traces　can　be

seen　on　the　same　lea£Hsuggested　that　under　the　serious　tension　of　enlarged　water

gradient　leaves　responded　it　by　abandon　partial　tissue　or　organ　to　protect　them廿om

負1rther　water　loss．

7．6Conclu⑨ion

　　Under　the　impact　of　serious　hot　and　droughty　summer　weather　events　in　2007　and

2008，the　apparent　responses　were　the　leaf　necrosis　and　branch　dieback　of　kousa

dogwood　trees，　especially　the　trees　during　transplarlting　shock．　Apparent　barrier　lines

were　observed　on　leaves　and　the　branch　dieback　of　kousa　dogwood　almost　always　ended

at　the　node　position．　Being　synchronous　with　the　aridity　peak　period　suggested　that　the

dogwood　leaf　necrosis　is　induced　by　the　tempera加re　ascen撫nder　the　condition　of　severe

water　stress　during　summer　days▲rl　2007　and　2008　in　Yamaguchi　City。　The　threshold

responsive　equation　of　both　necrotlc　leaves　and　die－backed　branches　showed　a　typicaI

‘‘唐翌奄狽モ?|offう’logistic　curve．丘is　this　kind　of‘‘switch－of℃’出at　indicated　the　protective
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response　characteristic　of　kousa　dogwood　trees　was　also　saving　the　main　body　at　expense

of　the　terfninal　parts．　Although　there　is　an　indication　that　it　has　sornething　to　do　wi施their

hydraulic　architecture，　the　detail　of　its　mechallism　still　need　to　be且lrther　s加died．

However，　lt　is　also　this‘‘switch－o£P’that　made　them　can　be　detected　by　using　the　image

and　spectral　analys輌s．
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Chapter　8　　Detectmg　Leaf　Necrosis紐d　Bmnch　I）ieback　of　Dogwood

with　Spectral　Reflectance　and　Thermogmphy

8．1111trodt】lction

　　The　emerg藺cy　of　thermography　tec㎞ique　made　the　estimation　of　plant　surface

canopy　tempera加re　easy　and　fast　and　has　be斑used　in　est輌mat輌on　of　plam　water　content

（Grantθ抱1．，2006；Jones，1999）and　water　stress（Nakahara　and　Inoue，1997；Luquetθτ

α1．，2003）etc．　There　is　pot銀tial　to　detect　the　response　under　the　extreme　water　stress

situation　such　as　leaf　necrotic　status，　especially　fbr　pre－symptomic　checks（Chaerleθτα1．

1999；Chaerle　and　Van　Der　Straeten，2000）of　branch　dieback　during　leafless　status　of

trees．　However，　some　lilnitations　in　its　measurement（Chaerlesθτα1．，1999），　especially

in　the　field，　made　the　noises　reduction　become　the　key　of　imaging　temperature

measurement．　As　the　manufacturers　continually　refbrm　their　products，　researchers　too

increased　their　detecting　technique　by　establishing　various　systems　of　both　software　and

hardware　to　maintain　stable　Ineasuring　environment．　In　the　field　measuremem，　the

sunlit　and　shady　o句ects　showed　Iatge　variation輌n　imaging　temperature．　Some

researchers　like　to　detect　the　imag輌ng　ternperature　at　sunlit　environment　and　the　others

prefer　the　shady　condition（Jones　and　Leinonen，2003）．　Nilsson（1995）manifested

that　during　the　process　of　temperature　decreasing　with　a　gust　of　wind，　the　rate　of

recovery　varied　with　the　severity　of　vascular　disease．　It　implied　that　the　dynam輌cs　ofthe

imaging　temperature　was　more　important　fbr　responding　to　the　stress　or　disease　status

of　plants．　Variation　of　temperature　between　non－infected　and　inf碗ted　leaves　even

reached　15°C　in　the　condition　of　f≧m　blowing　wind（Nilsson，1995）．　In　fact，　the　active

heating　tec㎞ique　during　the㎜ograph　taking　procedure　has　ever　been　used　in　some

fieids（Chaerle　and　Van　Der　Straeten，2000；Yang¢τα1．，2007）。

　　In　order　to　avoid　and　reduce　background　noise，　the　detecting　process　was　mainly

conducted加indoor頭viro㎜頭t　in　this　study．　Less　dif烏rence　of

in（100r一輌maging－temperature　among　vaぎious　leaves　and　branches，　the　background　noise

and　effヒct　of　surround　temperature　and　so　on　made也e　measurement　more　complex．　It

needs　special　techniques　to　make　a　meaning血1　measurement　and　obtain　comparable

data．　In　the　study，　necrotic　leaves　and　die－backed　branches　were　heated　under
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incandescent　lamp　or　direct　indoor　window　sunshine　to　detect　the　changing　procedure

of　temperature．　It　was　in　the　process　of　temperature　ascent　and　descent　the　amplified

temperature　variation　betwe斑plan杜iving　pa貫and　dead　part　was　fbund．　By　monitoring

the　process　of　temperature　ascent　and　descent，　the　instant　maximum　temperature

variation　was　grasped　and　used　to　detect　the　necrotic　part　and　living　part　of　leaves　and

branches．　It　was　observed　that　not　only　existed　amplified　variation　of　imaging

temperature　but　also　there　was　a　different　distribution　curve　of　response　ftom　living　pa並

and　dead　part　of　transplantation－shocked　kousa　dogwood　trees　due　to　the　diffbrent

specific　and　latent　heat　value　of　the　plant　parts　with　varied　water　content．　The　imaging

temperature　noise　was　minimized　under　the　enlarged　temperature　range　and　directly

resulted　in　clearer　of　the　the㎜o　images．　Combined　with　the　spectral　analysis　in　near

inffared　range，　the　thermography　was　used　in　detect　the　leaf　necrosis　alld　branch

dieback　ofkousa　dogwood．

8．2Materials　and　metbods

　　It　was　also　observed　that　the　spectral　reflectance　of　necrotic　part　of　leaves　in　both

near　inffared　and　thermo　infrared　ranges　significantly　diffbrs丘om　that　of　living　part．

They　were　estimated　by　using　a　radiolneter　and　a　thermo　inffared　camera．　Meanwhile，

the　branch　dieback　had　also　been　detected　by　amplified　d輌fference　of　thermography．

The　segregat輌on　of　the　hydraulic　architecture　of　kousa　dogwood　had　been　clearly

observed　in　the　study

　　ANEC　TH7100　thermal　inffared（8－14μm）camera，　with　the　temperature　measuring

range　from－20　to　100　degree　centigrade　and　minimum　sensible　temperature　O．06℃，

was　mounted　on　a　tripod　or　hand－held　about　50　cm　above　the　o旬ective　leaves　or

branches　and　then　fbcused　to　clear．　Single　thermahnf旨ared　images　were　continually

taken　a且er　lrradiated　wi之h　40W　incandescent　lamp　about玉Osecond　at　2－3　cm　above　the

o句ective　leaves，　or　directly　irradiated　the　o句ective　branches　by　sunshine，　with　evenly

plastic　background．　The　outdoor　sunshine　heating　and　shading　process　was　respectively

exposing　the　attached　leaves　sheltered　by　graph　taker　to　sunshine　and　then　shelter　them

again　when　their　temperature　did　not　increase．　The　indoor　sunshine　heating　and　shading

were　respectively　moving　the　tray　with　detached　leaves　or　branches輌nto　and　out　of

window　sunshine、　To　obtain　the　comparable　data也e　living　part　and　dead　part　from
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same　leaf　or　branch　were　always　graphed　into　s㎝e　the㎜o　image．　Images　that　most

respond　the　differ斑ce　between　the　necrotic　part　alld　green　part　of　leaves　and　between

living　and　dead　branch　sections　were　selected　to　analyze　the　telnperature　dif驚rence　of

them．　Imaging　temperatures　were　read　f壬om　the　software　of　Viewer　version　2．O

equipped　with　the　canlera．　The　relative　temperature（TR）values　of　thermo　image　fbr

each　branch　section　were　calculated　by　using　Equation　VIII　1．

繧・－1°°×（鱈刀AX一て。、1、）
（㎜1）

　　In　which，　TRi　is　the　TR　value　fbr　i　section，　i＝1，2＿　10．　Tmln　is　the　minimum

tempera組re（T）value　of　all　sections　and　Tmax　is　the　max輌rnum　T　value　of　all　sections．

The　logistic　threshold　responsive　curve　was　also　calculated　by　refbrence　to　Equation

II8．

　　In　the　study，　spectral　reflectance　fbr　each　scale　of　necrotic　leaves　was　measured　with

same　method　as　in　Chapter　3　and　calculated　the　NDVI　value　as　Equation　III　1．

8．3Kousa　dogwood　leaf　Ilecrosis　and　branch　dieback　detected　with　thermogmphy

8．3．1Amplified　variation　of　imaging　temperature　fbr　leaves頷d　branches

　　　During　the　study，　the　thermo－images　were　taken　fbr　both　attached　and　detached

leaves　at　outdoor　and　indoor　sunshine　environment．　The　diffbrent　results　between

attached　and　detached　measurement　was　fbund　and　it　should　result　f士om　the　difference

ofwater　status　between　them．

　　Although　the　var輌ation　was　larger　between　sulllit　and　shade　leaves，　it　was　observed

that　at　day　time　the　attached　leaves　indicated　higher　leaf　temperature　at　necrotic　part

than　臼ving　Part　during　both　procedure　of　sunshine　heating　and　shade　cooling

（Fig．C8－1a）．　It　seems　the　uninterrupted　cooling　underground　water　maintained　living

part　colder　than　dead　part　separated　by　a　barrier．　The　result　f予om　Jones　and　Leinonen

（2003）showed　similar　tendency，　which　only　in　occasional　situations　appeared　the

temperatures　that薮ving　leaves　exceeded　the　dried　model．　For　the　detached　leaves　ofthis

study，　the　necrot輌c　part　reached　higher　temperature　than　living　part　during　the　sunlit

heatmg　process，　while　the　tempera加re　of　necrotic　part　soon　became　lower　than　that　of
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Uving　part　during　the　shade　cooling　process（Fig．C8－1b）．　It　implied　that　at　the　detached

or　no　colltinued　cooling　water　supply　conditions，　leaf　temperature　changed　naturally　so

that　the　necrotic　part　increased　and　decreased　its　temperature　faster　than　that　of口ving

part　because　of　less　water　cont斑t．　This　kind　of　eff巴t　of　transpiration　on　leaf

temperature　had　ever　described　by　Lange百α1．（1976）in　their　comparison　between

no㎜al　leaf　and　severed▲eaf．
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Fig．C8－11mage　temperature　of　dogwood▲eaves　and　branches　of　living　part（○一〇）and　dead　part（●一●）；

It　include　the　attached（a，　JST930；10／17／2008）and　detached（b，10／18／2008）dogwood　leaves　durmg　the

procedure　of　sunshine　heating　and　shade　cooling；it　showed　dif允rent　variation　tendency　of　the　necrotic

part　and　living　part　of　attached　leaves　and　detached　leaves．　The“measuring　ordeP’in（a）and（b）is　the

continually　mechanical　taking　order　of也ermograph．　The　imaging　temperature　of　dogwood　branches（c，

10／10／2008）appeared　a　gentler　tendency　than▲eaves．　It　is　clear　that　both　ascent　and　descent　process　of

the　imaging　temperature　R）r　dead　palてof　detached　branch　or　leaf　was　faster　than　that　ofliving　part　at　both

heating　and　cooUng　process・

　　Since　the　difference　of　water　content，　it　was　also　observed　the　significantly　amplified

variation　of　imaging　temperature　between　living　part　and　dead　part　of　detached

branches　during　the　heating　and　cooling　process　in　lab　by　window　sunshine（F輌g．C8－1c）．

The　variation　tendency　of　branches　was　more　significantly　obtained　since　branches

changes　their　temperature　more　gently　than　leaves．　From　Figure　C8－1c，　it　could　be　seen

that　the　maximum　difference　of　imaging　temperature　comes　fセom　the　cooling　process，

which　appears　the　instant　imaging　temperature　of　livirlg　part　higher　than　that　of　dead

part　of　branches．　The　dif允rence　seems　originated　f壬om　the　variance　of　specific　heat

be細een　the　necrotic　pa］rt　and　living　Part．　It　made　the　identification　of　necrotic　part　fセom

living　Part　become　possible．

8．3．2Detecting　necrotic　leaves　and　die－backed　br3nches　by　thermo　imaging
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temperature

　　　The　living　part　and　dead　part　of　dogwood　leaves　could　be　distinguished　by　both

RGB　images　and　thermo－images．　The　combination　of　them　may　be　more　effbctive　to　be

use（l　into　early　detecting　stressed　plant（Jones　and　Leinonen，2003；Leinonen　and　Jones，

2004），especially　to　detect　the　leaf　necrosis　caused　by　the　variance　of　water　content．

Thermo－image　may　be　more　proper　to　be　used　a重the　environment　of　unsuitable　fbr

obtaining　RGB　photo　image．　The　precondition　fbr　detecting　the　leaf　necrosis　and　branch

dieback　was　clearer　the㎜o　in丘ared　images．　In　this　study，　background　noises　were

reduced　artificially　by　using　a　plastic　tray　and　prov輌ded　an　even　enviro㎜ent　fbr

measurement．　By　amplified　variation，　the　scale　of　imaging　temperature　can　range　ffom

lto　70　degree．　In　the　cooling　process　irradiated　by　incandescem　light　mentioned　above，

the　less　noise，　clear　thermo－images　were　obtained　with　the　area　of　higher　imaging

temperature　similar　to　the　living　part　irL　RGB　image（Fig．C8－2a）．　By　measurement，　the

irnaging　temperature　at　necrotic　part　was　almost　always　lower　than　that　on　living　part

（Fig．C8－2c）during　shading　cooling　procedure，　even　if　there　was　variation　among

detached　leaves．　If　attention　is　taken，　two　necrotic　parts（Fig。　C8－2a，　noted　with　l　and　2）

can　be　seen，　the　fiτst　one　lied　at　leaf　tip　with　brown　color　and　the　second，　next　the　first

necrotic　pa任with　light　green　color，　hard　to　be　identified　f｝om　RGB　image（right　one　in

Fig．C8－2a）．　However，　ffom　thermo　image（left　one　in　Fig．C8－2a），　the　image

temperature　of　second　necrotic　part　seems　more　similar　to　the　first　necrotic　part，　in　a

great　part，　due　to　the　similar　water　content　Therefbre，　it　is　also　showed　a　potential　to

detect　the　leaf　necrosis　with　amplified　image　temperature　during　transplanting　shock

　　　From　Fig．C8－2b，　although　there　is　almost　no　visual　diff壱rence　of　living　pa仕and

dead　part　of　branch　in　the　RGB　image，　the　big　diffbrence　ofimage　temperature　between

two　parts　beside　branch　node　could　be　seen．　The　branch　node　was　also　significantly

dif琵rent丘om　them，　which　usually　appeared　a　strong　area　preventing　the　dieback　of

kousa　dogwood　branches丘om　fUrther　proceeding．　Among　the　the㎜o　images　obtained

at　the　conditions　of　natural　room　temperature，　in　heating　process　and　cooling　process，

only　the　image　ffom　cooling　process　of　the　kousa　dogwood　branches　showed　a　typical

threshold　response　curve　in　the　measurelnent（Fig。C8－2d）．　It　also　appeared“Switch－ofP’

threshold　response　curve　and　its　inflection　point　was　near　the　node　position．　Therefbre，
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the　cooling　process　of　kousa　dogwood　branch　section　may　be　the　proper　status　to　be

used　to　get　the　maximum　difi飴rence　of　inlaging　temperature．
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Fig．C8－2　Diagnosing　of　leaf　necrosis　ofkousa　dogwood　and　brarlch　dieback；RGB　image　of　leaf　necrosis

at　right　of　Fig．C8－2a　and　its　thermo－image　at　left　of　Fig．C8－2a　during　the　cooling　process　heating　by

incandescent　light；RGB㎞age　of　branch　dieback　at　up　of　Fig．C8－2b　and　its　thermo－image　at　down　of

Fig．C8－2b　during　the　shade　cool㎞g　process　of　sunshine；and　the　statistical　results　of㎞aging－temperature

fbr　leaf　necrosis（c）and　branch　dieback（d）．　Branch　dead　part（D）and　living　part（L）was　divided　by

branch　node（node）．　It　is　clear　that　the　changing　tendency　of　imaging　temperature　at　the　condition　of

natural　room　temperature（ロー□），　in　heat㎞g　process（o－○）and　cooling　process（●一●）was　different　each

other．　It　suggests　that　at　the　cooling　process　the　imaging　temperature　may　obtain　the　maximum　dif烏rence

value．　The　number“1”and“2”in　the　RGB　image　of　dogwood　leaf（C8－2a－right）denote　the　first　necrotic

part　and　second　necrotic　part，　respectively．

8．3．3Detecting　die－backed　branches　by　cutting　end　ef民ct

　　Transpiring　cooling　process　is　an　important　mecha㎡sm　of　plant　to　lower　the　body

temperature　and　maintains　the　energy　balance（Clements，1934；Gates，1968；Langeετ

α1．，1976）．The㎜ography　provides　an　advanced　method　responding　the　leaf　temperature

v征i加ions．　The㎜o－images　of　tr餌splanting　shocked　dogwood　twig　sections　taken　a丑er

cutting　at　each　node　place　manifbsted　a　significant　phenomenon　of　lower　temperature　at

the　cutting　end　fbr　living　branches（Fig．C8－3b，　Fig．C8－3a　right　five　sticks）and　twigs

with　higher　water　content．　The　dead　part　of　the　branches（Fig．C8－3a，　left　two　sticks）did

not　show　this　kind　of　evaporatioll　cooling　effbct．　It　is　interesting　that　the　node　a（U　acent

to　the　dead　part　sig㎡ficantly　differs　ffom　the　other　nodes　in　living　part．　Its　temperature
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is　higher　than　those　in　the　living　part　and　lower　than　those　in　dead　part（Fig．C8－3a，　the

stick　with‘‘？”）．　It　is　clear　that　a　transition　part　between　dead　and　living　part　is　inevitable

and　the　water　content　there　also　showed　the　characteristics　of　transition（Fig．　C　8－3c）．　It

indicates　that　the　low　temperature　at　cutting　ends　also　become　a　sign　of　the　living　part

or　high　water　content　part　and　may　be　used　to　discem　the　branch　dieback　of　kousa

dogwood　trees．
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Fig．C8－3　Transpir㎞g　cool㎞g　ef免ct　at　branch　cutting　ends；the　living　branch（b），　die－backed　branch（a）

dur㎞g　the　heating　process　of　sunshine；The　livmg　part（L）and　dead　part（D）appeared　d▲f驚rent

characteristics　at　cutt五1g　ends　and　nodes．　In　Fig、C8－3a，　a“？”is　near　the　node　that　a（Uacent　to　the　dead

part　of　the　branch．　The　water　content　of　no㎜al　branch（c，●一●）and　die－backed　branch（c，○一〇）

showed　dissimilar　curves廿om　base　to　tip．

8．4Kousa　dogwood　leaf　necrosis　detected　with　spectral　reflectance　method

　　As　mentioned　above，　the　threshold　response　characteristics　of　both　color　and　water

content　of　leaves　made　the　fbundation　of　distinguished　them　ffom　no㎝al　leaves．　The

spectral　reflectance　at　red　edge　of　visible　and　near　inffared　range　was　usually　used　to

detecting　the　seasonal　variation　of　vegetation　with　multi－spectr㎜一meter．　In　this　study，

the　leaf　necrosis　of　dogwood　trees　hit　by　Ineteorological　extreme　event　was　estimated

with　a　handhold　OKI　MS720　radiometer　in　lab．　The　NDVI　values　calculated　by　spectral

reflectance　data　showed　a　significant　inverse　relation　to　the　LNAP（Fig．C8－4）that　used

the　same　wavelength　of　755　and　679㎜as　the　measurement　of　ginkgo　tree　in　Chapter　3．

The　result　was　also　similar　to　that　of　ginkgo　leaves　surprisingly．

　　　On　the　other　hand，　the　significant　positive　relation　between　NDVI　value　and　G／Lleaf

value　indicates　that　spectral　reflectance　value　at　red　edge　can　also　be　used　to　respond

the　necrotic　leaves　and　no㎜al　green　leaves　as　the　image　analysis（Fig．C8－5）．　It　was　the
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允edback　ofthe　response　to　meteorological　extreme　events　f≧om　the　dogwood　trees．

　　　From　this　k輌nd　of　relations，垣s　less　surprise　that　the　spectral　reflectance　or　NDVI

value　of　dec輌duous　vegetat輌on　were　often　used　to　detecting　the　seasonal　regeneration　of

them．
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Fig．C8－4　An　inverse　relation　curve　between　leaf　necrotic　area　percentage（LNAP）and　NDVI755／67g　values．

NDVI　value　was　measured　with　mass　leaves　filled　in　a　tray　and　LNAP　was　the　average　value　ofa川eaves

in　the　tray　measured　with　image　analysis　method．
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Fig．C8－5　A　positive　relation　curve　between　G／L　value　of　sampled　leaves　and　NDVI755／67g　values．　NDVI

value　was　also　measured　with　mass　leaves　fllled　in　a　tray　and　G／R　value　was　the　average　value　ofall

leaves　in　the　tray　measured　with　image　analysis　method．

8．5Conclusion

　　Leaf　necrosis　of　kousa　dogwood　can　be　evaluated　by　spectral　reflectance　method　and

by　the　thermography．　This　characteristic　has　been　clearly　determined　by　the　amplif］ed
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image　temperatuτes　during　the　sunlit　heating　or　shade　cooling　process．　It　seems　being

consistent　with　the　changing　tendency　of　water　sta之us　in　them．　It輌s　ev輌dent　that　the

difference　of　imaging　temperature　comes　f壬om　the　variation　of　the　water　content　of

living　part　and　necrotic　part　of　both　leaves　and　branches．　The　energy　capacity　and

trans－evaporation　of　water　f沁m　living　part　of　leaves　and　branches　lead　to　lower

imaging　temperature　of　them　in　the　ternperature　ascent　process．　It　also　becomes　an

indirect　case　of　effectiveness　of　transpiring　cooler　of　plants．　It　can　be　deduced　that　it

was　a杜he　situations　of　transpiration　failure　in　2008　that　the　leaf　necrosis　and　branch

dieback　of　transplanted　dogwood　trees　in　Yamaguchi　occurred．　The　meteorological

extreme　events，　especially　the　persistent　no　rain　accompanying　w輌th　high　temperature，

can　be　considered　as　the　trigger　of　leaf　necrosis　and　branch　dieback　of　these

transplanted　kousa　dogwood　trees　under　insuffic輌ent　water　supply．　During　the　extreme

water　imbalance，　it　is　fbr　saving　themselves　ftom　the　lethal　damages　that　separate

partial　of　the　tissues　or　orgalls　f宝・om　main　architec勧re．　The　result　ofthis　study　indicates

that　the　separation　can　be　identified　by　amplified　variation　of　imaging　temperature，

especially　fbr　the　woody　plant　like　kousa　dogwood。
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General Discussion　and　Conclusion

　　　　By　summarizing　above　measurement，　evaluation　and　analysis，　the　striking

characters　of　symptoms　appeared　on　landscape　trees　in　Yamaguchi　can　be　described　as

species　specific，　temporal　delay，　asymmetry，　heterogeneity　and　terminal　first　and　so　on

hit　by　both　metrological　extreme　events．　Considering　the　relative　evenly　affected

properties　of　meteorological　factors，　it　can　be　deduced　that　the　symptoms　appeared　on

landscape　trees　came　fξom　the　integration　between　the　ef允ct　of　these　meteorological

extreme　events　and　the　responses　ffom　them．　As　mentioned　above，　landscape　trees

respond　the　meteorological　extreme　events　in　various　aspects，　such　as　mechanical，

physical，　physiological，　chemical　and　so　on．　It　also　manifbsts　diverse　symptoms　of

iljury　that　is　outlined　into　Fig．　C9－1．

Meteorological　extreme　events

Wind Water　de五cit Salt Hot　．．．，s．

Mechanical　stress

Up－rooting

Bending

Leaning

Breaking

Training＿

Latコdscape　trees

Biotic　attack

Physiological　stress

Abscission

Necrosis

Dieback

Clコ10rosis

Gぎow罐h　reduction＿

Fig．　C9－1　Sketch　graph　of　the　extreme▲y　environmental　impacts　and　responses　from　landscape　trees．　In

the　graph，　only　fbur　main斑vironm四tal　factors　concerned　meteorol◎gical　extreme　events　were　listed

since　the　space　liInitation．
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　　Among　the　above　mentioned　m司or　factors　concerned　the　meteorolog輌cal　extreme

events，　the　salt　stress　caused　by　the　salt　spray　in　the　coastal　area　may　be　the　lethal

element　to　many　landscape　trees，　since　there　are　a　huge　numbers　of　reports　about　salt

spray　damage　to　the　plants　including　field　and　indoor　experiments（Boyce，1954；

Oosting，1945；Griffiths　and　Orians，2003）．　However，　there　is　a　sharp　decline　of　the

airbome　salt　pa貢icles　deposited伽m　coast　to　inland（Malloch，1997；Ross㎞echtαα1．，

1973；Edwards　and　Claxton，1964）．　Combined　the　results　f｝orn　Boyce（1954），　F司iwara

and　Uln（蓼ima（1962），　Molloch（1972），　Oost輌ng　and　Bilings（1942），　Yaalon　and　Lomas

（1970），Malloch（1997）showed　the　salt　deposition　declining　from　seacoast　to　inland　by

amanner　of　exponential　fUnction（Fig　C9－2a）．　Half　coment　of　salt　appeared　at　the

distance　of　100　m倉om　coastline．　At　the　sites　of　5㎞and　10㎞丘om　coastline，　the

deposited　salt　accounted負）r　5％and　2％of　that　near　coastline．　It　seems　consistent

with　the　ginkgo　branch　dieback　after　hit　by　TO613　in　this　study（Fig．C2－9）．　The　mult輌

analysis　of　gird（go　crown　defbliation　and　discoloration　also　clustered　the　ginkgo　trees　in

the　area　with　high　salt　spray　into　serious　damaged　group（Fig．　C6－8）．　However，　there

are　also　some　i可ury　facts　that　ca㎜ot　be　explained　by　the　deposited　salt　on　them．　As

mentioned　above，輌t　is　also　merged　with　other　meteorolog輌cal　factors（Fig．　C3－9）．　It　is　a

pity　I　m輌ssed　the　chance　to　get　the　sa猛deposition　data　on　landscape能es　hit　by　TO613．
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speed　is　quoted　f㌃om　Takahas垣（1968）．　The　graph－a　was　the　combina60n　of　their　results．　hl　Yamaguchi　Pref＞ctuぎe，

the　average　wind　speed　during　TO613プs　hit　showed　simllar　relation（b）to　average　distance　fセom　AMeDAS

stations　to　the　coastlines（ADC）of　west，　sou也west，　south　and　s◎utheast．　It　is　calculated　with　the負）110wing

　　　　　　　　　　　　　　　　ノ
，qua，、。n、D。。wθ刀{　’ん　τ＋　τ』伽5τ．W、，，e，　wes，，2　w、、　u、ed品，，、，，ea、。。、、atthe

　　　　　　　　　　　　　　　　　　　　　　　　　4

average　width　of　the　west　and　east　is　about　2．3　times　more　than　that　of　south　and　nol寸h拍Yamaguchi

Prefecture．
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In fact， the response from landscape trees is usually to the combination of a series of 

external environment factors that cannot easily segregate from each other. The salt 

deposited on trees also carried by serious wind flow. There existed reports that gust 

wind speed also decline from coast to inland (Takahashi， 1968). However， its 

declination characteristic is not so sharp as the sa1t deposition， which showed a linear 

relation to DC. The wind speed at the position 10 km from coastline still reach a level of 

80% ofthat along coast (Fig. C9-2a， 0-0). During hit by T0613， since the center of 

T0613 brushed the southwest corner of Yamaguchi Prefecture， there was a tendency of 

wind speed reduction from southwest to northeast in Yamaguchi Prefecture according to 

the data from AMeDAS. It also showed an inverse exponential function relationship 

between average wind speed and average distance from AMeDAS stations to the nearest 

coastlines (ADC) of westヲ southwestラ southand southeast， with R2 equaling to 0.723 

(Fig.C9-2b). Similar tendency has also been observed in the 30 years normal mean wind 

speed of Japan (Fig.C9・3).Most of observatories with annual mean wind speed less 

than 2 m/s (green) are located at inland area and most of observatories with annual 

mean wind speed more than 6 m/s (red) are located at islands， high elevation and coastal 

area. 

" 
年平均風速と風毘図 (1971--..2000年の平年値)
Annual mean wind speed and wind rose 
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All of these suggested that gust wind is also able to induce the responses from 

landscape trees where there is less sa1t deposition. However， wind can cause the 
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physiological　damage　to　the　plants　or　trees　commonly　integrated　with　other　factors．

Salisbury（1805）had　noted　that　great　l㈱f　ir∂ury　occurred　wh斑rain　was　not　associated

with　strong　wind，　which　implied　that　there　were　no　enough　safbguard　elements

assoc輌ated．　Boyce（1954）has　ever　criticized　Hansen’swind　tunnel　experiment‘‘ir加ry　to

leaves　only　occurred　when　soil　moisture　was　very　low”．　In　this　s加dy，　it　is　observed　that

the　bamboo　stand　with　serious　necrotic　symptoms　occurred　at　the　site　where　is　more

than　20㎞丘om　coastline　a丘er　hit　by　TO613　where　there　is　trace　salt　deposltion．　Most

of　severe　discolored　bamboo　canopies　were　located　at　mountain　sites，　whereas　it　is

noticed　that　many　bamboo　stands　inside　riverbank　stilhemain　sha更low　green　color．

During　h江by　TO418，　almost　no　such　k輌nd　of　symptoms　occurred　on　landscape　trees

since　the　heavy　rain　associated　with　the　strong　wind　even　higher　than　that丘om　TO613

in　Yamaguchi（Taba玉e1）．

Table　94 Related　wind　and　precipitation　data　in　Ya日naguchi　during　TO613　and　TO418

TO613 TO418

Monthly　preclpi亡ation　ln　Sep　（mm） 176．0 40LO

Mollt田y　precipitation　in　Oct（lnm） 5．5 187、5

Precipitation　in　the　da＞・typhoon　hit　（mm）

　　　24．0

（Sep．172006）

　　11LO

（Sep．7、2004）

Precipitation　Ibr　44　da｝・s　a倉er　typhoon　hit　（mm） 8．5 440．5

Maximum　gust　wind（㎡s） 42．4 50．3

　　Therefbre，　the　rainless　or　less　rainfall　dur輌ng　and　after　hit　by　TO613　reveals　the　leaf

necrosis　of　many　landscape　trees　in　Yamaguchi　City　is　just　like　Salisburゾs　note．　The

merge　of　strong　typhoon　and　persistent　noΣain飴ll　should　be　the　key　of　these　landscape

tree　responses．　From　all　of　above，　there　is　an　indicatio由hat　serious　v輌sible　symptoms　of

leaf　necrosis　or　branch　dieback　are　associated　with　water　stress　of　them．　During　the

study，　more　serious　necrotic　symptoms　f士om　the　tree　species　with　faster　leaf　desiccation

speed　and　on　transplanting　shocked　trees　well　support　it（Fig．　C2－6）．　The　pruned　tree

sustained　more　serious　hit　by　meteorological　extreme　events　provide　another　positive

血ct（Fig．　C2－4）．　The　ef琵ct　of　root　growing　constriction　often　occ㎜ed　in　the

wal▲－flower－bed　or　tree－pot　resulted　in　the　water　imbalance　of　those　necrotic　leaves．

Even　the　salt　in　soil　is　also　the　origins　of　water　stresses　of　plants　or　trees（Mu㎜s，1993，
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2002；Pammenter　and　Smith，1983）．　As　above　mentioned，　the　one　of　th『important　way

of　summer　high　temperature　affect　landscape　trees　also　attr輌buted　to　promote　the

transpirat輌on　by　altering　the　water　vapor　pressure　in　the　air．

　　Under　the　serious　water　stress　or　desiccation　beyond　the　extent　of　growth　or

metabolic　regulation，　most　landscape　trees　often　dried　ffom　the　term輌nals　far　fXom　water

origin，　fbr　example，　the　leaf　t輌p（Thoday，1931；Yapp，1912）and　branch　top．　Based　on

the　study，　this茎Gnd　of　tendency　has　been　observed　even丘om　the　detached　leaves　of

kousa　dogwood（Fig．C9－4a），　and　f≧om　the　attached　leaves　on　detached　branches　of

some　evergreens（Fig．C9－4b）．　The　small　detached　bamboo　branches　even　appeared　a

gradually　increasing　water　loss　percentage丘om　branch　base　to　tip　and　then　to　leaf　base

and　tip（Fig．C9－4c）．　However，　us垣g　same　method　to　measure　some　sasanquas，　there

was　no　significant　diffbrence　between　leaf　tip　and　base（Fig．C9－4d），　which　was

consistent　with　the　character　of　no　leaf　necrotic　symptom　and　their　leaf　falling　during

summer　drought．　It　seems　that　the　f㌃ail　point　of　sasanqua　is　at　leaf　separat輌on　zone．

Further　study　on　the　detached　branches　of　15　tree　species　showed　similar　results（Fig．

C9－5）．　Under　the　drought斑viro㎜ent，　some　tree　or　s㎞ub　species　showed　dif飴rent

color　between　tip　and　base　of　leaves　seems　has　something　to　do　with　this　kind　of　end

e飽ct　of　water　rela之ions．
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leaves　with　different　water　loss　percentage（a），12．3％（○一〇），295％（ローロ）and　45．3％（△一△）．　It　can　be

seen　detached　leaves　also　dried廿oln　distal　to　proximal（line　45．3％water　loss）．｝｛al飼eaf　water　content　of

two　evergreens（b）after　a　period　of　desiccation　on　the　big　detached　branches　in　field　include　camphor

tree（C－），　Japanese　blue　oak（O－），　which　showed　higher　water　content　at　Ieaf　base（B）than　tip（T）、

Small　branches　cut　f㌃om　a　bamboo　main　stem（c）fhr出er　showed　all　increase　of　the　water　loss　percentage

廿om　branch　base（T　IラT2，10cm　sections）to　tip（T3，　T4）and　then　to　the　leaf　base（Lb）and　leaf　tip（Lt）

a負er　6－hour　room　envir◎nment　dehydration．　Dissimilarly，　the　sasanqua　leaves　showed　relative　water　loss

resistallce（d）even　harder　than　twig　tips　by　the　measurement　same　as　bamboo．
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Fig．　C9－5　The　dif允rence　of　water　loss　in　dif琵rent　branch　sections（10　cm　Iong）廿om　proximal　to　distal　fb

Iandscape　tree　specles；they　include　zelkova（a），　kousa　dogwood（b），　trldent　maple（c），　metasequoia（d），

（e），ginkgo（f），　bamboo（g），　camphor　tree（h），　Japanese　blue　oak（i），　red　Ieaf　photiniaω，　fYagram　olive（k）

osma滋hus（1），　sasanqua　camema（m），　Yedda　hawthorne（n）and　kaiz欧a　juniper（o）

a丘er　21－hour　water　loss　in　oven　condition．　It　can　be　seen　a　tendency　that　all　of　them　appeared　the　branch　tip　loss

water　faster　than　that　of　branch　base．　A　big　dif允rence　among　tree　sρecies　had　been　observed．　Although　it　appeared

hardly　losing　water　fヤom　leaves　of　evergreens，　t垣s緬nd　of　tendency　was　not　R）und廿om　their　brallches．　Solne　of

them　even　loss　water廿om　branches　easier　than　deciduous　tree　species，　which　seems　the　weak　polnt　ofthem．

］　　2　　3　　4　　5　　6　　7　　8
Dis【裏nc企臼om　b悶nch　b額e｛10cm）

　　　　　　　　　　　　　　　　　　　　　　　　　　ぎ15

　　　　　　　　　　　　　　　　　　　　Sweet　gum

　　　　　　　　　　　　　　　　　　　　ラR）r’une，S

　　、It　is　the　result　of　water　con’ent
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　　In　fact，　many　tree　species　can　respond　the　extreme　desiccations　befbre　the　terminal

part　dried　out　by　sta］寸ing　the　protective　process，　such　as　leaf　color　change，　leaf　or

branch　abscission，　necrosis　and　branch　dieback　and　so　on．　The　leaf　necrosis　and

branch　dieback　of　new　transplanted　kousa　dogwood　trees　gave　a　proper　example　of輌t

（Fig．　C7－6）．　The　direct　result　of　them　was　the　reduction　of　transpiration　surface，　exactly

the　reducti皿of　excessive　water　resource　consuming　organs　or　tissues．　Under　extreme

water　stress　conditions，　many　of　them　can　save　their　lives　f≧om　lethal　desiccation　status

at　expense　of　partial　of　them（Orshan，1954，1989；Addicott，1973，1982；Krarner，1983；

Kozlowski，1973，1976；GUnthardt－Goerg　and　Vollenweider，2007），　although　it

appeared　signi五cant　plasticity　and　diversity　among　tree　species．

　　It　is　observed　that　the　flower　dogwood（Coγηz’ぷプ701イ血ム）usually　appeared　the

premature　red　Ieaf　or　red　leaf　tip　during　the　extreme　summer　drought　in　2007　and　2008．

Only　fewer　of　red　leaved　Florida　dogwoods　showed　leaf　necrosis　after　persistent　hot

and　drought　stresses　and　almost　no　defbnse　barrier　were　fbund　on　necrotic　Florida

dogwood　Ieaves．　However，　the　liv輌ng　part　of　kousa　dogwood　leaves　showed　persistent

green　till　late　autumn．　The　annual　Ieaf　necrosis　on　Kumazasa　bamboo（Sαぷα施∫τc藺

Cα既）in　early　winter　is　characterized　with　leaf　chloros輌s　ffom　tip　to　proximal　firstly，

and　then　necrosis　started　f壬om　the　seriously　chlorotic　leaf　tip．　Significant　defbnse　barrier

usually　established　on　their　leaves　as　same　as　the　kousa　dogwood．　Fig．C9－6　shows　a

typical　example　of　protective　response　process　of　Dα仇γαmぴeloi∂es　under　the　water

stress　situation　of　summer　drought　in　a　f］owerbed．　The　water　content　of　the　leaves　just

starting　necrosis　at　leaf　tip　appeared　a　decreased　hnear血nction　f士om　leaf　proximal　to

distal（Fig．C9－6a）．　There　is　an　indication　that　root　growing　constriction　in　the　flowerbed

and　summer　drought　induced　them　into　serious　wilt　and　scro｛1ing　in　summer　of　2008

（Fig．C9－6b－S）．　Some　of　them　showed也e　symptoms　of　chlorosis　also　f≧om　tip　to　base

（Fig．　C9－6b－CH）and　tip　necrosis（Fig．　C9－6b－N）．　However，　the　tip　necrotic　1㈱ves

gradually　dropped　off（Fig．　C9－6b－AB）．　They　expressed　the　difおrent　adaptive

mechanism　f｝om　the　kousa　dogwood　and　no　gradually　withdrawing　defbnse　barriers

were　fbund　on　their　leaves．　About　one　month　late（Fig．　C9－6c），　as　rehydratioll　of　the

plants　after　the　supplementary　water　supply　f士om　precipitation，　they　recovered　to　the

normal　status　with　fbwer　and　sma1パeaves　attached　on　the　top　of　branches．　Some　of

them　began　to　develop　tubular　f］owers（F輌g．　C9－6c－FL）。　It　is　also　a　typical　example　of

save　their　lives　from　serious　desiccation　in　summer　drought　through　the　way　of

transpira之ion　surface　reduction．
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Fig．　C9－6　Some　Dα故rα〃θ彪10∫oヒ5　grown　in　a　flowerbed　in　Yarnaguchi　University．　It　showed　a　decreases

water　content　line　of　leaf　sections，　divided　from　some　leaves　just　starting　leaf　necrosis　at　tip（a）；the　photo

ofplants　with　symptoms　of　scroll（b，　S），　chlorosis（b，　CH），　necrosis（b，　N）and　abscised　leaves（b，　AB）on

July　27，2008；and　the　photo　image　ofthe　same　flower　bed　and　the　same　plants　on　August　25，2008（c）．

　　　The　abscission　of　sasanqua　leaves　during　the　summer　drought　in　2007　was　another

example　of　this　kind　of　adaptation．　With　diffbrent　genetic　characters　of　leaf　structure，

the　sasanqua　responded　the　meteorological　extreme　event　during　2006　and　2007

differently　in　Yamaguchi．　Although，　the　strong　TO613　with　less　rainfall　in　2006　did　not

lead　the　evergreen　sasanqua　apPeared　significant　visible　disorder，　the　dry，　hot　and

windy　su㎜er　meteorological　extreme　event　in　2007　caused　them　Ieaf　shedding　and

less　flower　bloomed　in　flower　season（Fig．C9－7a，7b，7c）．　This　seems　having　some

relations　to　their　water　loss　resistant　leaves　and　relative　faster　water　loss　of　branches

（Fig．C9－4d）．　During　the　severe　hot皿d　droughty　enviro㎜ent　they　took　the　adaptive

pattern　of　segregating　leaves　ftom　main　body　to　reduce　the　transpiration　surface　area．

Fig．C9－7　Leaf　abscission　in　2007　summer　days（b，　Sep．2，2007）and　diffbrent　flower　status　in

2007－flower－season（c，　Jan．8，2008）and　in　2006－flower－season（a，　Jan．8，2007）of　one　sasanqua　tree　in

Yamaguchi

　　By　comparison，　the　Ieaf　discoloration　ffom　upper　to　the　base　of　the　crown　fbr　sweet

gum　tree　seems　one　of　the　striking　adaptive　characteristics　during　the　extreme　summer
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drought　in　2007（Fig．C2－2）and　the　pruned　sweet　gum　tree　sustairUng　it　without

sigrdficant　leaf　color　change　indicates　the　importance　of　water　balance．　The

supersession　of　the　less　vigorous　leaves　or　twigs　of　some　conifbr　species　during　the　hit

by　TO613may　be　another㎞d　of　adaptation　to　the　serious　water　imbalance．

　　In　some　water　constricted　sites，　such　as　rocky　mountain　site，　coarse　sandy　soil　and

the　site　with　root　growing　limitation　etc．，　it　was　observed　several　trees　were　growing　in

the　staUls　of　branch　sprouting　and　dieback　cycle（Fig．　C9－8）．

曇〔一三．一研『ひ｝『二丁「
芦・正　　　　　　　　　　、．　w、庁．　　　1

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　・畠　　…　　　　　　　　　　、、、二〉　　．占ン　　　　1藷

Fig．　C9－8　A　metasequoia　tree，　located　at　a　root　growing　constricted　site，　is　in　a　branch　sp皿ting　and

dieback　cycle　in　Yamaguchi．　It　can　be　seen　in　the　picture　the　new　die－backed　branches　accompanying

with　some　new　spouted　branches　on　the　main　stem．　It　remains　a　narrow　crown　around　the　main　stem．

　　　At　the　site　where也ere　is　neither　prevail血g　wmd　nor　severe　salt　spray，　asy㎜etric

crown　of　some　landscape　tree　species　were　also　fb㎜d　in　Yamaguchi，　although皿o　one－

side－cro㎜trees　had　been　observed　in　these　areas．　It　implies　that　the　combination　of

many　kmds　of　extremely　enviro㎜ental血ctors　could　cause　many　of　landsc叩e　trees

into　dysfUnction　status，　especially　the　strong　dry　typhoon　merged　with　prolonged

droughty　period．　In　reality，　they　seem　hitting　by　enviro㎜ental　extremes　one　a丑er

another．　It　is　more　common　that　befbre　they　perfectly　recover　fヒom　one　extreme　shock

another　hit　has　occurred．　Persistent　hit　at　same　part　of　the　crown　and　shelter　one　part　by
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the　others　often　induce　them　into　asymmetric　growth　and　the　fbrmation　of　asymmetric

crowns．　Historically，　the　asymmetric　crown　of　tτees　had　beell　considered　as　the　trees　of

“wind拓rm”and“salt　fb㎜”according　the　dif飴rent　opinion　about　the　decisive　reason

caused　them（Wells　and　Shunk，1937）．　However，　wind　and　sprayed　salt　are　the　extemal

enviro㎜ental血ctor，　they　a田nduced　the　trees　into　apparent　visible　symptoms　t㎞ough

the　response　of　then〕．　The“waterうラespecially　the　internal　water　status　of　them　is　the

direct　driving　reason　of　abscission，　necrosis　and　dieback，　since　the　responses　ffom　them

usua晦starting　at　terminal　parts　that　is　farthest　from　central　water　way（Yapp，1912；

GUnthardt－Goerg　and　Vollenweider，2007）。　The　asymmetric　crown　of　some　landscape

trees　is　usually　consistent　with　the　asymmetric　dieback　or　leaf　necrosis　induced　by　these

meteorological　extremes．　There允re，　It　is　better　to　say　it　is　a‘‘嘔er允㎜”than“wind　or

salt　fb㎜うう，　particularly　at　the　site　where　there　is　neither　prevailing　wind　nor　severe　salt

sp「ay・

　　　It　is　the　resp皿se　characteristics　of　symptoms　hit　by　these　meteorological　extreme

events　that　make　them　more　complex　to　segregated　the　external　impacting　factors　each

other．　The　delay　of　the　tree　responses　to　one　extreme　hit　also　increases　the　possibility　of

fUrther　hit　by　the　other　extrelnes．　It　was　fbund　that　the　strong　dry　typhoons　oflen

accornpanying　with　a　period　of　the　no　or　less　rain　anticyclone　weather．　The　sudd銀

temperature　ascent　after　the　strong　dry　typhoonうs　hit　may　be　one　of　this　kind　of

secondary　hit　and輌nduce　the　severe　response丘om　these　landscape　trees　just　like　the

situations　during　the　TO613’s　hit．　Fig．C9－9　gives　some　examples　of　this　kind　of

meteorological　extreme　events，　which　showed　the　arid輌ty，　humidity　and　gusty　wind

index　during　hit　by　typhoons．　This　kind　of　sec皿dary　hit　may　be　more　lethal　to　the

shocked　trees．　In　fact，　a丘er　the　abiotic　stress　affects　Ix〕any　plants　or　trees　are　easily

attacked　by　biotic　pathogens（Kozlowski，1985）．　In　field　condition，　many　stress　factors

usually　worked　together，　such　as　dry　and　hot　w輌n．d　without　rain　association　and　merged

w輌th　unfavorable　site　condition，　root　growing　limitation　and　the　improper　root／shoot

ratio　etc．　High　air　temperature　often　induces　higher　transpiration　and　cause　trees　need

more　water　supply．

　　On　the　other　hand，　high　plant　temperatures　are　a▲most　invariably　associated　with　the

cessation　of　transpiration　cooling，　fbllowing　stomatal　closure　in　response　to　drought。

Therefbre，　the　combination　of　them　could　signi負cantly　decrease　the　threshold　of　their

response　especia11y　to　the　tree　species　with　lower　water　conservation　ability　and　affect

the　trees　more　seriously．　The　meteorological　extreme　events　occurred　f士om　2004　to

2008may　be　the　special　examples　of　them．　Leaf　necrosis　and　branch　dieback　of　the

transplanted　dogwood　trees，　asymmetric　defbliation　and　discoloration　as　well　as　the
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partial　branch　dieback　of　ginkgo　trees，　all　showed　the　desiccation　fbrm　of

above－mentioned　symptoms　and　caused　by　the　integrated　enviro㎜ental　extremes．

6‘叩

　soo

　4仰
召
ε3・o

儂
　2‘田

　Il｜0

　　0

a

　　　　　　甲　ロ緬“．…幽

2

c
る
…
王
》
言
需
妬
C
＝

5

5

　　　　　　　　　　　　　　　　　o
‘）　　　　　　　　lo　　　　　　　　2‘ハ　　　　　　　30　　　　　　　　4“　　　　　　　　珊

　　‘lour5　’rom　 ‘ho　d講｝．　1，ph‘‘on．s　Ili1

6劔

5〔愉

　」oo

召
ξ3損，

三
　200

loo

b

ヨ∫、郡汀∫皿r㎜田m∫㎜↓v煎丁口旺阻田1む

o
｛
1

A

2

ソ
●
マ
ぷ

　
5
タ
一
ピ
唱
E
需
悟
（
一
一
ヂ

SO

6肌

soo

」00

ろ珊

200

loo

C
■
一

〆
Φ
一
∀
ロ
一
　
゜
”
阻
》
マ
＝
冑
続
（
一
一
占

5
　
　
　
　
－
　
　
　
　
5

　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
　
0

Fig．C9－9　The　five－hour　aridity　index（○一〇）

index（▲）dur㎞g　hit　by　T8218（a）fbr　Chiba

Observatorys．　They　are　calculated　by　refernce　with　the　Equation　I　l

visual　sydromes　on　trees　and　crops　were　reported　during　all　of　these　three　typical　typhoon’s　hit，　which　is

characterized　by　severe　typhoon　with　less　or　no　rain　associated　and　acommpaned　with　a　period　ofdrought

weather．
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Fig．　C9－10　A　discolored　crown　of　ginkgo　hit　by　TO613（b）and　a　dogwood　af偽cted　by　2007－summer

drought（c）described　with　threshold　curves　of　RGL　value（a）．

　　After　the　acute　effect　by　these　meteorological　extremes，　striking　responses　of　necrosis

or　partial　organ／tissue　death　f士om　many　landscape　trees　made　them　significantly　dif允r

丘om　that　of　no㎜al　growing　trees．　These　kinds　of　dif民rences　may　be　expressed　in

spectral　reflectance，　direct　visual　sense　or　photo　images．　The　big　contrast　between　living

part　and　dead　part　of　them　become　the　fbundation　to　measure　or　estimate　these　kinds　of

dif〕』rence．　The　necrosed　part　of　these　landscape　trees　appeared　special　leaf　color，

spectrum　and　temperature　character　fbr　their　special　structure　and　substance　such　as

water　content，　tannin　and　pigments（Vollenweider　and　GUnthardt－Goerg，2006）．　They

can　be　clearly　dif丘red　］丘om　the　living　Part　of　the　trees　so　as　to　be　proportionally

measured　or　estimated　by　using　the　relative　G／L　values　of　image　analysis，　threshold
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response　fUnctions　and　so　on．　The　crown　asymmetric　discoloration　can　be　also

described　by　the　RGL　value．　By　using　this　approach，　the　distinguished　characteristics　of

crowns　hit　by　TO613and　SD2007　can　be　clearly　seen　in　Fig．　C9－10．

　　It　is　clear　that　the　asymmetrically　discolored　crown　of　g輌nkgo　appeared　a“switch－of㍗

type　logistic　threshold　curve　asymmetrically　hit　by　strong　TO613．1｛owever，　the　evenly

distributed　leaf　necrosis　on　the　crown　of　dogwood　showed　a　straight　line　on　RGL　fig田e

under　the　serious　impact　by　SD2007．　I　think　ifit　were　programmed　into　a　roboぽmight

also　be　able　to　recognize　the　damaged　symμoms　caused　by　these　two　IneteorologicaI

extreme　events．　Sirnilarly　constructed血e　dif琵rential　curves　of　the　eight4andscape　tree

species　hit　by　TO613（Fig．　C9－11），　it　appears　varied　curves　of　thern　and　is　consistent

with　the　visual　characters（Fig．　C2－6）．　Therefbre，　they　may　be　the　alternate　ways　to

quantitat輌vely　detecting　the　damage　or　hurt　exte飢by　the　meteorological　extreme　events．

By　using　the　thermography　the　surface　image　temperature　can　be　clearly　detected　by

amplified　dif允rence　of　the　necrot輌c　leaves　and　die－backed　branches．　The　results　of

kousa　dogwood　tree　separation　were　ide斑ified　with　it．　It　is　no　doubt　that　they　add

some　of　the　nondestructive　and　noninvasive　approaches　to　evaluating　the　landscape

trees．　I　think　as　the　accumulation　of　the　experience，　the　measurement　should　be　more

perfect　and　available．
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Fig　C941　Resp◎nsive　curve　of　eight　Iandscape　tree　species　showed　in　Fig．　C2－6．　They　are　the　curves

constructed　by　RGL　value　of　crown／canopy　sections　equally　divided　fヤom　Ieeward　to　wmdwa1’d（b，　c，　d，　e

and　f）or　fをom　left　to　right（a，　g　and　h）．　It　is　clear　that　glnkgo（e）showed　a　typical　inverse　sigmoid　shape

logistic　response　curve　fbr　its　strongly　co斑rasted　leaves　between　windward　and　Ieeward．　The　positive

Iogistic　curve　manifbsted　the　character　of　fastel・sprouted　new　leaves　on　windward　of　zelkova　crown（b）．

Sweet　gum（d）and　metasequoia（c）expressed　distinct　inverse　rectangular　lコyperbola　shaped　logistic

curves，　respectively．　The　slight　downward　slanted　linear　line　of　Japanese　blue　oakぴ）indicated　its　less

severe　hurt　character．　A▲though，　the　dif允rential　of　bamboo（a）canopy　and　the　windward　image　of

kaizuka　juniper（g）and　Hima▲ayan　cedar（h）is　not　as　same　as　the　above　five　species，　their　almost　levelly

straight　I｛near　Iine　located　on　the　top　and　bottom　of　the　ordinate　showed也eir　severe／s叩erfic｛al　darnaged

and　evenly　distributed　characters　separately．
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General　Conclusion

　　　　Strong　typhoon　and　summer　high　temperature　associated　with　prolonged　drought

s廿esses　often　trigger　some　landscape　trees　into　serious　responses　and　show　significant

visible　symptoms．　The　synchronous　characteristic　of　aridity　peak　period　and　occun℃nce

of　protective　responses　of　many　landscape　trees　suggests　that　the　persistent　hot　and

droughty　event　is　one　ofthe　m勾or　inducers　of　ir∂ury　to　them、　The　combination　of　them

evident▲y　decreased　t㎞eshold　of　their　responses　to　the　extreme　water　and　hot　stresses．

　　　　The　counteracting　effect丘om　precipitation，　pruning　and　self三shelter，　the

exacerbating　effect　on　trees　with　light　leaf　texture　or　less　protection　and　at　the　sites　with

root　growing　constriction　or　in　the　situation　of　transplantation－shock，　and　the　symptorn

characters　usually　stal・ing　ffom　far倉om　water　resources　and　so　on　indicate　that　the

serious　responses　f沁m　landscape　trees　during　hit　by　meteorological　extreme　events

relate　to　water　stresses　o負hem．　Under　the　water　stress，　it　is　the　transpiration　failures　etc．

induces　the　energy　rnetabolic　imbalance　and　trigger　the　protective　responses　and

reduction　of　surface　area．

　　　　By　observation　and　measurement　of　the　sideward　profile　of　crowns，　it　showed

striking　difference　of　the　symptom　caused　by　TO613　and　extreme　summer　drought．　The

symptoms　of　observed　trees　hit　by　TO613　appeared　Inore　asymmetric　characteristics

than　that　of　summer　drought　in　2007，　which　can　be　estimated　with　differential　method

or　inflection　point（IP）value　of　logistic　responsive　curves．

　　　　Although　there　is　a　big　diffbrence　between　the　symptoms　caused　by　extremely

strong　typhoon　O613　and　the　summer　drought　during　2007，　the　commonality　of　them

can　be　expressed　as　the　partial　tissue　or　organs　death　or　abscission　due　to　desiccation。

　　　　Persistent　hit　by　these　kinds　of　meteorological　extreme　events　should　affbct　vigor

status　of　landscape　trees　to　endure　the　fU】〔ther　af壬ect　by　extreme　environment，　especially

fbr　the　individuals　in　the　constricted　sites．

　　　　This　kind　of　structure　and　property　variance，　especially　the　dehydration　bases　the

detectlon　by　image　and　spectral　analysls　method．　Whatever，　the　visible　image，　near

inf已red　and　thermo　in丘ared　spectrum　of　dead　part　and　living　palt　vary　significantly　so

that　become　the　fbulldation　of　quantitatively　estimation　of　the　irjury　by　both

meteOrOIOgiCal　extreme　eventS．

　　　　During　the　extreme　water　imbalance，　it　is　fbr　saving　themselves仕om　the　lethal
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damages　that　separate　partial　ofthe　tissues　or　organs　fヒom　main　architecture，　although　it

showed　a　tendency　of　species　specific．

separation　can　be　estimated　by　RGL

temperature　as　well　as　some　other　indices．

The　result　of　this　study　indicates　that　the

value，　NDVI　value　and　amplified　image
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Appendix

1．Instruments

1．1EKO　MS720　radiometer（made　by　EKO　Instruments　Co．　Ltd）

Wavelength　range，350～1050nm

Resolution，10㎜
Wavelen鋲h　intewal，3．3㎜

1．2PMS　600　Pressure　chamber（made　by　PMS　Instrument　Co．）

1．3TH71001nf已red　camera（made　by　NEC三栄Ltd．　Co．）
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Wavelength　range，8－14μm

Measuring　temperature　range，－20　to　100℃

Minimum　sensible　temperature　O．06℃

1．4SPAI）－502　chlorophyll　meter

‘
．
　
　
【

Measured　area，2㎜×3㎜
Repetition，±0．3（in　the　range　of　SPAD　O～50）

1．5Canos田n　d125u2　flat　bed　scanner（made　by　Canon　co．）
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1．6Digital　cameras

（Ricoh，Caplio　50DSE） cvicon　D70S） （Canon　IXY　6．0）

1．7Sartorius　CP3202S　Balance

ピξ：

F　㌔ε

亀
一

『鶴．・

1．8Tool　used　in　equal　distance　measureme皿t　of　single　leaf　area

《

　It　is　tested　that　single　leaf　areas　lneasured　with　this　tool　can　be　high］y　related　to　that　measured　with

Canon　d　l25u2　scanner　and　Aam－81eaf　area　meter．　The　colTelation　coefncient　R2　reached　O．994　and

O．993to　scanner　and　Aam－81eaf　area　meter　respectively．
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2．List　of　the　co限erned　software

Photoshop　CS　8．O

KaleidaGraph　3．6J

Adobe　Illustrator　9．O

Paint　Shop　Pro　X

Image－too1300

LIA3．2

AICGIS　9．O

Ms－720　data　measuring　and　analyzing　so丘ware

Viewer　2．O　fbr　TH7100

3．List　of　the　concerned　landscape　tree　species

Kumazasa　bamboo（Sα5αW元τc励cα∋

Kousa　dogwood（Coγ醐んo鰯Bμθγ9．）

Sweet　gum（勾〃泌励αγぷり〃αci仇αL．）

Japanese　blue　oak（ρ〃εκμぷ91α〃cα7励功．）

Trident　maple（40eγ加εγ9θγ辺ημmル勿ノ

Sasanqua　camellia（Cα％〃∫αぷαぷα四孤η2〃η助

Metasequoia〔Mθταぷθ4〃ojα9ウρτoぷぴo力o漉ぷ仇θκ力θη∂

Zelkova侮1んov　3e〃碗」協〃ηソ

GinkgoζG仇んgo力ilo力αL．ノ

Red　leaf　photinia（肪o励α91α輪（7撤功ノMα励2．）

Fragrant　olive（0ぷ〃？αητ乃μ5ノテα9γση5　vαγ．αz〃αη〃ααzぷ）

Camphor　tree（α朋鋤αη醐cαη鋤oγαμ〃P1〃e51．）
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Fortuneうs　osmanthus（05〃2α72～カ〃5　＞～〆～）γτμηe2　Cαγγ．）

Kaizuka　juniper（」短碑フθぴc励¢ηぷ元∫五vατ．撤励ψHoπ．）

Yedda　Hawthorne（R勿吻o吻∫sjη∂∫cαvαγ．醐わe〃碗）

Japanese　red　pine（P／η〃sτ乃z4η15erg11、乙．）

Sacred　Datura（Dατz〃αmeτelo比1eぷ）

Convexa　Japanese　holly（∬αα・θηατα‘COηvexα，）

Oriental　arborvitae（7⊃％zグαo万ε刀τα1」ぷ）

4．List　of　6gures

Fig．C1つCharacteristics　of　climate　variation　in　Yamaguchi，　Japan

Flg．α一2　Characteristics　of　meteorological　extreme　events倉om　2004　to　2008　in　Yamaguchi　City

Fig．　C1－3　Track　ofthe　TO613

Fig．　Cl－4　Annual　deviation　ofmean　temperature　and　proportion　to　normal　of　precipitation　in　Japan　in

2007and　in　summer　of2008（Jun．，3uL　and　Aug．）

Fig．　C2－1　The　map　of　studied　area　and　meteorological　data

Fig．C2－2　Crown　characteristics　of　sweet　gum　in　2004，2005う2006，2007　and　2008

Fig．C2－3　The　key　meteoroめgical　variables　inducing　sweet　gum　response

Fig．C2－4　Effεct　of　pruning　on　the　crown　discoloration　ofsweet　gum　trees

Fig．C2－5　Desiccation　characteristics　of　detached　leaves　of　l　51andscape　tree　species

Fig．C2－6　Typical　responsive　symptoms　f畑m　some　deciduous　and　evergreens　a廿er油by　TO613

Fig．C2－7　The　decreasing　tendency　ofbranch　water　content廿om　proximal　to　dista】after　54　hours　water

lOSS．

Fig．C2－8　Self二shelter　character　ofthe　sweet　gum　crown

Fig．C2－9　Branch　dieback，　crown　discoloration　and　leaf　SPAD　value　of　ginkgo　crowns　hit　by　TO613

Fig．C2－10　Single　leaf　ar㈱and　crown　coverage　comparison　between　windward　and　leeward　of　ginkgo

an（1倉agrant　olive

Fig．　C2－IlCrown　area　percentage（CAP）ratlo　between　windward　and　leeward　of　sweet　gum

Fig．C2－12　Responses　to　the　severe　TO613廿om　some　Japanese　holly　ball　crowns　and　their　restoring

P「oceSS
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Fig．C2－13　Example　of　asymmetric　tree　crowns　ofmetasequoia，　sweet　gum，　ginkgo　and　zelkova

Fig℃2－14An　asymmetric　oak　tree　in　Yamaguchi

Fig．C2つ5Arecent　tl’ansplanted　tree　ofQuercus　spP．

Fig．　C3－10verall　leaf　and　green　part　of　a　necrotic　leaf

Fig．　C3－2　The　map　ofYamaguchi　Prefecture　and　three　samphng　sites　with　the　distance　from　coastline

罰g．C3－3　Variance　ofNDVI　value　at　visible　band　and　near－in廿ared　band　fbr　gmkgo　leaves　with　di£烏rent

neCrOtiC　SCaleS

Fig．　C3－4　Perc題tage　of　leaves　with　dif民rent　necrotic　scales｛br　w▲ndward　and　leeward　of　ginkgo　trees

Fig．　C3－5　Relation　between　LNAP　and　NDVI755nm／67gnm　ValUe

Flg．　C3－6　Spectral　re目ectance　curves　fbr　leaves　sampled　from　leeward　and　w▲ndward　of4tree　species

Fig．　C3－7　Percemage　of　leaves　with　dif琵rent　necrotic　scales　fbr　ginkgo　trees　sampled廿om　three　sites

Fig．　C3－8　Spectral　reHectance　c雛ve　fbぎ1eaves　sampled　fをom　leeward　and、vindward　ofginkgo　cぎowns　i川hree　sites

Fig．　C3－9　NDVI　reputing　value，　Distance　fξom　Coastllne，　Maxi剛m　wind　speed　and　Precipitation　du加g　TO613R）r

sampled　leaves倉om　three　sites

Fig．　C4－l　Relation　between　SPAD　and　G／Rleaf　fbr　indMdual　chIorotic　leaves　and　the　typical　images　of

bamboo　leafblade　with　dif飴rent　chlorosis

Fig．　C4－2　Relati◎n　between　G／Rleaf　value　and　LNAP　fbr　individual　leaves　and　typical　image　of　bamboo

leaf　blades　with　difi飴rent　necrosis

Fig．　C4－3　R．elation　between　G／Rleaf　value　and　LNAP　a茸er　removing　the　leaves　with　LNAP　equaling　to

O％and　100％

F韮g．C4－4　Variation　of　image　G／Rleaf　value　fbr　different　leaves　taken　at　dif驚rent　light　conditions　and　the

relationship　between　G／R．leaf　and　SPAI）value　fbr　these　leaves

Fig．　C4－5　Variation　of　image　G／Lleaf　value　fbr　dif琵rent　leaves　taken　at　dif允rent　light　conditions　and　the

relationship　between　G／Lleaf　and　SPAD　value　fbr　these　leaves

Fig．　C4－6　Relationship　between　image　G／Lcan。py　value　fbr　bamboo　canopies　and　the　Distance　fテom

Coastline（DC），　and　the　relationship　between　image　G／Rcat1。py　value　fbr　bamboo　canopies　and　DC

Fig．　C5－1　Leaf　necrosis　and　asylnmetric　crown　discoloration　of　ginkgo　tree　induced　by　TO613　and　the

green　partS　OfbOth　ginkgO　leaf　and　CrOWn

Fig．　C5－2　Extracting　pl・ocess　of　ginkgo　crown　with　Photoshop

Fig．　C5－3　Relation　between　LNAP　and　G／Lleaf　value　of　ginkgo

Fig．　C5－4　Relation　between　LNAP　and　G／Lleaf　value　ofginkgo　after　remove　the　leaf　samples　with　LNAP

＜20％and＞70％

Fig．　C5－5　Model　leaf　samples　and　the　corresponding　LNAP　and　G／Lleaf　values
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Fig．　C5－6　The　relationship　betwe四IP　and　CDAP

FIg．　C5－7　An　inverse　relationship　between　CDAP　and　G／Lcr。wn　value　and　a　positive　fUnction　between　IP

and　G／Lcrown　value　ofginkgo

Fig．　C5－8　Five　model　crowns　corresponded　by　G／Lcr。wn，　CDAP，　IP　ofregression　curve　and　VS　as　well　as

their　co1Tesponding　logistic　curves

Fig．　C5－9　RelatiOn　betwe田DC　an（l　G／Rcro、m，　and　between　DC　and　G／Lcrow、

F韮g．C6－1　Damaged　crown　and　green　part　ofGinkgo　biloba

Fig．　C6－21mages　ofsilhouette　and　shadow　fbr　same　ginkgo　crown

Fig．　C6－3　Relationship　between　CGAP　of　ginkgo　crowns　and　DC

Fig．　C6－4　Relationship　between　Crown　Coverage（CC）of　ginkgo　crowns　and　DC

Fig．　C6－5　Relationship　between　Vigor　Index（VI）ofginkgo　crowns　and　DC

Fig．　C6－6　C▲assification　of　ginkgo　crowns　by　principle　component　analysis

Flg．　C6－7　R．esult　of　cluster　analysis　with　centroid　method

Fig．　C6－8　Model　samples負吟om　three　groups　and　related　CGAP，　CC　and　VI　values

F輌g．C6－91ntegrated　map　of　research　area，　meteorological　data　and　CGAP

Fig．　C7－1　The　effect　ofdecreasing　luminance　variance　by　relative　G／L（RGL）value

Fig．C7－2　Variant　characteristics　of　kousa　dogwood　leaf　necrosis廿om　proximal　to　distal　and　the　barriers

Fig．C7－3　The　relation　between　LNAPIeaf　and　G／Lcr。wn，　G／Lcr。wlハand　G但eaf　and　G／L］eaf　and　LNAPIeaf　of

sampled　dogwood　trees

Fig．C7－4　The　ten　days　aridity　index（AD　10）and　humidity　index（HDlO）fセo正n　April玉to　August　31，2008

1n　Yamaguchi

Fig．C7－5　Diffbrent　leaf　necrosis　ofkousa　dogwood　during　transplanting　shock　period　ln　2008

Fig．C7－6　The　RGB　imaged　morphology　ofthe　first　stage　of　leaf　necrosls　and　branch　dieback

F韮g．C7－7　The　variation　tendency　ofwater　content　fbmo㎜al　growing　leaves　and　scrolled　leaves，　a頑he

water　content　ratio　between　distal　and　proximal　ofno㎜al　kousa　dogwood　trees　during　seriously　hot　and

dry　summer　in　2008

罰g．C7－8　The　variation　tendency　ofwater　content　at　the　threshold　status　of　leaf　necrosis　during　the

persist斑t　dly　and　hot　summer　days　m　August　2008

Fig．C8－111nage　temperature　ofdogwood　leaves　and　branches◎f　living　part　and　dead　part

Fig．C8－2　Diagnosing　of　leaf　necrosis　ofkousa　dogwood　and　branch　dieback

Fig．C8－3　Transpiring　coollng　ef民ct　at　branch　cutting　ends
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Fig．C8－4　Relation　curve　between　LNAP　and　NDVI755／67g　values　ofkousa　dogwood　Ieaves

Fig．C8－5　Relation　between　G／L　value　and　NDVI755／67g　values　ofkousa　dogwood　leaves

Fig．　C94　Sketch　graph　ofthe　extremely　environmental　impacts　and　responses廿om　landscape　trees

Fig．　C9－2　Relationship　between　gust　wind　speed（GWS）and　distance音om　coastline（DC），　and　between

sa▲t　deposition（SD）and　DC

Fig．　C9－3　The　no㎜al　value　of　annual　mean　wind　speed　and　wind　rose　ofthe　m勾or　Observatories　in

Japan

Fig．　C9－4　Characteristics　ofwater　loss飴ster倉om　distal　than　proximal　of　both　leaves　and　branches　of

SOme　landSCape　treeS

Fig．　C9－5　The　dif允rence　ofwater　loss　in　dif允rent　branch　sections（10cm　long）廿om　proximal　to　distal

fbr　l　51andscape　tree　species
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Research　on　Responses　from　Some　L紐dscape　Trees　to　TO613　and

　　Summer　Drought　with　Digiね11mage　and　Spectral　Analysis

Abstract

　　Morphologlcal　expression　of　lalldscape　trees　is　usually　the　equillbrium　betweell　endoge1燗s

metabolic　processes　and　exogenous　metamorphic　actions　exerted　by　envirollmeM．　Landscape

trees　grow　ill　the　ullremittingly　altering　envlronmel甘and　respond　it　at　any　time　and　in　varied

pa仕erlls．　Under　the　favorable　c皿ditions　they　lnake　a　respollse　wi也the　characteristic　of　rapid

growth．　However，　the　extrernely　unfavorable　or　catastrophic　envlronme疽s　occasiollally

appeared　hl　field．　In　recel甘years，　many　reports　indicate　that　the　unf5vorable　meteorological

extreme　ev四ts　have　increased　as　the　large－scale　climate　changed　ill　some　area．　They　often

induce　many　landscape　trees　into　protective　response　or　directly　dalnage　to也em．　Aimed　at

studyhlg　about　the　meteorolog輌cal　extreme　ev田ts　and　respollses　f壬om　landscape　trees　and　by

using　the　methods　of　image　and　spectral　analysis，　the　damaged　status　of　some　landscape　tree

species　have　been　researched．

　　From　2004　to　2008　it　appeared　a　significantly　varied　alld　strongly　contrasted　climate　in

Yamaguchi，　Japan．　Durillg　th｛s　period　a　lot　of　meteorological　extrelne　events　happe茎玉ed，

particularly　the　exceptiollal　typhoon　O613（TO613）characterlzed　with　strollg　wind　and　Iess

rahlfall，　and　the　summer　drought　in　2007（SD2007）wi重h　the　precipitation　durlng　the　first　lline

months　only　60．1％of　the　norma輻Both　are　the　main　study　co蹴ellt　of　thls　thesis．

　　Among　these　extremes，　the　summer　hot　wave　and　the　strong　typhoon　associated　with

elongated　less　rainfall　oflen　trigger　signi貸cantly　visible　i可uries　to　them．　The　leaf　color

prema搬re　change　of　sweet　gum　tree　durillg　summer　drought　period　in　2007　and　2008　is　one　of

them　Both　high　tempera加re　and　strong　wi1ユd，　associated　wlth　less　rainfall，　easily　result　in

landscape　trees　i飢o　serious　water　imbalance　even　des輌ccatiol1．　The　combinatioll　of　them

evidendy　decreases　tlle　threshold　of　landscape　tree　responses　to也e　extreme　stresses．　Under　this

kind　of　extreme　water　stress　conditions，　many　of　them　can　save　their目ves倉om　lethal

desiccation　sta白s　at　expense　of　partial　tlssues　or　organs，　which　comprise　the　ln司or　palてs　of

transpiration　sur飴ce　reduction　or　damage　character．　It　directly　resuks　in　leaf　abscission，

necrosis，　brallch／twig　dieback，　crown　discoloratio茎〕and　so　on．　In硲ct，　these　terminal　pal寸s　are

the　sensitive　or　frail　points　in　thelr　hydrau茎ic　architec加re．　The　characteristics　of　landscape　tree

responses　to　these　kinds　of　extreme　ev田ts　usually　show　genetic　specific　diversity　and　stability．

The　structure　of　lea£branch　alld　cutlcle　characteristic　and　so　on　ill　a　large　extent　manifest　the

adaptation　pattem　of　them　to　severe　desiccatio茎1．　The　sensitive　landscape　tree　species　oflen

appeared　severe　ir∂ury　symptolns　after　hit　by　meteorological　extremes．

　　Sillce　the　big　body　of　landscape　trees，　the　convent｛ona夏approach　in　observing　darnage

characters　of　them　in　field　is　visual　scale　method．　To　some　extent，　it　is　characterized　by

observer　specific，　and　probably　af允cted　by　su句ective　judgmellt．　As　the　illfbrmation　technology

development，　there　is　a　tendency　fbr　developing　o句ective　methods　to　determine　damages　by

typhoons　alld　other　dlsasters，　especially　usillg　imagery　allalysis　Ilowadays．　Leaf　or　branch

Ilecrotic／separated　parts　usually　appear　specia自eaf　color，　spectmm　and　temperature　character

fbr　their　special　structure　and　substallce　co1甘ent．　It　becolnes　the　fbulldatioll　of　estilnation　or

evaluation　with　image　and　spectral　measurement．　The　apPar田t　symptoms　of　gillkgo　leaves　hit

by　the　meteorological　extrelne　event　of　TO613　were　estimated　by　using　the　spectral　reflectance

at　red　edge　under　the　colltrolled　environmem．　By　using　the　handhold　radiometer　of　EKOMS720，

the　optimum　wavelellgth　fbr　the　calculation　of　NDVI　fbr　necrotic　ginkgo　leaves　is　at　679　and

755nrn．　The　close　inverse　re▲ationsh輌p　between　NDVI755nm／67gnm　and　LNAP　of　ginkgo　leaves　alld

dogwood　leaves　indicates　tllat　it　has　potential　to　evaluate　the　damaged　status　and　to　be　all

alternative　tool　to　measure　the　leaf　necrosis　lnduced　by　typhoons　like　TO6130r　SD2007，

especlally　by　using　the　NDVIR　value．
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　　Based　on　the　RGB　image　analysis　of　botll　leaves　and　crowns，　the　G／L　value　of　bamboo　leaves

shows　lower　variance　and　higher　relation　to　SPAD　value　comparillg　to　the　G／R．　value　at　the

situat輌on　of　larger　difErence　of　image　luminance．　Especial至y，　by　using　the　relative　G／L　value　of

same　leaηcrown　ill　same　image，　the　variance　can　be　sigllif玉cantly　lowed　so　as　to　make　a

statistical　comparable　measurement．

　　The　c◎nstruction　of　logistic　threshold　responsive　curves　of　ginkgo　crown　discoloratio11行om

diffbrential　a1〕alysis　gives　a　special　example　of　the　use　of　these　relative　G／L　values．　By　usillg

this　khld　of　logistic　threshold　curves，　the　asymmetrically　dlscolored　crown　of　gillkgo　hit　by

TO613　and　the　evenly　distributed　leaf　Ilecrosis　on　crown　of　dogwood　under　the　serious　ilnpact

by　SD2007　can　be　clearly　distingu｛shed廿om　each　other．　Therefbre，　they　may　be　the　altematlve

ways　to　quantitatively　estimate　the　damage　or　hurt　by　these　rneteorological　extreme　evellts．

　　With　groulld－based　digital　image，　the　vlgor　status　of　ginkgo　damaged　by　TO613　had　been

evaluated　buy　us輌ng　the　characters　of　defbliation，　discoloration　and　crowlコsymmetry．　It　is

observe（l　that　landscape　trees　seem　hit　by　the　ellviromnental　extremes　olle　after　allother，

especiaUy　the　illd輌vi（luals　at　constricted　site　condition　that　are　ill　the　situation　of　high　sensitive

to　the　ellvironmental　extremes．　It　is　more　common　that　befbre　they　pel・fectly　recover　fi・om　an

extre1γle　shock　anotl〕er　hit　has　occurred．　Some　of　them　grown　at　poor　site　colld｛tion　are　even　in

the　cycle　of　branch　sprout　and　dieback，　and　remain　a　slnall，11an・ow　or　stem　alone　crown．　These

kmds　of　continual　damages　result　in　these　trees　impossible　to　put　up　an　all－ro田1d　effbctive

defbllse　against　b輌otic　and　abiotic　intrusiα1，　and　lnduce　low　vigorousness　or　abllormal　fbrm　of

them　even　accelerate　the　senescellce　or　deatlコ．　The　persistent　hit　to　one　direction　or　part　and　the

sel仁shelter　one　patt　by　another　as　well　as　the　asymmetrical　growth　during　the　restoring　period

ofモen　cause　asymmetly　of　some▲an（玉scape　trees．　It　should　affect　the　vigor　status　to　respond　the

fUIてher　meteorolog輌cal　extreme　evellts薮ke　Typhoon　O613．

　　According　to　lmage　analysis　and　water　content　measurem斑t，　it　is　observed　a　tendency　that　as

stress　become　serious　the　desiccation　of　landscape　trees　oftell　starts　frorn　the　terminal　part　of

仇em　such　as　the　leaf　or　brancll　tip　and　crown　top　and　the　dogwood　leaf　necrosis　showed　a

special　exalnple．　During　hit　by　SD2007，　about　40％　leaf　area　had　been　reduced　fセom

ilwestigated　kousa　dogwood　trees．　This　kind　of　termillal　part　separation廿om　rnain　body　is　the

defbnse　respollse　of　theln　to　reduce　the　trallsp輌ring　surface，　although　the　position　of　the

separation　varies　with　landscape　tree　species　with　difi飴rent　propertles　of　water　conservation　and

adaptation　to　extreme　drought　conditions．　It　results　ill　some　of　them　into　leaf　abscission　and

necrosis，　brallch　dieback／sheddhlg　and　so　on．

　　The　different　variatioll　character　of　water　colltent　a茎玉d　imaging　temperature　between

separated　parts　and　Ie負parts　of　leaves　and　branclles　of　dogwood　made　the　thermographic

detection　of　them　possible，　It　manifests　the　possibility　of　id四tificatioll　to　the　reduced　parts　by

amplifled　variation　of　ilnaging　temperature，　especially　fbr　kousa　dogwood．　Leaf　necrosis　and

brallch　dieback　in　2008廿om　transplallted　dogwood　trees　in　Yamaguchi　should　be　triggered　by

trallspiration　coolh玉g　weakness．

　　The　visible　symptoms　of　responses廿om　landscape　trees　often　show　temporal　delay，　which

manifest　the　characteristic　of　the　integration　between　extrerne　envirollmelltal　af琵ct　alld　the

response　of　them．　It　is　the　respollse　characteristics　of　symptoms　to　these　meteorological　extreme

events　that　Inake　lnoI亀e　colnplex　to　distinguish　the三mpact　of　extemal　factors．　The　delay　of　the

Ialldscape　tree　respollses　to　one　extreme　hit　also　increases　the　possibil三ty　of　fUrther　hit　by　other

extremes．　It　is　fbしmd　that　the　strong　dry　typhoolls　of竜en　accompany　with　a　period　of　no　or　Iess

rain　allticyclolle　weather．　The　sudd田tempera磁re　asce挺afセer　strong　dry　typhoonls　hit　may　be

one　of　this　killd　of　secondaly　hit　alld　induce　severe　response　ffom　landscape　trees　just　like　the

situations　during　the　TO6131s　hit．
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デジタル画像とスペクトル分析法を用いた台風0613号と
　夏季干ばつに対する緑化樹からの反応に関する研究

摘 要

　緑化樹の外観形態は一般に内在的な代謝と外界環境の影響の均衡状態である。緑化樹は

絶えず変化する環境で成長し、常に様々な様式でこの環境に反応している。順調な境遇に

おいては、その反応は迅速な成長で現れる。しかし時折極端な逆境または災害が現地で起

こる。近年では多数の報告から不都合な気象の極端イベントの増加が指摘されている。そ

れは一部の地区に大規模な気候変化が生じたためと考えられる。これらは常に一部の緑化

樹の保護反応を誘発し、また直接にダメージを与えることもある。本論文では、気象の極

端イベントと緑化樹の反応を目的に、デジタル画像とスペクトル分析を用いて一部の緑化

樹の被害を研究した。

　2004年から2008年まで日本の山口で変動的な大きくコントラストされた気候が現れた。

その期間中、多数の気象の極端イベントが生じ、特に強風（最大瞬間風速42．4m／s）と少雨

（日降水量24㎜）の台風0613号と、前九ヶ月の降水量が平年の60．1％しかない2007年の夏

季干ばつが挙げられる。この両方は研究の内容である。

　2007年と2008年の夏季干ばっの期間にアメリカフウの早まった葉変色はこのような保

護反応の～つである。それらのイベントの中で長期少雨に伴って表われる夏季熱波と強台

風は、しばしばこれらの著しい被害を引き起こす。少雨を伴う高温または強風の天気は、

緑化樹の厳重な水分不均衡または脱水を容易に誘発し、極端なストレスへの反応閾値を明

らかに低下させる。この種の極端な水分ストレスの状況において、多数の緑化樹は部分的

な組織または器官を犠牲にし、致命的な脱水から生命を救うことができる。犠牲した組織

または器官は、蒸散表面の縮小部っまり被害の主要部となる。直接の結果としては葉の脱

落、ネクロシス、枝枯れ、樹冠変色などが引き起こされる。実際に、これらの先に被害を

受ける末端部分は、輸水構造の中での敏感あるいは薄弱なポイントである。緑化樹がこれ

らの極端イベントに対する反応は、～般に遺伝の多様性と安定性を示している。葉と枝と

表皮などの構造が厳重な脱水の適応パターンを明らかにしている。極端な衝撃を受けた後、

敏感な樹種にはしばしば厳重な被害症状が表われる。

　緑化樹の本体は大きいので、通常に野外で用いる被害の観察法は目視段階法である。こ

の方法はある程度まで観察者によって違うこともあり、主観的な判断によって影響される
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可能性もある。情報科学技術の発達により、今は台風などの災害による被害の測定する客

観的な方法を開発する傾向があり、特に画像とスペクトル分析法を用いる傾向がある。葉

または枝のネクロチック部分は、特別の構造と物質含有量のために、通常特別な色、スペ

クトルと温度特性がある。これはデジタル画像とスペクトル測定法で評価することの基礎

となる。制御条件の中で、レソドエッジスペクトル反射を用いることで、台風0613号か

らイチョウのはっきりした症状を推測することができる。EKOぷS720手握式放射計を用い

て、イチョウの葉のNDVI値を計算する時に最適波長は679と755　nmである。イチョウと

ヤマボウシの葉から算出したNDVI755，m／67g。．とLNAPの間に高い反相関関係があるために、

被害の状態を評価するポテンシャルがあり、台風0613号と2007年夏季干ばっが誘発した

葉ネクロシスの推定の選択方法になりうる。ここでは、特にNDVIR値を用いることが望ま

しい。

　葉と樹冠のRGB画像分析に基づいて、画像光度差異が大きい条件のもとで、竹の葉また

は樹冠のG／L値はG／R値より偏差が低く、SPAD値との相関が高いことを示した。特に，同じ

画像の中に同一の葉または樹冠からの相対的なG／L値を用いることで、偏差が著しく下が

り、統計的に比較できる測定をすることができる。

　微分の分析から得た記号論理学の閾反応曲線はイチョウ樹冠の変色を反映し、それは相

対的なG／L値を応用した一実例となる。このような閾反応曲線を用いることで、台風0613

号から襲撃されたイチョウの非対称樹冠変色と2007年夏季干ばつ中に均等に分布するヤ

マボウシの葉のネクロシスを明確に分けることができる。ゆえに、気象の極端イベントか

らの被害を定量に検測するために、それは選択可能な方法である。

　さらに、落葉、樹冠変色、樹冠対称性などにっいて地面画像分析を用いて、台風0613

号からダメージを受けたイチヨウの活力状態を評価した。観察により、緑化樹は極端な環

境からの衝撃を次々に受けたことがわかった。特に、制限地に栽培した極端な環境に敏感

な個体はそうである。ある極端な衝撃から完全に回復する前に、もう一度衝撃を受けるこ

とがよく観察される。やせ地に栽培した一部の緑化樹は枝を出すと部分が枯れるという循

環をすることもある。それらは小型で、狭い樹冠或いは幹だけのものが残存しているもの

である。これらの継続的なダメージは、このような緑化樹の生物または非生物の侵入に対

する全面的有効な防御を不可能にし、低活力と異常形態さらに老化と死亡へと加速させる

原因の一っとなる。同じ方位からの持続的な衝撃、自己防護と回復期の非対称生長の特徴

が非対称樹冠の現象を引き起こすと考えられる。これらはまた台風0613号のような気象

の極端イベントが再度発生する時に緑化樹の活力状態に影響を及ぼすのである。
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　画像の分析と水分含有量の測定により次のことが分かる。つまりストレスが過度になる

にっれ、緑化樹の脱水は蒸散表面の縮小のため、葉或いは枝の先や樹冠の頂上などの末端

部分から始まる傾向がある。画像測定により、2007年の夏季干ばつの期間中、調査された

ヤマボウシの木は約40％の葉面積が削られた。この種の末端部分が本体から分離すること

は、蒸散表面を減少させる防御性反応であり、異なる保水性と干ばつストレスの抗性を持

つ緑化樹の種類によって分離の位置が変化する。この反応の結果として、緑化樹からの落

葉、ネクロシスと枝枯れまたは脱落などがある。

　葉または枝から分離した部分と残された部分の水分含有量と画像温度が違うため、

サーモグラフィーを用いる検出ができる。拡大した画像温度差の方法は、分離した部分を

識別することができるが、中でも特にヤマボウシの測定で使われている。この方法に基づ

いて、山口市に移植されたヤマボウシについて検討すると、2008年に現れた葉ネクロシス

と枝枯れの現象は、蒸散冷却の不足によるのではないかと考えられる。

　緑化樹の反応の可視症状は常に時間的な遅延を表わす。これは極端な環境の衝撃と緑化

樹からの反応の共同作用を示す。この反応の特徴は、外部の要因を区別することをより複

雑にしてしまう。緑化樹のある極端な要因への反応が遅延することは、またほかの極端な

要因からの衝撃を受ける可能性が増加することを意味する。強乾台風後には常に無雨また

は少雨の高気圧天気を同時に伴うことがある。強乾台風後に突発する昇温現象がいわゆる

二次衝撃にあたり、台風0613号来襲時のように緑化樹から厳しい反応を誘発する。
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