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..,j 

tJ'VI'VI 1 

o 
tJ'VI'lJ1 

lh!;n'e),!J~U'W.,.,1~1!;L~tJ~1tJ (volatile inorganic compounds) L1'W CO2 LL~!; 0 2 ~~H1'W 
, 

n1!;1J')'Wm1~~ LIil11!;,x ~') tJ LL~~~1~ 1-D1 'Wm:;1J')'Wm1~1tJ 19 LL~:;~ n LL1J1J~il~ ~~~1nh!;n~1J 

~'W.,.,1~1!;L~tJ~1tJ (Volatile Organic Compounds; VOCs) 'i:(;1tJ~~111'Wn~l.J~11~'W.,.,1~1:;L~tJ 
" ~1tJ;j~1l.J11(l~mJ~(;1tlfl~tJ~~nl.J191mh'W(;]1~1 "1J~~~'l!1~ L1'W (;1~n ~~ ~1~11J ~'l!1J1~'l!U(;19:; 

rJ'i:IilN~h~~LP1'1=t~1-D1'Wm1Lfi1J~!;~l.J LL~!;tl~(;1tlfl~tJ~11~'W.,.,1~1!;mtJ~1tJ L1'W glandular 

trichomes (Steiner LL~:; Whitehead, 2002) LL~!; resin ducts (Gershenzon LL~!;lilru:;, 2000) 

Ltlwlf'W 1 'W~1l1')!;tln ~~'l!9!;rJm1tl~ (;1tlfl~tJ ~11~'W.,.,1~1:;L ~tJ~1tJ L ~~ Ltl'Wm 1~~ (;1 (;1 LLl.J~~~1')tJ 
'lJ 

" 1'Wm1LL~1m!;91tJ~!;~~~L1ru (pollinators) (Pichersky LL~:; Gershenzon, 2002) 'W~n91n;j 
'lJ 

" tJ1JtJ~m1L91'1JL~1J'i:(;1"1J~~~')n'1~'W.,.,1~ (Ozkan LL~!;lilru!;, 2003) ~1~,j~~ri'W~,)L~~""1~~~l.J'i:(;1tJ 
" m1~~(;1(;1LLl.J~~'!!nfl1 (Pare LL~:; Tumlinson, 1999) ~11~'W.,.,1~1!;L~tJ~1tJ;jtJ~(lnHLtl'W 

'lJ 'lJ 

% ' .... <j' .... ".J <v... .1 .1' 
~'1J'1J1ru1!;~,)1~~'l! (chemical volatile signals) b(;1tJ~'l!(;1'W.,.,~nn(;1n'W91mLl.J~~9:;u~(;1u~~tJ 

~11~'W.,.,1~1!;L~tJ~1tJ~~nl.J1~~1'Wn1ru~~11~'W.,.,1~1!;L~tJ~1tJhl1~"r11~-W1~1'Wm1,j~~ri'W~,)L~~ 

m:;1J')'Wm1,j~~ri'W~,)L~~"1J~~~'l! (plant defense responses) 'i:(;1tJrJ~11~'W.,.,1~1!;L~tJ~1tJnfll.J 
• 

terpenoid Ltl'W~')n~1~"1J~~tJB~l.J~'Wfi1!;~~1~~'l!ri1J~'l! (Dicke LL~!; Bruin, 2001; Faldt LL~:; 
, , " 

Iil ru:;, 2003) tr9~tJ~'W1 YlrJ ~~ (;]~m 1tJ~ (;1tJfl~tJ~11~'W"" 1~ 1!;L ~tJ~1tJ 1 'W~'l!'!!'W1,)l.J ti~tr9~tJ""1~ 
" mtJIl1~L1'W LL~~ ~ru~llij ~1vhl.J LL~!; 1l1,):;LL~~ Ltl'W~'W (Ebel LL~!;lilru!;, 1995; Zobayed 

• 'lJ 

LL~!;lilru!;, 2005) 91nm1~n'l=t11'W Arabldopsls thallana ~1J~1Ld~~'l!(ln~'W~'Wri(;1n'W9:;rJm1 
'lJ 

... ..,J ,~ . ..,: .x ~ • 1 ~. 1 " 
LL~(;1~~~n"1J~~tJ'W""~FJ b'W Ilpoxygenase pathway L~l.Jl.J1n"1J'W'l!~u1!;n~1J bu(;1')tJ AtLOX2 AtHPL 

<j' ..,J :'I..,J ... 0 .... 

LL~!; AtAOS b(;1tJ.,., lipoxygenase pathway Lu'Wm:;1J')'Wm1""~~(;1 jasmonic acid ~11~11il'lJ 
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'" I I '" 

1 'Wn'l1m::;~'Wn'l1ih)~ rl'W[;j',) L'fl~'ll1NYl"1! LL~::;'W'fl nr.l1 nllrj~iJ n'l1LL~ ~~'fl'fl n'll'fl~u'W~'W1 LYil-Jl-J1 n;'W 

~n L-rl'W AtTPS03 (u'W~L~m-ir'fl~rlUn'l1~h~ monoterpene) AtTPS10 (u'W~L~m-ir'fl~rlUn'l1 

~~1~ myrcene/ocimene) ~~YlU~1~::;iJn'l1LL~ ~~'fl'flnl-J1n~'WJl1tJ1 'W 24 -r') Ll-J~ ~~~~1nYl"1!lrJlfu 
U1~LL~~ (Poecke LL~::;l"lru::;, 2001) 

~1 n n'l1~ n'jj'1 ~~'ll'fl~~11~'W'Vi~cl"1::;L~tJ~1tJ ~'fl LLl-J ~~ 1 'WrJl1'W~1~1 YlU~ 1~11~'W'Vi~cl"1::;L ~tJ 

~1tJ1'W'fl~'W (Vitis vinifera) L-rl'W methyl salicylate limonene caryophyllene LL~::; a-farnesene • 

, ~ 

n~'W (olfactory receptor neuron)] LL~::;~11L~~hllrj~~~~~~'flYl~~m1l-Jn'l1L~'flnU'WL-ir1Ln'l::; 
~ 

~~1~'ll'fl~~L~'fln~1~~'W (Lobesia botrana) (Tasin LL~::;l"lru::;, 2005) LL~::;iJn'l1'Vl~~'flUn'l1~~~~ 
'IJ 

LLl-J~~,rmh~1'fl[;j',)LUtJ'W L~tJ1u6') (Lima bean) ~~nLLl-J~~ Tetranychus urticae rl~l11~1tJt!'W 

~ ::;~1l-J11ClU~'fltJ~11~'W'Vl1-cl"1::;L ~tJ~1tJ~~~1l-J1 HI ~~ ~ ~ LLl-J~~,rmh Scolothrips takahashii Hi' 
'IJ , 

..::. q Ir" 1.dI cv • ~ 

(Shimoda LL~::;l"lru::;, 1997) ~11'fl'W'Vl1m::;L~tJ~1tJ"1!~~n~~1n glandular tnchomes 'll'fl~Yl"1!~~~ 

Lycopersicon ~')'W1~'1Jdj'Wn~l-J terpene L-rl'W monoterpen LL~::; sesquiterpene LU'WrX'W ~1n 

n'l1~n'jj'1YlU~1~1m~l-JCiJ~'VliLu'W~11f119~LLl-J~~ (Lin LL~::;l"lru::;, 1987) 

, ~ 

LYl'fl1"l1'flU~'W~,)'W'll'fl~Yl"1! 
dI..J", ~ .ell J.eM .:, ~ 0 

~1'fl~,)'W'Vl(;]'fl~n'l1~::;f'ln'jj'1 L1tJn1~LI"l1'fl~l-J'fl'W,)1 headspace sampling ~1n'W'W~::;'W1~11~1n 
~ ~ , 

Jl1"1!'W::;lllU(;]1,)~~'fluti~"1!U~LL~::;ml-J1ru n'l1(;]1,)~~'flullUtJl-J1-nLI"l1'fl~ Gas Chromatography-

Mass Spectrometry (GC-MS) L~'fl~~1niJl"l,)1l-JL~l-J1::;~l-J1'W~m'W::;'ll'fl~[;j',)'flrh~ LL~::;LU'W 

~ , 
fi11l-J"1!1~iJi('fltJl-J1n ~~,r'W1'WLI"lNn'lm11~9tJLLUUU1ru1n'l1'll'fl~~~1~~n1rul-J~1~'Vlm~tJ LYl'fl 

'IJ , 

n'l1~n'jj'1LL~::;~~'W1 9~~.r~'\,h'W ~~lrJliJn'l1L~'W'flLI"lNn'l1~9tJ~'fl~U~~l-J~'Wfi1::;~~1~~~iJ~(;] 

LL~::;~11=.th LI"liJ1 'W1::;UUUL,) ~'ll'fl~ih L~~f~ LL~::;th ~~ ~ 1u1 'W9~~.r ~'l.h'W L~'fl L~'fll-J LtJ~1::;~~1~Yl"1!~ 

~~1~~11u1::;n'flu~'W'Vl1-th::;L~tJ~1tJ1'Wu11mn'l~rlu~~iJ~(;]~lrJlfU~'VlfiYl~~1n~111::;L~tJ~1tJ 

t!'W L~tJ'Vl1~LI"lNn'l11rJlL~'fln ~~~qJ1~,)1tJ 1'W'fl'Vlm'WLLvI~"1!1~~'flWJI"l1Lu'W~'W~~n'jj'1 L~'fl~~1n 
~ .t .,J.,J.... ... -i" ~ 

Lu'WYl'W'Vl'Vll-J 1"l,)1l-J~~ 1 n~~1tJ'Vl1~fi11l-J"1!1 (;]~~ LL~::;~ mu n'".l'W~1 n'C'i~LL,) ~ ~'fll-JJl1tJ'W'fl n (;]1 LYln::; 

~ .t .,J .,J , ~. I .,J 0 ,... dI .... 

Lu'WYl'W'VlU'WtJ'fl~L'll1'Vl~1~'fl'fln ~u~1n'Vl'Vl1n'l1'fl'Vlm'WLL~~"1!1(;]~'flwJmCl~ 6,386 Ll-J(;]1 LL~::;l.J 
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" ~,)1)J~'1"1m':;~tJ-W'n1:;L~ 1600 n'l 1900 L)J(1]~ L~t.l'Vl1'ln1n~h.l'Vl1'l iJ L'U'Yn:;'Vl1'lL~t.lL.yf1 LL~:; 
" 

" I I 

~'Vlfi~~'"l1n ~1 ~~t.l'Vl Tth:;L~tJ~1tJ'lrt.l 'fl'l fOlu~:;n'fltJ~tj'lVl~1 Ltlt.l~'fl'lYi1 n1~~ n'lj'1 ~'fl n1~~1~,)'"l 
~ II I ~ J' ~~ ~ .. ... r I % .oil ~ J' ~~ ... 

~~nl.l~)J (1]1'l1 ~t.l~t.l'Vl f"ln'lj'1'Vl (1]~,)'"l~tJ~1~'flt.l'Vl~tJ~:;L ~tJ'l1tJ (1]~'fl r;)'"lt.ln1~'~'l Ln (1]~'l! ~ t.l~t.l'Vl'Vl)J 

n1~~~ (1]~1nL~:;-W1)J1'r) L~~1 :;-J'l!Ur;)"ll'fl'l~1~~t.l'VlTth:;mtJ~1tJ L ~'fl LmtJtJ L VltJtJf1tJ~1 ~~t.l'VlTtJ 

~:;L '\m~1tJ~~tJ1 t.ltJ~~m n1 P1 LL t.l') L ,j)J"ll'fl'l~1~~t.l'VlTtJ ~:;L ~tJ~1tJ~~tJ1 t.lYl'l! LL~:; 1 t.ltJ~~m n1 P1~ 
" '"l1n~t.lYi1n1~~n~1~~"ll'fl'l 

L~'fl)J LtJ'l n'l ~') 1)J ~ )J~t.lfi~:;~~ 1'lYl'l!~ U~ r;)U ~'fl tJ ~ 1 ~~t.l'Vl TtJ~:; L ~tJ ~ 1 tJ ntJ~1 ~~t.l'Vl TtJ~:; L ~tJ~1 tJ~ 

~tJ1 t.ltJ~~m n1 P1 ~'))J n'ln1~(1]~')'"l ~'fltJ ~~"ll'fl'l~1~~t.l'VlTtJ~:;L m.l~1tJ~iJ f;]'fl LL)J~'l~n ~')tJ 

6 

Q. Q..&::liltr I 1J'..J C}' .,1-' cv IJ"'Q 

'l!t.lr;)"ll'fl'l~1~'flt.l'Vl~m:;L~tJ'l1tJr;)')m~~'fl'l GC-MS Lr;)tJ L'l! DB-5 ms silica ~'fl~)Jt.l )J~,)1)J~t.l1 

"ll'fl'l-Ft.lYJmf 0.25 ~m m') 30 m L~t.l~.ht.lP1t.ltJn~1'l 0.25 mm Lr;)tJHmu~lln~)J~t.l~ 60°C .. . .. 
.- ~ X I AI.c:I ..... U 

t.l1t.l 3 t.l1'Vl LL~:;L~)J"llt.l 3°C (1]'flt.l1'Vl '"It.l~'l 220°C r;)r;)LL ~'l'"l1n Tholl LL~:;~ru:; (2005) 
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technology (NIST) library spectra i,)l-Jnu terpene library search 

I .,....1... '" .,. ~.,. ...I ~ ~ 
,)1-lLLt-JtJVi~1~t;1n'Vll-Jn'l')j;)mLl-J~-l'1JtJ1j;) 22 x 22 L'lItJt;1Ll-Jt;1J' ~tJun')ru'VlLutJ'"l~Mm~1 , 
," I 

Vlri1'VltJ~lt)1tJ-if'el 1 ~1tJ')tJ 2 :ntJ/'"l~ ';hn'lJ',)1-ln'l')~mUtJJ':;rJ:;L,)~1'elrh~-w'elrJ 48 -D,)Ll-J-l Vi1 , 
" '" 

L"1ltJ\J'Vln ~ f~Vl Lnu ~,)'elrh~~'11 • 

I 

~-l LL~:;~'lIilj;)'1J'el-l~1J';StJ'Vl1rh:;L ~rJ~1 rJ'lIil~ L~m nU~Viu1 tJ'el1 n'l PI 
o .... 11~~ .... 

'IJ 
tJ1l-J1~n~~,)rJ,)fin~tJ 

" ~,)rJl'el1.l1 L~rJ~fi hydrodistillation (Rodilla LL~:;~ru:;, 2008) 

L~m1~nu~nLLl-J~-l~uJ'J''"l~1~tJJ':;L~rJ~1rJLL~:;nu~nLLl-J~~~hJl~uJ'J''"l~1~tJ , . 
I " I 

J':;mrJ~1rJ~-l LUtJn'l,) ~mLl-J~~LLUuL~mnu-if'el 1.3.3 Vi1n'lJ'~mLl-J~-l1tJ~tJVlL~rJ,) ntJ L~rJ'"l:; 

Vi 1 n 1 J'') 1~ n U ~ n LLl-J~-l LLuu~1~1~uJ'J''"l~1 ~ tJJ':; L ~rJ~1 rJ ri'eltJLL~:;,) 1~ nu ~ n LLl-J ~~ LLUU~ , 
" UJ'J',1.l1~tJJ':;L~rJ~1rJ'"l1 n~'lI'l1il~ j;J1~1 1 tJ 2 tftJti ~l-J1 LL~,)\!U~1tJ')tJ'1J'el-l LLl-J~~n~l-J j;J1-l1 

...I '" ~!AI J' ...1.11 .,. 
'Vlj;)n ~~ ~tJVitJ'Vlu1fiJ'J'l-J'lI1t;1 

~ 1l-J1 J'(l1.l1 ~1 nJ J':;n'elu;StJ'Vl1rh:;L ~rJ~1 rJ~l~ ~1-'el~'lI~ ViU~ 1 ~ n'l J'~ ~1-l ~ 1 J';StJ'Vl1tf 

J':;mrJ~1rJl-J1 H'tJJ':; LrJ'lItJ1 tJLL~'1J'el~n'lJ' 1~ LLl-J~~~1-'el ~-l ~ ~ LLl-J~~~~ t-J~ j;J'el n'l J'Lm~t;1J' t;1~'el ~'"ltJn'lJ' 
'IJ 
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.... 
UVI'VI 2 

... 
(;l'fltll1l"ll r;l'l'flt11 t.l{'1~~ (;lthWVlI'11111"l L ~U'fl"ll'fl'l1.h:::LVl filL Vl tI 

" " 
~ J'..J...... ... ~ !"l , .. .J ... ..J .. 
~Vltl-~I'.l (;l'fltll1l"ll LL~:::Ylt.lVl"llI'1 Ll"ltl'l Cl n"'l (;l [;l'l LlJt.l'flVlmt.lLL~'1"l!1 [;l L~m'WVl 17 ~ Cl'WIt1'W Yl . fIl. 

~ 'lJ l1li 'ill 

... 
2542 (1'Wn"l!n"'l"'lI~Lum~ntJ Yl. fIl. 2542) L(;ltliJ'(;l*~~1t11'Wn1~'fl~¥n';LL~:::Vi'W~~111Ylth L(;ltl 

11 I 11 I 11 

1Jnl"l~~Vi'W~1J~:::~lru 1,704 [;l1~I'1nt~L~[;l~ 'flt11'WVi'W~n1~{(;ln1~"ll'fl'l 8 iilL1l'fl ~'1il 'fl. U'fl . " 

Ln~'fl 'fl. L'U~~Yl~:::Lntl~~ 'fl. L~t1'1n~I'1 'fl. LL~"'l1~ 'fl. tb 'fl . vll~'1(:.J1 'fl. ~'W~~"ll LL~::: 'fl. vl'l-DI'1 • • 
... , 

~1,rn'lI'W1~ni"ll'fl'l'flVlm'WClnr;l'l'flt11'W [;l . 111"11 'fl. t1'.1 ~'1lAl'1"'llnr;l'.lLii'fl'ltll'W 1J~:::~lru 80 
III tt " III 'lJ '\J 

nt~ L~[;l~ n1~L~'WVlI'1 L;ht1'1~I,rn'lI'W1 ~'kl"ll'fl'l~Vlm'W"'lln "'l. tll'W ~1~I~m~'WVlI'1L~ ~l'ltlVlI'1 
... 

~~'.l'l~It1 1080 (tll'W-vl'l-DI'1) LL~:::L~t1'.l"ll'.l1 L;h~VlI'1~~'.l'l~It1 1256 (t1'.1-u'fl Ln~'fl) 'flVltl1'W ." . 
'fl'lflll[;l:::~t.l'fl'fln L(;ltliJ~n'l!tru:::Ltlt.lm"llILL~:::~UL"ll1 '.l1'1r;l'.l1'WLL'W'.lL~U'fl - 1~ Ltlt.l~'.l'W~~'1"ll'fl'l '" . ... ... , 
m"llI~~'.l'lYl~:::UI'1 LL~:::iJ~:::~UI"l'.lI~~'1"'llmJIVl:::L~~:::~~I'1 500 - 1,980 L~m ~111Yl'Lh1t.lVi'W~ 
'" " 
'flVlm'WLLlA'I"l!I~(;l'fltll1l"ll ~1~I~mLU'lL~Ltl'W 6 1J~:::L1lVl L~LLri th~ULL~'1 th~'W 1.h~UL"ll1 1.h . '" 
~:::L~I:::L"ll1 1.h L~'1¥'1 LL~:::t11 (:.J~ (;l1u (:.J~~ ~t.l~111t11 t.l1JVlm'W1J~:::n'fluL1J~'.ltl t111Jfi~l1ii 

, .a '" 

(primary forests) t11VJ~wJii (secondary forests) t111J~n (forest plantations) ~'.lt.l HL~'fl'W 

~'fltl LL~:::~~UI'W L(;lm.h 1 t.l~'W~'flVlm'WLtl'WLm~'1 ~'WJI"ll'fl'l~IJltll'W ~'1 Ltl'W~'Wnl LU(;l"ll'fl'l '" . ... ... ... 
LL~tJltll'W~'WLtl'W 11'W 4 "ll'fl'lLL~tJl~It1~~n1'Wn1~~'.l~Ltl'WLL~tJIL~TYi~:::m (Srisanga, 2005) 

2.1.2 ~1l1'VUlij'fl1n1pf .. 
... 

'flVlm'WLL lA'I"l!1 ~ (;l'fltll1l"ll r;l'l'flt1U'W1111"l L ~U'fl"ll'fl'l1J~:::L Vl filL Vltl . "" 
~VlfiYl~"'lln~~~~~~[;l:::~'W[;lm~tI'I1~ ~'1iJ"'l(;lnILU(;l"'lln~~I~~Vl~~'WL~t1 ~~~~~~[;l:::~'W[;lm~t1'1 

III l1li q IIIj 

... ... 
1~il"'l:::YlI L'el1I"l'.lI~'flU~'WLL~ :::1"l'.l1~~'W~11 'W-rl'.l'l L~'fl'WYl ~'I!t 1111"l~ 
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'"l:;~~~'1 L'e:l'1I"1(Yl~VI'IJ'1'J L~'lJLL~:;I"1'J'1~LL,x,m~'1~J11'IJ'll'J'I L~'e:l'IJ~~Pl~mtl'IJ - ~Wl'1~'lJfi ~'VltlTW 

LL14'1'lf'1~~'e:ltl1JI"1'1'"l:;LL1J'I'e:l'e:lnLtl'W 3 ~~ (;]'1~~'Vlfi~~'lJ'e:l'l~~~J'~~ ~~~'IJ 'e:l~1'IJ'll'J'IL~'e:l'IJ 

~~~ Jl'1I"1~lU'"l'IJ~'1'll'J'In~'1'1 L~'e:l'IJ[;J~'1I"1~ L~t11 'IJ'll'J'I L~'e:l'IJ~'1V1'1I"1~'"l :;Ltl'IJ'll'J'I~ ~'W(;]mnrn~'1 n 

.J .f'1.J'.1 .... ~,.... ~.I .... .... '" '-'i' 
'Vl~ ~ ~ ~VI'IJ'1'J '"l:; LlJ'IJ"JI 'J'I (;]'e:l'"l'1 n ~ ~ ~'lJI"1'e:l (;]'1 LL(;]n ~'1'1 L~'e:l'IJ[;J~'1I"1~ blJ'"l'IJrl'l L~'e:l'IJ~~Jl'1~'lJfi b~t1 

'e:lCWVlJln CW U1-L 'J CW~l1'1 mJ''lJ'e:l'l'e:l'Vlm'IJLL 14'1'lf'1 ~ ~'e:ltlJlI"1'1 LI"1t1 ~ ~~'1 ~'1 5·C 1 'lJtI ~. Pl. 2541 LL~:; 
" '\I " \J 

~ ~¥'e:l'IJ1 'IJ'll'J'IU~'1t1 L~'e:l'IJ~~Jl'1~'lJfi 1U'"l'IJ~'1 L~'e:l'IJ~ ~~Jl'1I"1~ L~t1~ CWVl1Jn'"l :;~'1 ~ ~ 1 'lJL~'e:l'IJ 

L~~'1t1'IJ (Srisanga, 2005) 

(Srisanga , 2005) 

2.2 ~1~tl~::n·mJ~'IJ'VI~!l~::L'VI!.I~1!.1 (Volatile organic compounds; VOCs) 

~ ~ 

\!'e:ltln~1 ~'1,x'IJ~'lf~'1~'e:l'l~~'IJ'1~'JL'e:l'l hJ~1'"l:;LU'IJ LI"1N~h'l ~'1J'Ll"1il LL~:;LUJ'~'IJ~'lJij1'IJ1'IJ ... 
J':;UUJln A'~ rl'IJ (protei n-based defenses) L ~'e:lU'e:l'l rl'IJ~'1il~1 (;]~'lJrl Wr'i'1~1t1 Vl1'e:lrj'u5'1 ri'e:l'IJ~ " . 

~ 

~'lf '"l:;rl nl1 '1 ~1 tI ~'1,x'IJ m n.jf 11 '"l m:;u'J 'lJm J'U'e:l'l rl'IJ~ 'J L 'e:l'l'lJ'e:l'l~'lf L~ tI cJ '1 'lJm J'~ ¥1'1 ~ 1 J'~'IJ 'Vl1-cl' 
" 

~ '1 J'~'IJ'Vl1-cl' J':;L VltI~ '1 tI LU'lJn fi ~'lJ'e:l'l ~ 1 J'U J':;n'e:lUU J':; Lll'Vl LI"1 il~'IJ 'Vl1-cl'~ ill"1 'J '1 ~ ~'IJ 1 'e:l ~'1 . " , ~ 

Jl'1t11 'IJ~Jl'1'J :;un ~~'1~'1 ~~ 1 ,x~'1~1J'm:;LVltI L .jf'1~uJ'J'm m Pl1~ L~t1~'IJ ij'1'IJLL~'J ~'1J'uJ':;n'e:lU 
" ... 

~'IJ'Vl1-cl' J':; L VltI~1 t121 n '"l:;U J':;n'e:lU 11.1 ~ 'J tI ~ '1J'U J':; n 'e:lU 1e1L~ J'1"11 fu'e:l'IJ (hyd rocarbon) Ltl'IJ Vii n 

... ..... , • I • I ' -I ... ~ ~ ~ .... %.- 'i' .J ... ... .. 
~1J''e:l'IJ'VlJ'm:;L VltI'I1t1'"l:;~ nlJ~ ~lJ~'e:ltl'e:l'e:ln~fiJ'J'~'lf1 (;] L~'Vl'l'"l1 n~'lf LL~ :;'Cj (;]'J b~t1'Vl~'1J''e:l'W'VlJ't1 

J':;LVltI~1t1'"l'1 n~'lft!'IJ~ ~ LU'IJ~ '1J'YJ ~t11Jn (secondary metabolite) ~ ~ Ltl'IJ~'1J'~hJilVl\!'1~ 
L~t1(;]NrlUmJ'L'"l1-'1JLL~:;~~'IJ'1mJ''lJ'e:l'l~'lf (Taiz LL~:; Zeiger, 2002) L~t1I"1'1fU'e:l'IJ~LU'IJ 

~ 

~ 'J'lJU J':;n'e:l UVii n 1 'IJ~'1 J'~'IJ'Vl1-cl' J':; L VltI~'1 t1,x'IJ 1~ ~ '1 '"l '1 n n J':;U'J'IJ m J'(;] 1'11"1'1 fu'e:l'IJ 1 'IJ 
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'"I :;ihtlLLuum~~ h'l~'l~1it.lYl~tJ ~:;L ",tJ~'lmL(;] mh,Hlt.l'el'Eln I.tl (Vel ikova LLrl:;fDlru:;, 2008) 
" 
.., <OJ '1 ........ tl tl' ....... .. , , ... <OJ.... tl 

LLrl:;LlJ'el~"ll'eltJ t.l~fl'l'l:;LfDl~tJ (;)'"1 :;lJm~ rl (;) rl'eltJ~'l~'elt.lYl ~m:;L ",tJ'I'ltJ lJ'l n n'l'l L(;)lJ"'~'ellJ~ 
" " 

LLuum~tlrl (;)tl~'eltJ~ Ltl~tJt.l1.tl (Loreto LLrl:;fDlru:;, 2008) '"I'l n m~~ n1j''l ~'1 fDl'l'llJ~'llJ'l~(11 t.l 

isoprenoids LUt.l~'l~LfDl~",i n~1-n t.lm~(;]'elu~t.l'el'll'l'el~'1 LL'l (;) ~'ellJ",1'el1 t.lm~~'1~ qJ qJ'l runu 

Yl"ll"llU(;)L~mnt.l Yl"lll'l'l'l"llU(;) ",1'elnu~'1~:n:s(;]~t.l11.~~n~'ltJ ~'l~tl~:;n'elu isoprenoids ,rm:; 

~ n~ :;~lJ'el~1 t.l'elrrm:;l'l'l'l1 ut.l1u",1'el~'l ~t.l LL~:;~'l~tl ~:;n'elu~'"I:;~ ntlrl (;)tl~'el tJ'el'elnlJ'l'elth'l 

lJ'l nfl'ltJ",i'l'"l'l nmnn (;)U'l (;) LL~rl LLrl:;'"I :;Yi'l",,r'l~1 t.ln 'l ~U'el'lnt.lYl"ll'"l'l n L~'el~'l m (;] bfDl • 

(pathogens) LLrl:;~(;]rfnt.lYl"ll (herbivores) ~'llJ1.tl~'1·lhtJ1 t.lm~tl(;)u'l (;)LL~rl~n~'ltJ (Loreto 

LLrl:;fDlru:;, 2008) 

, , " 
L(;)m1'l1.tl LL~'l ~'l~tl~:;n'elu1it.lYl ~tJ ~:;L ",tJ~'ltJ'"I:;(1 n ~:;~lJ'eltl1 t.lL"lfrl ;Vlu'h'l ruYlt.l~h 

" " 
L'llt.l secretory leaf hair cells gland cells LL~:; glandular trichomes LUt.l~t.l (fl'l~~ 2.1) 

, 
. 4 q ~.q", I ..:::I 

(Roshchina, 2003; Bakkall LL~:;fDlru:;, 2007) LlJ'ellJm~~:;~lJ~'l~'elt.lYl~m:;mtJ'I'ltJ'"It.llJ 

mlJ'lrulJ'l n~'el ",1'elYl"ll1.~fu~fl'l'l :;LfDl ~tJ (;) l'l'l'l1 '"I'l n~'1 LL'l (;) ~'ellJ LL~'l'"l:;Yi'l1 ~Yl"lltl~ (;)tl~'eltJ 
"" , 

~'lm~lJ~'el'elnlJ'l L"lf~;L"'~'l~,rn'"l:;~'llt.l'l (;)'ll'el'l'el'l r1tl~:;n'elu'll'el'l L"lf~; (organelles) Vl L~n 

nrl'ltln ~",1'el hl~u LrltJ (fl'l~~ 2.2) m~~¥'l'l~'l~1it.lYl~tJ ~:;L",tJ~'ltJ",1'el ~'l~Yl ~tJfl~ . " 

(secondary metabolite) ~t.l1 ,rn'"l:;~h'l'"l'lnfl'ltJ1t.lL"lf~; LLrl:;U~~~'el~1t.l~'1u~~~~'l~~(;) 

",;'1 (secretory vesicle) ~'1'"1:;~'1l'l'elLL~:;~:;~lJ'el~fl'ltJt.l'elm~'el~lJL"lfrl; (cell membrane) 

I .:tI "',. . .... tr 

~:;"''l'l'lLtJ'el~lJL"lfrl~ (plasmatic membrane-plasmalemma) LL~:;~t.l'lL"llrl~ (cell wall) 

fl 
pt:t:naury leur ha ir or U rtica dioica Floral ncctnry of Passiflora coerulea 

~~( \ \ 

1N extra~'ora' 
f nectary -3 

£xtrafloral nectary of Passifloracoerulea 

2.1 L"llrl;~(;)"'i'lLLUUl'l'l'l1 n. secretory leaf hair cell; 'll. floral nectar cell; 

fDl . leaf gland cell; 'I . extrafloral nectar cell (Roshchina, 2003) 
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Free space 
Plasmalemma 

Secretory vesicle 

Secreting cell 
.J '-0/':" . 

111YfVl 2 .2 LLe.J'W1l1~"ll'El..:JL'1I~~FW1Vl~..:J (Roshchlna, 2003) 

2 

terpenes/terpenoids LL~::: n~~"ll'El..:J'Zl1nh:::nmJ1.h:::LllVl aromatic/aliphatic hydrocarbons 

(Bakkali LL~:::Flru:::, 2007) 

Terpenes (natural 
...I... ...I 

products) Vl~~1nVl~~ 

(Gershenzon LL~::: Dudareva, 2007) Ln~91nn1~~'J~#('J"ll'El..:J 5-carbon-base (C5) Vl~1tJ1 

Vlt..I'JtJ t~mLl'l~:::Vl'tl'JtJ9:::~tJn~1 isoprene n1~-K..:JLFln:::-X terpenes 1'Wfi~nJ'lI1~ 
II I I I 

(biosynthesis) t1'W~~91n isopentenyl diphosphate (IPP) (1l1~Vi 2.3) Yi1Vl~1ViLU'W'Zl1~ 
" #(..:J~'W (precursor) t~tJn1~l'l'Eln'WL'El..:J"ll'El..:J I PP 9:::LU'WLLUU..r'J l'l'ElVl1..:J (head-to-tail) t~tJ'El1 PltJ 

L'El'W'1'11,J terpene specific synthetases 1'Wn1~Yi1H\n~LU'WtFlNi1..:J (terpenes skeleton) 

" " 
"ll'El..:J terpenes LL~:::1 'W-n'W(;l'El'W~ ~Vf1tJt1'W9:::'El1 Plm'El'W'1'11,J (secondary enzymatic 

modification) 1'Wn1~L~~Vl~Yl'..:Jni'W Vl1'ElL~~f'lru'Zl~U'1il'l1..:J1 ~..:J1'WtFlN'Zlh..:J (terpenes 

~ ...1. 1"'_ ...I ... J' ~ .!"l . 
skeleton) ~~tJVlu!JmtJ1Vl Ln ~"ll'W'W'W9:::Lu'WLLUU redox reaction 

II 0 0 

~O-~-o-~-cf 
6e 6e 

...I 
111~Vl 2.3 tFlN'Zl~1..:J isopentenyl diphosphate (IPP) (Adam LL~:::Flru:::, 2002) 

.eJ.J ~ q 0 "-J 
n11L~tJn'll'El"ll'El..:J terpenes 'W'W9:::L~tJn (;l1~91'W'J'WFl1~U'El'WL'J1'W hemiterpenes (C

5
) 

monoterpenes (C 10) Sesquiterpenes (C 15) diterpenes (C
20

) triterpenes (C
30

) LL~::: 

tetraterpenes (C40) ~'J'W terpenes ~iJ'El'Eln~L9'WLU'W~'J'WtJ~:::n'ElU9:::~n~tJn~1 terpenoid 

t~tJ~'J1 '1tJLL~'JLn9:::YlU monoterpenes LL~::: sesquiterpenes LU'WVl~n ;..:J9:::~U 
" monoterpenes ~..:J 90% "ll'El..:J'Zl1~:a'WVl1~h:::LVltJ41tJ~..:JVl~~ LL(;lnl'l1..:Jn'W'1tJ(;l1~tFlN'Zl~1..:JLL~::: 
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, " , 
"nJYl',Hf-nlJ n~~ terpenes YiU~1'"1:;nl1~1lJ~tJLLUU'lJ!l~L~lJ (acyclic) (NL~m (monocyclic) 
'IJ' 'IJ 

LL~:;,)~~ (bicyclic) ~~LL~(;1~~,)!lrJ1~lrnlJI'l1~1~~ 2.1 LL~:;Lr1N~~1~1lJ111Yi~ 2.4 

, , 
4 I.... I • I .cI .c::. 

Sesquiterpenes Ln(;1'"11nn1~~,)lJn~lJnlJ~:;~,)1~ Isoprene 3 ~lJ,)rJ '1I~n1~LYilJ 

mlJ1 ru"lJ!l~~1mrlJl111 tXn~tJ LLUU"lJ!l~ n1~Ln (;1')~ lJl~~1rJ ~tJ LLUU l111 mr1 N ~ ~1~ Ln (;1;lJ,rlJn 
'IJ 'IJ 

~ 11 1I.J a ~ tI .cI .... 

r1,)1lJ~~ 1 n~~1rJ '11~ Lr1NM1~ LL~:;~lJ1Yln1~Yl1~1lJ"lJ!l~ sesqu iterpenes lJlJ'"1 :;r1~1rJ r1~~ nu 

monoterpene 

1lJn1~~~1~~1~ isoprenoid (isoprene monoterpenes LL~:; sesquiterpenes) 

L(;1rJrr') ltJLL~,)'"1:;1-n I pp LtllJ~1~~~ ~lJ~~'"1:;(ln~~1~~1lJ'rjmJl~!l~Yl1~ ~!lYl1~ mevalonate 
'IJ 

pathway LL~:; rohmer pathway (mevalonate-independent pathway) (Kessel meier LL~:; 
... .J 

Staudt, 1999) (;1~1l1YiYl 2 .5 
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j;J1'i1.:J~ 2.1 LL~c;)-:jI1l')'tl~.h-:j~1m~lJ terpenes LL~:; sesquiterpenes (Bakkali LL~:;flru:;, 2007) • 
Functional 

group 

Carbures 

Alcohols 

Aldehydes 

Ketone 

Esters 

Ethers 

Peroxides 

Phenols 

Epoxide 

Terpenes 

Acydic: myrcene ocimene etc . 

Monocyclic: terpinenes, p-cimene, 

phellandrene, etc. 

Bicyclic: pinenes , 3-carene, 

camphene, sabinene, etc. 

Acyclic: geraniol, linalol, citronellol, 

lavandulol, nerol, etc . 

Monocyclic: menthol , a-terpineol, 

carveol 

Bicyclic: borneol, fenchol, 

chrysanthenol, thuyan-3-ol, etc. 

Acyclic: geranial, neral, citronellal, 

etc. 

Acyclic: tegetone, etc. 

Monocyclic: menthones, carvone, 

pulegone, piperitone, etc . 

Bicyclic: camphor, fenchone, 

thuyone, ombellulone, 

pinocamphone, pinocarvone, etc. 

Acyclic: linalyl acetate or propionate, 

citronellyl acetate, etc. 

Monocyclic: menthyl or a-terpinyl 

acetate, etc. 

Bicyclic: isobornyl acetate, etc. 

1 ,8-cineole, menthofurane, etc. 

ascaridole, etc. 

thymol, carvacrol, etc. 

Sesquiterpenes 

Azulene, ,8-bisabdene, cadnenes,,8-

caryophyllene , logifdene, curcumenes , 

elemenes, farnesenes, zingiberene, etc. 

bisabol, cedrol, ,8-nerolidol, farnesol, 

carotol, ,8-santalol, patchoulol, viridiflorol, 

etc. 

germacrone, nootkatone, cis-Iongipinan-

2,7-dione, ,8-vetinone, turmerones , etc . 

Caryophylleneoxide, humulene 

epoxides , etc. 



Terpenes 
-Monolerpenes 

Cnrbure rnonoc)'l'lic 

Cymene ("Y' ) 0( p.c),,,,. n. Sabinen. 

A koho. at:yclic 
Cill'Onello l Geraniol 

~OH 

Corbure 
Faro"",1 

~OH 

AronUltic L'Ompouods 

Aldehyde 
CinnM •• ldehyde 

o 

~H 
Me.hoxy derivo:ttive 

Anethole 

TCfpt'ooldes (lsOI)rcooides) 

ASC3ridol~ 

,\I<ohol 
Cinnamyl alcohol 

~OH 

MOUIOXY dO,;".llv. 

Estrogole 

Menthol 

A 

Ca rbure hkydic 
Alpha-pinene 

Phenol 
Carvacrol 

Alrohol 
Cnryophyllene 

Belilpioene 

Thymo l 

H,cQ 
Phenol 

Chaviool 

~-OH 

Metbyle .. e dlo,! compound 
Sufrole 

PhnlOl 
Eugenol 

Q:CH 2 

I"': 
.;,;; OCH 

3 

OH 

Jl1Yl~ 2.4 ~'H)th'ltfOlN~~1'1"1l'el'l~1T;atJYI~tJT:;L~tJ~1tJ (Bakkali LL~:;fOlru:;, 2007) 

1 1 



Acetyl CoA Pyruvate , 
p-hydroxy p-methy1 glutary CoA 

, 
hydroxyethyl thiamine pyrophosphate , r- 3.glyceraldehyde-3-phosphate 

Mevalonic acid D-1-deoxyxylulose-5-phosphate , , 
Isopentenyl pyrophosphate Isopentenyl pyrophosphate 

Dimethylally1 pyrophosphate , , 
Geranyl pyrophosphate Isoprene , , 

Famesyl pyrophosphate Monoterpenes , 
Sesquiterpenes 

1l1Yi~ 2.5 'l~m~~~1-.l isoprenoid (isoprene monoterpenes LL~:; sesquiterpenes) 1'1..1 

~"ll (Kessel meier LL~:; Staudt, 1999) 

1 2 

Aromatic LiJ'W'tl'l.t~'Wfi'll'tl-.l phenyl propane tC?ltlUn~LL~':l9:;YitJ,r'tltln~1n~l-J'lI'tl-.l 

terpenes ~1m~l-J aromatic 9:;u~:;n'tltJ1u~':ltl'Zl1~ 2 n~l-J~'tl ~1~u~:;n'tltJYl'W'tl~~~ . , 

(phenolic compound) LL~:; 'Zl1~u~:;n'tltJVl~wJij~n1'Wt(;1n9'WLiJ'W~':l'Wu~:;n'tltJ (Nitrogen-

containing secondary products) YitJ~1~1~U~:;n'tltJYl'W'tl~~~tJ1-.l"llUC?l~1l-J1Hl~nm:;~'W1~ 

91mL~-.l~~(;1~11':l t'tlLL~(;1 L"J!'W1 'W~1~ furanocoumarins 9:;6-.lhJn~1j-9'Wm:;~-.ltlnm:;~'W~':ltl .. . 
LL~-.l~~ (;1n 1':l t'tlLL~ (;11 'W"J!':l-.l ~':l1l-Jm':l ~~'W 320-400 nm (UV-A) tC?lmL~-.l9:;m:;~'W1'IX'Zl1~e'tltJ , .. 
1'W'Zl1l1':l:;~;SL~n(;1~'tl'WYi~-.l-.l1'W~-.l (a high-energy electron state) ;-.l'Zl1~e1'W'Zl1l1':l:;m:;~'W .. . 

" 9:;'Zl1l-J1~tl4'tJritJLtJ'Zl cytosine LL~:; thymine 1'1..1 DNA ~-.l~~1'IX6tJ6-.lm:;tJ':l'Wm~ 

transcription LL~:;m:;tJ':l'Wm~~'tll-JLL"lll-J DNA ~-.l~~ 1 'IX~"ll~1l-J1~tli1'tl-.lri'WI;1':l L'tl-.l91nmn-ih 

Yi1~1tl'll'tl-.lLLl-J~-.lLL~:;L"'C?ln1~ (Lee LL~:; Berenbaum, 1990) 

" ~"ll21' n9:;U ~ C?lU~'tl tl 'Zl1 ~;S'W Yl1~ ~:;L ~tl~1 tl1l1tl~~-.l1~ftJ ~1l1 ':l :;I'l 1-.l 1 ~-.lt19 4' tlYl1-.l 

~':l1l1Yi (biotic) LL~:;t194'tlYl1-.lmtl1l1Yi (abiotic) t194'tlYl1-.l~':l1l1Yi (biotic) L'll'W m~~L~'tln 
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," , 
tIhrmJ"lI~-l~11~UVl1-r.r1:::L~tI~1t1 ,B-caryophyllene L~~~uLSj~LmtluLVltlunuYl'll'llD~ 

L~mnu~hHJL~~ arbuscular mycorrhiza (Rapparini LL'Cl:::rlru:::, 2008) UIil4'tlVl1~mWl1~ 

(abiotic) L"llU m1(;J~u~U~-lr;]~~11 copper sulphate LUYl'll Alpinia zerumbet (Pers.) B.L. 

o ~ "... • 1..1 • 1 .. ... r ,~, • 1 Burtt. Vl1 ~~~m1Lu'CltlULLu'Cl-l"ll~~~11~UVl1m:::L~tI-l1t1 ~un~~"lI~-l~11u1:::n~u phenolics 

~~il~Vl~\um1r;]~~huLLUrlVlLtmL'Cl:::r;]~~1U~~~'Cl~M::: (Elzaawely LL'Cl:::rlru:::, 2007) LL'Cl::: 

m1tJ'Cl~tJ~~tI~11~UVl1-r.r1:::L~tI~1t1LU~~nVl1U(;J:::r)U (sunflower ; Helianthus annuus L. 
" , 

'" .... Q "'.... ~ '" cv. giganteus) LL'Cl:::(;JU Beech (Fagus sylvatica L.) uULnm"ll~~nu~ru~1J~LL'Cl:::rl,)1~L"lI~ 

LL~-l (Schuh LL'Cl:::rlru:::, 1997) 

~11tJ1:::n~uIil1n LL~~N L"llU Volicitin ~~UL Ur;]~~~1'Cl1t1"l1~-l LL~'Cl-lil rl,)1~~1~11C1Lum1 
m:::~u L ,xYl'll~~1-l~11~UVl1-r.r 1:::mtl~1t1 ~11~UVl1-r.r 1:::L ~tI~1t1~Yl'lltJ'Cl ~tJ~~tI~~ n~11il1 nm 1 • 

" 
n 1:::~UIil1 n ~ (;J1"nuYl'lltru~u~1 Iil:::il rl,)1~ L'ilVn:::LIil1:::1il-l (;J1~ LLr;] 'Cl:::'llD~"lI~~Yl'll LL'Cl:::Yi') n nuYl'll • 

" , 
Yl'llIil:::il rl,)1 ~~1~11C1L Ulil ~91 Pi' (;J1Yl'll1~ ~1UVl1~ ~11tJ1:::n~u L ~~1i1LL'Cl:::Iil:::(;J~U~U~~ L~~Yl'll 

'U 

" , , 
fU~~-l~1n~~1i1 L"llU L~~t~un~Vi1~1t1 Yl'llIil:::ilm1~U~~(;J~U~U~~LU~'Cl1t11:::~U~~Iil:::vh 

'U 

" 
Yl'lltJ'Cl ~tJ~~tI~~ n~1-WUIil:::L oif LUU~ ~ ~1 ruL um1~~ ~ ~ Pi' (;Jl(;J1~fi11~'ll1 ~"lI~~~')n nuYl'll 

" ~~~1ruL~~1i1Yi'mnuYl'llIil:::HLUm11il~91Yl'll~n~')tI (Holopainen, 2004; Maffei LL'Cl::: 

Bossi, 2006) 

" ~11~UVl1-r.r 1::: L ~tI~ 1 tI-wun ~ 1 ~11C1 LUU UIil4' tI n 1:::~U L ,xYl'll ~ ~1~ ~ 11~UVl1-r.r 1::: L ~tI~ 1 tI • 
1~ L"llU Yl'lltJ~~tI~11~uVl1-r.r1:::mtl~1m~~ HLUU~~ ~1ru1:::~~1~Yl'll (plant-to-plant 

signaling) L~~m:::~uL,xLn~m1~~1-l~11~UVl1-r.r1:::L~tI~1t1LuYl'll~U (Karban, 2001) m1~~ 
% I .dI::' I ~ I.I.J dI cv dI d! ",Gf .....J .ct. q.. I.J 'I '" 
'Ci ~ '1!1ru1:::~,)1~~'llUUYiU,)1 ~'ll LYi~ L(;J~Ufltl~1~ L ~~ulilliltl~U1 ~11~UVl1m:::L~tI~1t1Vl ~n ~'ll 

LUU~~~1rulil:::~n~~1~fl1t1~~~1il1n~nm:::~UIil1nulil4'tlfl1t1U~n L"llU Ln~u1~LLt.J'Cl 

(Davison LL'Cl:::rlru:::, 2008) Iil:::Lttln~1 inducible volatiles organic compounds ~~ 
" , 

~11~UVl1-r.r1:::L~tI~1t1-WUIil:::Vi1m1~~1-lL~~ (de novo synthesis) nr;]~L~~Yl'llilrl,)1~~~~m1 
" " 

Lvhtru t~tlYiu~1~1m~~i1tJ1:::n~ultJ~')tI~11~'Cl1t1n~~L"llu alkenes alkanes carboxylics • • 
acid alcohols LL'Cl::: 1')~~~n~~ terpenes ~')tI ~-lm~1ru"ll~-l~11~Yl'lltJ'Cl~tJ~~tlt!U1tJLLUU 

• 'U 

• 1..1 • 1 ~. I'> ... ~ • r:: ..,:..r ~. r:: ... ~ " 
Iil:::Lu'CltlULLu'Cl-l LU ~~tI~Vl-lu1~1ruL~~"lIU~1~u1~1ru'Cl~'Cl~n ~~ (Banchio LL'Cl:::rlru:::, 2007) 

t~tI~11~UVl1-r.r1:::L~tI~1t1t!UIil:::mj-l~~mUu 2 1:::~U (;J1~L,)'Cl1~~~tJ'Cl~tJ~~tI~~n~1 t~tI 
n~~LLmlil:::~ntJ'Cl~tJ~~tI~~n~1;1UVl (LU"ll,)~L,)'Cl1 5 U1VlLLm) L~~LuYl'lll~fuLLNn'ClliluvhL,x 
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, " 
LnI'lU1I'lLL~~ Ll'ltl21niOl::;Lij\.l Green leaf volatiles (GLVs)* mh.JYl~'tl'l ~1m~l-JtliOl:;~¥1'1 • • 

I '" I I '" 

1l1m.ur'lYl"]jYll~fUU1I'lLL~~ LYhtr\.lLL~::;iOl::;tJ~l'ltJ~'tltlIl1t11 \.l on'J Ll-J'I ~'1~1m~l-JlliOl::; • 
" ~ " tJ~ I'ltJ~'tltliOl1 m1'1~'J\.lYll~fUU11'l LL~~ LL~::; hj1~fuU11'l LL~~~U~1 ~1 m~l-Jtl21 niOl::;d:I\.l~1m~l-J • • 

terpenes 

* Green leaf volatiles (GLVs) Li1u!\1rur::ntlUfl1futlU 6 tl::U1tllJ ~n!\11~·nn lipoxygenase (LOX) pathway 

,r m::u fI~Ufttl fltl tl nlJ1~1 n\'hu~Y1'11~fUU1 ~ LL~ fI 

n1~d1mn\F::;~~1'1Yl"]jLL~~::;~\.l L~'tl1~Lnl'ln1~tJn~\.lfi-if1l-J (cross-fertilization) J\.l 
" , 

Yl"lf~'tl'lmPi't1UiOlr.rtl~1'11 L"J!\.l ~l-J ,J1 LL~::;LLl-J~'1 LU\.l~\.l LYl'tl"J!'JtI~1Ln~ltJ~t1'tlI'lLnMl'l'JLntl 

(stigma) L ~'tl~iOl::; 1 ~ LLl-J~'1 L-if1l-J1~u1L'J rul'l'tl n Yl"lfiOl::;m Pi't1 ~1 ~~\.lYl1~~::;L~t1~1t1"J!'Jtl1 \.ln1~ 

~'1I'lI'lLLl-J~'1 (Allison LL~::;l"lru::;, 2004; Gershenzon LL~::; Dudareva, 2007) 
" 

1u'll'tl'l Cryptomeria japonica ~'1tJ~:;n'tlu1tJ~'JtI elemol 16-kaurene sabinene 4-

terpineol ,B-eudesmol a-pinene limonene 3-carene p-cymene ,B-myrcene y-terpinene 

a-terpinene LL~::; 4-terpineol ~1l-J1~t1,rul~LLl-J~'1l'l'J~1l-J~1l-J (Lepisma saccharina) 1~ 
• I ......~ " " 3 ~ "" 3 , 80 Lu'tln'l!\.l(;]YlI"l'J1l-JL'lll-J"1J\.l 0.01 mg/cm LL~::;YlI"l'J1l-JL'lll-J'll\.l 0.16 mg/cm ~1l-J1~t1"J.J1 L. 

saccharina 1~1l1t11\.l 10 .r'JLl-J'I (Wang LL~::;l"lru::;. 2006) 1\.ln1~~mj'1~1~~\.lYl1~~:;L~t1 

~1t11\.l glandular trichomes 'll'tl'll-J::;L~'tlLYlP1 (Lycopersicon sp.) iOl1nn1~(;]~'JiOl~'tlU~'JtI 

LYlI"lUI"l Gas Chromatography-Mass Spectrometry (GC-MS) ~U~1n~1~tJ~::;n'tlu1\.ln~l-J • 
. 4.:t' I ~ 

'll'tl'l monoterpene LL~::; sesqulterpene iOl1nn1~YlI'l~'tlUt1'1n1~'tl'tln~Ylfi'll'tl'l~1~~'tl'ln~l-J\.l 

~'tll'l'J~'tl\.l Keiferia /ycopersicel/a (tomato pinworm) LL~::; Spodoptera exigua (~\.l'tl\.l 

m:;~~'tll-J) ~U~1 LDso = 20.0 ng/larva LDso = 2080 ng/larva (;]1l-J~1~U (Lin LL~:;l"lru::;, 

1987) 

LLl-J ~'1 Pi' (;] ~Yl"lfU1'1"lfUI'l ~1l-J 1 ~t1tJ fu l'l 'J 1 ~ ~ 1\.l Yl1 \.l~'tl~ 1 ~~\.l Yl1~ ~::;L ~t1~1 t1~ Yl"lf 
" 

tJ~ I'ltJ~'tltl'tl'tl nl-J1 L ~'tl,ru1~ ~1'tlYl"lfU1'1"lfUI'l hJ~1l-J1~t1~iOl::;~h'l~1~~\.lYl1~h::;L ~t1~1t1~ LU\.l 
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hexenol 

" LL(;It.!LUtltUJ1U'rrl"ll~t.!,rt.!1L~ (Dicke LL~:; Bruin, 2001; Huxley LL~:; Cutler, 1991; Wei 

LL~:;l"lru:;, 2007) 

- 1JYl1J1Yl"1l'El~ ~1J'~t.!'Vi;ttfJ':;L ~t1~1t1L t.!mJ'Lilt.! antioxidant LL~:; antim icrobial 

'"11 n n 1 J'~ n'jj'11JYl1J1Yl "1l'El~ ~ 1 J'~t.! Yl1-tf J':; L ~t1~ 1t1 ~Yl"llU ~ C'lU fl 'El tI 'El'El n 6J1Yi1J~1 

~1J'~t.!Yl1-tfJ':;L ~t1~1t1u~il1JYl1J1YlL t.!~1t.!~t.!1 ~ m"J!t.! il WJ16J~16J1 H1L t.!mnilt.! antioxidant 

" LL~:; anti microbial mJ'Yl C'l~'El1J~1J'~t.!Yl1-tfJ':;mtl~1t1'"11 n L1J LL~ :;-W1,rt.!'"11 n LU~'El n~1'Eltl1~ L~ 

(oleoresins LL~:;'Elt.!~t.!fi) "1l'El~ Cinnamomum zeylanicum Blume ('El1JL"lItI) LC'ltlmJ' • 

f) Ll"ln:;i ~'JtIL YlI"lUI"l GC-MS Yi1J~1~1 J'~t.!Yl1-tfJ':;L~t1~1t1~L~'"I1n L1Jil~1 J'uJ':;n'El1J eugenol 

" Lilt.!~1J'UJ':;n'El1J~in t1~ 87 .3% LL~:;Yl1J~1~1J'UJ':;n'El1JL t.!-W1,rt.!'"I1mU~'Elnil (£)-

cinnamaldehyde Lilt.!~1J'UJ':;n'El1J~in t1~ 49. 9% ~1 J'(;)~ n fl1'JiluJ':;~Yl flfl1 YlL-wm J'Lilt.! 

antioxidant LL~:; antimicrobial L~~LC'ltl~16J1J'~~C'lm6J1ru"1l'El~ Peroxide LL~:;~1mfl6J • 
," " 

oxidant ~t.!1 J''J6Jr1~~16J1J'~U1JU~mn'"l1-'"YL~1JL(;I"1l'El~L~t.!Lm1L~ (Singh LL~:;l"lru:;, 2007) 

" " 
'"I:;L ~t.!L~~1~1J'~t.!Yl1-tfJ':;mtl~1t1,rt.!il ~~ (;]'El~6J C'l ~"1l'El~J':;1J1JUL'J Plr1~ L t.!LL~"1l'El~m J' • 

" Lmtl1JLV1t11Jn1Jm6J1ru~1J'r1~~6JC'l L"J!t.! Origanum compactum il carvacrol (30%) LL~:; 

thymol (27%) Lilt.!~1J'UJ':;n'El1J~in Coriandrum sativum il linalol (68%) Lilt.! 

~1J'uJ':;n'El1J~in Artemisia herba-alba il a- LL~:; ,B-thuyone (57%) LL~:; camphor (24%) 

Lilt.!~1J'UJ':;n'El1J~in Cinnamomum camphora il 1,8-cineole (50%) Lilt.!~1J'UJ':;n'El1J 
, , " 

~i n ~~ LC'ltlr1'J LU LL~'J'"I:;H' ~1J'uJ':;n'El1J~i n1 L ~fl1ihilt.!~'JYi1t.!1t1 t1~ ~ ru~6J1J"iYl1~~'Jf)Yltl1 

(biological property) (Bakkali LL~:;l"lru:;, 2007) 

" LC'ltl~16J1J'~U1JU~LL~:;I"l'J1J~6Jmnojh';hu~mtl1n1J~1m~6J Oxidative L"J!t.! mf1J'Elt.!6J'El'W 

"" , 
t.!'ElI"lL"lI!?l L'ElL"lIt.! LL~:;~:;'El'El~'El~fl11"l Lt.!-nt.!1JJ'J'tI1mPl-nt.!fl1~~C'l (Troposphere) Yl"llV1~nnC'l 

Yi1~1t1'"11 nYi'J n nt.!Yl"ll'"l:;ill"l'J16J~16J1 J'~ L t.!mJ'u~ C'lUfl'Eltl~1 J'~t.!Yl1-~h:;L~t1~1t16J1 n n~1Yl"ll 
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un~~--1 2.5 Li'h PlI!'1~In1~~yj'lnrh.!~'ll~Il.JI~Clm':;rJf'WL~~'llU~!'1U~'fltJ~I~~'Wi'i~tJ~:;L~tJ , 
" , " 

~ltJ'fl'flnl.JIt1'WiJ~'l'WL 'Wn1~LU~tJ'WLLU~--1"lJ'fl--1-n'WtJ~~m n1 PI ~:;~tJ Troposphere (Holopainen, 

" " 
2004) 'W'fln"'llnil~I~~'Wi'i~tJ~:;L~tJ~ltJtT--1iJUVltJli'l(;]'fl~--1LL'l!'1~'fll.JL'Wn1n~l.J ozone L'W 

tJ~~mn1P1 (Fares LL~:;Plru:;, 2008; Kourtchev LL~:;Plru:;, 2007) t!'1tJ~I~~'Wi'l1tJ~:;L~tJ~ltJ 

n~l.J isoprenoids LL~:; monoterpenes iJPl'lIl.J~Il.JI~ClL'Wn1~.yi1L~ ozone n~tJl.JliJ • , " , 
U~:;~i'lfiJllyj (reactivity) t!'1tJYiI~~IVldj'W~I~I?i--1rJf'WL'Wn1nn!'1 ozone "'llnn1~Vl~I~~'Wi'l1tJ 

~:;L ~tJ~ltJiJ Pl'lIl.J~Il.JI~ClL 'Wn Inn!'1n1 ~LL"'n I?i'l L~'fl1~ftJyj~--1--11'WLL~--1 (photochem ical 

.J ~ CII... I J' dI .... 1- 104 ov 
degradation) Ll.J'fl~I~'fl'Wi'l ~m:;L ~tJ--11tJ ~'fltJ"lJ'WL~'W'fl~:;!'1tJ Troposphere uCl--1~:;!'1'U 

Q cv Q cv ... .J111 q I l/ 

stratosphere "'l:;Ln!'1n1~LL"'n"''lLL~:;CJ~'''Jlru"Yli'l !'1"'l:;l.J ozone 'fl~~'ltJ (Ciccioli LL~:;Plru:;, 
, " 

1994) ~--1-rl'ltJ~~Pl'lIl.JL~tJ~ltJ"lJ'fl--1 ozone L'W-n'W'U~~mn1P1 ~1~~'Wi'l1tJ~:;L~tJ~ltJtT--1iJ CJ~(;]'fl 

~Jllyjmn1 PI t~tJ~I~L 'Wn~l.J isoprene ,r'WiJPl'lIl.J~Il.JI~ClL 'Wn1nU~tJ'W~ULL'U'ULtl'W , ~ 

, " " 
secondary organic aerosols ~--1~I~il"'l:;-rl'ltJ~~-n'ULL~:;n~:;L~--1LL~--1 ~m1--1~I~~--1n~I'l"'l:;.yi1 

~~1~ Ltl'WLLn'Wn~I--1L 'Wn1~Pl'ltJLL\l'W"lJ'fl--1 Ll.J~ (cloud condensation nuclei) (Claers LL~:; 
Plru:;, 2004) 



... '" 1'" - LL~-.l'El (1l [;ltJ l.J 

- m~(1l1~~-.l 

- n~~(1l1~'VI,r-.l~'ElYil.J~ 

d 
UVI'VI 3 

- L~i~'El-.l~~uYin(1lr,nn(1l1'JLVitm (global positioning system) • 
- m~1m[;j'(1l~-.l1~ 

- ~1 L~'VI~I"l~'Elum-.l 

- 'ElllmruLu(1l-U(1l ~1L~'VI~ • 

~~ I q .::. 0 I 

- LI"l~'El-.l"ll-.l'Elm-.l~~L'EltJ(1l'VlPl'WtJl.J 3 [;l1LL'VItJ-.l 

- l"l'Elfil.JLI"l1'El-.l Gas chromatography "lIil(1l DB-5MS (J&W Scientific) fused silica 

capillary column, 30 m x 0.25 mm I.D., 0.25 IJm film thickness 
, 

- LI"l1'El-.l Gas chromatography-mass spectrometry (GC-MS) itJ GC Varian star • 
3400CX coupled to MS Varian SATURN 40 

- LI"l1'El-.l~(1l[;j''J'ElrJ1-.lLLUU'el[;lLtJl.J~ (Headspace Autosampler) itJ Varian Genesis , 

"', "" - ~1tJm-.lLL~~"lJ'El[;l'ElLLUULn~tJ'J 

- 'VI~'ElrXl.J1YHh 

1 7 
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- ~~'t:l(;11~L,",~L'l!'Wl'l1Yhr.f "11'1.11(;11 .5 ij~~~l'l~ 

- YnnYhf~ 

- LL~'W"1ImU 

- n~'t:l~thunl~9l'l't:l~ 
OJ 

- LLcJ'W~,)L~'t:lfl.J't:lf(;1~L~~'t:l~ 

- '"'~tl~1 

- ~'t:l'WLL~::l'l::tl 
OJ 

.... 
3.1.4 ~1'iLfI~ 

.... J t,I.c:.I ... .Q \Ii'" ~ 
- n1')(;1nLL~~~U~'t:l 't:lL't:l~m~ "D'W(;1 Lm~'W 

- 70% LL't:l~nml't:l; 

- LLri~~h~u~ (Helium) 

- l'WLl'ln~'Wm~') 

" " " 
1 00 L~l'l~ ~1n~1Lmt.!~ri't:l'W~tJ1tj ~,)~;1~~'W 34 ~1LL~t.!~ l'l~'t:l(;1 L~'WVl1~ 6 

nL~ L~ l'l~ LL~::rol (;1 L~'t:l n ~1 LL~t.!~~Yll.J~1;:Jili~1 ru"1l't:l~~1~:a'WVl1rr~::L~u41U L'Wm n1 P1 

~~ 15 ~1Lmt.!~ L(;1Ul'l~')~~'t:ll.Jili~1ru"1l't:l~~1~:a'WVl1rr~::L~u41uL'Wmn1P1~1nn1~ 
" .dI.., . 

Vl(;1~'t:ll.JLl.J't:l~l'l'W (Chokratln LL~::,",ru::, 2008) 

I 
1.1 "1,/4 I Q, 

~'t:l1.J~1~"1I't:l~~~1n~1~'W1Vl"1l't:l~'t:lVlU1'W~~~"D1l'l(;1't:lUn,",1 
OJ , OJ 

" I ..... .... 0 .dI 

LL~::~::(;11.J,",,)1~~~~1m::(;11.J'W1Vl::L~ ~1nL,",~'t:l~ GPS 
OJ 
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3.2.2 ditJ r;l'l'el!h.:JYJ"lI LL'a::'i::tJ"lIu~YJ"lIv1 fl1 ~~1ij~1'ii'U'Vii!l'i::L ~!J~1!J L tJ'U • 
'el.:J jOltJ 'i:: n'el tJ 

I I I 
I .diI ~..... I .::II.:::.t.cll.clt. .eII.diI.q 

LL~:;~~~1..!1'l ~:;~'l1-.lL~'fl1..! [;l .rt . - YUJ. ~~m'ltJ~'ll..!m'fltl1-.l'Yi"ll'VIl..!n~1..! ~~'fl'Yi"ll'VI 

Ltl1..!"llij~ L~1..! 1.1..!~1..!~ Lih~l..!1t1 LntJ ~'l'flt11-.l1.1..!LL~-.lt[ ~Yl"ll L ~'fl~11tjH11..!n1~~:;tJ"llij~ , 

3 . [;l~'l'"l~'fltJ~'fl~'VItI1 Pl1 ~ [;lf~~ n ~'fl-.lLL~~:;"llij~ L~tlm Pi'tI L'fln~1~'Yi ~ m~'fl~ml..!~fi11..! 

'"11 n~,r-.l~'fl'Yi ~~ru'Yi~m~14!1 ~ LL t-i-.ltJ~:;L 'VI PlL 'VIti LL~ :;'"11 nL'fl n~1 ~'VI1-.l'Yi~ n'jj' 

'fl1..!n ~l..!~fi11..!~'fl-.lYl"ll1.1..!llijJl1 rt 1.n~ L~tI-.l , ~ 

Pl1~[;ln'"l1~~ n~1..! ~'l[;l:;~1..!f (BCU) (1l1rt~"ll1'Yi~n'jj'Pl1~[;lf rtru:;~'VItI1P11~[;lf 

'"I~1~-.l mrul..!~1~'VI tI1~tI) LL~:;~'l'flt11-.lYl"llt[ ~ LL"'-.l~ LntJl..!1~ ~Vi1 Ltl1..!~'l'flt11-.l LL "'-.l , 

fn'jj'1~1l1'Yi LntJfn'jj'1H~~~fi.nru.n PI . n~1..! ~'l[;l:;~1..!fi , , 

1. ~1~'l'flt11-.lYl"ll~LntJ'"I1n-ir'fl 3.2.2 tJ~:;l..!1ru 0.1 nfl..! tJ~~'"I~-.l1.1..!'lJ'l~LLfl'l~1..!1~ 20 , 
" I 

ij~~~ [;l~ LL~:;tl ~ ~iln ~'ltl ~1t11-.l rt~'fltJ~'l t1LLcJ1..!'fl~ij L -ntll..! '"11 n,r1..!~1 ~'l'flt11-.lLtJ-n-.l 
~ 

..... I ~. 11. " "" ...I 2. 1..!1[;l'l'fltl1-.l ~u ~rt'l1l..!~'fl1..!~'ltILrt~'fl-.l Headspace GC Auto Sampler [;l1l..!~1l1'l:; 
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Platen Temperature 70°C 

Sample Loop Temperature 80°C 

Line Temperature 250°C 
.col 

Plat Equillizer 1 'W'l'Vl 

Sample Equillizer 15 'W'lVi 

Pressurize 
.col 

0.4 'W'l'Vl 

Press Equillizer 0.25 'W'lVi 
.col 

Loop Fill 0.40 'W'l'Vl 

Loop Equillizer 
.col 

0.25 'W'l'Vl 

.col 

Inject 3 'W'l'Vl 

" , , 
3. -n'WLLti~ViL~r.nnn'lJ'1~roY.nl-J~'t)'W~-:lJl'lYiVi 3.1 

, " 
illl-J'lru~~ml"i~'t)-:l GC-MS tl'1rJH'fO)'t)~l-J,r D8-5 nfO)~'ll-J'VI'W'l'll'tN-n'WYJ~~ 0.25 ~m 

m~ 30 m L~'W~'l'Wfi1'Wun~'l-:l 0.25 mm LL~:;~:;1~LLti~ Helium 1 ml/min dj'WLLti~ 
" 

" , 
i'WVi 11~'t)ru'VIJln 40°C 'W'l'W 5 'W'lVi , " ", , 
i'WVi 2 L~l-J't)ru'VIJln 5°C r;]'t)'W'lVi 'W'l'W 38 'W'lVi (~'W~-:l 230°C) , " " , , 
i'WVi 3 fO)-:l't)ru'VIJlnVi 230°C 'W'l'W 5 'W'lVi , " 

(Electron 

Impact lonization)* 

~'l'W-n't)~~ National institute of standard and technology (NIST) library 

I.... . l.I .... .eM 

spectra J'~l-JntJ Terpene library search LL~:;(;lJ'~~~'t)tJ'lI't)l-J~~'ln'VI'W-:l~'t)J'~tJJ'~l-J 
" 

LLl-J~~ Lun (;lfl-J'lI't)-:l~'l~'W'VI't)l-JJ':;L'VIrJ (Adams, 2007) (;lJ'~~~'t)tJilll-J'lru'll't)-:l~'lJ'~ 
" , 

(;lJ'~~YitJ~~rJn'lJ'~'l'W~ru'VI'l~'WVi1rJfnJ"lYl~~rJtumml-J Varian Saturn GC-MS 
, " , 

Version 5.2 tl'1rJ~:;J"lm'l'Willl-J'l ru'll't)-:l~'l J'Vi (;lJ'~~YitJ LU'Wre) (;lJ''l~~'WJ':;'VI~'l-:l~'WVi1rJf 

• Electron Impact Ionization LUULV1FlilFl",ct~~1ftULFi~tl~ mass spectroscopy L~tlLUUn11'1i11~jq1111l'ltlth~ 

LL(Il n 11l'l LUU~U~'lU~ Lft n IN LLft::O Fl'l1).J LUU1.h::, fitl U~"I ::U1LtJ (Ill'l"l jqtllJ ti~).J'lft'jJtl~jq1111l'l tl rh~ 
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I I 

· ~'t' 
+ · · · · · · · IIOC 

+ · · · + + 
+ ~"" · :!I · .p- .. 
+ < ..J · + · .. ~ .J lJ ..J .... I · ~oC · ~ + .. 1l1ViYl 3.1 'll'.l"'LLn'lYl1J11r.lIWJ'fltl1~ · ~'t' + o.IIe • · .. I!) · · .. ~ 'llru:;'1~¥1JfOI'.l1~~'flU .. ~"" · · + 

~ · · · <-· .. 
~~ · · · -. .. 

Snannon-Wiener (Krebs, 1999) 

" 1. ~"'[;]~n1'.l~nLL~~N 1.l1LL~uYJ'.lL9'flf1J'flf"'~1[;]",Hl~'llU1'" 22 x 22 L'l!U~L~l'l1 LLf~:; 
I I" I 

Yl1n1'.l~nLL~~~H\1'.lLL~u1.l1'1tl~",1u9",Y1Pin~1'f1~ 15 9'" (LUU9"'Y1ri"'L~'fln~191n • •• 

2. ~1LLunn~~LL~~~l'l1~'.l~pfr;l1~1 

Pin~1 

1.l1n1J~nn1'.l~~1Un11~nLL~~~LL~'.l~1Pin~1in~ru:;inJJ1U~Yltl11l1tJ1~LL~U 

'lltl1tJ LL~:;1l1tJ1~n~'fl~'1~Yl11Pl,r'l!il",~ Ll'l'fl1t'fl (Stereo microscope) L~'fl1-n Un11 

~1 LLun n ~~ LL~~~ l'l1~'.l~ pf l'l1'.l9~'fl1J'.l~ pf'll'fl~ LL~~~ 1 '"" ~ n ~'fl~ t"'tJ'fl1 fli'tJ L'fl n~11n!l 

'fl'4m~~fi1u91mnr~~'fl1JYltl~1J~n11 n!l~Yltl1Ln'fl~~U 1l1f01~'l!1n!l~Yltl1 fOIru:; 

... v .. ..l ..l 
Ln~l'l1 ~~1'.lYltl1~mn~l'l1Pl1~l'l1 Vi .Pl . 2542 LL~:;Ml~11~ULYlPl'flU1 
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3.2.6 (;I'i'l~~'il1.JrJ'i"ll'il~~1'i~ n (;IJ1~'U'VI'il~'i~L 'VIti (volatile oil extraction) ~1nVJ'lf~ 
'i~tJ't(;l''U,r'il 3.2.5 6l'ilLL~'i~ • 

~ , 
1. ~n~,jI~t.lWtl2.J1:;L~t.J91nYl'l! ~')t.J~fi hydrodistillation L~t.Jn11,rt.lr;l')'tl£h~11JYl'l!~~ 

~ 

1 ~n~t.l1 ~ L~ n~~ 1~~~ 1 t.l~,) ~ nt.ln~2.J LL~ :;1~,jlih:;ih 1 ~Yi'tlvl')2.J r;l')'tl£h~ 
, 

6." I.... .4 

n~t.lIn'tl~~~91nL~'tl~ 
~ , 

LiJt.l1:;t.J:;L,)~1 30 t.l1l1 Ln1J,jI~t.l~'tl2.J1:;L~t.Jl1~n~ 1~~~1 t.l~~'tl~ 12.JLRn"llt.lln1vhr.f 

" ~t.lI~ 1.5 n~~~ln1 t1~~IYi¥'tl2.J";~~t.l~')t.JYiI11Vhf2.J 

~ , 
2 . ~mtl~~~'tl~~11~n~,jI~t.l~'tl2.J1:;L~t.Jl1n~~I1l'tlLL2.J~~ 



.col 
'lJ'VI'VI 4 

..3.r.a o. aov. 
4.1 1t1'i'l~VfU'VI LL~~'l1.:1911 LLVI'U.:In1''iLn1J 91'l'!ltl1.:1 

" 9..:J'VIt)~1.hU 'ElYlm'ULLt.i..:J'l!1~~'ElWlfl1 iJfl,)1lJ~..:JiOl1m':;~U~1Yl:;L-c:llh:;~J1ru 1 ,800 LlJ(;1~ iJ 
• 'IJ 'IJ 

~ n~ru:;d:l'UJl L '111 ~..:J-n'U~ ~U riu L 'VI ~ L'1I1 fl') 1lJ'VI-c:l1 n 'VI-c:l1 t1'11 'El..:J ~'Ufil~iOl:; LU~t1'ULLU -c:l..:J LU (;1-c:l'El ~ 
'IJ 'IJ • 

L~'UYl1..:J~n~1 1'Um~Yl~~'ElUL~'El..:J~'U'1I'El..:J Chokratin LL-c:l:;flru:; (2008) L~'El~n~mlJ1ruLL-c:l::; 
'l!ij~'1I'El..:J~1~~'UYl1u~:;L'VItI~1t11'U'El1mfi'l n1'V1'U~iOl~~..:J Ln (;1 34 ~1 LL'VIt.!..:J iJ~ri~'El~h:;'VI~1..:J 19 

• 'IJ 

'El..:Jfi'l1L'VIU'El 10 ~U~1 53.9 ~~U~1 ~..:J 19 'El..:Jfi'l1L'VIU'El 12 ~U~1 11.50 ~~U~1 LL-c:l:; 101 'El..:Jfi'l1 

(;1:;t)'U'El'Eln 5 ~U~1 58.20 ~~U~1 ~..:J 101 'El..:Jfi'l1(;1:;t)'U'El'Eln 6 ~U~1 33.40 ~~U~1 LL-c:l::;L~ 

((;11n..:J~ 4 .1) L~'UYl1..:J~n~1~:;'VI~1..:JiOl~~ 1 ~..:JiOl~~ 15 ~~LU'UL~'UYl1..:Jn~:;9~U~:;lJ1ru 3.3 • • , ", 
rn-c:lLlJ(;1~ t~t1Y1LL~-c:l:;~~iJ~ri~LL-c:l:;fl,)1lJ~..:JiOl1m':;~U~1Yl:;L-c:l ~..:J(;11~1..:JY1 4.1 iOl:;L~'UL~~1iOl1niOl~ ." . 

II I I I II I 

~n~l1..:J 15 iOl~ iOl~Y1iJfl,)1lJ~..:J,J'EltlY1~~~'EliOl~Y11 iJfl,)1lJ~..:JiOl1m':;~U~1Yl::;L-c:l 1 ,544 LlJ(;1~ ~..:J 
"'.. \J .." 'U 

, .,J ~ :'1 0 ,.,J....., ' 'i'.,J.,J "'" 
'VI'l..:JiOl1n'1~Yl 8 ·NLu'U(;11LL'VI'U..:JYllJ~:;~Ufl,)1lJ~..:J 1 ,926 LlJ(;1~ 'El~ 382 LlJ(;1~ ~~t1YliOl1n'1~Yl 1 r1..:J 

.,J ....., 0 'I"'" .... I.,J • 1 ' .. dI 
iOl~Yl 4 iOl::;lJfl,)1lJ'l!'U'1I'El..:JllL'1I'llJ1nYl'l ~'VI~::;~Ufl,)1lJ~..:JlJn1~Lu-c:ltl'ULLu-c:l..:J'Elm..:J~,)~L~,) fl'EliOl1n 

• 'IJ " 

~ ..,..: J' ~''I ' .,J"", .,J 
1 ,544 LlJ(;1~ Lu'U 1 ,806 LlJ(;1~ LL-c:l::;~:;~Ufl,)1lJ~..:JiOl:;L~lJ'1I'U LlJlJ1n ~'U~:;'VI,)1..:JiOl~Yl 6 r1..:JiOl~Yl 10 

'IJ •• 

", , 
'El~~:;'VI~1..:J 1 ,876 LlJ(;1~~..:J 1 ,849 LlJ(;1~ t~t1~..:JLL~Y1'1~~n~1Y1 8 (iJ~:;~u~..:J~~1'U 15 '1~) ~::;~U 
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~111-:J~ 4.1 Yin~~ih.fi:hJlru"lJ'e)-:J~11~'WYl1~1:::mtl~1t11'Wtl1mf1~-:J 15 ~lbb'vnl-:J bb~:::1:::~'IJ~'J1:hJ 
" 

" ~-:J91nU1Yl:::b~"lJ'e)-:J bb~~:::~l bm'l.l-:J 
" 

o , .. 

t;11LL'WU.:I'Vl 

N 019 0 11'00.10" E 101 0 05'59.60" 1 ,544 

2 N 019 0 11'01.90" E 101 0 05'59.90" 1,632 

3 N 019 0 11 'OB.OO" E 101 0 06'04.70" 1 ,759 

4 N 019 0 11'12.70" E 101 0 06'19.30" 1,B06 

5 N 019 0 11'14.70" E 101 0 06'22.90" 1 ,B12 

6 N 019 0 11 '16.30" E 101 0 06'24.90" 1 ,B76 

7 N 019 0 11 '17. 10" E 101 0 06'27.60" 1 ,913 

B N 019 0 11'21.30" E 101 0 06'33.20" 1 ,926 

9 N 019 0 11'30.50" E 101 0 06'32.BO" 1 ,910 

10 N 0190 11 '40.90" E 101 0 06'2B.90" 1 ,B49 

11 N 019 0 11'50.70" E 101 0 06'20 .77" 1 ,B15 

12 N 019 0 12'00.BO" E 101 0 06'16 .BO" 1 ,B04 

13 N 019 0 12'06.50" E 101 0 06'OB.90" 1 ,772 

14 N 0190 12'OB.50" E 101 0 06'04.40" 1,712 

15 N 019 0 12'1 3.10" E 101 0 05'56 .7B" 1 ,666 
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" , " 
r.nnn1~M1Uml-Joif'fll-J~m"J1ru1l1~'W LL~:;'fIru,\Ml~L'U~t1[ij',m~u YU'\. 2547 ~~ L~'fI'W 

" . " 
, ' " 

[f\~1Rl-J YL Pl . 2551 ~1m~1~,:r1~m1t11'W'ViUrJ1 L~'fI'W~nml-J1 ru1l1~'W~~~[f\ L'WLL~~:;U~:;'fIr1 
II I! '\J II '\J 

" L'W"ll')~ L~'fI'W~~~1Rl-J LL~:;L~'fI'Wri'WtI1t1'W (507 .5 - 671 .6 l-Jl-J.) L'WU 'Vi . Pl . 2551 ml-J1ru1l1~'W 
''I dI ~ .J... .t.... ... .J '1..J .J 

~~~[f\'fIti ~'WL[f\'fI'W6'i~~1Rl-J Vl~:;[f\U 798.5 l-Jl-J . 'lI~,.n:;[f\U~~Vl~[f\ ~'W-J1,)~~:;t1:;n1~Vl[f\~'fIU (fl1'ViVl 
'\J tI '\J ClJ '" 

4.2) 

" " ml-J1ru1l1~'WL'W 1 U[ij'~LL~U 'Vi. Pl . 2547 ~~L~'fI'W[f\~1Rl-J 'Vi .Pl . 2551 'fIr1L'W"ll')~ 2,082.4 . " 

o ..., J-
eJ 

tI I 

t1'Vi. fIf. 
~1U1U1U~~ u~n~~~~ 

m~1nnr1rJU~'eltl (~~ . ) 
0.1 ~~ . ;7ultJ (~'eltl) 

2547 1361''W 2,617.8 

2548 155 1''W 2,082.4 

2549 128 1''W 2,174.0 

2550 155 1''W 2,374.8 

l-J .R.-[f\ .R. 2551 155 1''W 2,878.9 

~I ,dI.J .. .J~.J dI dI ~ ...... 
'Vi. Pl. 2550 LL~:;lJ 'Vi. Pl. 2551 'ViU,)1L[f\'fI'WVl'flru~fll-JL'U~t1[f\1Vl~[f\R'fI L[f\'fI'Wl-Jn~1Rl-J ~[f\t1l-J'fIru~fll-J 

II ClJ tI q cu , , 
L'U~t1 17.25"C LL~:; 17.5"C [f\1l-J~1~U (fl1'Vi~ 4.2) 
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'"l1 n mnnlJ ~,)'elt.h--lYl"l!~ 1"11 ~~1 dj'W"l!il~~~ m~~ h--l~1~~'W'Vi1tT ~:;L Vlt.J41tm1'el LtJ'W"l!il~ 
~~~1'W,)'W~1n 1 'W~1 LLVlU--l~~mj'1 lJ1L')ru~--lVln~1V1,)1t.J 'el'Vlm'WLL~--l"l!1~ ~'elWlI"11 4'--lVlt) ~U1'W 

"iii. " 

~1~1~mnlJ~,)'eltJ1--lYl"l!1~ 17 "l!il~ (j;l1n--l~ 4.3) L~mLil--lLtJ'W1~~'W~'W"lI'W1~1V1'1i 4 "l!il~ 1~LLfi 

'ellJL"l!t.J j;l:;11"1~~'W ~1tlth LL~:;~11.h--l 1~tj'W~'W"lI'W1~L~n 6 "l!il~ 1~LLfi mLtJ~ Ln~~LL~--l ~:;,r--l 

'Vl'el--l L~~ LL"if--ln'J1--l LL~:;~:;~1~ Yl"l!~~~n 5 "l!il~ 1~LLri ~--lth ~~n--l "l!:;~'Wth L'el'W~1 LL~:;~1iJ • • 
" " VI~11~L~'elt.J 2 "l!il~ 1~LLri ~~n--lLm LL~:;~'W,r--ln~ , 



VllS·N~ 4.3 ~"II~H'lUn1fhI'\11~"IIil(;\ lLfl:;1fnnru'~~fllnh:;n~1.J lJh~1 

;il;;' ;ilifltJ1f11ltU'~ 
; 11 J .. .,. i'lil!h~ 'l.:lfll 'l~L 'lfllf1 Lnu "'lil fJl~ 

;.:I1.h Alpinia sp. Zingiberaceae 'l~"'\J')'l 'W.I'I. 2550 'W.I'I. 2551 Ll~:: 'l~~U 'W.f'! . 2550 S34,S57,S74 

PI"Ilil", Ardis/a quinquegana Blume. Myrslnaceae 'l~"'UI'l 'W.I'I . 2550 'W.I'I. 2551 Ll£q:: 'l~1tlU 'W.I'I . 2550 S27, S54,S68, 877 

~lJ~.:I Begonia inflate C.B.Clarke. Begoniaceace 'l~"'Ul'l 'W.I'I. 2549 'W.I'I. 2550 'W.I'I . 2551 LLa:: 'l~ffiu 'W.I'I. 2550 814, 829,S49,885 

tlUL'UI CJnnamomum Inner BL. Lauraceae 'l~"'Ul'l "' .1'1. 2549 "'.1'1. 2550 Lla.:: "'.1'1. 2551 S7, 853,S67 

Lnfl"'LlM Oecarpermum fruhricosum Myrtaceae 'l~"'U"I'l "'.1'1.. 2549l'(I'I . 2551 LLa:: 'l~~U 'W.I'I. 2550 S6, 825,875 

1!::~U1.h Elsholtzla blanda (Benth.) Benlh. Lamiaoeae 'l~"'UI'l 'W .I'I. 2549 "'.1'1. 2550 LI.~:: YU'I. 2551 89,848,870 

~lJ~.ml1 Embelia sp. Myrsinaceae 'l'J"'UI'l 'W .I'I . 2549 "'.1'1. 2550 "' .1'1. 2551 Lla:: q~ffiu 'W .I'I . 2550 815,831,S43,S84 

~"I1Jl-I).I"I Eupotorium sp. Asleraceae 'l~"'Ul'l 'W .I'I. 2549 "'.1'1.2550 Lla:: 'l~~U 'W.I'I . 2550 810, 826,S51 

,::tr.:l'Yltl,:j Impatiens sp. Balsaminaceae 'l'J"'Ul'l "' .1'1. 2549 "'.1'1 . 2551 Ll.fI:: 'l~~U 'W .I'I. 2550 85, 824,886 

1II::'lPI;!A'U Lits8a CUbeba Lauraceae 'l'J"'Ul'l"'.I'I. 2549 "'.1'1. 2550 ri.PI . 2551 LlfI:: 'l~ffiu "'.1'1.2550 811. 836, S40, 872 

41ihh Magnolia sp. Magnoliaceae 'l~"'Ul'l "'.1'1. 2549 "'.1'1 . 2550 ua:: 'lIJ1tlU "'.1'1. 2550 S16, 830, S42 

LtlU~1 OsbeckJa sp. Melastomaceae 'l'J,",U"I'l "'.1'1. 2549 "'.1'1. 2550 'W .I'I . 2551 Ll,fI:; 'l~ffiu "'.1'1.2550 833, 846, 860, 876 

LibJ PaveUa indica Linn. Rubiaceae 'l'J"'Ul'l "'.1'1 . 2550 S50 

Rl1h.l Pterospermum sp. 8lerculiaceae 'l~"'U"I'l "'.1'1 . 2549 ri .l'I . 2550 "' .1'1 . 2551 Ll,fI:: rl'~ffiu "'.1'1 . 2550 81 , 820. S47, 883 

" ihuj,:jn, Thunbergia sp. Thenbergiaceae 'l'JmA1'l "'.PI . 2549 'W.I'I . 2551 Ll,fI:; C)"Jffiu "'.1'1.2550 82,821 , 878 

LLt-.lO'lI,:j Wendlandia linetoria (Roxb.) DC. Rubiaceae 'l~"'Ul'l 'W .I'I . 2550 LLa:: 'W .I'I . 2551 865,869 

).1::).11'" Zanthoxylum acanthopodium DC. Rulaceae 'l~l-IU1'l ri.l'I . 2549 'W .I'I . 2550 'W .PI. 2551 Llfl:: c)'J~U 'W .I'I . 2550 88, 837, 852, 873 

t\J 
CD 

nkam
Typewritten Text
28
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~,)'Elt1'1\1"lJ'El\l~'11~ ~1')/Oj~'Elu1~/Oj'1 nYl'J!nUfi'1'W-if'El2J~ [National institute of standard and 
.a " 

technology (NIST) library spectra i,)2Jnu Terpene library search LL~:;VI~\I~'El1,)U1,)2JLL2J~ 

~Lun~f2J"lJ'El\lJ'1~'WVI'El2J1:;LVlU] /OJ'1n~~m1~1')/Oj~'ElU~u~'1m~2J terpene terpenoid LL~:; 

~'11U1:;n'ElUn~2J~'W1 ~'11L'Wn~2J terpene LL~:; terpenoid Ltl'W~,)'WVI~\I"lJ'El\l~'11;a'W·r'i~th:;LVfU 
~'1U LL~:;~\I Ltl'W~'11~ Ltl'W~,)'WU1:;n'ElUVlin L 'WYl'J! ;\lYl'J! LL(;)~:;'J!U~/Oj:;ihB-2J'1 ru~'11'El~L 'W"jh\l 20-

" " 
70% "lJ'El\lm2J'1ru~'1111\1V12J~L'WYl'J!'J!{j~~'W1 L"ll'W Elsholtzia blanda (Benth.) Benth. (S9) 

" All .., ..... .c.I 

(l1'1A~'W')n) 2J~'11V1~n~\I'W 1 ,S-cineole 26.53% Camphor 22.69% LL~:; sylvestrene 21.94% 

LL~:;L'WYl'J! Magnolia sp. (S16) il~'11V1imtl'W (E)-2-Hexenal 66 .53% (l1'1A~'W')n) L'Wn'l1 

" II I '" I 

LmUUL~UUm2J'1ru~'11L'WYl'J!(;)'1\1'J!{j~n'W~'W HYl'W~L~nl'lyJ/tJ'1V1~nYl'J!~LfrhAl'l:;~ L"ll'W 

Litsea cubeba (S11) ilm2J'1ru"lJ'El\l a-thujene 'El~~ 3.56x10
7 

m.hu LL~:;L'W Eupotorium sp. 

(S10) ilm2J'1ru"lJ'El\l a-thujene 'El~~ 3.33x1 0
6 /OJ:;L~'W1~(hm2J'1ru~'11(;)'ElJ'1V1~n"lJ'El\l L. 

!:. 4C:II I .cI I ~ '" .J diI 
cubeba 'W'W2J2J'1nm'1Cl\lU1:;2J'1ru 10.6 LVI'1 (11'1 A~'W')n) 'J!\I"lJ'El2J~"lJ'El\l~'11V1 ~1')/Oj~UL'W'Vi'J!Ltl'W 

" 
.01 0" ~. 1'1 !:"I .... AI <II 0 .... 'I !:"I AI .... 

n'l1~1')/Oj~'ElUL'Vi'El'W'1"lJ'El2J~ Lu L'J! L'Wn'l1A~L~'Eln'Vi'J!~'1V11U L'J! L'Wn'l1V1~~'ElUCl\l~~"lJ'El\l~'11~n~ 
" 

1:;LVlU~'1U 

/OJ '1 n m 1~ 1') /OJ'J!{j ~ LL~ :;m2J'1 ru"lJ'El\l ~'11;a 'WVl1th:; LVI U~ '1 U/Oj '1 nYl'J! 'ViuYl'J! LL[;] ~ :;'J!U~il A') '12J 
'" II I I 

VI~'1 nVl~'1Ul1\1'J!{j~ LL~:;m2J'1 ru"lJ'El\l~'11;a'WVl1th:;LVlU~'1U LL~:;A f\l~ LrlU ~,)'Elt1'1\1 (11'1 A ~'W,) n) ~\I 
" 

n '11/Oj:; Lmuu L ~ UU ~\I A') '12JVI~ '1 n VI ~'1U"lJ'El\l ~ '11;a'W Vl1rh:; LVI u~ '1 U/Oj '1 n Yl'J! LL(;) ~ :;'J!U~~'W~'El\lm ~U 
.01 <II .oI..J 'I" • f.!! ... ,," 'I .d 

LA1'El\l2J'ElL~'El·D')U LVlm1Lu1UULVlUU~:;~')mL~:;\I'1U~'Elm1L"lJ'1 L/Oj 'J!\I~2Jm1"lJ'El\l Shannon-

Wiener (Krebs, 1999) (l1'1A~'W')n) LtI'W~2Jn'l1~L-n'Wm1~~I"i'1A,)'12JVI~'1nVl~'1U"lJ'El\l'J!U~~'Wfi , 
~\I ~'12J'11CltJ '12J '1L-D' ~ '1 'W,) rul"i '1 A'J '12JVI ~ '1 n VI ~'1 U"lJ 'El\l ~ '11;a 'W Vl1th:;L VlU~ '1 U /OJ '1 nYl'J!1~~ U L \\'J!U~ 

~'WfiLmuu1~Ltl'W'J!{j~"lJ'El\l~'11;a'WVl1th:;LVfU~'1U/Oj'1nYl'J! L~U~ 1"i'1~1~/Oj:;'Elt1L 'W"ll')\1 0-1 ;\1 0 /OJ:; , " , , , 
.cI .c::.I 0 Q .cI 41:11 Q 

Vl2J'1U Cl\l2J A'J'12JVI~'1nVl~'1U"lJ'El\l~'11~'1V1~ ~ LL~:; 1 /OJ:;Vl2J'1U Cl\l2J A'J'12JVI~'1 nVl~'1U"lJ'El\l~'11~\lVI~ ~ , " , 
/OJ '1 nm1~m~'1'ViUrl'1L 'W~ ~VI'W'1,) 'Vi . Pl. 2549 Yl'J!~il A'J'12JVI~'1 nVl~'1 U"lJ'El\l~'11;a'WVl1th:;LVfU~'1U 

.J <II .J ".J AI .J.J 
2J'1nVl~~A'El Litsea cubeba S(11) VI 0.S9 LL~:;'W'ElUVI~~A'El Embelia sp. S(15) VI 0.43 (11'1'ViVl 
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I I I I 

..:III iI,q,dl ~.Q 

Litsea cubeba (836) VI 0 .S9 LL~:;'W'elUVl~(;lrl'el Impatiens sp. (824) VI 0 .34 (111'ViVl 4.4) ~~ 
I I 

4 q.Q Cl ,q tr I q.oc:!l 

~'W1'l 'Vi .fI!. 2550 'Vi'llVl~rl'l1~~~1n~~1U'lI'el~~1~'el'WVI~m':;L~U~1U~1nVl~(;lrl'el Magnolia sp. 
I I I 

(842) ~ 0.S5 LL~:;~U'elU~~(;l~'el Pterospermum sp. (847) LL~:; Pavetta induca Linn . (850) • 
~~L~nrl'l1~~~1n~~1m~u (111'Vi~ 4.5) ~'ll~~~'el~'llil(;l~'Vi'lJ~1'"l:;n1~[;]~'l'"l~'el'lJ'llil(;l'll'el~ 
~1~~'WVl1th:;L~U~1U'Vi'lJ~1~~'WVl1~~:;L~U~1mYim 1 'llil(;lL'WLLr;i~:;'llil(;l~'ll (111rl~'W'l n) LL~:;L 'W 

... ..J.,j ... .,j.. I ..J .... 
~~~'W1'l 'Vi . fI! . 2551 'Vi'llVl~rl'l1~~~1n~~1U'lI'el~~1~'el'WVI~m':;L~U~1U~1nVl~(;lrl'el Begonia 

I I I I I 
.,j .,j" .,j ... . .,j .,j 

inflate C.B.Clarke (8S5) VI 0.94 LL~:;VI'W'elUVI~(;lrl'el Thunbergla sp. (87S) VI 0 .51 (11 1 'Vi VI 4 .6) 
" I " I 

'W'eln'"l1 nil~'ll~~1U'llil(;l~ Lri'lJ(;]'l'elth~ LL[;] n r;i1~ rl'WL 'WLLr;i~:;rlf~ 'Vi'lJn~ 1"11 ~'llilrl'l1~~~1 n~~1U~ 

Ln~LFiu~n'WL-rl'W Zanthoxylum acanthopodium (8S 837 LL~:; 873) nI"11~Ln~LFiu~rl'W 
(1.h:;~1ru O.S) LtI'W~'W LLr;iL'Wn1~Lri'lJ(;]'l'elth~L'W~~~'W1'l 'Vi .fI! .2550 'lI'el~ Z. acanthopodium 

(852) HlI"11~u'elun~1V1nrlf~ • 
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1 

0.9 
~ 0.8 :3 r-- r--

'" .-:: 0.7 g. t-- r-- - r-- r-- r--

~ 0.6 i-- - l- i-- - l- i-- -
III 
c- 0.5 <1' 
IE 

l- I-- I-- t-- I-- I-- t-- I-- i--
c: 
c- 0.4 <1' l- I- i-- l- I- t-- l- I- r-- r-- l-
IE 
;; 0.3 c- I- l- i-- l- I- t-- l- I- r-- r-- l-
co 
c 

0.2 'r: 
)~ 

0.1 

I- i-- i-- l- I- t-- l- I- r-- l- I-

l- I-- I--- t-- I-- I--- I-- I-- i-- l- I-

0 

Jl1'1"1~ 4.3 ~"lIill"l~1~V!'"n m.lf~1t1"lJ'e)'1~1J'~'Wvi~tJ J':;Lt.nJ~1t11 'WYi"ll LL~~:;"lIij"'tIh~ n! "''IV! ~1V!~1t1 

n! 'elV1t11'WLLlA'I"lI1~"''e)WJI"l1 (~~V!'W1~ '1"1 . PI. 2549) 

1 

0.9 
~ 0.8 'ii: 

,---

r-
] 

0.7 '3 r-- - - t-- r-
! 0.6 - t-- - - t-- t-- r- r--
III 
c- 0.5 <1' 
IE 

- r-- - r-- r-- - r-- t-- r- r-
c: 
c- 0.4 <1' - r-- - r-- r-- - r-- r- r- r-
IE 
;; 0.3 c-co 

- - r-- r-- - t-- - - t-- r- r- r-
c 

0.2 'r: 
)~ 

0.1 

- - r-- r-- - t-- - - t-- r- r- -
'-- - t-- t-- f-- r-- r-- r-- r-- r-- t-- r-

0 

Jl1'1"1~ 4.4 ~"lIill"l~1~V!~1 nV!~1t1"lJ'e)'1~1J'~'WV11tJJ':;LV!tI~1t11 'WYi"llLL~~ :;"lIij"'tJ1L~ n! "''IV! ~1V!~1t1 
n! 'elV1t11'WLLlA'I"lI1~"''e)WJI"l1 (~~~'e)'W '1"1 . PI. 2550) 
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1 

0.9 
~ 0.8 :;;; r-- ~ 

] 
0.7 ·s - -

::r 
~ 0.6 - - r--------
101 
<" 0.5 '" I" 

I--- f-- r- r--------
c: 
<" 0.4 '" r--------
I" 
;; 0.3 <" r--------
<' 
c 

0.2 ' r: 
)~ 

0.1 

r------

r--------
0 

JlI'Vi~ 4. 5 ~'ll\1fOl,)Il.J\H'l1 m"~It1"lJ!l\l~I~;StJyi~'cl'~:;LVltI~It11 tJ~'ll LL(;]~:;'ll-WC'lU1-L 'KW C'l\lVl ~1V1,)It1 

ru ~YlmtJLL'IA\l'llI~C'l!lWJfOll(~~VltJl,) 'Vi.P!. 2550) 

1 

0.9 -
~ 0.8 ::a -
~ 0.7 ·s -
::r 
~ 0.6 r-- r-- r-- - -
101 
<" 0.5 '" I" - - r- r- r- - r- .,-- r- - r- r--
c: 
<" 0.4 '" - - r- >-- r- - r- - r-- - r-- r--
I" 
;; 0.3 <" 
<' 

- - r- - r- - r- - >-- - r-- r--
c 

0.2 ' r: 
)~ 

0.1 

- - r- - r- - r-- - - - r-- r--

f-- r- "-- r- - r- - r-
0 

JlI'Vi~ 4.6 ~'ll\1fOl,)Il.JVI~1 nVl~It1"lJ!l\l~I~;StJYl1tJ ~:;LVltI~It11 tJ~'llLL(;]~ :;'ll-WC'lU1-L ')ru C'l\lVl ~1V1,)It1 
ru ~YlmtJLL'IA\l'llI~C'l!lWJfOll (~~VltJl,) 'Vi . PI. 2551) 
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, " 
ron n md'1?l d''J9~'BU m.Jrl'lb 'W'Vln9 (?) ~ mj-l'YiU~ll.l.:l.Jrl'lYl~l:I.Jld'bl ~n 1~U'W9~I.I.U'l1~ dJ'W 4 •• 

V_ IVCilIVQ..' qqq 

'B'W(?)UVlrln rl'B 'B'W(?)U Diptera Hymenoptera Homoptera I.l.rl~ Coleoptera (Jllrl'J'llln!J'J'VltJ1 

rlru~I.n'jj-1?ld :l.JVll';j'VltJ1~mn'jj-I?ld'~l~ I?lf. 2542) ;'liJd1tJrl~l.~tJ (?) I.l.rl~~'J'Bth'l"lJ'B'lI.I.:l.Jrl'l ~'l!?l'B 1tJC 

tl'W~U Diptera ~(?)I.U'Wtl'W~u~iJ91'W'J'WI.I.:l.Jrl'l:I.JlmU'Wtl'W~u~ 4 "lJ'B'lI.I.:l.Jrl'l I.I.:l.Jrl'lb'W 
'" t ,'" , , 

tl'W~U'Wl(?)tJ-r1'J 1tJ1~ I.l.ri I.I.:l.Jrl'lrJ'W tJ'l U'J 1'Wh ~'l'YiuiJ'Btj:I.Jln:I.Jlml.rl~'YiU-r1'J 1tJ'Vlml.~'l ~n'jj-ru~ 
• 'II • 

It , i.I , 

1.~'W"lJ'B'lI.I.:l.Jrl'lb 'Wtl'W~U'W~'B lhiJun9 ~iJu mYitJ'lVl'W'l r1I.Vl1U'W l(?)tJ-r1'J 1tJ I.I.:l.Jrl'lb 'Wtl'W~U9~iJ"lJ'Wl (?) 
'II 

, i.I I , 

r1'B'W-irl'll.~n iJ~l~'JYl'fi'B'Wt.l:I.J ~'J'BrJl'lI.I.:l.Jrl'lb'Wtl'W~U'WYl~l:I.Jld'bl~n 1~ (Jll'YiYl 4.7-4 .8) • 

Order Diptera 

Suborder Nematocera 

Order Diptera 

Superfamily Culicoidea 

Family Culicidae 

Suborder Brachycera 

Superfamily Tabanoidea 

Family Rhagionidae 

S.Omm 

Jll'Yi~ 4.7 I.I.:l.Jrl'lb'W'J'l~ Culicidae 

Jll'Yi~ 4 .8 I.L:l.Jrl'lb'W'J'l~ Rhagionidae 

tl'W~U Hymenoptera I.I.:l.Jrl'lb'Wtl'W~U Hymenoptera tJd'~n'Bu1tJ~'Jml.:l.Jrl'l91'W'J'W:l.Jln 

I.U'Wtl'W~u 3 iJmd'';jl.rld1~'ifI.I.~'J1~~ln~1 130,000 'llU(?) iJvr'l~'J~l ~'Jl.utJ'W I.I.:l.Jrl'l~I?ld'~'ll I.l.rl~ 
'II 

tJ'liJn~:I.J~'l ;'l~l~'1!b'Wmd'·li'Jm.J~:l.JI.n~d'btXl.l.ri~'ll b'WI.I.~~n'jj-ru~lrld'l~~1'l~1~'J9~'YiU~liJ 
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" ';H~'WIn1~Ln~b~tJ'lflU'ei't..l!?lU Diptera ~m~ru:;b~'W'1J!l--1bb~~,:J'er'W!?lUU~!l l1'm:;~un 2 ~ 

~'d!lth--1bb~~--1L'W'fl'W!?lU.e;~~I~I~n!?ln1~ (llTYi~ 4.9-4.10) 

Order Hymenoptera 

Suborder Apocrita 

Superfamily Ichnumonoidea 

Family Braconidae 

Order Hymenoptera 

Suborder Apocrita 

Superfamily Ichnumonoidea 

Family Ichneumonidae 

'fl'W!?lU Homoptera 

llTYi~ 4.1 0 bb~~--1L'W'd--1~ Ichneumonidae 

'fl'W!?lU Hemiptera ('Y'l'dn~'d'W"l!U(?I~1--11) bb~r.nn~n~ru:;b~'W'1J!l--1'fl'W!?lU Homoptera ~~h;1!lun~ 

'VIUI d:J'Wb;1!l b~mn'W~~!l (?Iun bb~:;~1 bb'VIll--1'1J!l--1 ~1'W~ ~--1'1J!l--1'"l--1!l tJUln'"l:;!l!ln'"lln~'d'WYlI tJ'1J!l--1 ... 
'!X'd ~--1 ~1--1'"lln'Y'l'dn~'d'W~--1 b;1!lU nnn mJ--1 bU'W~!l--1~'d'W bb~ :;UI nn~~ ~--1!ltJ~'d'W'VIUI'1J!l--1'!X'd bb~~--1 

~ ~ 

i.I t """ 

L'W'fl'W!?lU Homoptera U~'d'WL'VIb1! bU'W'Y'l'dnVl~ (?In'W~1 b~mYi"l! ~'VI~ltJ"l!U(?I bU'W~ ~l~1 ~'1!~ltJ bbN 

nuYi"l! bPl~~~n'"l UI--1"l!U(?I btl'W'Y'lI'V1:;~1 t~flYi"l! bL~~UI--1"l!U(?I~ bU'Wbb~~--1~U~:;ttJ"l!Ub-ri'W flf--1 bb~~--1 
'" I" I I I 

L'W'fl'W!?lUU 1~ ml ~n~'W b'Y'l~tJ ~1--11 bb~~--1'V1~'1JI'd '1~'1 ~ bb~~--1Vl1ffi Lfln:;wn!l bL~'dU~:;~lru 

45,000 "l!U(?I ~'d!ltJl--1bb~~--1L'W'fl'W!?lU.e;~~I~I~n!?ln1~ (1l1'Y'l~ 4.11-4.13) 



Order Homoptera 

Suborder Auchenorrhyncha 

Superfamily Cicadoidea 

Family Membracidae 

S.Omm 

JllYi~ 4.11 bb:I.J~~1'WrN~ Membracidae 

Order Homoptera 

Suborder Auchenorrhyncha 

Superfamily Cicadoidea 

Family Cercopidae 

JllYi~ 4.12 bb:I.J~~1'WrN~ Cercopidae 

Order Homoptera 

Suborder Auchenorrhyncha 

Superfamily Cicadoidea 

Family Cicadellidae 

JllYi 4.13 bb:I.J~~1'W(N~ Cicadellidae 

5.0mm 

35 
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~ , 
~'W(?)U Coleoptera 1'W~'W(?)Ull~~'I'WiJ~I'W'd'W"DillPl"1J'e)'1ll~~'U.J1nVl~1Pl iJm~lrun'l 40% , 

"1J'e)'1ll~~'1~lwh~11:;tfll~'dvY'd b~n ~'d'e)tJl'1ll~~'11'W~'W(?)u~1~llri ~'d'l ~'e) IPl ",-;-'e) ll~~'1Uml~'1 

~m~ru:;l~'W~I""full~~'11'W~'W(?)u~fi~'e) Un~".,iil~iJ~'dI~ll~'11n~l~tJ'InU~I~'d dj'Wll~~'1~'YiU 

Order Coleoptera 

Suborder Polyphaga 

Superfamily Chrysomeloidea 

Family Chrysomelidae 

Order Coleoptera 

Suborder Adephaga 

Family Carabidae 

'II 

5.0mm 

!l1'Yi~ 4.14 ll~~'11'W'd'lPl Chrysomelidae 

!l1'Yi~ 4.15 ll~~'11'W'd'lPl Carabidae 

1'W~~""'WI'dU 'Yi.~. 2548 ~1~11b1(?)ml~~'11'W~'W(?)u Diptera l~'W'YJn~llmll'lll~:;iJ 

~1'W'd'W~ln 1 'W~lll""ll'l~ 1 2 1 0 ll~:; 15 blPltJ~~llmll'l~ 15 iJ~I'W'd'W~ln~~ 1Pl~'e) 98 ~'d ~'d'W , 

ll~~'11'W~'W(?)U~'W1 ~'W'YiU(;hiJ~I'W'd'Wii'e)tJn~I~'W(?)U Diptera blPltJ vu'YiI:;1'W~lll""1l'l~ 6 hi 

~1~11b1(?)ml~~'11'W~'W(?)u Homoptera l~l~tJ (!lI'Yi~ 4.16) 

1'W~~~'e)'WU 'Yi.~. 2549 1'W~lll""1l'l~ 9 'YiUll~~'11'W~'W(?)u Diptera ~ln~~IPl~'e) 93 ~'d 
1'W~'W(?)u Hymeoptera 'YiUl~~ln~~IPl~~llmll'l~ 5 ~ 31 ~'d ~'W(?)U Homoptera 'YiU~liJ , 

~1'W'd'W~~1~11b1(?)n~ln~~1Pl1'W~llmll'l~ 8 ~'d'Wll~~'11'W~'W(?)u Coleoptera ~'W'YiU~liJ~I'W'd'W 
llj;]nj;h'ln'Whl~lmrn1'W 15 ~1Pl 1'W~ rm""1l'l~ 11 'YiU~lll~~'1~(?)nl~~'WiJ!lI'Yi1'd~ii'e)tJ~~IPl~'e) , , 

~'W(?)U Diptera 6 ~'d ~'W(?)U Hymenoptera 7 ~'d ~'W(?)U Homoptera 7 1Ol'd ll~:;~'W(?)U 
, 

... ." 

Coleoptera 6 j;]'d (!lI'Yi'Yl 4.17) 
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1'!.l~~~'!.ltJ ~.PI. 2549 ~U~11'!.l~1LLWtl'l~ 136 7 LLfl:; 8 iJLLl-lfl'l1'!.l'ei'!.lr;iu Diptera r;i'l~ 
111 85 75 LLfl:; 7 4 1'i')(;11l-l~1r;iU LLfl:;1'!.l~1LL\nl'l~ 8 10 LLfl:; 12 iJLLl-lfl'l1'!.l'ei'!.lr;iu 

Hymenoptera 34 38 LLfl:; 25 1'i,)1'11~~1r;iU LLfl:;'ei'!.lr;iu Coleoptera ~u~1iJ~1'!.l,)'!.l~1n~~c;)1'!.l 

~1LL'nl'l~ 1 ~'fl 20 I'i') ~,)'!.l'ei'!.lr;iu Homoptera ,r'!.l~U~1 hJ 1'l1'1LLl'1nrl'!.l~1n,rn 1 '!.lLLl'lfl:;~1 LL\nl'l 

.,J 
(Jl1WVl 4.18) 

I I II I 

I'i') 1'!.l~1LL~'ll'lVi 7 LLI'l1'!.l~1LLml'lVi 6 LLfl:; 9 ,r'!.liJLL~fl'lVi~1~1~C1r;in1~LYltJ'I~1LL~'ll'lfl:; 9 I'i') 
~ I 

LL~fl'l1 '!.l'ei'!.lr;iu Di ptera ,r'!.l~U1.h:;~1 ru 80-150 I'i') LLfl :;hJiJ ~1 LL~'ll'lViiJ~1'!.l,)'!.l LC;) c;) L~'!.l LL~fl'l 

1'!.l'ei'!.lr;iu Homoptera iJ~1'!.l,)'!.l~~1~1~C1r;in1~~1n~~c;)1'!.l~1LL~'ll'l~ 2 ~'fl 92 I'i') (Jl1~~ 4.19) 

1'!.l~~¥'fl'!.ltJ ~.PI . 2551 ~ULL~fl'l1'!.l'ei'!.lr;iu Coleoptera ~~1~1~C1r;in1~iJ~1nt1'1 473 I'i') 

1'!.l~1LL~'ll'l~ 8 LLI'l1'!.l~1LL~'ll'l~ 1 LLfl:; 6 LYltJ'I~1Lm'll'lfl:; 2 I'i') LL~fl'l1'!.l'ei'!.lr;iu Diptera ~U~1n 
.J ........ ..::I .... 1 0 . .J 0.... 1 
V1~C;)~1~'fl'!.lC;)ULLmrl'fl 128 124 LLfl:; 104 1'1') '!.l1'11LL~'!.l'lV1 4 14 LLfl:; 5 1'11~fl1C;)U LL~fl'l '!.l • 

II I I I 

'ei'!.lr;iu Homoptera ,r'!.l~u~1nVi~ c;) 1'!.l~1LL~'ll'lVi 14 Vi 82 I'i') L-rl'!.lL~mrlu'ei'!.lr;iu Hymenoptera 

~~1~1~C1r;in1~~1n~~c;)1'!.l~1LL~'ll'l~ 14 ~ 27 I'i') (Jl1~~ 4.20) • 

I I 

1'!.l~~~'!.l1')n ~.PI . 2551 ~ULL~fl'l'ei'!.lr;iU Homoptera iJ~1'!.l,)'!.l~1nVi~c;)Vi 78 1'i')1'!.l 

~1Lm'll'l~ 4 LLl'lhl~1~1~C1r;imL~fl'l'ei'!.lr;iu~1~'!.l~1LL~'ll'l~ 10 LLfl:; 12 1'!.l'ei'!.lr;iu 

... 1 '" .J .J 0 I .J 0 ..... 11 I 1 ..... ..., .: Hymenoptera ~1~1~C1c;)n C;)~1nV1~C;)V11'11LL~'!.l'lV1 15 "'l1'!.l,)'!.l 11 1'1') LLI'1 ~~ULL~fl'l '!.l'fl'!.lC;)U'!.l 

1'!.l~1LL~'ll'l~ 2 4 9 11 LLfl:; 13 LL~fl'l1'!.l'ei'!.lr;iu Diptera ,r'!.l~,)'!.l1~rY"'l:;iJ~1'!.l,)'!.l'fl~1'!.l-rl')'1 
~ 

U~:;~1ru 30-50 I'i') ~,)'!.l'ei'!.lr;iu Coleoptera ,r'!.l~U~1iJ~1'!.l,)'!.lil'fltJn~1 1 0 1'i,)V1n"'lC;)tJm~'!.l1'!.l , . 
~1LL~'ll'l~ 3 Lc;)tJiJ 14 I'i') (Jl1~~ 4.21) 

Lri'fl LWtJU L VitJU~1'!.l,)'!.lLL~fl'l1 '!.l 4 'ei'!.lr;iu ~ r;i n 1~~')~V1 n ~1 LL ~'ll'l LL~,) LL~fl'l1 '!.l'ei'!.lr;iu • 
Diptera iJill~1ru~1nn~1LL~fl'l1'!.l'ei'!.lr;iu~'!.l Lc;)tJ1'!.l~~~'!.l1,) ~.PI. 2548 LLfl:; ~~~'!.l ~ . PI. 2549 

"'l:;iJill~1ru~1n n~1LL~fl'l1 '!.l'ei'!.lr;iu~'!.l1 YJn~1LL~'ll'l 1 '!.lYJn rlf'l~ Lnul'i,)'flti1'1 'ei'!.lr;iu Homoptera 

..... ~ 1~"""".,J • .,J"'1" LLfl:; Hymenoptera ~lJ~~1ru nflLrltJ'In'!.l (Jl1~V1 4.22) LLfl:;"'l1'!.l,)'!.lLL~fl'lV1c;)n C;)~,)~V1n 
• 

II I I I 

~1LL~'ll'l ~u~1iJm~1ruLLl'1n 1'l1'1rl'!.l1U1 '!.lLLl'lfl:;rlf'lVivi1n1~r;in r;i'l LL~ C;)'11~ '!.lJl1~Vi 4.13 ~'1LL~fl'l 

1 '!.l'ei'!.lr;iu Diptera LLfl:; Hymenoptera iJlULLUUn1~LU~tJ'!.lLLUfl'l"ll'fl'lm~1ruLL~fl'l~'flC;)rl~'fl'lrl'!.l 
.... .... ~ ~ J' '" &::II 

~,)'!.l'fl'!.lc;)u Coleoptera '!.l'!.lm~1ruLL~fl'l"'l:;L~~~1n"ll'!.l~'1~ c;) 1 '!.l~ ~~'fl'!.l"ll'fl'lU ~ . PI . 2551 LLfl:; 

LL~fl'l1 '!.l'ei'!.lr;iu Homoptera ~u~1m~1ruLL~fl'l L~~~1n~'!.l~'1~ c;) 1 '!.l~ ~~'!.l1,)"ll'fl'ln ~ . PI . 2550 
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• 1 = l1~"U'l,) "LA 2S4B 2 = l1~ftl\J \1.1'1 2549 3 = q~r,JU l'I.~ . 25494 = 11~\l\J1~ l'I.~ . 25505 = 11~~\J 'l'U'1.2551 6 = 11~"\J'I,) ~ .A. 2551 
. .. . 

""'" Dipiero 

, _ Hyme.noptera 

Homop~e!a 

____ Ccleap~ra 

Il1YfVi 4 .22 tlhnrull~~ -3 ),'l ~V1 ntti 1LL'\.oIti-3hJLL{;)~ :::~NYiU1Uj;J'l~thm.JjtlULYitlU'tt.l 4 'tlUIP1U lDiotera Hvmenootera Diotera LL~::: Coleooteral 
.):::.. 
.):::.. 
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J' " . o..J ~" '"l1n~~n1~Vl(;l~'tl'lL1J'tl'l[;]l.l (Chokratln LL~::l"1ru::o 2008) ~1J,)1~1~Vl~1l.J1Hl[;]~,)'"l~1J L(;l 

'"l1n1J~~U1n1P11l.l1J1L,)ru (;l'l~~1~,)1t1 ru ~VlU1l.lLLlA'I'll1~(;l'tltl1J1"11 ~'tl (E)-4-octene a-thujene 

camphene 1-octen-3-ol benzaldehyde 102,4-trimethylbenzene p-cymene limonene n-

... ::. ... ..J .. ~... ~ 'i'~" 
octanol LL~:: camphor '"l1nn1~[;]~')'"l~'tl1J~'llVl'l 17 'lll.l(;l VlLn1J Ll.l1J~L')ru'(;li4m~t1 L(;ltl L'll GC-

MS 
o " 

[;]~,)'"l~'tl1J~1J1l.l1J~~U1n1P1;'1Yl'llm~1\1'tl1'"l~~[;]LL~::U~(;lU~'tltl~1~~'1n~1,)~1J~~U1n1P1L~ .. 
(mn'l~ 4.4) ilYl'll 3 'lloW(;lL~LLri Zanthoxylum acanthopodium Elsholtzia blanda LL~:: Litsea 

..J ... .... o~ ~ ..J.... ~ 
cubeba (fl1~Vl 4.23-4.25) l.Jn1m~::'"l1t1[;]')'tltl Ll.l~~1t1'"l(;li4mi1 ~1J~1~Vl[;]Nn1J~1~ Ll.l'tl1n1P1 " . 
~.~ 0" 6 8 ......... ..J!'I...... ..J 
Ll.l1J~l.J1rul"1'tll.l"lJ1'1l.J1n (10 -10 ) LL~::~'ll'tln 1 'lll.l(;lVlL1Jl.l~'ll~'tll.J 1"1'tl 'tl1JL'lltl (fl1~Vl 4.26) '"l1n 

n1 ~[;]~,)'"l~'tl1Jii'l'lloW(;l"lJ'tl'l~1 ~~ nno{ (;l Ltll.l~1~~l.lVl1th::mtl~1t1 L(;ltl L'tl~1:: 1l.ln~l.J terpene LL'~:: " . 
" 0 

sesquiterene ~1J~1 ~1~'lloW(;ll'h'l1 ilml.J1 ruLL[;] n 1111'1 ril.lLU1l.lLLI11~::l"1f'lVl Ln1J 1"11 (;l~1il~~1t1 

if'"lo{t1~~'1 ~~ 1 ,x~u LL1J1J"lJ'tl'l~1nU~t1l.lLLU~'1 LU ml.J1 ru"lJ'tl'l~1~~ [;]~,)'"l~1J1l.lYl'll~ L~'tl nl.J11-n l.l 
" 

n1~Vl(;l~'tl1JL(;ltIL~m1::~1~1l.ln~l.J"lJ'tl'l terpene LL~:: sesquiterpene LL~(;l'lLr)1l.l[;]1'1~1'1~ 4.5 ;'1 • 
o ... !'I.... 'i' .... ~ 0 J'..J~ " •. 1 

~1J,)1 C. inner l.J~1~ 1 o8-cineole L1Jl.l~1~~~n L(;ltll.J1J~l.J1ru 1 05 .00 ~l.l')t1 (~l.lVl L[;]nnY'j/ 

" ,j1~,rn~(;l *10
6

) E. blanda il~1~ sylvestrene Ltll.l~1~~~n L(;ltlilml.J1ru 119.00 ~tl')t1 L. 

cubeba a-terpinene 3200 .00 Z. 
o " 

acanthopodium il~1~ terpinolene Ltll.l~1~~~nL(;ltlilml.J1ru 1413.72 ~tl')t1 ;'1~1~L~~1,rl.lil 

'lloW(;l~ LI"1t1il n1 ~ntl'l1l.lii'l ~~ 111'tl LLl.J~'1 1"11 (;l~1Yl'll~'1 4 'lloW(;ltl1'"l::il n1 ~U~ (;lU~'tltl~1~~l.lVl1cl" 
~::L ~t1~1t1 ~il ~~ 111'tl LLl.J~'1'tl'tl n~'tl1n1 PI~1-'tl Ltll.l~ ~~ [;]~1 ~~l.lVl1cl"~::mtl~1t1 ~il ~~ 111'tl LLl.J~'1 " .. 
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Cin~inMr Cin.am''''''II1l !Mer 

~WnMIII ~~ 
i'lrufl:rtMJ RT 

J~Wni!JI(10~ 
"f'Jt:flW RT 

J'wUBt&(1 0, 
HEXANlol. 3 .19 4.06 GlJAIENE .. TftAf.l&·~ ,28.92 1. 6 

HEXaIAl "'(EJ-2:·~ 3.9i' 20.50 B NE:SeNE 29.20 0.79 

HEXENOL«{Z)-3-=- 'U6 5..60 BULNESENE-«I'· " a.21) 0..96 

SAIfTO TRIENE 5.12 2.16 S5.114a.1E .. 7-eP1-a-> ~..61 0.';1 

ftlCYO ENE 5.53 OM CAOINEKf <6-", 2U2 0.15 

t JENEca ... 5.62 5..61 CAlAJ.IENENf eCIs... 30.11 o..n 

ClTRONELLE~ <43.> IUS 3.'13 CAOINBlE -c(J.~ 30.33 0.45 

CAREI4E~6-Z~ 7.&=1 l .19 \fETN ENE <~ 31.02 0.16 

PHaI..At«)RENE<Oo> 7.&5 2.14 CARYOf'HYLlEiN'f. ALCOHOL 31.70 022 

CARfNE<6-3-> a..l 1.97 KHUSIMOt 33.05 0. 0 

TERI'INENE -c(J-<> 8.3l> OJ9 CADAlEtoE 35.~ 1.79 

CYMBlEC() ... 8.Si' 2.96 G '~EiNE 39.66 0.S6 

ON:NE 8.6 .. , 11.511 

SYL\I!:S RENE 8.73 4.99 ~~thJl0'2 

CINEOLE.: 1.!\-> a.76 1OS.DO CuNnMIII 

OCNENEc(Z)~~ 8.96 9.41 

inf'Jt:fl[ItJ RT 
J'wU1W(1 ~ 

0 ENEc(E)~ .. 9.42 11.23 t1EXAN.:.L 3.19 10.11 

TE ENE<y<- 9.76 11.28 E.V.EtIAL -9E)-2 ... 3 .99 n.70 

AlOOlo," E .. CtS-.. 10.29 2.&6 E>'...a.IOLet~ 428 3.<57 

TERf' ~OLEt{f 10L91i 0..69 HEXAOIEHA e2.4-{E.E)-.. 5.1" 6..99 

OOIo1ENE ...:.t.LO<> 12:.70 !.20 RlCYCLENE 5.53 6..15 

CA!04PHOR 1]..26 26.60 PIN .:(]. ,. US 64.80 -
BOI'tNYl ACETATE 19..6,:1 O.le CARENE~2-.. 7.~ 7..83 

CUSEeEt~E ,,-0-> 22..33 0.36 PHB.l.ANoeren£cG·" 7.65 'I. II 

ISOLEOEl{! 23 ... 6 021 CAP.fN~3.~ 8.10 1i.71 

COPAEt. E ",00" ll~9 0.32 TERf'lNEI4E qx . .. 8.30 7 5 

PATCHOULENE <~ 23.70 0.65 C"fMENf.<O<> 8.59 9..59 

Cl;J\Ya' LlENE "(Z).~ 24.95 1.1 6 Llt,I,oNENE 8.69 3D.&> 

GUJUNEi «J .• ~ 25.00 0.18 PHB.l.ANOP~ ,,~ 8.70 5.65 

CARYOf'li U ENE "(EJ'~ 25..36 0 .77 IOYlVESTRENE 8.73 119.00 

GUAIE _~ . .. 26,.20 U8 EOLE .. I.B-:; 8.76 ao.3S 

GEYCHELLEt~E 26'.50 0.38 OCIM:tlE«ZHl- 8.96 5.04 

AROJ.lAllENORENE cA lo-> :N.07 <1.19 TERP OLEI~ 1 .9& 6..67 

AROMAOENOPANE ",OEHYORO"-'> 27.16 0!.26 CA\ff'HOR 11.2& 64.76 

ACO«AOIEI~E <0'" 27.32 029 NON ANAL .. N-<> 14.2~ 0.93 

GtlI'UJNE Fe <>toO :N.W 0.43 LOHGlfOlEK! 24.9.2 0..03 

CURe ENE<~·> 27.506 O.IS BULNESENE<a·" 29.21)0 5 

GELINENE <~> 28.37 0.94 e A ED tfY"ORO.>:YfOLUENE 29.43 o. Ii 
GUAIENE <CI~'" !8.51 OJl CAOIli ENE 35..8G 1.26 

VAl.E ENE 28.66 1.11 GU.o!.lAZVlEi~ 39Ai6 0.51 

IOIFLORENE la.68 0.58 
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w ea c: Itbe<boI ZMlrha>cy!ltm .c:.n!f1opodi<lm 

~~M'M turunn\l 
1I"\nJr:n~ fIT 

,11W 01111(10") 
.-,nJf: nlllJ RT 

J1Wn'II (1 ') 

HETANAL 3.19 70.40 OCTENE <1-" 3.06 7.73 

H~.fUAL"'(E}-2-<> 4.13 6..79 E;t..ANAL 3.19 :?S6 

Hf)(AD{9jAl4.4~E, Er> 5.14 11:6.00 TRtCYCLENE S.S3 6l3.61 

TRJC'I'CtENE 5.53 17.50 HlkIfNE<Q<> 5.62 11.50 

JENE<OQ:..." 5.62 35.110 PINENfoea..." 5.65 7M.M 

P IE<o -' 5.85 1119..00 CAMPHENE 6..26 3~.00 

CAMPHE f 6..26 3117.H S.4Blt ENE 6.91 240.00 

SAe. t-IfNE 6.91 411.0J CAREt Eoe&2-> 7.M 7D.ES 

CA.RE E<&2-.. 7.&q 223.00 PHEUANME <:Q-:> 7.65 778.50 

PHB.LA RftIE<Q<> HIS 1rol>..o CAREt- E.oe&:h B.10 193.40 

ERf'INEH! «] . .. B.30 3200..00 CYME ~ B.59 2S2.10 

C '~ENE<O" 8.5'9 1736.3] LIMON E e .~ 2.10 

L.Jl,IO~NE 8.D~ 4.74 PHELLANDRENEcJ3-.. lI.m 4.42 

PHaLA ~E"'~ 8.70 113.00 C EOLEoe1,6<- 8.76 011020 

SYLv!STREt~E B.73 65.30 TER E<y-" 9.78 210.00 

CINEOLE<l ,e,.c. 8.70 46.60 TEM OlEr~ 10c950 141l..72 

TE ENE~ 9.78 1n6..50 TERPINEOL <0-<> 15..21 1110.00 

TE IOLEt(f 1 c95 2116.00 OU5ESENl: <0-:> Z2.3} 10.70 

C:.MI'HOR 13..28 11.11 ISOLEDEt~ 23. 50 15.30 

T,ERPINEOL < Q-.. 15JZ1 23.'00 PATOtOOLEtlE 41-> 21.70 D.OJ. 

PATCHOULENE <~ 23.7D 0.30 CARYOPHYLl ENE ",(EI-" 25.36 0. 5 

CARY'OPH LLENE c(E]-,. 25.36 US AROMADe10RENE 26.27 10.20 

AR01.44oo-10REt~ ~O-> 27.07 1.51 AROloCADlfNORt.)IE .:OEH'fOfIO-> 27.16 0..03 

AROMADENOIRANE .. OEHYORO-, '0 . 6 0.74 CURe 1.4ENE c AR-" 27.96 0..09 

MWR-oLENE "'0-> 28.ro (U S BUUlESENEoea· ,. 29..20 22.40 

·BULNESf}~o· ,. 2~..20 10.110 CAD-AI ENE 35..&9 0-07 

CldAMENENE -" 3 .11 1.42 

MA4tlfolENE cJ3-,. J.l.S3 D.59 

CADALE 35..80 18.10 

BE~t.tOTOl "'IZ)-1 RAN S-o-o- ~.37 0.91 

GUAIAZU~E 39.66 1.1 0 
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~ . 
JllYfYl 4.23 Zanthoxylum acanthopodlum (l-J:;l-Jli?l) 

, 
~ 1 ~~ 

Jll1'1i'l 4.24 Litsea cubeba (1Pl:; FldlPl'W) 
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Jll~~ 4.25 E/sho/tzia b/anda ("ll:;~'W1.h) 

...: 
Jll~'Vl 4.26 Cinnamomun inner (!l1Jb"lltJ) 
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~ ~ , 
·Ih'll9i\.J:lJ1.yhm~~n(?1~'dtJl'flthv'l'IJ~1~'u.J1~b1~n(?1U1J1'WVI'fl:IJ~::;bV1tJ91n L. cubeba 1~:lJ1nYl~(?1 , 

.c:Y 0 _ d 
~'fl'l~'1:IJ1r1'fl E. blanda (Benth.) Benth. LL~::; Z. acanthopodium 1?l1:IJ~1(?1'IJ (l?lln'lYl 4.6) 

LL~::; hJ~1:IJ1~b1~n(?1~1J1'WVI'fl:IJ~::;bV1tJ91n C. inner l~~'dtJ~fimmi'W~'dtJl'fl~l 

E. blanda (Benth.) Benth. 

L. cubeba 

Z. acanthopodium 

_~ ~..... cool., .., 
u~3J1ClJ.'\.I13J'\.IVI'£l3J~::L \UJ'VI ~1Pl 

'" (3J~ .Inn. 'Ll1V1lTn~lPl) 

0.17 

0.63 

O.OS 

, ~, 

n~l'1LLe.4'W~mL:IJ~'1 (il1'Y'lYi 4.27) m:IJ1rw"1J'fl'l~1~~n(?1U1J1'WVI'fl:IJ~::;LVltJYl1-if1?i'fl"l!(?1m~'Vl(?1~'fl'l , 

LL~(?1'11'W1?l1~1'1~ 4.S L(?1tJ1'W 1 ~lLLVlt.l'l 9::;vl1m~'d1'1LLe.4'W~mL:IJ~'1 3 LLe.4'W 'd1'1~1J1'WVI'fl:IJ~::;LVltJ~ 
~n(?11~"l!il(?1~::; 3 ~lLLVlt.l'l 1'W~lLLVlt.l'l~ 1-3 Yl(?1~'fl'IJL(?1tJH~1J1'WVI'fl:IJ~::;LVltJ91n~"l! L. cubeba 

o , "" 
1?l1 LLVI'W'I'Vl z. 

acanthopodium m:IJ1rw 30 l:IJLr1~~I?l~ILLe.4'W ~lLLVlt.l'l~ 7-9 HYl(?1~'fl'IJ~1J1'WVI'fl:IJ~::;bV1tJ91n~"l! 
, ~ 

E. blanda (Benth.) Benth. m:IJ1rw 50 l:IJLm~I?l~ILLe.4'W ~lLLVlt.l'lYl10-12 HYl(?1~'fl'IJU1J1'WVI'fl:IJ 
, ~ 

~::;LVltJ91n~"l! L. cubeba m:IJ1rw 1 00 l:IJLr1~~I?l~ILLe.4'W LL~::;~lLbV1t.l'lYl13-15 HYl(?1~'fl'IJU1J1'W 

VI'fl:IJ~::;LVltJ91n~"l! E. blanda (Benth.) Benth . m:IJ1rw 1 00 l:IJLr1~~I?l~ILLe.4'W (1?l1~1'1~ 4.7) 

, , ~ 

Jl1'Y'lYl4.27 LLe.4'W~mL:IJ~'11(?1r1'd'IJ~:IJ «ihtJ) 1(?1'Vl(?1~'fl'IJYliJm~1~u1J1'WVI'fl:IJ~::;bV1tJ ("1J'd1) 
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, , " 

mn-:JVl4.7 ~1LL\nl-:JLL~:;'l!(;)Vl(;)~'tI-:JVlL-n'Wn1~Vl(;)MltJ~~"lI'tI-:J~1,r'W~'tI~~:;L'\.ml?i'tlLL~"N • 
~1LL·WU~m.; _ r tV OJ 

"1i'U j;J"lI'eI~'U1JJ'U~'elJJ'i~ L ~tI'VI mJJ1tum';~'elLL~'U 
'VIj;J~'eI'l..J t.; IV 

j;JnLLJJ~~* 

1,2,3 L. cubeba 50 l~tl'l~~(;1~ 

2 4,5,6 Z. acanthopodium 30 l~tl'l~~(;1~ 

3 7,8,9 E. blanda 50 l~tl'l~~(;1~ 

4 10,11,12 L. cubeba 1 00 l~tl'l~~(;1~ 

5 13,14,15 E. blanda 1 00 l~tl'l~~(;1~ 

'"l1 n n1~~tJ'l!ij(;)LL~:;41'W,)'W"lI'tI-:JLL~~-:J~~1~1 Hl ~ n 1~~~-:J'"l1n n1~ L ~~1 ,r'W~'tI~~:;L~tI 
VitJ~141'W,)'WLL~~-:J~~1~1~t) ~ n 1~;j 1'l,)1~ LL(;1n 1?i1-:J L 'WLLI?i~:;~1~~L-n 'Wn 1~Vl (;)~'tItJ ;11 n1~Vl (;)~'tItJ 

, 
'I ""':"1'" :"1 ~'W~ ~~'tI'W (~'W11'l~) "lI'tI-:Ju Vi. PI. 2551 (Jl1ViVl 4.28-4 .32) LL~:;~ ~~'W1,) (~~11'l~) "lI'tI-:Ju Vi . PI. 

, , 
... 'I"" ''I ":"1 ...... 

2551 (Jl1ViVl 4.33-4 .37) ~~n1~Vl(;)~'tI-:JLL~(;)-:J ~~m'W,)1 ~'W~~~'tI'W"lI'tI-:Ju Vi.PI. 2551 1(;)Vl(;)~'tItJVl~ 

~~Vi1L~41'W,)'WLL~~-:J~:;~~1-:J'l!(;)I'l')tJl'l~ LL~:;'l!(;)Vl (;)~'tItJ 1?i1-:Jn'WVl1-:J~ti~'tIth-:J;j~tI~1I"1ru ~'tI L. " " .. ... 
cubeba 50 l~tM~(;1~ Z. acanthopodium 30 l~tl'l~~(;1~ LL~:; E. blanda 50 l~tl'l~~(;1~ ('l!(;) , 

..I .",..1 'i'"' 
Vl(;)~'tI-:JVl 1 2 LL~:; 3 (;11~~1(;)tJ Jl1ViVl 4 .28 4.29 4 .33 LL~:; 4.35) ~(;)tI~1~~n(;)'"l1n L. cubeba 

" " 
50 l~tl'l~~(;1~ LL~:; Z. acanthopodium 30 l~tl'l~~(;1~ 11-:J 2 'l!ij(;)i1~1~1~t)~-:J(;)(;)LL~~-:JL'W'tl'W~tJ 

" 
Coleoptera l~'W~~~'tI'W"lI'tI-:JtI Vi.PI . 2551 (Jl1Vi~ 4 .28 LL~:; 4.29) LL~:;L'W~~~'W1,)"lI'tI-:JtI Vi .PI . 

2551 L. cubeba 50 l~tl'l~~(;1~ ~1~1~t)itJl~LL~~-:JL'W'tl'W~tJ Coleoptera (Jl1Vi~ 4.33) LL~:;L'W 

~~L~tI')n'W E. blanda 50 l~tl'l~~(;1~ ~1~1~t)itJl~LL~~-:JL'W'tl'W~tJ Diptera 1~ (Jl1Vi~ 4.35) L'W 

1 (;)Vl (;)~'tItJ~'W1 VitJ~1~-:J ~~ l?i'tltE~1 ruLL~~-:J~l~;j 1'l,)1~ LL(;1 n 1?i1-:JVl1-:J~ ti ~ LLI?i;jn1~LL~ (;)-:J~-:J 
'i' '' ..I ... , .J~"' 'I " ... 'i''''1 

LL'W,) ~'W~'il'tl-:J~1~Vl~(;1't1LL~~-:J L-D'W 'W1~'W~'tI~~:;L~tI'"l1n L. cubeba ~'W~ ~~'tI'W~LL'W,) ~'W~ ~'Wn1~ 

" ~-:J~(;)LL~~-:JL'W'tl'W~tJ Homoptera l1-:JL'W 2 1'l,)1~L.jf~.jf'W (50 LL~:; 1 00 l~tl'l~~(;1~) Luw1f'W 
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(;11~1..:J~ 4 .8 C.J~"1l'e:W~"'Vl(;H'l'elU~'elLL~~..:J1t.l 4 ~t.l(;)ULmtJuLVltJu~:;"d1..:J~~~'elt.l LL~:;~t.l1'J1t.l;j 

yu1. 2551 

L. cubeba Z. acanthopodium E. blanda L. cubeba E. blanda 

Coleoptera 

Homoptera 

Diptera 

Hymenoptera 



.aI 
UVI'VI 5 

.r ..I~ 
5.1 Vf\J'VI~m~1 

11 "I .... 

fl11lJ'l!1~1ufl¥.rn1~r1(;lL~'fln"(;l~11,)"~\lnmlJ1ru~11~U'Vl1-cl"1:;L~rJ~1rJ1utJ1n1fi1~\llJ1~\I~lJ(;l . ~ 

15 ~1LLml\l "1n"(;l~11')"~n1~U(;l1t)1ufl¥'\lLLm1u'fl'VlrJ1ULL'IA\I'l!1~(;l'flWlfl1 ~\I~"(;l~n'lf1 
.. iii \J .. 

::. ::. '1" " .4.!'l.li .,j .'1 .,j r.... .li .,j 
'Vl\l~lJ (;ll'1\1'fl1J U U1L ') ru(;l\l~ ClJ 1 ~,)1 rJ'l!\I LuU YlU 'Vl u1 'Vl ~lJ\! 1ruLL~:;lJ fl') 1 lJ~ ~ 1 n ~~1 rJ"lJ'fl\lYlU 'Vl ~\I 

" I '" I" 

fl1'flUfl~lJfl,)1lJ~\I"1n1:;~U,j1'Vl:;L~1u-n,)\I 1,500 - 1,900 LlJl'11 ~\lU11uYluvhrULUUU1~UL"lJ1 . ~ ., ., , 
LL~:;" (;l ~m~1 ~\ln ~1,) ~\I'fltJ1 UL"lJ l'1'flu¥n';';h 1 ~m11umu"1 n m11-ifYluVlU1n,j'flrJlJ1 n 1:;UU . ~ . ., 
UL,) fiI"lJ'fl\lthu1-L,) ru,rU~\I LUUfl11lJ'l!1 ~ ~\I 1~¥U~'VlfiYl~"1 nU"~rJU'fl m:;uu,j'flrJ L~lJ1:;~1~¥U 

~ 

m1~m~1 L Yln:;fl,)1lJ LL1.hcTU"lJ'fl\l1:;UU Ln (;l~U1 U-n')\1 LLflU 

I " II I I 

~ufi LL~:;1 ~Yl'l!Vl ~~ l'1~11~U'Vl1-cl"1:;L~rJ~1rJ,rULUUYlUVlU1-L,) ru~i1\1 YlU~1~1lJ11tl H~lJ m1 • 

41 .: .... d Q Q'" I _ ~ .d .dI.., I .J i.I 

LM'fl\l"J!,) (;l tl\l fl,)1lJ~~1 n~~1rJ"lJ'fl\l~11'flU'Vl1rJ1:;L ~rJ\l1rJ "1 n m1Lu1rJU L 'VlrJUYl'l! l'1,)'flrJ1\1'Vl1"J! 

'Vl(;l~'flUf"h~"J!ilfl,)1lJ~~1n~~1rJ'fltJ1u-n,)\I 0-0.89 (0 LYhnuf"h~1~~(;l LL~:; 1 LYhn1Jl·h~\I~(;l) 
\J iii \J III 

LL~ (;l\ln\l fl,)1lJ~~1n~~1rJ"lJ'fl\l'l!U(;l~11~U'Vl1-cl"1:;L~rJ~1rJ1 uYl'l! ~\lYl'l!'l!U(;l~n f"i1 fl,)1lJ~~1 n~~1rJ 

~\I~n,,:;nmlJ1ru"lJ'fl\l~11~U'Vl1-cl"1:;L~rJ~1rJ~\I~,)rJ L-nU Litsea cubeba nf"i1fl,)1lJ~~1n~~1rJ 
~ ~ 

'fl~~ 0.89 ~\lLUUf"i1~\I~~(;l1uYl"J! 17 'l!U(;l~'Vl(;l~'flU (~~~U1,) Yl.fiI . 2549 LL~:;~~¥'flU 'Vi .fiI . 

.4 "" .. ... • I':!: .,j ...... r , "".li .,j1" •. 1':;- .... 2550) "J!\I LlJ'fl'Vi,,11ru1 tl\l u1lJ1 ruL'tl~rJ"lJ'fl\l~11'flU'Vl1m:;L ~rJ\l1rJ"1 nYl"J! (YlU'Vl l'1 n nY1l'1'flU1~Un 

~(;l) ~l'11,)"~'flU1~YlU~1 Litsea cubeba fiLUU'l!U(;l~nmlJ1ru~\I~(;lL-nUnU ~\I,ru~'l!il~ 
~ . 

~1lJ11tl1-ifu'fln n\l fl,)1lJ~~1 n~~1rJ"lJ'fl\l~11~U'Vl1-cl" 1:;L~rJ~1rJ1 uYl'l!1~ LL~:; tJ\ltJ1" 1-if LUULfli'fl\l~ 

.r (;In\lmlJ1ru1min ~,)rJ 



59 
, " " 

~1~~\l'Vi~u~:;L~tI~1t1Yl(;l~'l9YilJ91nn1~1LfOln:;~,r\liifOl'l1~mnn~~1m1-lL\lLL~"Jj\l~LL~:; 
" , 

m~1ru 91 n ~~ n1~'V1 ~~'il-l~lJ~1m~1 ru'lJ'il-l~1~~\l'VI1u~:;L~tI~1 tiL \lYi"Jj,r\lii n1~LtJ~m.!LLtJ~-lltJ 

L\lLL~~:;~~ L-n\l ~1~~\l'VI1u~:;L~tI~1t1~~n~YilJ L\l Ardisia quinquegana L\l~~¥'il\l (~'l'ilth-l 
S27) ~'il santolina triene YilJL\l~~~'l\l 34.82% (Jl1fOl~\l'ln) L\l'lJru:;~~1~~\l'VI1u~:;L~tI~1t1 

~~n~~lJL\l~~~\l1'l (~'l'ilth-l S54) ~'il a-thujene L\l~~~'l\l 20.15% (Jl1fOl~\l'ln) ~-lif'il~~ 
... '" .,J .,J... , • ~ ....... ... ,.,Jodi • I • I ' J' '" 

91n-l1\l'l9t1'V1Lnm'lJ'il-lYilJ'l1u~~1ru~1~'il\l'VI~tI~:;L~tI-l1t1'V1Yi"Jju~~u~'iltl'il'iln~1'lJ\lnlJ~~n1~ 

mh'l~'ilYi"Jj(;l'illJ~\l'il-l~'il~-lLL'l~~'il~~ LL(;ln~1-ln\lL\lLL~~:;~ ~ (Campeol LL~:;fOlru:;, 2003; 

Barbosa LL~:;fOlru:;, 2007) 

91n~~n1~'VI~~'il-lL\l Elsholtzia blanda ~-lLU\lYi"JjL\l'l-lpf Lamiaceae ii~1~~\l'VI1u 

Thymus 
.... _ ...... IcJ 4I\.dI~.:I • 

pannonicus All. ~~1~'il\l'VI~tI~:;mm1t1'V1~lJ ~\l~"Jj'VI-l 2 fOl'il a-pinene a-phellandrene 8-3-

carene a-terpinene ~-phellandrene LL~:; 1,8-cineole (Maksimovic LL~:;fOlru:;, 2008) 
, 

.. .!'I odI., .1" , .......... 
Cinnamomum inner LL~:; Litsea cubeba '1I-lLu\l~"Jj ~\l'l-ll"l Lauraceae ~lJ'l1~1~'il\l'VI~tI~'il~ 

"" , 
~:;L ~tI~1t191nYi"Jj~-l~'il-li1~¥1-l~1~Yl L ~~'il\lnlJ~~1t1"Jj\l~ L-n\lL~m n\l~'il hexanal (E)-2-

hexenal (Z)-3-hexenol tricyclene a-thujene 8-3-carene a-terpinene limonene 1,8-cineole 

y-terpinene terpinolene 91n Cinnamomun inner LL~:; hexanal (E)-2-hexenal tricyclene a­

thujene a-pinene camphene sabinene a-phellandrene a-terpinene limonene 1,8-cineole 

y-terpinene LL~:; terpinolene 91n Litsea cubeba LU\l"Jj\l~(;lNnlJ Laurus nobilis L. LU\lYi"Jj 

L\l'l-lpf Lauraceae (Kilcic LL~:; Altuntas, 2006) 9:;L~\llr1l~1Yi"Jj91n~-l 3 "Jj\l~ if1-lr1l\l (E. 
, 0-

blanda 'l-lpf Lamiaceae LL~:; C. inner LL~:; L. cubeba 'l-lpf Lauraceae) ii~1~Yl~lJ~-l 3 "Jj\l~ 
... 
fOl'il hexanal (E)-2-hexenal tricyclene a-thujene a-terpinene limonene 1,8-cineole y-

terpinene terpinolene LL~:; Zanthoxylum acanthopodium ~-lLU\lYi"JjL\l'l-lpf Rutaceae YilJ 

~1~~\l'VI1u~:;L~tI~1t1 a-terpineol ~(;lNnlJYi"JjL\l'l-lpfL~mn\l~'il Haplophyl/um suaveolens 

(DC.) LL~:; a- pinene LL~:; ~-Phellandrene ~-l(;lNnlJL\l Esenbeckia almawillia Kunth 

(Ivanova LL~:;fOlru:;, 2004; Barros-Filho LL~:;fOlru:;, 2004) 
, 

9:;L~\llr1l~1Yi"JjL\l'l-lpf Lamiaceae LL~:; Lauraceae ~1~~\l'VI1u~:;mtl~1t1YlYilJ91nYi"Jj 
" 

Jl1t1 L \l'l-l pf,r\l1 ~'l\l~1 n9:;L ~~'il\lii fOl'l1~ L ~~'il\ln\l'il19 LL(;ln ~1-l n\lU1-l (;l1~ LL~~:;"Jj\l~'lJ'il-lYi"Jj 

LL~L \l~'l\l'lJ'il-l'l-l pf Rutaceae ~lJ~1~tJLLlJlJ'lJ'il-l~1 ~~\l'VI1u ~:;mtl~1t1~YilJ9:;ii~tJ LLlJlJ~ LL(;ln ~1-l 
~ ~ 

n\l'ilt1~1 n LU\lltJlr1l~1Yi"JjJl1t1 L \l'l-l pfeii fOl'l1~LnWB ~'VI1-l~1t1~\lfi,J'iltl ;-l ~tJ LLlJlJ L'U~1:;~'l'lJ'il-l 
~ . ~ 
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, " 

~1~~'IJ·r·i~~~::L~U~IUVl~ul 'lJYl'll,r'IJr111'1~1~1~I~Cl~1 hhh::u n ~1-n 'lJn1n114' 1'1'f)'lJm~~fil'IJ , , 

~,)u~lnr1iJ (Chemotaxonomic) t~ (8arros-Filho LLfl::r1ru::, 2004) 

"llnn1~~~,)"l~'f)U'llUI'1'l1'f)'1~I~~'lJvi~u1'IJYl'll~'1'f)~1'IJ~'IJ~1.h Yl'll"l::1~fuif"l4'uj;h'l1 ~":h 
1 ~Yl'll!ltJl 'IJ[lI,)::Lr11-U 1'1~'1"l1 n n1 ~~~,)"l~'f)U~U ~'1~1 ~~'lJVl1-~~::L~U~IU~~Ul111 ~~1~1 ~Cl 1'111'1 .. 
~ ..J.... ~ "... ,......J ''I .. ~ "... ."1 ..., ..J 0 'I ".... ''I ... J 
Cl'l~JlI,)::Vl~'ll ~1'1~U'f)fJ ~'llVl'f)fJ ~'lJfin~'llI~ "l:: ~1'1~UlJ"l"lU~I'11 VlVlI ~~~'ll'f)fJ ~'lJJlI,)::Lr1~UI'1 'l!'1 

~flIU'llUI'1 L-n'IJ 2,4-hexadienal ~~ul'IJ L. cubeba ~1~I~Cll111~iJn1~~11'1L'l!flff~~l'1un~~1'f) 
limonene "lIn C. inner E. blanda Z. acanthopodium LLfl:: L. cubeba ~'1~fl~'f)~::UUn1~ 

~luh'll'f)'1~~f~'lJ1 ~1'f) terpineol p-cymene a-I ,8-thujones borneol a-terpinene a-I,8-

pinenes artemisia ketone LLfl:: 1 ,8-cineole iJ~fli'ut~~1'f)~ILL~fl'l~~lYl'll (Asanova LLfl:: 

r1ru::, 2003; Larsen LLfl:: 1'1 ru:: , 2000; Chan LLfl::r1ru::, 2003) LU'lJlul~~Yl'll'"l::UflI'1U~'f)U~I~ 
" , , 

L ~~I11L Yl'f) ~'f)U~'IJ'f)'1 ~'f)~') n~ ~')n'IJYl'll LYl'f)U'f)'1n'IJ(;],) L'f)'1 LLfl:: 1 ~Yl'll~I~1 ~Cl'f)tJ ~'f) 1'11~ 'IJ'f) n"ll n .. 
" n1~~!lU~'IJ'f)'1 ~'f)n1~Cl n n I'1n'IJ'lJ'f)'1 ~ ~fri'IJYl'll,r'IJ Yl'llfi'l ~1~I~Cl m::~'lJn1 ~U'f)'1 n'IJ(;],) L'f)'11 'lJYl'll .. , 

" ... ~"..J ..J 'I.... . , ..... 1 .1' J 
'lJ1'1 Lr1U'l ~1'1 L-lI'IJ 1-octen-3-ol Vl~U ~'IJ~'ll Thunbergla sp. (S2) r111'1,)1~'lllJfll'1lJfl'f)U'f)'f)n~1 L~'f) 

LU'IJ ~ '1) '1)1 ru 1 'IJ n1 m ~::~'lJn flln n1 ~U'f)'1 n'IJ(;],) L 'f)'1'l1'f)'1Yl'll ~'1 ~ ~1 U'I1 'IJ n'f)'IJ~,r 1~ ~1 
...I ~ "... ... ".....J ..J "... }1...... 

Arabidopsis thaliana L~'f) ~MU~I~ 1-octen-3-ol "l::~m::l'J'lJU'lJVlLnU,)'lI'f)'1nUn1~U'f)'1n'IJmL'f)'1 

'lJ!l'lYl'll ~1'f)~'IJ~~nm::~'IJ~I'IJVlI'1 ethylene/jasmonic acid LU'IJ~'1)'1)lru ~'1L~'f) A. thaliana 

t~fu 1-octen-3-ol ~U~In1nn I'1nfl tn n1~U'f)'1n'IJ(;],) L'f)'1'lJ'f)'1Yl'lliJ r1,)I~r1~IU nUn1~H volatile 

methyl jasmonate (MeJA) ~1'f) methyl salicylate LU'IJ~'1)'1)lrul'IJn1m~::~'lJnfllnn1~u'f)'1n'IJ 
... ...I, ..J.... • 1 • 1 ' ~...I.!'I .J % ~. I~ .... "...I 'I " 4 

~') L'f)'1 L'll'f)') 1 n1 ~Vl~'ll~I~I~CllJfll'1lJfl'f)U~I~'lJm'f) LlJ'lJn1 ~'C"i'l'C"i '1) '1)1 ru ~lJ Cl'l~'ll ~'IJ'f)'lJ1 ~ t-Hn 1'1 

n1~U'f)'1n'IJ(;],)L'f)'1 (Kishimoto LLfl::r1ru::, 2007; Farmer, 2001) 

.. ..... ' 'I Ji..J ''I , ... 
~1~'f)'lJVl~m::L ~U'IIU ~'IJ~'lJVl'f)fJ ~ 'IJ~JlI,)::n1 ~~'f)U~'IJ'f)'1 ~'f)JlI,) ::Lr1~U 1'1"l1 mL~'1 LLfl:: 

r1,)1~1'f)'IJ ~'f) limonene a-pinene a-terpinene ocimene LLfl:: ,8-careyophyllene ~1~~'lJVl1-~ 

~::L~U~IU~,) n~LU'IJ'llUI'1~~I~I~Cll11~,rI~ LU'IJ~1 ~~'1 ~'IJ 1 'lJn1~~'1 Lr1~I::,J secondary organ ic 
, ... , 

aerosol (SOA) ;'1iJ r1ru~~1.Wi-n')u m'f)'1 LL~'1 LU'lJlul~~IYl'll"l ::UflI'1U~'f)U~1 ~L ~~I11LYl'f) LU'lJn1 ~ , 
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LLf'l:;1"lru:;, 2007) ~'jjYl~~'e)1J~f'l1t1'jjij~~Yl1J~1J'L~',h~ H1LLn C. inner E. blanda L.cubeba 

LLf'l:; Z. canthopodium 
, " .. 

~~/Ol:; L ih.! 1~~ 1 ~1 J'~'WYl1-~ J':; L ~tI~ 1 tl1J1~'jjU~t!'W;j t:J f'l m J''e)'e) n ~Yl fi1 'W~ f'l1 tlYl1~ L"lf'W 

~ 'I " ~ ~... .." ",.al ."1' '" ~ " ... 'I " odI Limonene Lu'Wt:Jf'l ~mu'WmJ'tI1 nYl/Ol:;'J Ll"ln :;~tI'e)'Wnf'l1J L Yl'e)J':;1Ju/Ol/OltlYl LLYl/OlN ~ 'Wm J'nJ':;[;]'WYl'jj • • 
" 

1,xtl f'l ~tl ~'e)tI ~ 1 J'~'WYl1-~ J':;L ~tI~ 1t1'jjij~t!'W1 

'e)rh~ hri [;]1 ~ Lri'e)~'e)~ 1 'WJl1Yl J''J ~ hl ~ 1 ~ 1 Hl Mtl J'tl LL1J1J~ LL tl'W'e)'W"1J'e)~ m J'L tl~m.!LLtl f'l~ . " 
II ... I I 

m~1 ru"1J'e)~~1J'~'WYl1-~J':;L~tI~1t1J':;~~1~~ ~¥'e)'Wn1J ~ ~~'W1'J 't~ \1~ih;j'e)~/Ol1 n;j~f'l1t1tr/Ol9t1~;j 

t:Jf'lI'l'e) mJ't:J~ [;] LLf'l :;/~1'e)tlf'l ~tl~'e)tI~1J'~'WYl1-~J':;L ~tI~1t1"1J'e)~~'jj ~'e)'W'e) n L ~;j'e) 'ttl/Ol1n ~ ~ mf'l 

" " (m1~~'W"1J'e)~mmPl ~ru~1Jij m~1ru,J1~'W LLf'l:;1"l'J1~L-if~LL~~) LL~'J~'jjm/Ol't~¥1J~YlfiYlf'l/Ol1n 
... ~... odI ... ... ... ..... '~odI ... .al 'I 

Jl1'J:; LI"l J'tI ~Yl Ln ~/Ol1 n m J'J'1J m'W"1J'e)~ LL~f'l~ ~ J''e)'e)Yl fiYl f'l/Ol1 n ~ 1 J''e)'WYl J'tI J':; L ~tI~1 tlYlYl'jj'jj'W~'e)'W ~ 'W 

~'W~ L~tl'Jn'Wtlf'l ~tl~'e)tI'e)'e) n~1~m m PI 'W'e)n/Ol1 n~m/Ol;jtl~~~~'WM'J~J':;~~1~tr/Ol9t1 L ~~1~ 

~'JtI ~'e)~'jjm/Ol't~¥1Jt:Jf'l/Ol1ntr/Ol9m~tI'J ~1'e)~f'l1t11 tr/Ol9t11'W"lf'J~L'Jf'l1L~tl'Jn'W (Rodriguez­

saona LLf'l:;1"l ru:;, 2003) ~~ LtI'W'ttl't~~tr/Ol9t1~~~'jj't~¥1J LL[;] n 1'l1~ n'W1tl1 'WLLI'lf'l:;/Ol ~ ~m~t1~ n~1'J • " , 
~1 L ~~1ih:;;j t:Jf'l1'l'e)~'jj~1 n n~1tr/Ol9t1/Ol1 n ~ ~ mf'l~~~'jj1 'WLLI'lf'l:;'"l ~ 't~¥1J ~'e)'W-if1~ 1n ~ L~tI~ n'W 

~ I ~.... .J cJ .... ~ ':dj I .:::. q.. I 

LI"lJ''e)~1J~'jj'e)'W~'W~Yl~'W1J~'W'WLL 'W'J 1"l~'WI"l'e) 1"l'J1~ LL[;] n [;]1~"1J'e)~m~1ru~1J''e)'WYlJ'tI J':;L ~m1t1"1J'e)~ • 
~'J'e)rh~~'jj~ Lri1J1'W~c:1mf'l L~tl'Jn'W/Ol1n'"l ~~n~1LLI'l1'l1~iJ ~'e)~ ~~'W1'J~~LLl'liJ 2547-2550 

/Ol1 nn 1J'~n~Yl1J~1 LL~f'l~ 1 'WLLI'lf'l :;re)'W~1J/Ol:;;jmm J':;/Ol1t1 ~'J'e)~~'J 'ttl1 'Wi'Jn1 '"l ~~~n~1 

L~tI;jJ'tlmJ'nJ':;/Ol1t1~'J~hlLLtl'W'e)'W ~~~'e)~I"l~'e)~n1J-if'e)~f'l~nm1'W~1mmJ':;/Ol1t1~'J"1J'e)~LL~f'l~ 
" " 

" t!'WhlLtI'W'ttl1'W~n~ru:;L:]~ L~'W (Bale LLf'l:;1"lru:;, 2002) m/Ol LtI'WLYln:;I"l'J1~ LL[;]nI'l1~"1J'e)~~Jl1Yl 
J' ~'I'.J J' ~ 1 ,,",'" ::'..t... '. ~ 
Yl'WYl ~'WLL[;]f'l:;/Ol~ Lvn'W m1~~~'iI'e)~Yl'WYl YlJ'J'ru ~ ~'W1JJ'L'Jru'W'W 'jj~~t:Jf'l[;]'e)uJ'~1rum~1J'"1J'e)~LL~f'l~ . " 
" tl~ tl ~ "'I'" ~':'! "" ,,/ ,0 .J 'I 
~'J tI LLf'l:;mJ'L f'ltl'WLL f'l~'iI'e)~0i~ LL 'J ~f'l'e)~ ~ 'W1JJ'L 'J ruYll"1n~1t1~'W1/Ol:;·Ci~ t:Jf'l [;]'e)/Ol1'W'J'WLL~f'l~ Lvn'W ~ 'W 

~ru~1Jij;jt:Jf'lI'l'e)~~'W1mJ'"1J'e)~LL~f'l~1'W"lf'J~1'l1~1 ~'JtI (Hintze, 1970) ~~/Ol1nmJ'~~ru~1JijL'U~tI 
q .x t.I ........ ~ X.J 

1 'W~~~'W1'J 1 'WtI Yl . PI. 2550 ~~"1J'W~~t:Jf'l1 ~LL~f'l~1 'W'e)'W~1J[;]1~1 LYl~~1n"1J'WL'W'e)~/Ol1mL~f'l~1J1~ 
... '1"'.J'.,J II..... .J,.J ~.J4CIII ~ 

'jj'W~~1~1J'tl'e)~J''e) ~ ~~1n"1J'W 'jj~~'e) ~ I"lf'l'e)~ n1Jntl~1'WYl'J1 L~'e)~ru~1J~ L'tlf'l tI~ mJ'Ltlf'ltl'WLLtlf'l~ 

" J' 'ttl\1~~1n"1J'W ~1'e)f'l ~f'l~/Ol :;~~ t:J f'll'l'e)re) [;]J'1 mJ'J''e) ~~ [;]"1J'e)~ LL~f'l~ 1 'Wre)'W~1J Coleoptera 

" (Friedenberg LLf'l:;l"lru:;, 2008) /Ol1nmJ'~n~1m~1ruLL~f'l~ ~1~1J'tlMtl't~~~-n 
• 
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~'IJ~U Coleoptera LL~~-l~Vi1.l1~~')'hJL'IJ~1LLVltl-l~n~1~'tl Vi')n~,)-l'll'IJ1I'1L~n L[;hYl'tl-l 
I I I" 

~-l91'IJ,)'lJLL~~-lVl ~ n 1~i11"1,)1~ LL[;1 n r;l1-l n'IJ L 'lJLLr;l~:;~ ~ LU'tl-l'"l1 n LL~~-l L 'IJ~'IJ~Ui1~1~1 ~tlViu1~ 'IJ 

" VI~1U~111,):;LL,)I'1~'tl~ L"ll'IJ U1 LLtl~-lLn~[;1~ Vl1'tlLL~LLr;lYl:;L~YlnUL'lJLLtlu..u')L~mVlU'tl (Koivula 

" " , 
~'IJ~U Homoptera LL~~-lL 'IJ~'IJ~ui1'"l:;dj'IJn~~'ll'tl-l LVi~U'l!i:l1'1r;l1-l1 '"l1 nVl ~n 1~~mu'IJ 

" '" I I I II 11 

LYi~un~:; LI'1I'1 Vl1'tl LVi~U~ n~'IJ ~-l LU'lJVi') nVl1'11'1 n'IJt11 L~U-lYi'l! LU'IJ'tl1 VI 1 ~ LL~:;LU'lJLL~~-lVi1V1:;t11 
" 

" L~I"1Yi'l!~n ~')U LL~~-l L 'IJ~'IJ~Ui1~,)'IJ~1 n~ 1'1 LU'lJLL~ ~-l Pi' [;1 ~Yi'l! n1m~:;'"l1Ul'l,)'ll'tl-l LL~~-l'l!i:lI'1ViU~1 
" 

... 1"' J' .,J 1 1 ".,J "" "".:: J' , ~n1~m:;'"l1U tl[;11~~n~ru:;'ll'tl-lVi'IJYl LL~:;~~n1~ LU'IJ tl I'1Ylm~1ruLL~~-lL 'IJ'tl'IJI'1U'IJ'"l:;'ll'IJ'tl~ 

num~1ruLL~~-lL'IJ~'IJ~U Coleoptera L~'tl-l'"l1ni1LL~~-lU1-l'l!i:l1'1 L'IJ~'IJ~U Coleoptera L"ll'IJ 

" 
Serangium parcesetosum LU'lJLL~~-ll!mh'll'tl-lLL~~-lL'IJ~'IJ~ui1 (Bemisia tabac/) (Kutuk LL~:; 

1"1 cw:; , 2008) LL~~-lL'IJ~'IJ~U Homoptera '"l:;Ltl~U'lJ1tl[;11~~~n1~r;l1-l1 (Jiang LL~:; Cheng, 
" , 

2004) '"l:;L~'lJ1~'"l1n L 'IJ~ ~~'lJtI Vi . PI. 2549 LL~~-lL'IJ~'IJ~ui1'"l:;i1~1'IJ,)'lJU'tlUVl~I'1LmUULVluunu 
.J 

~~'tl'IJ1 

~'IJ~U Diptera LL~~-l~ViU~,)'IJ~1 mU'lJn ~~ LL~~-lrj'IJLL~:;tJ-l LL~~-l L 'IJ~'IJ~uei1~U1-l'l!i:l1'1 
.?l %... "!"'I 0 ~ ~ .. ... ...... % ....I 1~ 
Lu'IJLL~~-l1"l [;1lVi'l! U1-l'l!'lJ1'1 Lu'IJVi1V1:;'lJ1 ~~1"1 ~ 'IJ~"i~mL~:;~ 1'1 L~'tlI'1~"i~VI~'tl~ [;1,)'tl'IJ1 VI 

(Medvedev LL~:;l"1ru:;, 2007) U1-l'l!i:lI'1LU'lJtl~~[;1nui[;1rf'l!i:lI'1~'IJ (Matyukhin LL~:; Krivosheina, 

2008) n1~'tl~~'tlI'1'll'tl-lLL~~-lL'IJ~'IJ~Ue~'IJ'tl~nuiJ'"l~UVI~1U1 L"ll'IJ ~ruVl1Jij ViU~1~~ruVl1Jij~ 
12" C ~:;U:;n1~L.;]1 ~ mL~'ll'tl-l Echinocladius martini (Orthoclad ii nae) LL~:; Polypedilum 

australotropicus (Chironominae) tI1,)'lJ1'IJ~1nn~1~'tlruVll1ij 18"C LL~:; 26"C [;11~~1~U , " 

(McKie LL~:; Pearson, 2006) ~-l~'tlI'1I"1~'tl-lnUL'IJ~ ~VI'lJ1')tJ Vi . PI. 2551 ~i1~ruVIJJij L'U~U ru 

L,)~1~~1n1~YlI'1~'tlU 19.5"C i1m~1ruLL~~-lL 'lJLLr;l~:;' I'1U'tlUn~1 L 'IJ~ ~¥'tl'IJtJ Vi. PI. 2551 
c..J..J ..Jo ..... 

(~ruVl1J~ L'U~UYl 19.9"C ru L,)~1YlYl1n1~l'1mL~~-l) 

~'IJ~U Hymenoptera LL~~-ln~~eLiJ'lJn~~~-l Ll'1m,)~Vi')nr;l'tlLUU'IJ LL[;1'IJLUU'IJ LL~:;i1 , , 
I" "I I 

'l!i:lI'1Vl LU'lJl'l,)~1 ~')U LL~~-l L 'IJ~'IJ~Ui1LU'lJLL~~-lVlI"1,)U l"1~m~1 ru'll'tl-l LL~~-l'l!i:lI'1~'IJ~1'IJYl1-l n1 ~~1 , 
~ ".?l.,J 1'''' ~ "... , ~ n1~~'l!Lu'IJYl,)1-l '11 VI~'tln1~~'l!Vi~ (Wang LL~:; Yang, 2008) ViU')1 ~'IJ Hymenoptera: 
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" 

Braconidae -nill')'JJ~~'fl1~1~ (,J1~,)1"LJ'JJ~~Yl-n(;h~-nill')ri"LJ ~1~~1~1~i~LM1~~) ;j~fl~~'fl1t1 , 

" l-nnn~1 ~~~~"LJ1"LJtI Vi. PI . 2549 '"l1nn1~~n~1ViU~1f),)1lJ~1lJ1~Cl1 "LJn1~~1'JJ~~LLlJfl~'Il'"LJ 

~1lJ1~Cl~(;J,J"LJ11~ (;J1lJ~;j~ntl~1"LJH~1LLlJfl~1"LJ~"LJ~U Hymenoptera: Ichneumonidae 
" 

.1 .. ".J~" .. , .J ~J'J 
u~~~Un1~ru'"l~~1lJ1~Clf)"LJtnL~t1~ LI')~')I')L~')m1 (Ueno LLfl~ Ueno, 2005) 'l!~LLlJfl~ L"LJVi"LJVl 

':! !'1 J,~ .. , " .... 1 n".J '!'1 ~ " 
I"1n~1Lu"LJLLlJfl~Vl~~ L"LJfi~~lJ-n1 (;]t1~lJ'"l~(;]~~lJu~~~Un1~ru "LJn1~f)"LJ~1 mtl~ f)11'),)1 LU"LJL~[;J L~ 

~1"LJ,)"LJLLlJfl~ 1 "LJ~"LJ~U~~~ LU"LJLLlJ fl~'Il' n ~1 ;j~1"LJ,)"LJ,J~t1 n ~1 LLlJ fl~ L ~~ ~ 

'"l1n~fln1~Vll')fl~~L~"LJ1~~1mlJ1ruLLlJfl~~"LJ~U Hymenoptera LLfl~ Diptera 

Ltl~t1"LJLLtlfl~ ltl1 "LJVl1~ L~tJ')ri"LJ LU"LJltll~~1 LLlJfl~ 1 "LJ~"LJ~U Hymenoptera ~~ LU"LJLLlJfl~'Il'n~11"LJ 
" , , 
Yl"LJYi'JJ~~~Vlm"LJLLtA~'l!1 ~ I')~t111 f)1'"l~LU"LJn~lJYi f)')U f)lJmlJ1ruLLlJfl~ 1 "LJ~"LJ~U Diptera tl')t1 (;]N 

~ '\J" " 

~~(;JNriuoif~lJfl~;j~ntl~1"LJH~1 LLlJfl~1"LJ~"LJ~U Hymenoptera 1-nLLlJfl~1"LJ~"LJ~U Diptera LU"LJ 
" " 

'fl1~1~~1~~,)1~1~ (Hendrichs LLfl~f)ru~, 1994; Noma LLfl~f)ru~, 2005) 

" '"l1nn1~~Lf)~1~,r~')t1 GC-MS ViU~1~;S"LJVl1cl"~~L~t1~1tJ'"l1nYl'l!;1~ 3 -nill') Elsholtzia 

.J!'1 .. J .... ~ 
blanda Litsea cubeba LLfl~ Zanthoxylum acanthopodium 'l!~ Lu"LJ-n"LJI')VllJu~lJ1ru'JJ~~ 

" , , 
~1 ~;S"LJVl1cl" ~~ L ~tJ~ 1 tJ ~~,J 1~'Il'n 1 "LJmlJ1 ruYi ~~ LLfl ~~~ L U"LJYl'l!-nill')Yi;j~ 1 ~;S"LJVl1cl" ~~ mtJ~ 1 tI (;] N 

" 
" J J' J,:! 0 ell ~ .. J' J ... 

riU'JJ~lJfl'JJ~~~1~VlViU1"LJ'fl1n1P1 ru Vi"LJVll"1n~1 LLfl~'"l1"LJ,)"LJ'JJ~~Vi-nVl~ 3 'l!"LJI')1"LJVi"LJVllJmlJ1ru 
" 

lJ1n vi'1 1,xL~~~1.,r~ 3 -nill') LU"LJ~~~1 "LJYl'l!~1,)lJtlfl I')tl~~tJ~1~;S"LJVl1cl"~~L~t1~1t1~'fl1 n1P11"LJ 
'II 

.- JI.J .. ~ .JO.dll!:. ....... J,I_.c:II ~'" ~ 1.1 

U~L ') ruYl"LJVllh 1 "LJun') ru"LJ"LJ LlJ~"LJ1Vi-nVl~ 3 -n"LJI') lJ1~ n I') I')')tJ')fin1m fl"LJI')')tJl~"LJ1 ~1lJ1~Cll1') 

mlJ1 ru'JJ~~~121"LJ~~lJ~~L ~tJlJ1 n L~~ LmtlU L YitlU riumlJ1 ru'JJ~~Yl-n~1-n1"LJn1 ~~ ri I')tJ n Lt)"LJ 

Cinamomum inner ~hJ~1lJ1n1~ril')1~~')tJ~fin1mi"LJ~')tJl~~1L~~~'"l1n'"l~~~~'fl1Pi't1n1~1-n~') 
~1fl1tJ~')tJ1"LJn1~~ril') 
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," , 

~'ln"nil~LL~::;tIhJ1ru~'l~YiYi1J1\JYl"l!\1~ 3 "l!il~Yi1J~'l;j~'l~YiLr-ltdJnm'l\J~~CJ~~'ilLLl.J~~ 

rJ n ~,)'ilth~ L'1l\J 
, 

dO .. 1" 1,8-cineole ~~'il eucalyptol "l!~Yi1J ~~'ln Cinnamomun inner LL~::; Zanthoxylum 

acanthopodium Ltl\J~'lnh::;Ul'Vl terpene LL1J1J monocyclic monoterpenoid Ltl\J~,)\Jth::;n'il1J 
" "" ~in 1 \JU'll1\J~'ill.J~::;L ~rJ~'l nYl"l! Eucalyptus urophylla L~rJ 1.jfU'll1\J~'ill.J~::;L ~rJ~'l nYl"l!"l!il~i1 

ml.J'lru 200 Mflliifll ~'ll.J'l~Cl";'l1~~')'el'il\J"lJ'il~rJ~ (Aedes aegyptl) (;1'lrJ 100% (Cheng LL~::; • 

r-lru::;, 2009) 
, 

a-terpinene ~~Yi1J1~~'ln Cinnamomun inner Elsholtzia blanda LL~::; Litsea 

cubeba Ltl\J~'lnh::;Ul'Vl terpene LL1J1J monocyclic monoterpene ;~Ltl\J~,)\Jth::;n'il1J~'il~1\J 
'1 """, .. ~ " .J • ~"., , Eucalytus camaldalensis (1 .24%) LL(;1 ~l.Jm~'Vl~~'il1Jn~m~~"l! a-terpinene 'Vl~::;'Vl'l ~~(;1,)'il'il\J 

~.J , ~ ". ~ "'" 
"lJ'il~rJ~ (Aedes albopictus) \J\J(;1'lrJ'Vl 50% Yi1J,)'l ~"l!u~l.J'lruLYirJ~ 25.2 11l1fllalll (Cheng LL~::; • 
r-lru::;, 2009) 

, 
.. 1" camphor '1I~Yi1J ~~'ln Cinnamomun inner Elsholtzia blanda LL~::; Litsea cubeba 

, " 
Ltl\J~'lnh::;Ul'Vl terpenoid ~~ Ltl\J~,)\JtI~::;n'il1J~i n 1 \JU'll1\J~'ill.J~::;mrJ"lJ'il~Yl"l! Salvia 

" 
hydrangea DC. ex Benth L~rJ;jml.J'lru 54.2% ;jm~'Vl~~'il1J~~CJ~"lJ'il~U'll1\J~'ill.J~::;L~rJ~'ln 

" Yl"l!i1n1JLLl.J~~f31'(;1~Yl"l!1\J~::;rJ::;~,)L~l.J~rJ"lJ'il~ Sitophilus granaries LL~::; Tribolium comfosum 
" 

Yi1J~'l~ml.J'lru 40 1l.JLr-l~~(;1~ ~'ll.J'l~n'Jl'lLLl.J~~~~~'il~1~ 68.3% LL~::; 75.0% ml.J~'l~1J (Kotan 

LL~::;r-lru::;, 2008) 

limonene ;~Yi1J1~~'ln Cinnamomun inner Elsholtzia blanda Litsea cubeb a LL~::; 

Zanthoxylum acanthopodium Ltl\J~'l~t1~::;Ul'Vl terpene LL1J1J monocyclic monoterpene ;~ 
" Ltl\J~,)\JtI~::;n'il1J~in1\Ju'll1\J~'ill.J~::;L~rJ"lJ'il~Yl"l! Tagetes minuta L~rJ;jml.J'lru 66.5% Yi1J~'l 

:: .... ..::II. J'.J '" 1.1 l' 1"" "'" \J'll.J\J~'ill.J~::;L~rJ"l!\J~\J'Vlr-l,)'ll.JL"lJl.J"lJ\J 90% ~'ll.J'l~n ~~~ Ades aegypti ~\J'l\Jn~ 90 \J'l'Vl 

(Gillij LL~::;r-lru::;, 2008; Choochote LL~::;r-lru::;, 2007) 

ocimene a- pinene LL~::; cadinene Yi1J1~~'ln Cinnamomun inner Elsholtzia blanda 

Litsea cubeba LL~::; Zanthoxylum acanthopodium Ltl\J~'l~t1~::;Ul'Vl linear monoterpene 
" " , 

bicyclic monoterpene LL~::; sesquiterpene (;1'll.J~'l~1J \1~ 3 "l!il~i1Ltl\J~'l~Yi~::;~'ll.J'l~n1t1";'l 

t1~mmn1JLtI~~\J1\JL~'il~l.JL'1I~ (membrane proteins) ~1'il1"lJl1\J1J\JL~'il~l.JL'1I~ t~rJ~::;~~CJ~1~ 
ttl~~\Jnmtl~rJ\J conformation ~~CJ~ 1 mtl~~\JL~fh,r\JhJ~'ll.J'l~n";'l~'l\J1~ ";'l1 ~ ion 

" 
channels t1~::;~'l'Vlf1Jil.Jcr~ (neuroreceptors) hj";'l~'l\J (Wink, 2006) 
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5.5 ~~"lJ'iI~1f1'i'lH)c;'IJ1iJ'U'VI'iI~'i~L\UJ (essential oil extraction) 

" , 
n1~I?l'f)U~"LJ'f)\l"lJ'f)~LL2,J~\l[;J'f)~1~~"LJYihh~L'VI~~1~1""!'W1,r"LJ'VI'f)2,J~~L'VI~~1nYl"l!Yi1-n~mniJ 

" 
1"l')12,JLLl?ln[;J1\ln"LJ ~12,J1~m~1Jl~\u"LJ ~\l~~ -nul~ 'VI1'f)1~I?l'f)U~"LJ'f)\l[;J'f)~1~-W"LJ1 ~1nn1~Yl~~'f)U 

1 "LJ~"LJ~1.hfi~~2,J"l!1 ~ i1~~~'VI~1~'f)th~iJ ~~ [;J'f)n1~I?l'f)U~"LJ'f)\l"lJ'f)~ LL2,J~~ i1~~~'VI~\l~ L~"LJ1~-n ~ L~"LJ 

~'f) m2,J1ru~1~~"LJYl1th~L'VI~~1~~"LJ1 ~Yl"l!1"LJu1L')ruYl~~'f)utJ~~tJ~'f)~~u~~mn1p\ 
" , 

"LJ'f)n L'VI~'f) ltJ~1 n~1~~ n ~"LJ1,r"LJ'VI'f)2,J~~L 'VI~Yi1-nYl ~~'f)U 'f)1~iJ ~~ [;J'f) LL2,J~\l1 "LJ~tJ LLuun1~ 
" " , .ci ., II 41:11_ II '" • 

"LJ'f) n~1 n"LJn1~ ~'VI~1~Yl2,J 1"l,)12,J L'lI2,J'lI"LJ2,J1nn,)1 

tJn~~iJ'f)tJ1"LJfi~~2,J"l!1~ m~iJ~~m~~"LJ1t¥Yl"l!1"LJu1L')ru~\ln~1,)~¥1~~1~~"LJYl1tJ~~L'VI~~1~U1\l • • 
"l!1l~L~2,J2,J1n~"LJ ~')'f)tJ1\lL'1l"LJ Phaseo/us /unatus tlnm~~"LJ1t¥~¥1\l~1~~"LJYl1tJ~~L'VI~~1~ " . 
'" <;' II .ca. Q~ ~ J' 
~,)~n1~Yl1 jasmonic acid ~~I?l'f)U~"LJ'f)\l ~~~n1~M1~~1~'f)"LJYl~~'VI'f)2,J~~L'VItJ LYi2,J2,J1n"lJ"LJ 

tJ~~2,J1ru 10 LYl'l 1"LJ"lJru~~ Ricinus communis tlnm~~"LJL'1l"LJL~mn"LJ YiU~1iJn1~~¥1\l " . 
~ Q r ~ J' I .., ~ __ _.. .J ~ 1;<.., 

~1~'f)"LJYl~~'VI'f)2,J~~L'VImYi2,J2,J1n"lJ"LJtJ~~2,J1ru 1.6 LYl1 ~\l"LJ"LJ~1~'f)"LJYl~~'VI'f)2,J~~L'VI~YlLL2,J~\l~~ L~~U 

" " ~~iJ 1"l,)12,J'VI~1 n'VI~1~li~"l!1l~ LL~~m2,J1 ruLLI?l n [;J1\l n"LJltJ 1?l12,Jn 1 ~1?l'f)U~"LJ'f)\l"lJ'f)~Yl"l!U1L ') ru-W"LJ 
, ", 

(Radhika LL~~1"l ru~, 2008) n1~LtJ~~"LJLLtJ~\lYl1\l~1~~"LJYl1tJ~~L 'VI~~1~ 1 "LJ"LJ1,r"LJ'VI'f)2,J~~L'VItJYiH 
'I J' ..I. ~ ..I... J' 'I ,..I ~ ".... ... 'I" 

Yl~~'f)U ~"LJYi"LJYlu1Yl Ln~"lJ"LJ ~"LJmn1p\n'f)"LJYlLL2,J~\l~~ L~~Um~2,J~~ ~'VIn1~I?l'f)U~"LJ'f)\l"lJ'f)\lLL2,J~\l 

LLl?ln[;J1~n"LJltJ 

'f)ru'VIfl5j~\l L'1l"LJ . "" 

camphene ~12,J1~tl~~1~1~LU"LJ cumene o-cymene camphenilone LL~~ 

verbenone 

o-3-carene ~12,J1~tl~~1~1~LU"LJ 4-hydroxy-2-methyl-2-cyclohexenone p-

cymenene o-cymene 3-caren-2-one 3-carene-5-one 3-carene oxide 3-carene-2,5-dione 

LL~~ trans-2-hydroxy-3-caren-5-one 

limonene ~12,J1~tl~~1~1~LU"LJ p-cymenene p-cymene p-mentha-1,5,8-triene 

carvone 3-methyl-6-(1-methylethylidene)-2-cyclohexen-1-one 3-methyl-6-( 1-

methylethenyl}-2-cyclohexen-1-one eucarvone thymol p-mentha-1 (7},9-dien-2-ol LLi'l~ 

perollyl alcohol 
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a-terpinene ~1lJ1~t1~~1tll~dj'lJ p-cymene thymol carvacrol 1,4-cineole 

eucalyptol 3-( 1-methyleyhyl)-6-oxo-2-heptenal LL~:; 3,7 -dimethyl-6-oxo-2-oxtenal 

(Mcgraw LL~:;f'lru:;, 1999) 

11.J LL1J1J m ~(WEl1J~ 'lJ'tl~~'tl~ LLlJ ~~ I'l'tl~ 1 ~~'lJyi1th:; L ~tl~ 1 tl 
'IJ 

t'lJ~'lJ!?l1J Coleoptera t'lJ~~~'tl'lJn ~ . fi\ . 2551 t'lJm~Y1Vl~'tl1J~')tl~1~~nVl~:;L~tl~1tl 

r.nn L. cubeba mlJ1ru 50 1lJLf'l~~Vl~ LL~:; Z. acanthopodium mlJ1ru 30 1lJLf'l~~(;l~ 

~1lJ1 ~t1 ~~ Vl Vl LLlJ~~ t 'lJ~'lJ!?l1J~1~lJ1n~'lJLu'lJ1LJ1~~1 ~1~~ n Vl~:;L ~tl~1tl'"l1 n~'1!~~ 2 '1!ilVl'"l:;n 
'IJ 

I II I I 

~,)'lJLJ~:;n'tl1JYl mn'tl'lJn1J pheromone "lI'tl~ LLlJ~~~'lJ!?l1Jil ~~'"l:;.yh t lX LLlJ~~ t1 n ~~ Vl VllLJt 'lJ1J1L,) ruYl 
" " ... 

.Q I V .dI 0 .... .cI .... "' .... 

lJ pheromone 'tl~ (Blazenec LL~:; Jakus, 2009) ~~'tl'lJ1lJ'lJ~'tllJ~:;L~tl'tl1'"llJ~m~tru:;f'l~1tl n1J 

..::. 4Qj r I",J .dI _ J!"l I.J I %. d 4 " .... .....: ." 
~1~'tl'lJY1~m:;L~tl~1tlY1~'1!'1!'lJVlY1 Lu'lJLL ~~~Y1'tl~m rJtl "l!~'"l:;Vl~ ~ Vl LLlJ~~ ~ 'lJ'tl'lJVl1J'lJ LL(;l ~'lJ~ ~~'lJ1,) 

... 
"lI'tl~nL~tl')n'lJ~1J~1~1~~nVl,J1,j'lJ~:;L~tl~1tl'"l1n L. cubeba mlJ1ru 50 1lJLf'l~~(;l~ ~~e.J~t'lJ 

",~, 'I "'... !"l ~.I~"" .:'"1 ..Jodi "" .I..J .1 
m~~1J ~~LLlJ~~ ~'lJ'tl'lJVl1J Coleoptera Lu'lJ ~u LVl,)1Lu'lJe.J~lJ1'"l1nm~Y1~"l!'"l:;lJm1Lu~tl'lJLLu~~ 

,... , 
~LJ LL1J1J"lI'tl~~1~~'lJY11u~:;L ~tl~1tl~~~"l!t 'lJ'lh~ L,)~1,j'lJ'"l:::t1 n m:;~'lJ'"l1 m1'"l4'tlIl1tl'lJ'tln ~~ ~LJ LL1J1J 
\.I \l CII \l 

I I " I 

"lI'tl~~1~Yl LLJ~tl'lJLLLJ~~ lLJ,j'lJn f'l,)1lJ L ~n'tl'lJ~1'tl f'l~1tl n1J~1~~'lJY11u ~:;L ~tl~1tl'"l1 n~'1!Ylhn-rl 

LL~~~~'tltlmfITtl~1J~1'"l:;~~ e.J~-n1Jl~ (Allison LL~:;f'lru:;, 2004) 
'IJ 

".... " I 

LL~ Vl~ti~LL'lJ,) LUlJt'lJm~~~VlVlLLlJ~~t 'lJ~'lJ!?l1Jil.,r~ 2 f'lf~Yl.yhm~Y1 Vl~'tl1J LU'lJ1LJ1~~1~1~~n Vl 
'IJ ...... , 

,J1,j'lJ ~:;mtl~1 tl'"l1 n ~'1!,j'lJn f'l ,)1lJ L ~n'tl'lJ~ 1'tl f'l ~1 tl n1J ~ 1 ~~'lJY11u ~:;L ~tl~ 1 tl"ll'tl~Yl'1!Yl LU'lJLL ~ ~~ 
odI ..J ,.t odI .1' .t 'I .. 'I"...: 'I • 'I ... odI odI 

m~1~~~'tlY1'tltl"l!~~'1!u~'tltl'tl'tlnlJ1'1!~LLlJ~~ ~'lJfi~~lJ'1!1(;l'"l:; ~'1!n~'lJ ~'lJm~'"lVl'"l1 LL~:; ~'1!L~'tln~'1! 
'IJ 

L~'tlt-n'lJm~,)1~1~ (Allison LL~:;f'lru:;, 2004; Gouinguene' LL~:; Stadler, 2006) LLl'lm~~ 

e.J~Y1 Vl~'tl1Jhln f'l')1lJ LL(;l n 1'l1~Y11~~ ii ~,r'lJLU'lJ1LJ1~~1 Ln Vl'"l1 m1'"l4'tlIl1tl'lJ'tl n'"l1 n ~~ LL ') Vl~'tllJ~ 
LU'lJ~:;1J1J LU Vl L -ihn e.J~ I'l'tlm ~(;l'tl1J~'lJ'tl~"lI'tl~ LLlJ~~ 

~'lJ!?l1J Homoptera LL~:;~'lJ!?l1J Hymenoptera ~1J~11~.Hj'1!VlY1 Vl~'tl1J1Vl~1lXe.J~ , 

LL(;ln 1'l1~n'lJY11~~ii~ LLl'lnm1LL~Vl~ti~LL'lJ,) L ulJ1'lJm~~~ Vl VlLL~:;-n1Jl~ t 'lJ1J1~'1!VlY1 Vl~'tluvh t lXhl 
'IJ , 

'tl1'"l,r'lJL'"l 1~~1~1~~n Vl~1-n 'lJm~Y1 Vl~'tl1J,r'lJhl~~e.J~ I'l'tlLLlJ~~1 'lJ 2 ~'lJ!?l1J~ '"l:;~'tl~.yhm~ 
Y1 Vl~'tl~411 'lJ1l1tl~U1 1 'lJ~:;1J1JU Vl L ~'tl~ VlU'"l4'm1J n'J'lJ'"l1 nIl1tl'lJ'tl n 'lJ'tl n'"l1n~Lu'lJ1LJ1~~1 LLlJ~~ 
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1lJ~lJ~1J Hymenoptera: Pteromalidae ~1lJ1J'nf1Jln-.l~1n~ijIil1n~'nJ'fl~ (Lobesia botrana) 
I I I II 

~-.l LUlJLLlJ~-.l~ n n H'LUlJ~,)1-.l1 ~ (Chuche LL~:;~ (1.1:;, 2006) l111 "'mlJ1 (1.ILLlJ ~-.l1lJ~lJ~1Ji:l 
" I I I II 

LtJ~tJlJLLtJ~-.lltJ LUlJltJl~~1 Ln ~1il1n n1 ntJ~tJlJLLtJ~-.l'lJ'fl-.l LLlJ~-.l'1lij~~lJ1lJ1J 1-L ') (1.IlJlJ1 ~')tJ 
..I .. ~ t- '.!"I .J. I 1 <V ..11 t-

n1J''VlLLlJ~-.lIil:;nn ~-.l ~~ L~~1 ~,)1 LulJLYlJ'1:;'tl,)lJuJ':;n'fl1J lJ~1J'~n ~'Vl '1l'Vl ~~'fl1J 
" " 

LLI'l LL lJ,) 'Vl1-.l1lJn1 J'(;l'fl1J ~lJ'fl-.lJlJ~lJ'fl~ n1J mlJ 1 (1.1 'lJ'fl-.l ~ 1 J'~lJ'Vl ~~h:; L ~ tJ~ 1 tJ ~') tJ ;-.l1lJ ~1 J''1lij~~~-.l 

L~'fl~ ~,)1lJ L -nlJ-nlJ~~-.l~1lJ1 J'n ~-.l ~ ~ LLlJ~-.ll~ LLI'l L~'fl L~lJ ~,)1lJ L -nlJ-nlJ n1J'(;l'fl1J~lJ'fl-.l'lJ'fl-.l LLlJ~-.lIil:; 
" 



.., 
1.J 'YI'Y1 6 

~1U(;]'rlLLl-J~~L~'rl~'"l1nLrh.!~'W1.h~~~f'NfOl'J1l-J~l-J\l~nr LL~~rJLLl-J~~lh~~1~'W~1l-J1~C1v'hn1~ 

V1"'~'rlUL~ 

~"Jjth~1'W'J'W 17 "Jj\l", ~Lriur;i'J'rlrh~l-J1'"l1n'rlVlU1'WLLlA~"Jj1~"''rlUl1fOl11'WLL(;]~~"Jj\l",n . " 
~ I 

~1~~'WVl1-U~~L~U~1U Ltl'W'rl~ roliJ~~n'rlU"f1~~l-J '" LL~~rJn1~~ ~1~~1~ 1 'Wml-J1 CUVl LL(;ln (;]1~ rl'WLiJ 

monoterpene n~l-J sesquiterpene LL~~~'W1 t",u~u~1rJml-J1CU"1l'rl~n~l-J terpene l-J1nn~1 
I .ell I Q CIt Q ~.. I ..., .J I "" 

n~l-J sesquiterpene LL~~~"JjLL(;l~~"Jj'W"'l-J~1~'rl'WVI~U~~L~U~1u~~nVlLL(;ln(;l1~n'W 

'"l1nn1~~nLLl-J~~~'JUrlU~nLLl-J~~~m~'rl~~U~1~1l-J1~C1~nLLl-J~~L~ 4 'tl'W~u1~'1J1 

L~LLri Coleoptera Diptera Homotera LL~~ Hymeoptera ~u~11'W'tl'W~u Diptera ~n~nL~ 
...I 'I • I ~ 'I 

l-J1nVl~'" ~'WVln(;l1LL~'W~LL~~V1nfOlN ~'Wn1~V1"'~'rlU •• • 

fOl1"'~1 Elsholtzia blanda Zanthoxylum acanthopodium LL~~ Litsea cubeba '"l~ 
~ '1" .. .J.q .... .J1Id .., ..J 
l-J~~iu ~~~~'rl"'~~"'LLl-J~~ L'W'rl~'"l1nl-J~1~iJ~~n'rlUmmVll-Jml-J1CUl-J1nLL~~(;lNnUVl~1J1'W 

1J~~U1n1ji1j 
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H = - I (Pj) (log2 pj) 
i=l 

, ... 
Ll-J'a H = information content of sample (bit/individual) = index of species diversity 
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S = number of species 
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Hmax = log2S = maximum species diversity 
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R ..... 

E= equitability (range 0-1) 

H = observed species diversity 

Hmax = maximum species diversity 
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LONGriOLENE <1!l(» 24.14 .t 

fit 
II) 

IS ! 
LONGlifOl E 24:92 ~ ~ 

N O'l 
CD ID ID .... 

CARYOI'I vum£ "'-{2)-> 24:95 ~ ~ :~ ~ 
::: ~ - !:l 
on l() 

GUJlJN -<lQ-o. 215.00 ~ ~ 
~ ::: 

~ ! ~ ! ~ ~ ~ CARro vu.rn ."'iE)~ 215.36 Jj 
~ ~ 11 ~ ~ g; ~ 
CD ... - .." CD ... N 

IS IS IS 
GURJU m~- 215.95 ~ m i1i 

~ ~ !!t - CID -
CD '" 

G 1eN:E «GQ-> 26.21:) ~ '? 
Q ~ .. cri 

II) 

./>ROtlAnENOOEK.£ 26.27 ~ 
~ 

SIf'fa-tELL9lE Ztl.fiO ~ 
:;; 

IIAOIAL94E <lQ-> .2:6.<6111 ~ ! 
~ ~ 
(!') N 

IS 
.,1 ULENE <g-> 26.6.:2 Iii 

[q 
rl 

CD ID II) .." II) 

~ 
<;) 

~ ~ ~ IIROMi\ DRENE<AllD- 27.C17 ~ ::: ~ ~ ~ ~ .. .." 

.AAOIMADeNDRAN oeD YDR()-> 27.16 I~ ,~ 
gj ~ 
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«UYI-'u'nrnW"A MJ 
.,n.i::neu R 

S40 S42 S4.'J S46 847 S48 S49 $SO 551 SS2 553 S64 S67 1S61) S6S 

19 
ACOAAOIENE " a-=> 21.32 ,it. 

III 
N 

CD \I) '" 
GU NGt <y.:> .V,8Q i ~ ~ 

;; ~ ~ 
CD II) 
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ill .... 
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CD II) CD 
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.~ ~ :::l 
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IS IS 
GAlE < TRo\ ~ 2l\.92 t. :. 

~ ~ 
'" 

CUPAr~E 29.00 ID 
;:: 

\I) 

NESENE 23.20 ,~ 
~ 



99 

:UYI"'bTnrnfllh" ~l 
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uI <II cd 0:1 • • • 

'" .... '" 
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~'1M1AQlIIi ENE<o'- . DRo-All-> 29-48 ~ 
~ 

IS l!l 
SEll E<7~ .29.67 Iii 11', 

1il ~ 
'" 

IS 
CADIt~ E<o-- :!S.n ~ 

ad 
... on on ID 

CALAMEN E' <QS.> 30.11 ~ ~ ,~ ~ 
~ ~ ~ 9 

"" It> 

CADit E <0-> 3t:l.3O ~ ~ 
~ ~ 

CALACOO -GO ":' 3t:l.62 ~ 
aq 
N 

19 
VETM!NENE <~ 31.00 it 

ft! 
,." 

CARVOPI<l'l1.L£NS ALCOHOL 31.70 ~ 
1'i 
N 
." 

KHUS! E 30.05 ~ 
gj 

CAD a.5.eo ~ ~ ~ ~ ~ ~ ~ ~ ~ 
::l 9 !:l ~ ;; !:l ~ q :d N 

GUNAZlII,DjE :19.00 ~ 
I!I 
"" 
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',nrdr:mtl RT %t~" 
S67 S6& S8!lI S70 S72 S73 874 875 ST6 S17 57& saa s&I SIl5 Sfi8 

OCTENE<t·~ lJlIi ;)8.«1 

HEXAl.jI.l. 3,.". ue 'IL!iO 6.14 V9 7~~ 11.16 

OCTalE .qE}4-:. U) ~20 

OCTEI~ «Z-2-» U2 :!/uo 

HEXEHAL .qE)-2--> Ut aJI& 6D..1O 3D..tO I 6.16 35.70 7ll.5O ~ sun 

SANTOLIN"'- TRIGKE 5..12 t.43 ali8 11!<! 181 Q.aI 

HEXADlE'NAL<2,4·(E.,EJ·'" 5..1-4 317.20 11.(0 til&:! 11;.110 

TRfCYCLENE 5.5l ~1B 8.11 15.39 10.3ll 8110 1~ 

Tt«JJENE <~ SJI2 'Ul9 2'2JI!l O.6ii 

CAW>toII!KE 6.2Ii OS! '.5 1.33 

lHUJlt,.2.4(10)'{)(ENI! 1;4-4 2.02 Q:26 

\lERB~ENE 6J!7 (U'O 1.4l o.:JB Q.!i6 

\lERBGlENE U7 (U'O 3.0 0.38 Ojj6 

SABlN'EN1! Ul 0..&1 1~ 2.:H 
OCTeN.(l.OL-< I~ 1 ,1)4 0.Ii6 0.83 

tJ.ESIM.ENE Ul 0.6ii 

CARE;NE~:2'-'" 1J1.4 2AII UIO 1.117 

HEXEHOLACETATE .qE)-3-> 1J1.4 Q.3!i 18jI(J 

PHIllLNolDRENE '-0·'" 'US i5.~ lJ6ll o.l6 

ti@XEt.K>LACe.TATE ~z)-8·~ 1JU Q.ljolI 

CAR.8{E <0--'3.'> &10 0.111 1.02 0.1'3 9) 11.00 1>:26 

C'V'MB:E <10-> ,8JlI n~ fi e Il.tI:/ 5..51 7J1l 5.4-4- o..7~ an 2.T6 

LltJ.ONENE lUll )!.7B iSi 121.10 W &.10 1.1'3 

PI~B.~DRENE ~.,.,. B.J'O 1..1-4 

S'YL VESTR!:t.."£ all ~l6 

Clr-1[;OLE < 1 .8-'> aJfj ~!!Il I Ml.XI 41.tO ~ le.ao -41.71l I t.4,~ SJ)1 U8 6.001 . , .• 1 

OOltJ.ENE «Z"'~ us 4UT 0.86 1.51 l..72 2~ 0.36 

OCnJENE «EI-~ Il.(2 ~3 1111 OMi 

DERGMiAL Il.Il7 00.511 

TERPlNENE <y',> IlJIII 02 2.3\1, 0.311 (),-46 

aCT,/I;NOL <N.'> 10.11 I lfl.&.') lI!,a) 

UNALOOI. OXDE <Clg...,. IlO.2l 1~ 

'TER'ANCllEKE 110.iS 2.f7 12.00 lA!) CUI2 

OIMffilYL STYRCNE <2,5..:. 111M Uti IS U3 ~ 

MI!NTHATRIEN'.E <1 ,3,&-p-'> 111. IUQ 
OCTEN-'3.YLACSTATE <1"" j lJ11 0.71 

CA.\4PI1IOLENAL<Q-> U,4S Ul 

MENTH-:2'-EM-Ol <TRANs.p.> 111).0-4 iil 

aCIM~E 41Eo.Al..L();. tUI) 0.5$ 

CAMPHOR 1 t Uill I U!iO Il.6O iIj.5O ;).0413 :lA6 

PlNalE OXIDE <113--> I UBl O~ 

PINClC.AR\fONI! 114-.01 l .t!. 

BORNOOL t"~ O..t3 I OAll 

TERPINEOL <0--> lUI O~l O.J6 o.~ 0.13 

M'Y'RTEN!AL 115.56 Q.1. 13.tO 4.7< 

VERDB«>NE I t&.fI1 0JIl 0.1Il 

OCTANOl. IIC€rATI! 11lii.!!Il 1.93 

SADINEN'E H '1'0 RATE ACETATE <TRANS- 11.12 (1.111 

SAf!INYL~TATE <TRANS-> 1,.13 O;J3 

\lERB&4YL ACETATE;: <liRANg..> I tt.lIl 8.63 

ClJBEiBEI(E<o-'" 2l.~ ~ 
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tnrd'l':ml! RT % ,IWIftmIAM'l'll 
S67 S66 S89 810 572 S73 S74 SJ"ti S7'6 ~7 ~& S83 584 SIl5 SBtl 

COPAENE ""a-~ ~ 0,13 

F>ATalOOLENE ~-> 2:),111 0,11 ' 0...0 0.23 

CARYOPH,(lU:~ ""(E}-> lJ5.3B o.~ 0%1 . 0.!i7 on 

GlIAIO{£ "-'a-> 2UD 0.56 0.81 

SE'r'O<ICLl9IE ""'!ill 0.46 

AAOI.'-ADENORENE <.AU.()."> '1T111 O.IS.'I G.2S 0.42 

ARO\4A{)(NOOANC «OEHVDRO-'" '17.1& o~ 

GtJRJlUNI:t{£ <1(-> '1TID ~ OJl6 Il20 

GUAJENE <CIS;I3-> 21.51 10.15 l.Oi 

VAt.8«:ENE ~Ui6 1.:/1 

VlRIOIFLORENE 2I.1i6 90 0;)4 

SELJNENE ""a -> 2I.l~ Q.32 0.]2 0.12 

BlCYCLOGERVACRENE 2I.1U O.6li 

MlAIROLENE «Q-> 2&8.l f).:l}! 

GlIAIE~ <TRAt&~ .$2 1.D4 

81s.r.sotENE «CZJ-O-> 2t.CO 0.tQ 

CIoOIN8ar q-:> 2t.~ o.~ 0,18 

SElINImE «7-m-(]-> 2t..fiI' o.~ 0.13 

CAOINEtjE. <>&"> :l;i.1? DAD 

CALWet4~e <CIS-~ 1:,),11 0,81 I.1Q' 0A<l OM 0'" 

CAOlt-lmE. «1-"> :.).3;l 0.18 

SELINA-lV(11)-[)'(EJojE ~~ 1 ~ 

~ENE «~> 31,0;> Q.¥/ 

GEiU.lACRENE. B 31.24 0.28 

WlAUNEHE«p..> au] 0:;\ 

CADALEtolE 3&.110 1..42 OBI 6.;ll Cia 0-6-1 Q..j.7 0.76 

SERGMIOTOI. «Z)-TAANS-a-> 301.37 0.3:2 
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[;1111-l~ 8 m).J1nHUJ~"'lJt1lJ~1J Dlptera Hymenoptera Homoptera LLfI::: Coleoptera 'lJY)nj;j1LL ... nj"~m:n 
R1W1 Oi~ Hymenoptera HClI'I'I()I)Ier. Coleoptera 

:. .J •• 
, 12 1 3 1 4 1 5 1 '6 1 12 I 3 I 4 I 5 1 6 1 1 2 1 3 1 4 1 5 1 6 1 I 2 I 3 I 4 I 5 1 6 "'N'HntJ 

1 70 10 23 26 42 46 7 6 10 38 6 2 1 16 3 9 3 0 7 4 20 23 2 8 

2 82 35 26 62 35 38 8 1 4 21 3 0 2 12 4 92 12 12 24 12 17 22 8 8 

3 18 14 26 04 56 48 14 3 5 16 8 2 1 10 6 25 14 7 1 5 18 65 5 14 

4 20 39 34 57 128 17 12 12 8 6 1 0 9 14 0 56 25 76 2 2 10 31 4 2 

5 29 53 28 63 102 26 11 31 6 36 2 2 2 14 6 18 10 17 3 6 12 15 4 8 

6 16 59 85 29 48 9 13 9 3 46 6 5 0 32 1 9 9 1 4 6 14 9 2 3 

7 37 29 75 16 40 35 4 13 13 45 7 , 3 33 3 31 25 8 I 6 7 325 98 5 

8 39 49 74 57 1 4 31 13 5 34 9 11 2 2 60 7 12 44 8 13 7 10 19 437 4 

9 25 93 43 07 59 31 7 6 7 25 2 0 5 8 0 3 20 1 3 15 7 9 48 4 

10 77 22 21 90 60 17 11 6 28 9 3 1 2 23 6 8 6 0 2 8 11 24 1 2 

11 36 6 28 83 24 11 18 7 8 7 4 0 5 7 6 7 9 4 I 6 5 20 14 1 

12 47 28 24 54 26 9 16 5 25 11 2 3 1 12 6 4 12 0 2 8 7 21 4 4 

13 63 36 II 15 76 39 9 5 16 15 5 0 38 8 1 9 24 3 18 9 16 12 21 2 

14 23 18 34 91 24 15 4 6 7 30 27 2 14 22 5 18 82 5 14 8 15 30 22 6 

15 98 38 19 16 71 45 11 9 5 37 12 11 21 19 7 13 10 5 9 6 8 32 9 6 

MlJ 680 529 &51 1470 1005 417 158 124 179 351 99 31 106 300 61 334 305 149 104 108 177 657 699 77 

• 1 = 1)~\N'Yl M.IlI . 2548 2 = I)~n\j yu\. 2549 3 = 'l~1N .... jilL 25494 = 'l~\N1' "'.IlI . 2550 5 = 'l~ill\j '1< ."'.2551 6 = 'l~\I\j'1'l '1< ."'. 255 1 
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nNLYl"rnn,rn..!f'l~ '"lUm~~m~t1~:;~u-nl..!tl~:;tll.JiH; 6 '"llnh-.l~tJl..!~n(;l~l..!(;] LL~:;'"lUm~~n~ • 
.,., ~ .., tl .,J~.,. -- .J:-1 ~ ~ L 

~:;(;lUl.JfitJl.Jl"1m~I(;l'e)l..!(;ll..! - ~ltJ Yl ~NL~tJl..!~(;l~'lYltJ1 2 Ll.J'e)um~l"1n~1 2542 '"lUm~l"1n~1 l..! 

~:;~umtlJtlJl(;l1 ~1"1l1~"JlI~l..!~P\I~(;lf 1l1f'l~"JlIVi~n~p\I~(;lf f'lru:;~YltJ1P\I~(;lf ,Yh~-.lnHU 

l.J~I~YltJ1~tJLl..!t1m~~n~1 2547 L-ifI~n~I(;j'e)~:;~UmtlJtlJILYl Ll..!1l1f'l~"JlIVi~n~p\I~(;lf f'lru:; 

~YltJ1P\I~(;lf '"l"r11~-.lmnrl.J~I~YltJ1~tJ Ll..!t12548 • 
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