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官

1.1. 

Tectona grandis is昌$開ci関 belongingto the融問ilyV，告rb告問時鵠.Tecto口誼 isthe 

only 臼enusof the tribe Tecton謹告 which is CI誼ssifi患d within subf:語milyof Vitiむoide畠e

(Kh吋$口調開日時y，1975). T. grandis occurs naturally in peni円sul畠rIndia， Burma，τh誼iI誼nd誼nd

L説。$駅前開国語rd，1981). T館 kis sugg患st側目。ti口di伊丹側sto Indon日sia，sinc母 th程『邑串間

indic語tionsthat it was introduc剖 toJ詰va400圃 600Y朗臨時O 抑制 Alph朗 deVeer， 1957). 

According to th官。ountryof origin， it has b告患円患xp階 部 信di口diffi車問ntcommon nam患s:j誠i

(Indon告患ia，Philippines)， kyun (Burma)， s畠k(Th畠ila口d，Laos)， t朗 k(English)， t母ck(French). 

思o梅雨倒 description: 

τ告akis a medium-siz患dto large tr，告患 upto 50 m tall， bol告 straight畠ndbr畠口chl告$事 for

臼Pto 20(-25)冊， with昌diamet告rup to 150 (醐250)c開， sometimes詞ut告dor with low buttr，師事告$

誼tb器開， barlくsurfacewith longi如dinalcr，謹cks，gr，誼yish四 bro糊 1，inn告rbark with red謹ndsticky 

sap; I告av告sbroadJy ov窃te，(11由)20 -55 cm x (6酬)1ら 37cm (but much larger on suckers)， 

st倍lIate-floccos患;in官。開scenc母 about40 cm x 35 cm; flowers 3 --6 mm long， calyx 

campa口ulat曾， corolla whi拾 withpink on th告 lob患s;加 itenclos剖 byan inflat側関Iyx(Van 

Alph患nde Veer， 1957). Sever:串Imorphological forms have been distinguish患d，伊rincip串lIyby 

i告afch謹racters.

Wood description : 

The wood ofteak is畠 m母dium-weighttimber which is rather soft and has a very 

ch誼racteristicap関 aranc母.The heartwood is 0托endull yello削shwhen freshly cut but it tums 

窃olde口 brownor sor口説im告患 darkgr'告yish. brown after患xposure，oft，母nstr，思aked窃rayishor 

bl謹ckish;th患$窃pwoodis yellowish white or pale y告Ilowistトbrown謹ndup to 50 mm thick. The 

wood is oily to the touch，自ndwh患円 f(i告shlycut it ha事$問告11時間inis臨時tof leather. The 

density is (480う610--750十850)kg/m3説 12% moistur，告 content(糊artawijayaet al. 1986)‘ 
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τh患窃f語inof th曾 woodis域間協同， Wi謹vyor sli窃htlyint倍rlock，患d，給対日時間的思rco畠f事告誼nd

U口ev，患円.

Us患S

Wood: 

Its f，謹vou悶 bl患 prop患rti睦器開窃臨 itsuit畠bleforwid告 V誼討曾tyof purpos患詰.It h窃sal問調dyu事告dfor 

ship decking， d患ckho臼$患s，rails， furniture， brid窃告 b日ildin乱 d患corativeplywood告，tc‘

B畠rk:

Dy患s，畠st討口gent

1 B轟C匙盟ro組問胡

丁思akis one of th患 mostimportant plant誼tionsp告ci告sdue to d告訴悶訓告 woodprop患rti告患，

自円程 窃悶in， dur語bility畠ndam告円畠bilityfor plar社説ion.The sp患むi告吉 ha器 gain告d its high 

r告put語ltionfrom tr，告患$窃rownin口語turalfo時 stor pl畠nt説 ionswith long rotation串ge.Plant説 ion

grown t鵠 khas b関口 th告 subjectof numerou器 i口ternationalmarkets， th思 economically

impo出口t司日告訴ion-how does plantatio円四grownt母akcompare to old哲rowthteak of natural 

事tands田 ha事 b告患nrep母昌鞄dly悶 is患dby wood trade and industry， .and has been add砲事sedby 

res母archersi口som告 instanc患s.

In Indo口esia，t告aktimb告rsuppli告sfrom窃ovemme口talplantation forest (Perhutani) 

hav告 decreasedduring the last 2-3 de問自s.This led to an incr錦 sein inve試問ents0口

rai器ingt母akplantations， ca日sin窃ma百siv患 d創 n誼nd詰 ofsuperiむrquality. Privat，思 inv告stmenton 

teak plantations ha器 b患窃una事詰問sponseto the窃rowingdemand for hou事in窃 andfumituri患

gr鋪 etim随時.Furth母r，th母∞日stantd告mandand shortfall in仕事 supplyh鵠 inc時窃$母dthe 

pri偲 andm制母 te晶kas one of the most preferred speci母samon窃thefarming community in 

Indon告患ia.This， in tum， has lead to悶 isingteak plantations outside forest諮問畠s，particularly 

in t隔 farme九百患Idin th君臨む朋tyears. It is部 timat剖 thatth母 total語『開。Ifteak planted in 

th告 privateland is about 10 % of the Perhu柏町j'ste語kfore剖 (8語dharjo2005). 

Teak in the community forest is ge円告rallygrow口inmixtu時 withoth告rtr告患 speci患S.

Trl忠告吉 w'告 陪 h器開時君臨d説『告lativelyyoun窃特倍swhich based on th患部sess間 関tof告∞nomic
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語口d器ilviculturalconsid暗闇tions.Shorte円加盟 th患 rotationto 25 yi串調路 from40 Y母誼rsm謹Yb思

considen制部 th患 optimumcycl思 toachi告vea viable balanc告加tw鵠円詰nanci割問tums諮問d

抗告 productio目。fmarket qu誼litytimb告r.Plant誠ion留rownwood may show.fairly I詰rg思 tr!告患吐か

tree v銅器tionin wood durability， and eve口 largedi宵ere口cesbetwee口wood錦町平協 fromthe 

$串間曾 trl告患s(R曾icht患ret語1. 2003).τ患ch口icalinform謹tion窃ndr，患告患archd語ta0時間語tur畠lIy

留row口調口dpla口tation窃row丹 t桂昌kare rel誠ivelyabund語口t. In co椛開st，limit告dinform誠ionis 

謹V語il油 i語。 円鵠 誠開 諸問 喝倒 的事ho時 rot誠ionpl謹nt誠ion器.With teak， the 閉謹~or ∞nc思m器串間

with regard to du開 bilityand color. 

In c患rtai口調『患昌弘鵠akst時間swith an 町思gularbl誼ckstr，宮akzon告 occur. This 

bl語ck母ni口9is known to occur i口 agrowin窃 tree窃nd0口Iyi目的思 h患畠時wood.τh母 str，告畠k

g車問問lIyfollows the誼nnu誼i討 時 制dfr，関口朗tly鮒 告nd甜 fromout告rto c宮前曹rh官制wood.

τhis kind of discoloration is cat告窃orized晶君畠 d曽和ctfor som告 woodindustri告s，廿lU詰 thewood 

can s日 悔 『詰百円銅ci語Iloss. It h誼sb関口 obse仰を~d that th告 occu冊目館。，fblack str，鵠ked

progeni部 ishigher in th患 blackcalcarl印 ussoil than in th思 volcanicash soil (Suh鶴岡i1998). 

Tod誼鵠， Ii世lei口formation告xistsconc告mingthe pro問 rtiesand dev，思lopm朗 tof black streaked 

h患畠吋wood.

1.3. The事i事曲bje串tive事

There are no do口btsthat the most signi吉明ntfactor influ告ncingth倍 durabili旬。.fwood

串 間 患xtractives.τ同事i窃nfficanc母 ofh開 rtwood猷 tractiv時 fornatural durability was 

de問。口stratedin various species includin窃 teak(Schultz et al. 1995; De自信11患tal. 1997; 

R告y告争Chilpa告tal. 1998; Yam晶moto母tal. 19宮8;C告limeneet誼1. 1999). Toxic exlractiv，母

compounds誼陪陪cogniz思dto be the most important factor (HiIIis 1987) and in some durable 

詰P母ci告$告venlow.珊 toxicextractiv睦$師aycontribute sy口母rgistic語lIyto hi窃hdurability (Schults 

詰ndNicholas 2000). 

Color，誼longwith gr，剖口調口d鵠 xtur，思，自時間garded調smo器，timport串円tfor decorative 

ve円程程r. Color of wood dep朗 dson ch串micalcomponents inte悶 ctingwith light， i.e. th愚

前節館関 or誼bs問問。f制 ractives(Hon and閥抗告mura2001). Theri告'fOIi告， wood∞lor has 
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b告enlinked to the誼mountof患xtractives，to wood dec昌yresist誼口ce畠口dto wood density 

(HiII患ret畠1.1972;地 Iso口調ndH関 th告r1972; Wilcox and Pii時o1976). 

Th母問調陪 twomain obj制限sin th患 pr，患sentstudy : 1. to自ss患部 thenatural termite 

resist翻 cepropertie君。Ifte畠kwood from diffl信関口t時 es， to ch器開cteri詩的思 bl説。kstrl錦 k

p畠rtof t朗 kheartwood. Chapter 2 pr，備制tsthe r袖 tur;畠It告rmit患 f愚容i説誼nc曾，患xt悶 ctiv1告

cont告尚喜誼口dwood color of t間関 fromdiffi信関口t喝告s.丁h患『患i謹tionship告 b告twee口 th患 nat臼ral

t串間臨時sista口cewith ext悶 ctiv患 co円tentsor color v縄問自給odisc凶器ed.In order to find out 

the rol患 ofindividual activ1告 compou円d草加 rel誠ivenatu悶 Idur串bility，chapt母r3 d患scrib患$伯母

distribution of quinon患 of tr，告患sfrom diffi宮間nta窃es誼S WI告11as r，昌dialpositions. τh曾

時 lationshipb拭w告患目的官官xtr;誼ctiv母 andcompon患口tco口t桂成swas al患oevaluat母d.Chapt告r4

d告自i事withth曾∞lor誼ndchemical ch串間C樹 脂tiC5of bl畠ckstr，告akp銅器 inh開時woodb誼鵠don 

b器棚鵠口 trl告患 variatio口5..Th告 relationshipb告twe告nthe d告greeof black朗 ing畠口d50間程

P自問metersw語sm告窃$日間d.Ch語pter5 d思窃Iswith th曾 compon患口tisolations and their 

discoloratio口蛤st5from black 域 開誠鮒 he誼rtwood.The ch母micalst悶 cturaldiffeli関関$

問 latingto the discoloration wa語調Iso告xamin告d.Finally， chapt母r6 summariz母sthe ov告rall

F告sultsand conclusions of this study. 
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2 

議 f盟関位割。間

丁告謹k(Tecto丹agrandis Unn百1.)is th患 princip晶 commerci誼Itimb告rin Indon患si畠，

p甜 icularly0口th告 isl畠ndof J謹va.D関 pit倍 theexi剖enc患 ofte畠kp協同t誠ionsm誼口語gedby the 

statφown曾dcompany P邑rumP患rhutaniwhich covers 1 million hect串 間sin Java， high 

d宮間部ldfrom the wood ind世話trieshas c問就eda shortag患 inth告患upplyof raw冊訓告ri自1.I目

。rderto問 e告，tthis demand，誼口 increasein th告中誼ntityof teak produ関 din '加脇町 raky誠'

(h叫tan= for鵠 t，問kyat= commu口ity)or fann福岡 hasoccu開 d.Ac∞rdi時 to伯母醐inis'旬。f

Fo時 stryof I ndonesia， 'huta口 rakyat'is d程前口語das "forest grow口 onland with own臨時hipor 

oth告rri窃hts目 (Depart告間程口氏ehutanan，1995). 

Contr;串ryto the pr;自cti健制opt甜 byP患rhutaniwhich母mploy告自拘llingcycle of 60 

y館時前 more，問。富tthe fannland 臨時ds畠refocused on obtaini時 sho時四 tomedium-term 

retum on their efforts by harvesting younger trees. The ow円程rscommonly cut their tri告es

wh朗 theyreach an age of 20 to 30 y関 rs.Concems陥 V母 bee口問isedover the quality of th患

wood obt自i円程dfrom such young患rtr，母患s.Logs from th部告 plantationswill havi告 al誼埼母

proportion of s誼pwoodand imm誼tu陪 wood，whos思 prop倍rtiesmay di背'erfrom thos語。folder 

tr，鵠s.With t患ak，th告 major∞nc患rnsare with regard to durability and∞lor. 

In terms of durability， teak is valu倒 forits natural term臨時事istanceprop宮市部.Ng鵠

et語1.(2004) reported te自kas a less preferred species a臼ainstnative pest Coplotermes， 

Microcerole，開 es，G/obite即時 Macrotermestermit告sin a p時給関口鵠 t部t.It ha器 pro訓告間話，

how割程r，釦ch 誼si総額pw∞dwith referl閉館 toth思 drywood t曾rmit告 'ing静岡ザ

(Neolenηes tectonae D晶mm)(Subiyanto， 1995). Teak wood w誼S誼i器oprov告dto b告 naturally

f告sista円ta窃a抗告tno円四nativ1阜 t告rmit母s(8申ck告r，1961). Th告reis no doubt that this畠dvantag告

関口 b思 attributedto忠誠ractivi告s.τf官官誼ge，思xtractivecontent and radial position hav思 b関 口

時間rt倒語$窃梅cti時的車問知悶Itermite rl開討語口ces(Da Costa 患~t al.， 1告58，1961; Rudm銅器t

8 



al.， 1窃67).The 0均ectof this study is to determine the口昌tu陪 Itermite resis蜘館。fhea仕wood

a口dsapwood of pla口組tio口窃rownteak. S器開ple器 haveb告皆目患X器開in患dfor 8， 30 and 51 y告ars

old. A f:窃ctori窃Id告sig口 w誼sus患dto i円V告訴igat患 th告患ffect容器口dint患ractionof trl告患畠宮母 and

悶 di誼Iposition on termite re剖sta口ceproperties. A口alysisof the content of the extractives誼nd

the color of th患 woodw'患時 includ告din th告 studyb患caus患 th告sef;謹ctor:事窃開 lik患Iyto h窃V告語口

官官位ctofth曾 dur，謹bilityofth曾 wood.

回 τ時 es轟踊静Ii間留

Woods誼mpl告sfrom sou口d8a口d30圃拘留喝Idtrl関 sw，告時 obt語i抗告dr;語ndomlyfro間的8

farmland stands and samples from th思 51Y関 r-oldtr'鵠 sweli母 obtain告dfrom the P睦rhutani

pl畠nt誠ion.Th告∞nditionof th患告it告$釦dtri鵠 ch畠ract銅器ticsar，告侮scrib甜 inTabl告 1.Discs 

5 cm in thickn告患sfrom th告掲11患dtre患sv時間 cutat di諮問母t母rbr，母語stheight. The t告st

$関cime口sw'患問 tak，母羽詰ucc患ssiv告Iyfrom s萌pwoodto heartwood， and divid鋪 into勧告

$告ctionsdiametrically (Fi臼・ 1): 

08四 out患rsapwood (ca. 0.5 cm from the bark) 

時四 inn軒$謹pwood(ca. 0.5 cm from th告 h程調仕wood-s誼pwoodboundary) 

OH曲。uterhe語性wood(ca. 0.5 cm fro問 thehe謹時wood喝 apwoodboundary) 

蹴H四郎iddl患 h患誼時wood

IH曲 i間関rh患謹『胸00司(錦町 2cm from th患 pith)

With the limit，甜 amountof suitable material availa訓告， the醐トIand I H zones in the 8-year圃 old

discs誼ndthe 18 zo口ein the 51田 year-olddiscs w'患陪告xcluded.Each pa吋fromtwo opposing 

radii was conv側副 intowood間関Iby drilling. It wa詰the口combi円程dto form畠 singl告 sampl母

in order to開 i口imiz告 variationsb告，twe告nradii. The間容als誼mpl愚容 WI邑rethen窃roundto a size 

of 40田 60mesh for d患路間lin誠ionof母xtractiv1患 むont朗t.Forth告鵠rmit母時sistanc患鵠5tand 

color properties， blocks ca. 5.0 (L) x 0β 仔)xO.8 (R) cm matchin窃sampl告sfor extractive 

9 



co鵡 ntd鶴間i口説ion(Fig. 1)， Wi患re器封印患dfro間関chp誼rt謹口dr，誼di嶋崎すheblocks鴨 re

th患口 d討母d畠t100 Oc for 3 h， aft思rwhich they w，臨時 cool母d畠口dWi曾igh告d.

臨時主

了h告$詰bte悶口e翻 termiteReticulitermes speratus Kolb患，。問。fth器開。stwood 

d諸問語gi口9speci患si口 Jap誼n，w誼$砧$患din this work. P抗告 (Pinusdensiflora Si告b錦 Zucc)10窃S

co口脇ini円9t告rmit母sv臨時 coll思ct患di口出器開ount語i円語臨調 nearτ'suruoka，Y詰問調窃謹t誼畠nd

開畠i円tai円程di口 anenviro口問ent謹Ich晶mber誼t250C，759もRHin the laboratory until initiation of 

th思鵠告t.Healthy work母F飴『開設君事 V時 間踊i倍口 fromthese logs詰ndexposed to th患 woodblocks. 

2..2.2.2..開。-choicetes君臨時 wood島locks

For each test，畠円畠ir-dri患dwood block (moist日開∞円tent10聞 12%) was in鵠抗告di口to誼

pl器sticcup (5.0 cm x母.0cm)，語ndplac制。口 209 of st訓 告 sand.The sand was moistened 

with distill告dw誠臨時盟国語rlyto retain詰 co口容Itant時 lativ患 humidity.Fifty wo戒告rtermit告sw，患時

add告dto 思achcup. Includ患di口 the t告stsfor comparativ曾 purpos忠告 w'母recontrols of 

事usc患ptibl母 pi口患 sapwoodblocks and starvation control事 cont自iningonly s畠口ds日bstrati告，

τhri告er，叩li間協 w'母時間畠suredfor閥的 sample，for a total of 171 observ誼tions.The cups 

腕時 pl誼偲din th告患nvironm朗 talchamb告rfor加'OW'鶴橋.No詰技師ptwas mad告 toremoVi告

侮 adtermiti母sfrom th告 cupdurin臼th官制alpe討od.日間 関即 時 thet曾rmiticidalactivity， 

survivi時蛤rmites瞬間 count告din罰rstWi鵠 k剖 dat the思ndof ob事ervation.The mass loss 

was制宮間i口語dto qua目的伯母制問tof th君臨rmitea投ack0目的患 wood.A s剃 ective

思val闘 tionwas関 rform告d，wh母開by詰11parts鵠st思dwerl患 classi古車di口tothe following four 

class告sof fi告訴stanc患 accordi口9to th邑irm母anmass loss valu告s(醐賊L，in mg). Classi官cations

WI官時 誼sfollows: highly時 si剖語nt(0 <醐糊L::: 5)，時sistant(5 <醐醐しご~ 10)， mod母rat思Iy

f告sista口t(10 <醐糊L~ 15)，割問dnon r，告sistant(15 <醐醐L).

2.2図説藍茸宮町畠岱tivec静岡te自重

Th告患xtractivecont母ntwas determined for 2 grams (based on ov'告ndrywei窃ht)wood 

m患畠i臼sing誼 Soxhlet誼ppar;謹tus.Extractions we間 conducl患dusin窃誼 8闇 hoursequence of n四
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h告縮問，告thylac車輪鵠{臣tOAc)誼口d m曾th畠円。I(綿密OH).The 50lvent5 V縄問 concentr;誼tedi口畠

rotary film ev却。醐or，樹容d，and weigh甜 tod鵬 rmi階的桂月園地xane，EtOAc，諮問d糊eOH

官xtractiv，患 co目t桂成 ba5患don ov患ndry wood閉患窃I(間1m).τh告 tot自i告xtr畠ctiv思 cont告ntw;串$

儲 Icul誼tedby determinin窃the5Um of all extractive contents. 

A port誼bl曾 5p患ctrophoto問告加rNF777 (Nippon D皆目shokuInd. Co Ltd.) with畠 di串間程t曾f

O関口ingof 6.0間的， m日開i関口tA and t甘口由討密口 halo伊 nlight 50日間程 was関車d.Perc母nta伊 of

reflectanc思 datawas∞ 11告ct輔副 20nm int，患向調l事 ov患rth倍 visibl患 spect開閉 (400-700 nm). 

Color間 関5url器開閉tsw1告関脇除問 for語ir-d討樹脂rmit母 woodbloむkt皆吉1間 関tio問 d晶bov告.This 

糊 5perform鋪加f抗告 initi誠 ionof th官制tit，宮間it告鵠st.Th患 colorp諸問問鞠時鴨時間申請5ur，告d

in th告白liddl患 ofth舘脇目窃宮前i副知。曾 (adjaむ母ntto me誼I5調mpl思) of思議ch5ampl告. Thrl愚容

measu開閉告白tswere問調defor each s窃mpleand the窃V串間gevalue5 of th患 meas臼時間ents

w'告問 C畠Icul誠告da5 th告 di宵串間詞tcolor par語me臨時， d告訴宮口at告dL*， aへ晶ndb*. L * describ睦$

bright円程55(alon留誼 brightn暗ss畠Xi5wh母 陪 100= white or total brightn告ss;and 0詰 blackor 

da水口鶴s)of窃∞lor.Th告 V誼i日告ゲ d車窓crib患sthe fi告dn愚容事 [alon窃 theX訴事 red(+) to gr'鵠口(曲

)]， and th患 valueb* desc討b邑sthe yellown母ss[alon母theY axis yellow (+) to blu官十)].

s踊舗sti関 i畠問調Iy事i事

Th官官ffectsof tri母eag告畠ndradial positio目。円 survivalrat母語ndmass los事 W患re

伺 Iculat制抑制aly鎚 ofvarianc患 (ANOVA)GL糊 proc剖 ure5.τ出掛ectsv縄問 talくeninto 

accou口tonly when sig丹市cant誠 the95% level using Type 111 Su陥 5of Squ器開s.Th思鵠rmite

創 刊ivalrat部(問問nta患部)v縄問 tra口sform告dto arc sin告 foranalysis but w'告 時 prl部制梅das 

untransform剖 val臼esto fi謹cilit謹加 interpretation. Means of extr;語ctivecontent and color 

間臨調sur，患m患口tWI臨時総説母dbyO円程-wayANOVA. A Duncan t患stfor multiple comparisons was 

日5edto show which窃roupm倍ansdiff母r.A P告arsonCOITi曾lationanalysis w'詣semploy思dfor 

t器開it臨時告istancepar翻患悔『広告xtractiv患 contentsand wood color prop師協.AII stat樹 脂

w告『告 P睦rform告dwith SPSS 10.0 so世ware.
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The ANOVA of me諸問 surviv誼Irate in the官rstweek indic誼testhat there i患目。

si盟問臨む翻ttrl患恐喝告自ndr，晶dialpositio口 i口鵠ractio円 (p= 0.08)， whil母 th告患!ff思ctsof tr愚容特車 (p=

0.011)自問dradial position (p = 0.002)誼resi宮町i官cant.Co開 P畠riso目samon思trl告患謹ger，告V程畠i

that th告患urvival悶蛤臨むf桂昌$備 si伊 i百関口tlywith trl関謹伊 (Fig.2畠)胃 Clos告患X串間in説ionofth告

間関口 valu部 withinradial position rl告V関 i告患urvivalrate b思:tw忠告口 th告 sapwood(関 -77%) 

畠ndh患鮒woodr，申告io口 (50 -56 %) 詰問 sig目前開ntlydi悔 r愚前 (Fig.2b). T陥 int倍raction

b告tw母母円 trl母患畠留告窃口dradi謹Iposition is hi窃hlysi留目前C語nt(p = 0.002) i口問gardsto th串間程a口

of surviv副知的思 secondwe睦k.すh告$叫rviv誼Irat曽野1告ansin th曾$患condweek詰問 shownin Fig. 

3a. The high告stsurvivi時 termiteI割程Is自問。bt割 問d誠 theOS語ndIS of 8圃 y舗内Idt階部

(47-55 %). No si窃目前関口tdifferences could be observed between the 臨時etree時 患 groupsin 

the h告昌時wood.

τ陥間関口 surviv語Irat盟 val鴎 of鵠 rmitesund母rcompl剖告 st畠rvationcontrol condition 

is 16 % a琵創出告 2-we告kt患stperiod. Th患 survivalrate value of th告が口信 controlis 88鵠圃

B畠$患don th告$曹関sults，th告 natur畠It告rmiticidalactivity of teak wood is目。tthought to be 

誼cut患圃 This∞口百問喜朗rli告 『陪 阿南 (DaCo翻 etal.， 1958， Rudman et al.， 1967)， which 

demonstrated that teak wood is not toxic but m官時Iyd思'te時的告 subte町an思誼nCoptotermes 

lacteus Frogg晶ndNasutitermes exitiosus HiII t関口it告S.Howl患V告r，th告 survivalrat告sm朗$臼『患d

in this work fo付 加 鵠rmit部告xpos告dto t，患aksamples are lower th銅 inthose時間巾.Th倍se

differl告口C告sof survival rat告smay b告 du告 toth母 use of differl朗 ttermit告 speci申告 inthis 

告xpe討間関t. In a previous 事tudy，Becker (1961) obs患向車d that the resistanc告 and 

susc叩tibilityof the wood sp告ci愚容 va地swith倒的 te間 itet愚容制. Ngee思ital. (2004) 

su窃留告患t患d語 diffi告陪円ti窃I~告患ding pr，告梅renc思 amongCoptotermes sp母ci告s，窃swell串stow畠rds

wood species from di悔 rentgeographical localiti時.Thu器I the us告 ofnative pests in a 

bio畠容器語yt患st，告.g.the most aggr告ssiv思 Coptotermescurvignathus Holm臼rentermit告s，would 

provide mo陪 informationwith時 gardto the円aturalresistanc告。Ift関 k.
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τheANOVAofm畠ssloss shows signi自canttrl関喝容誼nd悶 di誼Ipositio目的総raction(p 

<: 0.01)， indic説 in留 thatth患 effi患ctof tre患串窃患 V窃討骨dwith th告 radi誼Ipo君ition.島語$程don蹴舗L

data (Fi窃・ 3b)，he謹rtwoodof晶lIa留esf:語IIsinto resistant and highly resistant cl誼ss告swher，告謹告

sapwood falls into cla話器官諮問ngin窃from階事istantto no円四時告括協丹t.The mass loss in the OH 

tends to decr，患誼sewith tree自習e，th患 relativemass loss in the OH of 51 Y告畠トoldtr，告患s(1.37 

間留， highly rl告患is協同tcl謹告s)i事事i留目前cantlylow1患rwh皆目 co開 P畠開dto thos告 of8 y曾謹トoldtll曾告患

(7.45 m窃，時sis柏町tcl部事).Whil母 th告 IHr，時ionis found to b告 le鶴間sis福岡tthan th母 OHor 

糊Hre窃ion，the ANOVA of間部事 loss髄 胸 骨 患 口 th患悶dialp誼rtin th患 heartwoodof both th患 30

and 51γ告誼トold窃roupsdo告$問。Itv畠rysig丹市C誼ntly.Th器開謹ss10事sof th邑 OSd臨む問調告患器

si盟問i百C畠ntlywith tr，関語ge.Th患 OSof 8 y開問Idt階部 isclassi梅 das no町四時sis翰口t(醐醐L

27.68 mg) while the OS of 51由 yeaトoldis classified as resist語口t(醐糊L6.30 mg).τhe I蛤eve剖loff 

畠むctivi託tyof th患 OS of 5引1甲γye誼r-幽唱.箇a

t甘『患告s.Compared to th患 controlpine sample (師糊L52.41 mg)， howev患r，the OS of 8 year問。Id

trl告患患曾xhibits誼 high器『語口t百患ed自前 自ctivity.Th車 問 調ssloss in the IS (7.84 m窃)ar，愚容igni百cantly

low'告rthan thos母 inth告。S(14.52 mg) of 30-y邑誼トoldtrl倍程事， b成 語 simil詰rt冊目dis not 

obs母間信din th患 sapwoodof th曾 8γ告ar醐 oldgroups. 

Th信事告陪sultss患emto b告 inagreem愚前 withprl患viousstudi告s(Da Costa説調1.， 1958， 

19間;Rudman et al.，相67)，i口 that朋 incrl関鵠 innatural term臨時sistanc母 withtll申告 agein

the h患議時woodis告vid車問ced.Simil誼rt患口de円ci告患 hav，患 alsob忠告口口ot告din studi患softh告 d母cay

『愚容istanc患 oft患ak(Da Cos鵠 etal.， 1958，時61;Rudman et al.; 1967， Bh畠tand Florenc患，

2003; Haupt骨tal.， 2003).τhe obtain告dr，告sult詰 showthe heartwood of 30γeaトoldtr密告$

誼chiev酪 similart，器開i臨時sistanceI割程Ito 51-y鋪 r-old胸部.This is部制couragingrl告sult

consid制時 th車問臨時 incr，関鵠 ofyoung t階部 utiliz誠ion.On tt鴨 oth告rh畠nd，th思 t母間陶

器usc告訴ibilityin th曾 sapwoodmust b患 takeninto consid串 間ltio口， since th告 P患rc患ntageof 

sapwood i器開lativ告Iyhigh in tr，告患syoung告rthan51 Y告謹rs.

Th患 stand語rdd告vi誠ionofth患閑語ssloss v窃lu母sis larg告患V宮口 inth告 sam母窃roup.Th括

的dic説告sthat wood容器開pl告sof the sam告 串gegroup and radial part may belo口9to different 
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cla鵠 esof誼ntitermitic陪 sist品目ce.A留ood患xampl位。Ifthi器 isthe OH of 30四 year-oldtree口09.

This is classifi患d晶君 『患si事組問twhil患 th患 OH of 30四y思誼r-oldtr，告患 no 7 is cla事si官ed謹$

問。d器 開鵠Iyr，告訴st翻 t(d織目otshown). With r，喝謹rdto d患C窃y~告訴事紬nc患， signi百cantv誼踊tio口$

誼問。時加es畠mples誼『程調i器ofound in品開誼r-oldt，告ak(Bhat and Flo時間関， 2003).D臨時nc部

in t告閉it告側rviv魯河口dm酪 s10鶴自問 al事ofo日目damo口9th患∞ntrolgroup indi錨 t加盟 the

pos詰iblythat slight diffe時間関sin t申告tconditio口soccu問 db曽駒関口 tri畠Is同

Th愚作h患X議開制ractiv患 conte口.t(NH巨C)d骨髄閉i口説ions詰問 shownin Fig. 4a.自y

A柑OVA，NHECI告V告i事 i目的患 OHof 30 and 51 y告自トoldtr，告患s(4.36語口d4.52 %陪$伊患ctiv倒的

ari患 signi百ca口tlyhigh軒∞間関redto thos告。f各界都明。Idtr，告患s(1.74 ~も). In radi誼Idirl臨むtion，

NHEC levels in the IH誠sodiffer significantly from 臨む$告 i目的思 OH誼nd輔Hrl告留ion.Th告

NHEC I患V告Isin th患 08re窃ion蛤ndto i口C問調$母 withtri密告窃g告.The問 aximum 告vel事割問

。btain患di目的e08 of 51咽界都唱。Idtr，患忠告 (1.52鳴)， th思 dif俗博口問 is事igni百ca口tfrom th患

minimum lev患Isin th患 08of 8-yeaトoldtr，告患s(0.53 %). Th告 NHEClev告Isb告tw告患口 18and 08 

do時 notdif知事i宮口部cantly.τ梅田，0Ac患xtri誼ctiv告∞口t告nt(EEC)自 t告問inations詰問

pre告患口捨din Fi窃・ 4b.By ANOVA， th患 V窃riationamong the diffi曹関口ttre告畠窃告 inthe OS and 

OH regio口 isnot sig円前関口t.τheANOVA時 vealssi留ni百錦町tdiffi母『朗cesarl告 foundfor radial 

di時 ctionof 30γ倍都四oldtr，告患s，which th思 E臣CI告velsin th告。$誼nd18 (0.36 a口d0.41秘書

問 spectiv患Iy)器開 low，程rcompared to thos思 i目的思 OHr，母gion(1.6吉弘).The EEC I告V母Iv窃riatio口

語mongthe diffi患開口tradi誼Idirection in the h容器仕woodis not sign臨む詰nt.

τ出掛告OH鋪 ractive∞口tent(制圧C)determi悶 tionsa~母 displayed in Fig. 4c. In th告

$詰pwood，th告080f討す告ar咽 oldtre患sshows the highest醐EClevel (4.41 ~ゐ)， signi'百cantly

hi窃herin co開 pari器onto the lowe討 levelsi口 the08誼ndIS of 30 yeaトoldgroups (2.16語口d

2.0窃 %).In伯母 he語詑wood，告venthough th曹 関axi冊目間制EClevels a時 obt語in告di口拍車 OHof 

8y開問Idt階部 (4β7%)， th串 diffi告時打開 isnot statistically si留目前関口tin∞間関市onto the 

lower語mountin th告 OHof 30 and 51-y思ar-oldgroups (2.59 and 2.96 %， resp告ctiv，告Iy).

Sys鵠maticdiff，告陪間関$畠mongth思 diffi告関口tradial direction in th思 h母ar加oodar，告 notfound. 

14 



τhe mi口imumMEC lev告Isin th思 h告晶司wood誼reobtai口車din th告蹴H自円dIH of 51-y告誼r-o!d

tr，告患s(2司 19誼口d2β50A>).

W詰hi問自11翻患盟問祖師， to鞠i睦xtractiv患 cont告nt(τEC) i丹C問自sesfrom th告 pithuntil th患

OH and th告白 d告cre諸事告stow，畠rdsthe 08 (Fi留・ 4d).τh患悶di誼Idistribution p語性信m of the 

cont母ntof th告患xtr;窃ctiv告sthrough詰畠pwoodand hea時woodco昨患spondsto the scheme事

窃ener，誼lIyrepoはedby wood chemi鰯 .A∞間関ri告onbetween the three tree a窃esindic誠 関

誼目的C問 調S患 ofl患V剖si問。$萌ndOH. In th患魯畠酔Iwood，th車問誼ximum 倍V告Is畠『倍

。bt誼i丹母din th告 08of 51 y患畠トoldtr，告患事 (6.78協)， which is sig目前C語口tlyhigh母rthan廿10S患 of

伯母 8and 30す eaトold盟問ups(4.15 a口d3.53拡， I'i患sp思ctiv患Iy).τ巨CI患V患Isin th思 18誼時 hi思h患『

th晶nin the 08 of 8誼口d30す患ar-oldtrl告患S，howi告V告r，語口 ANOVAshow:器 thatthis is問。t

$樹脂ti関lIysi伊 i古関口t.Th告 ANOVAal鉛開V桂昌Isth語tTEC I患V曾Isin th告 OHof 51誼nd油田

y患畠トoldt間程s(9.17自nd8.53 %) arl告患tatistic詰lIydiff告掲ntfrom thos告 i口 th患 8γ告窃rold tre告$

(7.15 ~も). TEC incrl患語$告ssig口前C語口tlyfrom the I H toward OH of 51す告自トoldtr，告患s，but四ithout

st説isticalsi伊 i百 錦 町 関 in羽田拘留目。Idt階部.τh車関投告mofτECwith tr，鵠誼盟申 isin a窃r申告ment

with容器rli患rstudi告sby Da Cost誼 患tal.， 1958 a口dNaraya口am臼rtiet誼1.， (1962). The 

corr患spond加盟 valu容器 ofTEC in this study誼reslightly hi窃h邑rthan tho告告『告port告dby D畠

Costa告tal.， (1958)， but low1患rthan thos宮間port患dby Narayanamurti告tal.， (1962)， and Bhat 

患tal.， (2005). 

EtOAc，自 mod思ratelypolar solvent， 時 間ov母dth母 least曹，xtractiveswhile n-h患X畠ne，th思

i患astpolar solv容は or糊eOH，th曾問。stpol串rsolv1患口tr'告movedth告 most告!xtractivi母sin a 

関車町円曲rd患伊患口di口笛 upo口 th哩 partof th患 wood.8apwood is窃患円告悶lIyfound to contain mo時

間程tha目。Iextractiv告sin all ag告 groups.This patt，母mis also ob告患rv母din the OH of 8四 year-old

tr鵠 sand the IH of 51鴨 ar-oldtrees. This sign部関口itlyincr，関鵠 ofNHEC銅 dTEC lev告Is

from IH to OH of 51田y母語トoldtrl申告s，語swell畠事， i口 theOH from 8 to 51す告自トold留roups

indicat告sth告 incri程調singcont車問tofT臣Cin th告 h患昌司woodis mainly自社ributedto語口 incri患畠$告

of HEC lev告1.The t患nd告ncyof NHEC誼口d賦ECin this study is in lin母 withth母 tendency

f患po抗告din N窃悶yanamurti患tal.， (1962)， who observ患dth車問串xim日開制圧CI母V患Iis found in 

th患 OHofa 10す母語トoldtree whilst maximum eth患r告xtractiv思∞nt告白tlevel is found in the OH 
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of謹 62四 ye畠r-oldt骨aktrl鵠 .τhes告盟関die鵡陥vebeen i口総rpretedto indic謹teth誼tconversio問

。fpol誼rcompounds to I告事事 pol謹rcompounds incre畠$患swith tim母 i目的思 hea吐woodof 

留rowi口gt階 部，布告 datasugg鎖的窃ttra口動的誠io口 ofjuv1車問il車問。dinto mo階的誼知rewood 

i器 Che車問cterizedby晶 sig目前C語口ti口creasein the畠mountof less pol誼rextractives. By the tim告

窃 giv宮口 trl告患 i詰 30Y曾arsold，詰問i昌tiv患Iylarg患 proportionof le錨 pol調rext悶 ctiv，告$踏むbtai同盟d

in the倍xtr，誼ctiv睦 co口臨時tofth患 h患窃吋woodrl患gion.

。olor
For sapwood and hearもNoodfi時 i∞， the brightness ind猷 (L*)ra時儲 from73 to 77 

畠円d54 to 60， rl告sp思ctiv告Iy(Fi留・ 5a).Th告 ANOVA悶$臼Itsshow that th告。5in 51 y母語トold四

tr，鵠st階 部 (73.72)give si伊 i詰錦町tly拠点思rcolor than tho鵠 in8a口d30圃 y程調トoldtri告患s(76.65 

語口d76.09 ri母sp思ctiv患Iy)“Th患 bri留htn骨ssI患V患It患口d詰tod告cr，患asefrom 05 to 15， with剖説話tic畠i

sign能関口健 i口 30-抑留'-oldtrl器官s.丁heOH i口 8and 51叩 y関 r-oldt階部 (54.39調nd53.06， 

res停車ctiv患Iy)give事 si盟問i自C語口tlydark患rcolor than those in 30 y宮前田otdtr，曽田s(60.57). 

5y銃密maticdiffl告『母円cesamon思th患 differ'告ntradial dirl患ctionin th告 h告詣吋wood詰問 d告加ct告di目

前田y桂昌トoldtr，愚容s，which th告 brightn告鵠 ind倒語igni百cantly臨む時晶君告sfromlH (58.32) to OH 

(53.06). 

The r，告d口essindex担金)of the sapwood and heartwood region ranges from 2 to 3 and 

4 to 6， rl愚容pectively(Fig. 5b).τhe maximum redn患ssind母xin伯母 05(3.94)品開 measuredi円

51 Y母都圏oldtrl告患s，伯母 differenc告 isstatistically器ig目前C語口tin comparison to the 10wI思ramount 

説 的 信 05of 8 and 30す倍詰トoldgroups (2.97畠nd3.50， rl容器pectiv告Iy).Th信昭dn告ssindex in the 

OH fluctu畠捨吉 withtri告患 ag暗;the signi罰cantm告anmaximum redn告書sind告xis d説告むt患din the 

OH of 8す思詰トoldtre告s(6.66)， wh信関昌吉 th思 minimumindex is. found in 30回year由。Idtree宕

(4.69). A r;謹di語Idi融関口鵠 isobserv閥抗 theh閥抗woodof 51回開ar-oldtrees， which redness 

i患V剖si目的思糊H窃ndIH (6βO畠口d6.11， fi告$伊告ctiv思Iy)giv告 si窃目前C語口tlyhigh告rv畠lu告sth串n

thos母 inth思 OHIi告gion(5.25). 

τh告 y告1I0wn告ss 詞dex (b*) of th告$語pwood and h告artwood fi号gion rang告$

誼pproximat母Iyfrom 22 to 25 a口d24 to 26， r，告sp告ctiv母Iy(Fi窃.5c). Th告 ANOVAreveals口。
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signi古関口tdif勧告口C告柄拘 OSbetw関口 the臼roups.Th患 high患styellow間部 i患V曾Iin th患

sapwood is d告tect患din th思 ISof 30γ告自トoldtr，母容器 (25.31).A signific畠ntlyhigher y告1I0wn告$事

i悶d患X括的程調窓口redi門的思 OHof 30 y告窃トoldtr，告患s(26.67)自scomp畠開dto th思 OHof8語nd51 

ye誼トoldtrees (25.46謹nd24.50， respectively). For both 30語口d51 yeaトold窃roups，目。

器igni百cantdiff，告時間偲$窃F患 ob鵠 rv制加!tw器開問di割問rtsin th告 h信組wood.

Kokuts告倒誼1. (2006)陪 port患dth詰問自xi隅 umIi睦d口睦ssv誼i日程 i口納容 h睦誼詑woodis 

det患ctedi口 theOH 誼re誼， which di宵'er:謡 fromthe pres創 1tres日仕事， however， the patter口 of 

bri留ht円程ss自ndy母lIown母ssv窃luei事 i口 agr，告患間母悶t.Th告 co町告spondingv語lu告sof brightn患ss

and y思1I0w階事事 inth患 h関『もNoodin thi吉 study串 間 slightlyhigh思rthan prl患viou器Iy問 port甜，

whil患 therednes事 val臼患$畠relow1軒 th晶目的。seof India円鵠akwood(Bh誠告tal.， 2005)語口d

To宮01曹$車輪語kwood(Kokuts告患tal.， 2006). Th思 ANOVAr，告ve畠Isthat th告 colorindex v誼lues

i目 的信 hea時woodof 8γ患誼『目。Idtr，告患sari程 調Imo銃器imilar知的oseof 51す告自r-oldtli告患s.This is 

an 臼円程xp告ct患dobs告rv舗ionb告caus患 of the 9創 1母ral説話sumptionthat th曾 h告畠時woodof 

yo日時都胸部 ispaler. This position has pr，創iouslyb母enput fo問畠rdin a study of oak wood 

color (問自mp車問 et誼1.， 1宮93).τheinconsistent result告自rem倍 Iydue to variations in 

silvicultu悶 Ipractic患 orsit，告 conditionfactors， as告uggestedby previous reports in teak and 

oth告内向ci鶴 (Nelso口容tal.， 1969; Wilkins銅 dSt畠mp1990; Bhat剖誼1.，2005). The possible 

eff告ctsof thos患 factor:話器開 notdiscus事告dwithin the scop告 ofthis pap告rbut is worthy of 

further res患誼rch.

2.3.4. f竜舗翻 師 事hipbe'鞠鵠盟主@時現 re銅器輸時鵠謹自de離間ctive∞由主銅色事

Correlation朗自Iysis(Table 2) co補 rmsmodera柏町時ativ告∞rrelationb母tw鵠 nt除

問鵠slo意志畠ndNHEC (r =-0.58)部 w告11誼sbetween the mass loss and TEC (r= -0.51). This 

outcom母 isr，関sonablesi口C君臨ak銅 ractiv告sare recognizl剖 toplay誼 signi古関口trole in 

t器開i臨時sistance.Th思 V自riationsin閥 ssloss with tr，関得告知的告 OS畠ndOH r，喝ionare i口

g朗 eral誼ccordwith 伯母 TECand NHEC distribution trend. Those results co口百rmth誠 low

t告rmi臨時事istanc告 is晶ssociat告dwith immatu時 wood.For患xample，in th告 51皿 y鵠トoldgroup， 

the t階部 foundto b母 themo域開sistantto鞄rmit，儲 hadth告 hi臼hestT正Cand NHEC， both in 
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th告 08畠ndOH.。畠 Cos梅錦語1(1958)ob吉信仰患dthe decrl告自事告 of師昌吉宮 losswith th患 i口cr，桂昌吉語

。fτ巨CI母V患Iin th患 OHr，喝io札 Howev思r，the rl告i誠 ion事hipb患tw錦町開晶君事 lossand TEC or 

i口 th患『窃di畠Ipositio口 ofh患窃rtwoodis口otcl患arin this study. Th患 IHof 51-y告詰トold

trees signi商関口tlyhas lowerτ 諮問dNHEC than tho鵠 ofthe OH， but without器tati試ic剖

sig口i自錦町関知的思間部sloss. Thi告知ct閉 ayb患du患 toth患 di換 時 間 関 ofth患 toxiccompo関口t

con関口tratio口swhich誼時 i械部 開 僧 口tto th母開tt患rnof器地問ctiv患 cont皆目t.1口 studiesof th曾

t曾謹k，H誼羽pt曾t誼1.(2003)， Thulasid謹告串間d 謹t(2007) sug留e詰，tthat th曾

P時$告白C思 ofindivid口調Iactivl告 compounds，告V車問 inmi口orq口調ntiti官事 is問。時 signi自C畠円tth器問

th愚 amountof tot詰i患xtractiv患 cont，母n1.

With rl告伊rdto ch患micalconsid母『昔話on，司uino同信$ 品目dth思ird剖 V誼tiv告s 口 鵠ak

extr謹ctives，p銅 icul窃rlyt思cto明日ino問， h誼V曾 b曹関 shownto be toxic to th君臨rmit告s(R羽dm剖

et al.，時間. Rudma口語口dG器y，1鎚 1;S銅 d串間制口調ndSimatu簡 略 ， 1961).刊誌如di時

supports this伊窃P告rsp時 limi口語rystudy (Lukmanda開畠口d O留iy詰問語 2005a，2005b)， which 

時間rtedthat fト地縮問 andI患部 pol誼rfr晶ctio口sof臣tOAcsolubl告制ract患'xhibited剖 titi告rmitic

properti患s.Furth告rmore，t告はoqui円。間 was 傷口tifi睦das being prim師 Iyfl告sponsibl母 for

antit，関口itic誼ctivity.Wind告 諮 問 銃 器 1 .。∞3)det宮ctedt，母d明 日ino口容誼ndd告soxyl誼pacholin 

p倒的i告日開討h告rsoluble患xtracts.The v語ri語tionsof TEC語口dNHEC in th母$自問母 partand 

group m畠yp語rtly思xplainth患 consid♀rabl告tri告患-to-tr，告患 va討ationoft母rmit告『告sistanc告.

D思spit患thef;語ctthat sapwood is known b忠告畠silyatlack母dbyt告rmites，examination of 

th告鵠rmit告 survivalr語梅$銅dmass loss clearly indic誠容器 thatteak sapwood告xhibi結

晶口tit密 閉iticactivity al加 itto畠 i愚容$創出grl関 th畠口 otherwood regio口s.This is問。陪

prono臼ncedin抗告 sapwoodof 8田 year-oldtre母S，which belon臼toth告白on-re君臨tantclass. This 

indic誠告sthat 結晶ks自pwoodcontains lower I患V患Isof compounds th誠誼redistasteful， 

F器開11開 t，or toxic to t，車問iti告s.A rl告portbyWind患is郎副誼1.(2∞ 3)who 悔悟ct剖 t告ctoquinon告

i目的思 sapwoodoft開 kfro間 P朗自問自問抑制pportthat indicatio口.The high 階事ist語nc告 ofthe

患apwooda口dh関吋woodi口th告別問y関 問Idtrees indi伺 鵠sthat th思 agi口9oftoxic∞口stituents

is not患vid患nt.
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Th曾∞ 間lationb患tw関口 color and d思cayr，部istanc患 int告窃khe甜 woodhas b関口

investi窃誼胎 Itw;語sfou口dth誼tb討ght円程ssco昨告i誠容$口密g畠tiv患Iywith開畠君事 loss(Kokuts母etal.， 

2006). Bhat説誼1.(2005) obs倍rveda gre誠告rcontent of extractives， more yellow h告誼仕wood，

誼ndhigh患rd信関yrl告訴説詰問C曾 tobrow仲間，tfu円窃iin t曾誼kgrown討議 dry詰it思 hom患 g畠rd曾口 and

pla口t誠 io目的語口 int告語k窃rownin a WI説 sitehom思 g謹rd思日.In this study，問。d睦rateco汀告i誠 io口器

諮問。b鵠 rv患db思tw患開閉畠sslos詰withbri窃ht口鶴s，誼SWI曾11as b患'tw骨骨肉間部事 10告患 with開 dn告患$

of the wood (τ誼bl母 2).F日時hermore，corr患latio口朗自Iysis自Iso陪 V程調Ismod関悼 co問 i説 io口

betw鶴岡 thesurviv誼Irat患 i目的 思 官f器tw，鵠kwith b喝ht円程ssor red問 ss.Thi草間関口sthe wood 

is問。時陪si銃器ntwh母円 itis darl倍 ra口drl告dd患r.Th告 bri臼htn患$事自問drl告dn告ss誼pp程調rto b串

間 lat患dto t告rmit患『鵠i剖謹口問 i目的容錦pwood.As駅間ct母d，拍車『患lativ患Iyhi窃htermit曹

関 sist語口C患 ofthe 18 of 30す告自トoldtrl告患$窃円d08 of 51-y程調r-oldtri告患sco汀患spondto da武器f

a口dr，患dd患rs誼pwood.τherl告 is目。 signi百cantdiff告『車問C♀ i口 bright円程ss自nd開 d口語ss語mongth告

『畠di畠Iposition 口 th告 h告artwoodof 30γ曾畠トoldtr，告患s， which correspond well with no 

si留目前C語ntdiff告関口C患sinm畠ssloss in thos器開窃io口S.How1告V告r，a割問iI自rtr，車問dis円。tobserved 

betw，器官目的告問自sslo鵠誼口dcolor pa問問告加rsin th思 OHregions園 Thosefacts suggest that the 

rel昌世間的ipb告，tw告enthe mass loss and color p誼rametersis compl告X.As it is known that th告

color of wood ha詰 b告患同時lat邑dto th告 quantityand typ告sof wood告xtr謹ctives，this may 

indi開梅 th誼tt隔制ractiv告sassociat患dwith color i口 theOH might be ind却問傷口tof tho鵠

that cau鵠臨rm臨時事i事tance.In fut日開 studies，inv'告訴igatio問。Ifmorl母 samples語nddi偽関口t

t告rmit患部副部 willb思 隔Ipfulin d患蛤rmini口9the開 lationships協加関口総rmit告時sistanc患

and color prop母rti告softh患wood.
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τ畠bl母 1.D告scriptionof th号事畠mpling語円dsit告書

F畠ctor 8y患畠トold 30 Y告畠「圃old 51 Y告畠「圃 old

Origin farmland stands f畠rmlandst畠nds P告rhut器開ipl器開t語ti母円

Sit告i母むatio円(provinむ患) Gunungkidul (Jogj畠) Kulonprog岱 (Jo鎖的 畏andubl畠tung(C告ntralJava) 

関umb号rof s詣mpl告S 5 (t憎昏円o1to 5) ヰ(tre告円06to号) 5 (tr告患 no10 to 

Altitud昏 (m) 450 120 

正astlongitud母 110030' 1100 8' 111
0 
30' 

South latitud昏 706むE 7044' 7005' 

Soil ty静患 black calc畠「告ous，loam alluvi畠1，Iむ器開ysand hum母usmarg語Iitic，lo畠mys昌明d

Annual 悶 infalトrange(mm) 1400圃1800 1700圃2500 1300四 2000

τ器開P患rat叫「告「畠ng号Oc 22四 36 18圃32

Relativ器 humidity 70 76 72 

時告畠ndiameter (cm) Tむ.2 27.1 36.5 

醐母語円 h告昌司woodpro担ortion(弘) 19.5 60.3 78.7 

醐母ans語pwoodthickn母ss(cm) 3.1 3.3 2.1 
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τabl患 2.P告窃rsoncorr患lationco患部ci語口総(r)for th語路F聞社告間話ist諮問C患伊謹悶師剖母rs，

ext悶 ctiveco口tent事畠口d∞ lorprop患rti告s.

議ra町leters $日rviv自Ir;晶t告 in Survival ra鵠 i口the 醐asslos告

納容 firstweek 事告condw，告患k

丹田h患X自問告患xtractivecon臨時 国 0.42帥 圃 0.34安 曲 0.58帥

EtOAc extractive ∞口tent 圃 0.49帥 回 0.34会 国 0.49柑

蹴eOHextractive content 0.11 0.08 0.14 

Tot畠Iextractive content -0.06 相 0.30会 同 0.51帥

自討臼ht口essL脅 0.62帥 -0.45帥 0.62拙

良告dn官ss謹脅 間 0.68帥 -0.45帥 -0.64拙

Y思lIown告患$ザ -0.32合 聞 0.08 由。司31**

Not母 帥 z 話相口調cantat 1鵠 l告vel 会 =signi訂cant誼t5%1患V告i
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Outer畠apwood
Inner sapwood 

Outer h母自吋wood
Middl母 he畠時wood
Inn患rheartwood 

Sapwood zon告

Color制 協 剛 容 …pli時
正xtractiv告 cont母円ts語mpling

Figur官 1.Sampling position on畠 cross-s告ctio円母ft串aktrunk 
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Fi臼uri告 2a品.8urvival rat思 agai口stReticuliterrnes speratus on 0円程皿w，告患kobs告rvationof 

te詰kwoodby trl告患詰窃患 andradial po事ition.蹴母語口 of5 trl告患s(8圃 and51 y'母語トold)語口d4tr，告患$

(30-ye誼r-old)， with th告患t語ndardd患viatio円程rrorbar.丁h母samel思tt母rson伯母 same留raphic

自問 notsiati試ic萌lIydi宵曹関口Itat p < 0.05 by Dunc語口'stest. Pin患語口dstarvation control ar'母

included for the purpose of comp語rison.08 = outer sapwood， 18 = i昨日ers串pwood，OH = 
outer hea時wood，師H= middle he語仕wood，IH = in口erhea時wood.
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2-we思kon speratus against Reficulitermes loss 町lass窃ndrate 3a岬 b8urvival Fig. 

obs告rvationof t患語kwoodby tr，告eag曾 andradial position.醐告自口 of5 tri告患s(詰問器時d51 yeaト

。Id)語口d4 tr，告患s(30γ告誼トold)，with th告 standardd母viatio口容rrorbar.蹴告ans窓口rvivalra鵠 of

pi口信畠悶dstarvation control w'告陪 88.67土2.30and 16.6土13.30%，昭事pectively.蹴錦町

的窃ssloss of pin患 controlwas 52.41土5.69m思 Th告 sam患 i思投信rson the s畠m告 graphicarl告

目。Itstatistic語lIydiff車問問1語tP < 0.05 by Dunc語n'st患st.08 = out告rsapwood， 18 = in口容『

$窃pwood，OH = out母rhe謹仕wood，醐H= middl告 heartwood，IH = inner h患窃rtwood.
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3 

選議

τ患語kh窃sb告患円 val口容dfor its b曾窃utifult告対日開， WI患窃th患rri告sist語口C告，畠丹dn語tural

d日開bility.τhis畠dv語口ta留患 ha諮問su抗告din the us母 oft宮aki口 V誼同ous語ppli巴誼tions，from 

h富岡dicr畠ftsto h患avyconstruction. It h窃sb告告白窃車問告悶lIy畠ssum思dth調tt患akwood from 

口語turalfo陪銅器誼ndfrom pl謹ntationswith long rot誼tio口昌gesh誼事 an告stablish患dr，患put誠ion

for outs拍 ndingquality. In Indo口母si語，問。器tt告aktrl告患$自問 h晶rv告$捨dfrom pl畠ntationforests. 

R告む開tly，i口出st両信事 tr鋪 itionallyrelia口ton wood hav1告 f器開da supply shortage， which 

間関ssit説部the陥内容器tingofyo日時告rtr'鵠 sfrom plantation and farmland stands誼$畠悶w

m詰晦司自1.In ord告rto utiliz告thi事youn窃告rwoodmo時告:ff睦むtiv患Iy，b窃詰iむknowl母dg患 i事口容告d患d

on the basic prop告rti患sthat could a宵患ctsuch utiliまation.

τh母 highn詰turaldurability of t曾akis畠nimpo抗議ntcharact，告ristic，which has b母告白

undo臼bt患dly語ttribut患dtov誼riousextractiv患 co問 pounds拍車nt前edinteak陶 Y語m誼moto告tal. 

(19告患)ha事 demonstrat患dth愚容i皆目前cantin官日程円C患 oft思akwood extractiv患sto wood 

destroyin窃 fungi.Quino円宮$窃ndd告rivativ，告s，th愚問。.fh誼V告 b告患口 report告dto act against 

t告町商社告自口dfu口田昌i昌枝acks(Rudman and Gay 1961; Sande符na口nand Simat日p語口g1958;

Haupt母t畠1.2003; Sumtho口窃 et詰1. 2006; Thulasidas and 日hat2007). Di官官renc告s 口

nat日開Id臼rabilitymay be related to the ∞口centratio目。Iftoxic extractable sub剖 剖cesof 

wood form剖 duringthe form説ionof h開時wood.Unfortu口 翻ly，li世i母hasbeen rl器開抗告do目

的♀ qu自前ityand composition of the activ告 compoundsby t間 程 調ge.It is 9告n母陥lIy

∞nsi臨時dthat th車関rli告stform制隔鋪woodcontains less toxic materials and therl母!fo階

的車 woodis less du悶 bl母廿袖nth告 h告窃rtwoodwh告口伯母 tr，告患諮問誼lturl告.

お V告f自Istudi告sco口偲『口ingthe link betw関 口 th告 側ractivescont思nt，age， radial 

positio円謹ndth告口語lturaldurability of t告akh詰V思 b密告口 published(Da Cos柏 etal. 1958， 

時間;Rud問調口 et誼1.1967). The previous c陥 pterhas shown the relationship betw鵠 nt除

問 tural輪開i臨時SIS'拍口偲翻dth告患xtractivecont，告白tobtai口edfrom succ告ssiv，告制ractio口.
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In this work， th患悶di晶Idi討ributionof quino口語sof 臨調kw晶sinv患sti盟諸悟don th患$自問告

患畠mpl告患 (8，30語口d51 Y曾 品 開 。Id)to告訴ima融関脇tiv告 円at甘悶Idu悶 bilityof th告 wood.Th告

oth患rpurpos曾sof this事，tudyv縄問 torelat曾伯母 amou口tof th患朗自~or compounds誼ndth告

患xtr，謹ctive事 cont，告円t鵠 w'患11a器 tor'車協踏拍車語的ou口tof th患窃ctivi患 compound器 withth告

prl患viousdat畠 onth曲目atur，晶It患rmit車 問sistanc患 prop患『割程s.

3.2.1. S畠翻ple事酔re静調関.ti韓関

Stand charact告rization，sit!告 loc謹lization，cli問調ticcondition a口dsamplin留 method

V時間 d曾scribedin th患 chapter2. 

τ静電轟Iel主主F誼ctivec窃目te開tdete野田i問謹鵠韓間

Extr;畠ctiveswe問。bt畠inedby extracting on告 9ofwood m母語Iwith患thanollbenz患円程

(1/2， v/v) in a Soxhlet for 8 h. A首都患vaporatingthe solvent und宙開duc告dpressure， th宮

駅 tractiv母swe時間movi鮒 ，dri母dand w'思igh剖 tod告termir鳴 theper関口tageof total 

告xtractivecontent based on moist訪問醐.fr，告患事説wdust.

3.2.3.告白e蹄lic轟i謹間謹Iy事es

Th骨骨xtracts(conc朗 trationof 100 mg/ml) wi邑開 analysedby GLC (Hitachi蹴od告i

G-3500) und患rth告 followingconditions， d告t母ctor:FID， column: NB-1 bonded capillary 30 

m， column temp告rature:120四 300Oc (programming 4 oC/min)， h思Idat 300 Oc for 15 min， 

C誼rrier窃串s:H母lium.Th告 col羽冊目 w窃sinj母ctedwith 1 micro lit患rof the solution per sample. 

For quantification of individual substances， calibrations鴨時間ad告関ingknown am∞nts 

of 時f官時間関錦mples:鞄cto明 ino口母 (2皿 methylanth悶明inone，25753引陶ntoChemical)， 

lapachol (142905 Sigma国Aldrich)，2国 hydroxymethyla口thraqui打。ne(17241-59-7 Acros 

Or窃自口ics)，明ual告円日 (3730宮町30 Kanto Chemical)， palmitic acid (32016-30 Kanto 

Ch器開ical)and th臨 時spons告 factorsv時間 d剖erm抗告dfor程調chsubst語nc告 inrelation to an 
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intem剖 (h患円患icos窃目的. すh臨 調mou口脇 ofcompo円程日鵠 自問 exprl患ss告d 畠$ 語

。ifoven-dri告dwood問調書s.From胎cto明日ino円程， I畠pachol，d告書oxylapachol自口d

its isom告『∞口踏nt，th患 tot説明ino間 C告白鵠吋 w'畠$関Icul誠容d.

Co師 pou口dswerl患 id患ntifi患dby comparing th患ir臨調事sspectr;畠 withdata from th曾

lit告rat日開制dthe injection of sta目指rd器.GC-糊S(JEOL XS開設sssp睦ctrom剖ry誠 70eV)

w'謹sus患dforg畠schro師語to盟問phic告患伊畠悶tio口s.

謹 臨 調 事h事

Vari説ionof the total患xt悶 ctiv患， tot窃Iqui丹one，and individu語Ico間 pon告口tcontents 

we問 調関Iyz鋪 {伊丹曹関Ilin患誼rmo髄 Isproc告dure)by 0抗告唱，w謹yanalysis of v設計諮問関

(ANOVA) fo 11 ow，鮒 byD間関口'smulti酔地問時告総st(p = 0.05).丁加 rel昌tion油 ip草加t腕骨目

th宮 ind思P睦口d曾円tv謹riabl曾sW1患f告訴udi告dwith a P患語rson'scorr告i舗io問自口alysis.τh皆目atur，副

総rmi臨時sistanc告 datai口 th告 co町告lationanalysis w'告retaken from the伊reviousreport. 

T悔悟間隔 surviv詰Ir;説部(関T偲円tag関)w'車問協同sform患dto arc霊i円程 fora悶 Iysis.AII 

statistic誼Ic畠Icul説ionsv時間 conduct制服i口9SPSS-Win 10.0. 

事.3闘 A輔骨髄ISCUSSIO閥

3.3.1.τ岱鞠le組問ctivesc臨時鶴岡電車開官官加舗骨髄

τhe dete問問tionof tot語lext臨むtivecont患nt(τ臣C)is pres皆目鵠din Fi窃・ 6.Th告

t語口d告ncyin伯母 h告語性wood拘留ionof th告 total斡 dractivi母むonte抗tof畠11of th告 tr，母eage 

gro羽psis in agrl告患開愚前 withd語tafrom the pr，告vioustotal extractive co口t告口tobtained by 

suc間 ssiv，告患xtr;昌ction，but slight diffl告冊目C告sW1愚 問 。bs告rvedin th患$自pwoodrl告gion.With 

th告猷偲ptionof t同 OHr，句10口， sig目前閥抗tdiff告関口cesof告xtractiveconte口tlev告Is畠問。略

的容誼窃告自roupsi口 th皆吉詰問患 partwere not found due to th思 larg告 va計調tion.The maximum 

mea口 valu母sTEC i目的語 OHof 8-，30品目d51-y桂昌r-oldtr，告告$自陪 5.30，7.01， and 8.04 0/0， 

respectively. The me畠口 valuesTEC i口 theOH of control samples were 12.97鵠，向性h告F

con百rmi口9that tre程調窃患 sig目前ca口tly畠ffi告ct鮒 th告 TEClev思1.
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Th告窃晶君 chrom説。窃問問。f母，th畠円。トb車問Z曾口告患xtracti門的告 h容器時woodregio口 i器

show口 i口 7.τh車問自~or ∞mpo日目ds detect鮒 i口 thosechro踊 誠 時 間 関swerl母 lap誼chol，

t患ctoquinon患， 侮 soxyl語障chol 富岡 its iso拍車r(isodesoxyl諸問的。1)， 明日串lene， tectol， 

P語Imitic 謹cid (捕鯨開患thyl説ion) 誼口d two unid曾nti官制 compounds. AII th信関ajor

∞ mpoun臨時給関dto昌bovehav告 b鵠 口 report鋼部梅錦∞mpo口容nts(S畠nd告rm錦町諸問d

Si問調.tupa同盟鵠告容器ndIi輪開組問 cit告dt臨時in).す告。:iolw鵠 id朗捕容dby comp誼同so目。，fits 

間畠ss告P告ctrawith th誠 offl患portedby lemos et. al (1999).。告話oxylapacholand its isom告f

prl部閉C告 患持品開dto a伊問vious時 po詑byPe町剖自1.(1991) and Windeis患円曲tal. (2003). 

Th告$暗号祖母口開。fboth compo口駅路 inth告 chromatog悶冊 wa窓口nc告F踊in，owing to串Imost

ide口tic自Imass s伊告は陥 ofboth compo日nds(Fi窃・ 8).B串$母don甘leirelution ord告r，the first 

自問ds睦∞丹dp患aksv時間蛤口組tiv患Iyassi窃円程das自 soxyl叩誼choland isod告soxyl畠pachol，

昭事P患ctively.Th告 mol母C臼i自rm畠$事告sof羽目id告円ti告患dco問 po臼口d1 (UN1)窃口d2 (UN2) w'告re

found to b母 mle(bas患 P患ak)= 244語口d242，間sp告ctiv告Iy.丁h告 oth告r開 i丹orcompo臼口ds

id睦口ti告患dW1告聞各hydroxy閑ethyla口thraqui目。口語， 5-hydroxylapachol (Kh諸問誼口d糊lungwa口畠

199窃)， s鵠roids語口dst告窃ricacid. 

3.3.3. C窃師静静臨時胡骨粗轟悶舗寵位革連.ti由開

The quantification of major compounds is s日開閉誼吋z鮒 inTabl告 3.Within th告 wood

cross s告ction，th告誼mountof most m誼~or ∞mpound事$告患問s to b告 rel語路dto告xtr，昌ctiv告

co口tents，制ldfollows th告 same思en患ralpatt告rnas it reach母smaximum values i口theOH. 

Compared to th思 literatures (Sandermann 品 。ietrichs1959; wi口側$患口 et al. 2003; 

すhulasida器&Bh説 2007)，拍車 val日告Sof squal告円母自ndt告ctoqui目。neco口捨口tm思畠SUIi告din 

this患xp愚両問愚前 w告時割程円程悶lIylow1告r，wh患『思議器蹄ctol，lap語chol，desoxylapachol and its 

臨む冊倍rcontent v畠i日程SWi告間 inth母ran窃患

Th思 pres告nc告 ofmajor compounds in th告 S畠pwoodwas con百rmed，語Ithoughat 

V告rylow lev告Is.With ag告， the variation betw関目 的信$語pwoodrl時 ionsin det舵 t告d

compo世間dscont車時患 w:畠ss冊誼11.0告soxylapachol，UN1 J 自口dUN2v時間 notd告tect告din th告
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$自pwood誼口d 窃時woodof 8-y'患畠トold窃roups，while the s自問eco冊 po口口dsalong with 

p昌Imitic謹cidWI愚問調bs告時間 i目的語 sapwoodof 51回開ar-oldtr!開事.I口 th倍 OHr，時ionof 8-

y告畠rold trl告患s，t告はoq曲目。円札 followedby I誼P誼cholwere the most abu口d謹nt. compounds. 

This composition w畠sdiffi告間口tfrom thos告 in th告 30 畠口d -y程調r-oldtrl告患s， wh串間

関口昌i曹司efo 11 ow'告dby desoxylap語cholor t関 tolWI患階的諮 high曾stI曾V患Icompou師事.Whil曾

th患 co拍車問ItSof most compo日ndsw，告昭和甘口dto incr!告畠$告 witha窃e，目。$協同i笥む畠口tincr，容器事告

w誼sob鵠 rv告din th曾 cont告白鵠 ofI謹P誼chol ti告ctoqui目。円程 i目的語ltre窃ion.I目的語。，th昏『

P窃rtsof th告 h患畠時wood，only t告ctoquinon母語口dsqual曾円程 cont告口tsv語ri患dsignific畠ntlywith 

調§患.τh患fonτ)erincr，告自$患din th曾闘H，whil告抗告 i自社告rd患cr，告畠$思din th患 IHr，告患io口.

Amo口笛 th告 悶 di誼Ip誼rtsin th告 heartwood of 30圃 ye誼トoldgroup事， si留目前C誼目t

di宵e時 間C告sw'患 臨 むbs母rv患dfor d患soxyl誼P自chol，p語Imiticacid， and t患ctolco口融ntlev患i詰.

Th窃 signi自G諸問tdiff患時間関si口 palmitic誼cid，isod告soxylapachol，UN2，鞘羽詰i母口容，語nd臨むtol

cont告ntsin th曾 h告母性woodof 51す告自トoldtri患告患 w'患問自i君。 obt窃i口鶴d.Th臨時dialv語riationin 

th患 initialamounts of compo関口給制so関口 b告患xami問 dby b告twe母円四tr，鵠 compariso口s.

T加 OHfrom 8， IH from 30 and IH from 51皿y程調r-oldt階部 V臨時 form錨 i口調印roximat睦Iy

th器開閉母 growi口窃鵠aso口SUUVI朗 i始時臼ion，4-6th rin自);it ri告vealsth告訴atisticaldiffer，告白鴎$

of d患soxylapachol， U相， U時2， 間関i宮町告， and 悼むtol I告V宮Is b告加関口 the pa武器.

Sand母rman口語ndDietrichs (1959) observ患dthat the conce口trationof t告ctoquinon告 is

highest in th告関口蛤rof h館時wood. τhis百円di口窃 showedthat altho喝 hth告 highestlev剖

鵠 ctoquino口睦 wa器開告自suredi詞theIH rl母gio目。，fboth 30自nd51-y，告自トoldtr，告官事， th申 ANOVA

F告ve訓告dth告時 w;錦町ota stati詰，ticallysigni百cantdi侮関口開 withthos告 inth告 OHand糊H.

E知事告don th患 胸部 門th鵠 isP畠thwayproposed by Sa円d思nna口口語ndSimatupang (1966)， 

d時soxyl自陣cholis a precu時 orof both I自pacholand t告はoquinone.Thus， it mi臼htb患

co口事id宮間dth誼ltth告 conv告rsio口 rate of desoxylapachol into lap晶cholor tecto司uino口語

rem割問諮問i剖iVI告Iys'鵠畠dya患誼 radialposition in th告 hea仕wood.

Th告 studyshows that there ar，告 wid母 vari誠ionsamon窃 tr，告患sin r，告gardsto抗告

自問ountof 閑語~or co口説託日告口tsid思ntifiedby告xaminingstandard d思viations，eVi告口 intn忠告$

from the s器部告 sit母低下hismeans th晶tt告畠km語y目。t晶Iwayshave a hi窃hamo日ntof c車社説口
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compou口 Forin富士自間関，調mounts t，告ctoq回目。間 identifiedi口 fivet階部 of0口e喝 e(51 

y患謹rs，OH) m畠yv謹ryfrom 0.11 to 0.5窃鵠(i.住 tn告患sno. 7畠nd8). In a口患arli告rreport， out 

of 13 eth畠目。i思xt悶 ctsof t告議ksp告cim患円sfrom v誼討oussit患s，d患soxyl誼伊畠cholw誼事 d母tect告d

in only two s窃mpl患swhile I調P誼むholonly i目。口告患畠mpl告 (S器開d患f問調丹時諮問d割問自tup自白窃，

1966). A simil畠rph皆目。menonw'詰S語Isoobserv曾di口thisstudy誼Ithou母hto a I患ss患『告xtent

which i口容~vit畠bly c誼U事号事 wid告 V語ri誠io口s.This階事ultm語Ysupport畠口患謹rli患rstudy by 

銅器1. (鳩58)， Bh語ta口dFlor，朗C告 (2∞3)，which fo日間dsi盟問i詞関口ttn鵠副知輔trl鵠

vari語bilityi口融自kdurability. In ord思rto decrl患誼$告 th告 V誼討串bility，tre母$畠開plin窃 shouldb患

don思 i口l自rg患『同日間b患ri目 的 母 subs患q日程口tinv1思stig舗io口s.

思窃閥詞毒事

τh患 P患arsons'corr告latio口加'tw関目的告 TEC自口dva吋ou愚容xtractivecompounds拾

prl患錦町鵠di口τabl告 4.τh告 comp詰問tiv告lyhigh d思grl告患 co汀患i誠io口SWI愚問。b鵠 rv患db告tw告患目

的思 total告xtractiveco口t車問twith isod告soxylapachol，器qual告円ea口dt母ctolco口鵠口t. Th告tot畠i

患xt閥抗iv患 cont患nts告患mto be a good indic誼torfor t，患ctol∞口t皆目t(r = 0.84). B器棚告患nth告

qui目。円程患， th告 stro口g母stpositiv，患 corr，告laiionwa諮問母畠$日開db説明告患nth告 cont母丹tof tectol 

翻 disodesoxylap謹chol(r = 0.91).糊od思ratepositiv患 corrl患lationsWI患陪 obtainedb睦:tw，関口

伯母 content of naphtaqui目。円程s(Iapachol， d告soxylap畠choland its iso鵠 r). 忠告tw母en

t告ctoq臼inon告語口dth車 問 調pthoquino抗告 compounds，問。d暗闇鵠 positiverl告latio口shipwas 

ob告患rv告din tectoquino口曾謹ndisod告soxylapacholco口総口t(r= 0.54). 

It was ob鵠 rv鮒 inth告 pr，患vious百円ding器 thatthe mass loss du告知的容 termit母

語技誼ck器 開。derat告Iycorrel説母dwi掛かhexan告患xtractiv患 cont告口tand total思xtractive

conte口t俗語nticip語ted，co問 i誠iona閥 横 路 間V飴 i吋 sig口i詰C畠ntlypositive values加tw申告円

τEC 誼口d toxic 母ui目。口愚容 i患V母Is， 間口窃in窃 from 0.45 with lapachol to 0.79 with 

isod告soxyl誼paむhol.Th母$宮間sult告『口調ypartly告xpl語inthe import自ntof告xtractivl告患 co口鞄口t

in r，母latio口toth告口aturaldurability of teak. 
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調書事

糊臨時伊rdto t告rmite誼ctivity，民国間銅器丹dG晶y(1959) conclud倒 的 誠 畠11

諮問thr，昌司日ino関 spo略語$事総rmiticid畠Iprop曹司i錦 .I口晶 lit車問t日開時vi患'w，S誼nd患rman口語口d

Simatupa同盟 (1告66)間宮町tio自信dthat t告は0司眼目。口器 isth母 princip誼Icompo円程nt，which c畠us患d

nat臼『誼Iduri誼bilityag翻 sttermit患s.Furth母問。『患， d曾soxyl謹 関cholhas b患患n間 関ti閉鎖 to

程xhibitstrong諸問tit母rmit患部tivitybut I議開cholonly c開講teswi錦 k誼ntit告rmiti告畠ctivity.Haupt 

語1.(2003)開患dth母 qu誼口tityof t愚容t明日ino問調悶dit器 開tioto d告soxyl誼関chol

to b曾語 goodindiむ誼torof antifungal properti母S2while Thulasidas誼口dBhat (2007) ob告患rved

that口aphtaqui目。開制隔 si時 i患 majorcompound， which d縄問i白骨sth患侮cayr，鵠ist語口健

of t開 k.Sumthong (2006) found both t告ctoqui円。問調ndd曹関xyla向。hola階 的 容 activ睦

compou口邸調窃銅器tAspergillus nigeにすh曹関fo開， th曾$曾百円din窃scon官m鋭的容 P間関口開$

of toxic∞開。関口総 inth患錦pwoodand h館時woodof yo日時胸部.In additio口 th鵠 告

自ndi町野∞ 問自開制 thatno ag告i同盟 ordetoxific調t;onof t関 k銅 ractivl患soむcursby th告 tim告誼

giv告白 trl告患 is 51 Y患窃rsold. す告ctol， P詣Imiticacidid 畠詞ds明日al時間容 hav告 白患V患rb告患間

関告円tion母dwith rl告患畠rdto n誼組問Idurability. 

Th患tot畠Iq臼ino日告 co口悼口:t(TQC) of each part obtain告din this study was prl患sent告d

in Fi臼.9. It has b患患目『思portedthat th母 wood陣頭ons口信arpith a口dsapwood ¥1時間 much

i鵠 sr'愚容is'蜘 tto t母rmiteand fungal a説部kthan th思 outerh告制wood(Da Co翻母tal. 1臼59;

Rudman 1967;閥自ray語口誼murti告tal. 1962; Bh調ltand Floli患nc母 2003;Bhat et al. 2005; 

Kokuts告患tal. 2006). Th思 lowi告rn誠世間Idurability of yo剖口窃患rtrl告患shas b患思ndemonstrat母d

by Da Costa et al. 1958， N諮問y謹namurti睦tal. 1962， Haupt告tal. 2003. As would b密

告xpe抗告d，the sapwood v詰i臼患swere signi自cantlylower than hea時woodfor TEC， TQC and 

individual toxic compou口出 cont朗 ts.τEC，TQC， d告soxyl自pachol割問dits isom患ramounts 

in th思 OHof 51明富r-oldgroups ¥1時間 si留目前関口tlyhi自 陥rth誼nin the OH of 各界都因。Id

trees. The OH of 30畠丹d51 y'母誼トoldtrl告患sdiffered only in d告soxylapacholcont患nt.Th睦

むomp語riso口加tw錦町 theOH and IH showed si宮町ificantdiffl告『朗cesin isod母soxylapa巴hol

i告V告Isof 30掴狩ar..oldt階 部 部 WI宮11部和信 TEC謹口ddesoxylap誼choll宮V告Isof 51臨界誼トold

tr，告患s，but th母開 w:窃$目。tsi留目前cantdiffe冊目C告 for抗告 TQCI患V告Isin both 30 and 51 y，告ar
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old tri鵠 5. I目 的語 関鵠 of 口divid口調i関脇t諮問ce5，th患 $協同i間関口tdifferi告 白 関5 of 

d曾50xyl語P誼chol誼nd/orit5臨むm曾rco丹総司事U留留程5tthat the wood from you口g告rtli告患5will b告

i告患5dur，誼bl曾 du患 tothe cont曾口鶴 ofth患5eco問 pou口d話器ucha器 i5th告 C誼$告 witht曾誼iく

ple:着目t誼tio円5.

伊畠tt曹関 ofτQClev告15i目的 信 h患誼時wood"時間 co昨告患pond患dw'睦11with th告問崩事事

1055 d自脇 du患 toth母融行nit患 att窃Ck5from the p時 ViOl縄問$日It5where the ma55 1055 i目的語

OH of 四鴨誼F噛留roup5w'患階 5igni自ca口tlylow1劇的翻 i目的脅 OHof8γ舘トoldtr，錦町 th告

臨調5510鵠髄tw関口 th告 OH畠口dIH in both 30語口d51 y'朗 rold 1r，鵠器輸事目。15協同i自関口tly

di臨時d.How，割程r，th患 high口語turalt器開臨時銅器t諮問鵠 i告V睦15i目 的 患 080f計画界arold tri骨髄

which cont調i口 lowTQC I告V曾Ico日Idnot b告患xpl誼i口銅器ati5factorily，which indic誠 鰯 th曲

。th患rf;窃cto時間口容，tb患 contribut思d.τh愚問自50nsfor th告 highrl母5is脇 nc告 inthat陪 gio口

5hould b告 inv思5tig誼鞄dmo陪 thoroughly.

信静岡te時童謡

Co問 i誠iona口語ly5括協:tw告enth告関知副総問臨時si5tanc告 P宮間関臨時 and

quino関 compo日目指 i5 prl告$皆目t鋪 in T鵠 i患 5. T臨時 w;語5no 器i窓口前cantrl告lation5h静

岡tw鵠 nla幹部holor d思50xylap設chola口dth告 naturalt車問it，患『関i剖畠口G告 paramet告r5.Th思

co町宮lationb告tw官官口 5urvivalrat告 i目 的 信 耐51Wi告患ka口dth告 co口融ntof compounds was 

器lightlygre説告rtha口拍車 corr，母i説 io口∞e開cie口tb官Itw錦町 su問 iv誼Irat告 inthe鵠 condweek 

a口dtheむontentof compounds. Survival rate i丹1he官rstweek wa5 correlated b母stwith th巴

cont患ntof t患ctoquinon思 (r= -0.46). τh睦 high告stcorrel誠io口 coe'鮪ci患円tw謹告 observ告d

b患twe告円 themaS5 loss自口dth告 cont告ntof 1告ctoquinon曾 (r= -0.49)， fo 11 oW1思dby the ma詰$

105事諸問dth告 co阿梅口tof isod曾soxyl晶P謹chol(r = -0.47)， which閉患語口語悼ak諮問。問『容器ista口t

wh告罰的信 co口融口tof tho告患 compoundsis high告r.Th告se百円dingsmay告upportRudman et 

窃1. (1958) who ∞ ncl倒錯 th昌t，altho喝 ht母ctoq臼inon告患xhibit告d stro同盟朋tit告rmitic

prop信託i部， thi5 compound is not th患 50le関崎君。ft患rmi臨時5i5t期間. Ho腕 ver，the 
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de窃re告 ofcorr思lation the口調tur謝絶問臨時si故調口開 ch調ract告ristic話語口dtot語i

quinon思 co口t窓口tw誼snot晶告訴rong晶君 might b告患xp告ct患d.

関脇tiv母lyw1程調k∞rrelationd喝『鵠申bt割問din this study is i口terpr，剖:ed畠sthe 

∞mpl郡関知陪 t患鮒悶ctiv，鵠 (S自口併問窃目白畠ndSimatup誼ng1966;γ自問moto1998) 

asw，思11as th容。ompl思xint，患悶ctio口 b思tw患皆目 h患自時woodextractiv患$諮問dits durability. It h誼$

b患車問訪問V曾dthat調Ithou窃ht告akhe窃時woodcon踊instoxic compon告白総， it merl母Iyd剖告掲

輪開it曾sin関知悶Iconditio口 (Rudm誼同盟t誼I1967).τ除問for，患J it i器ぜ前icultto鵠蛤cton告

singl告 co師 po羽目dco口総ntto corrl程lat告 dirl患ctlywith the 陥 turalt患rmit患 時 sist串間関S.

Previo関 銃udi患swith oth患rs関 ci告$剖ch窃sLarix sibrica N朗 窃lai関口母tal. 2006)窃nd

Cinnamomum camphora. (H誼shi問。to告tal. 1997)討10W告dth剖 V晶司謹tioni口 fu口gal語口d

t告rmit告関ist自問問 co日Idb患部pl語i円程dby the concer世間tionof the largely re叩 onsibl告

∞mpo関口ts.In co口tr，諸説， τ誼ylor思!tal. (2006) found variations加盟xtractiv思 compo口開鵠

could問。t銅器守口窃tely母xplainof t陥 V制 ationi口 fung誼l自問dtermit器開si説諮問問。fth曾 Thuja

plicata a口dChamaecyparis nootkanensis wood. 
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3. Cont，曾口t語。f 開謹~or co開 pone口ts(鵠 ofoven-dry wood) in the曾thanol-benZ!邑口語

extract oft患akwoodtr患告患畠自告d8，30誼口d51 (radi誼Iposition). 

Co符lpO円程口ts Out郡 吉 富pwood i口円程rs誼pwood

告ye誼rs 30 years 51 Y桂昌rs 8y告自rs 30y告ar詰

Desoxylapachol nd nd nd 

Palmitic acid 0.04 {0.01 )ab 0.03 (0.007)a nd 0.04 {0.04)ab 0.03 {O.01)a 

L昌pachol tr tr tr 0.01 (0.01)畠 0.01 (0.002)a 

Isodesoxylapachol tr 0.02 (0.006)a 0.01 {0.004)ab 0.01 (O.01)a tr 

UN1 nd nd tr nd 

Tectoquinone 0.02 {0.02)a 0.03 (O.02)a 0.03 (O.004)a 0.03 (0.02)a 0.05 (O.03)a 

UN2 nd nd nd 

Squalene 0.02 {0.02)a 0.07 {O.01)a 0.07 (0.03)a 0.05 (O.02)a 0.15 (O.04)a 

丁ectol tr 甘 tr tr tr 

閥抗告:醐告窃nof 5 trl告患告 (8-a口d51 Y語調トold)調nd4 trl告患s(30γ母由トold)，with th告 standard

d母vi誠ionin pa時 nth告患es.τh昏 sam睦 i告説告rson th告患畠問erow are not signi百ca口tlydiffe時前

誼tp<5% by Dunc諸問's梅st.

口d=s関 ctroscopicallynot d倍加は剖. tr = trac思 (b器保臨むt舗， th思 val開<0.01 %) 
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τabl号 3.Continu母d

Components Out患rh告artwood 制iddl号 h豊富司wood In拘曹rh告語rtw窃母d

8 Y母ars 30 Y母ar畠 51 Y曹ars 30 years 51 Y告語rs 30 Y母語rs 51 Y告畠rs

むesoxylapachol nd 0.31 (0.48)b む.19(0.15)ab 0.02 (O.03)a 0.13 (0.23)ab 0.03 (0.03)畠 0.03 (0.05)a 

Palmitic acid 0.04 (0.01 )ab 0.07 (0.02)b む.08(0.02)む 0.03 (0.01)畠 0.04 (0.01 )ab 0.06 (0.01 )ab己 0.04 (0.01)畠b

し昌pachol 0.10 (0.13)昌b 0.25 (0.26)b 0.16 (0.32)ab 0.11 (0.07)ab 0.03 (0.06)a 0.10 (0.08)ab 0.03 (0.04)畠

Isodesoxylapachol 0.05 (0.04)ab 0.17 (0.1 O)bc 0.34 (0.23)d 0.12 (0.09)bcd 0.26 (0.11 )cd 0.19 (0.16)bc む.15(0.06)abc 

むN1 円d 0.01 (0.03)a 0.01 (0.02)a 0.03 (0.07)畠 0.12 (0.21)a 0.17 (0.30)語 0.19 (0.21)畠

Tectoquinone 0.20 (0.06)bc 0.16 (0.06)abc 0.24 (0.22)bc 0.11 (0.08)ab 0.27 (0.07)c な19(0.06)bc 0.30 (0.16)c 

UN2 nd 0.06 (む.06)a 0.21 (0.18)b 0.02 (0.02)畠 0.09 (む.06)畠 0.03 (0.02)a 0.02 (0.02)a 

Squalene 0.08 (0.04)器 0.50 (0.22)bc 1.08 (0.39)d 0.42 (0.13)bc 0.50 (0.18)bc 0.56 (0.38)c 0.24 (0.15)ab 

Tectol 0.08 (0.04)a 0.26 (0.06)bc 0.47 (0.31)e 0.19 (0.08)abc 0.29 (0.14)cd な30(な22)cd 0.16 (0.11 )abc 
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す語bl告 向調『器開'scorr邑latio口G開館ci銅鵠 b君臨鶴岡 t銃器i患xtractiv患 cont皆同士翻d曾就ractiv1患

。。問po口語円tco口鞄口ts.

180 PAL LAP DE8 UN1 TEC UN2 8QU 

DES 0.46帥

0.52帥 0.24 

LAP 0.45帥 0.61帥 0.39会合

180 。桶7宮帥 0.54帥 0.48帥 0.64帥

ur唱1 0.0曾 国 0.01 国 0.00 0.06 0.07 

0.64帥 0.12 0.34帥 0.27* 0.54帥 0.22 

UN2 0.56索脅 0.55帥 0.46帥 0.47帥 0.73帥 四 0.05 0.30索

8QU 0.74帥 。.49帥 。司6む合* 0.45同 0.78帥 0.12 0.47糊 0.72柑

TOL 0.84帥 0.46** 。同56帥 0.62帥 0.91帥 0.09 0.61会* 0.76帥 0.84帥

Not告 材記器ign臨む語口t説 1%1思vel 会 ==si窃口調関口tat 5 ~ら臨時i

TEC == total extractiv告 co時給nt，180 == desoxylapachol， PAL == p語Imitic調cid，LAP = lapachol， 

== d患soxylapachol，UN1 = unid皆目tifiedcompound 1，τEC = 鵠ctoquinon患， UN2 = 

unid密口ti詰edcompound 2， 8QU ==詰qualene，TOL = tectol 
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τabl思 5.P開 問 。n's∞問i誠io口co患部cientsb暗'IW関口町atur誼It患rmit愚問sist畠円関陣ramet曹rs

and extractive compo口曲目tcontents. 

Extr誼ctiv告 cont，語口t 地 tur;誼It車問臨時事istanc母

Survival rate i口 Survival rate 輔自ssloss

th告指針w告患k in th告 関 ∞ndwl愚容k

。患soxylapachol -0.19 国 0.1窃 間 0.25

Lapachol 回 0.18 国 0.1告 間 0.25

Isむ出soxylap詰chol 輔 0.38合 会
国 0.33* -0.47帥

Tectoquino円母 国 0.46帥 同 0.35糊 -0.49帥

To踊Jquinon告 -0.38帥 酬。.33合 -0.47拙

問。t告 帥 z 事i盟問i部cant窃t1拡幅V告 *= signific畠ntat 5鵠 i倍V告i
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def f 

ご0す、 10 
cde ef 

de bcd 

bcd 

ab説b

2 努
4 

2 

ト題。。
08 18 OH 糊H IH 

Radial酔0舗舗on

|口匂舗問Id回3仏year-old閤向e抑制

Fi留日開 6.Tot畠i告xtri語ctiv患 co口総口t(%) of teakwood by自ge畠円dr，昌dialposition.制告anof 5 

tre桂昌 (8国語nd51 yeaトold)and 4 tri告申告 (30四y告自トold)，with th告 st自口dardd告viationin error 

bar.τh信組問患 i思tt，患rs器開口otsig目前倒ntlydiffi患時間t語tp<5% by Dun関口'stest. 08 ::: outer 

S誼pwood，18 = i目白患rs誼pwood，OH = out告rh告畠rtwood，醐H= middle h患昌司wood，IH::: i口円程『

h患舗はwood.
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句ー・ ・ 叶 ぐ喝

Retention話mes(minutes}

Fi窃ure7. G調schror口敏0宮悶mfrom eth誼nol-benz母円告患xtr，誼ctoft母誼kh思調時wood. 関i口患開請~or

compounds器時 i口dicat鮒:問ak1 (Rt 17.4) & 4 (Rt 20.1) = d器開，xylap語。holand its iso鵬 r;

P程調k2 (Rt 19.0) = P詰i冊 itic語cid;P程調k3 (Rt 19.7) = I語pachol;and p桂昌k5 (Rt 20.4) = 

unid告白ti若宮dcompound 1， p告詰k6 (Rt 21.3) =加ぉ:toquinむ口容;peak 7 (Rt 21.5)ロ日目identi自信d

co間 po口口d2， P宮ak8 (Rt 36.7) = squal思ne;and p告ak9 (Rt 4窃.4)=梅ctol，18 = intemal 
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畏.adialpo舗tion

|口旬開問Id-tli鵠 S回3旬 ea問i的鰯鴎制御

留日開 9.Total q日i目。口母 cont告口t(%) of t告akwoodbyag告語口dradial position.輔君anof 5 

trl告患s(8四窃nd51 Y臨調トold)and 4 tr，告患s(30-y患畠トold)，with th容器t品目d窃rdd思viationin母rror

bar.τh告患串間程 l思tt告rsarl窓口otsi留目前C語円tlydi宵患冊目tat p< 5% by Dunc窃n'stest. OS = out告『

sapwood， IS = inner s畠pwood，OH = outer h告artwood，制H= middle he誼rtwood，IH = inr鴇『

h告器時wood.
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