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' "' " 
Hi~l?l"ll'tl,:jut-:J'Yj'lnLL~:;~'\JUJil'W~n~~1u"l!UI?l ;,:jU'\J~-:~Ui~m~t1fll'J'l~Ltl'WYim~,:j~1jtfutT-:~mt 

L'"l1'1J L~U LL'J"lJ't),:j LL~~,:j LL~:;~1j~ n l?l'"l1nYl"llU1,:j"JJUI?l (;)~U~'l n"l!UI?l ;,:j n ~1') 1 '\J~'tl-:!Ul)~n1 j 

Vll?l~'tlUYi'rl'LLUUn'\JL'l!ULI?lUl~U~'Jn-:J1'\Jn'\JL'V!~'tlfim'tl,:j~1t'Vll?l~'tlU~t:;;ui"l'J1~L;[~~'\J(;)1-:J1 

LL~:;fil'tLLUUi~e4'~Li11ULI?lUl~U~'Jn-:J1'\Jl~e4'~num:;l?l1'rt Whatman ~r.j~~1t'Vll?l~'tlU~t:;;u • 
fll'J1~L;~;'W(;)1-:~1 'tl'mJ~'Jn~L'l1ULL~:::Fi1'l..!'lrur11 LCso ~~,:j'"i1n'Vll?l~'tlu~ 24 48 72 96 LL~::: 120 

-i''J t~-:~ 

VjUrJ1 ~'W lufenuron ~hU~'JnL~~~~I?l L1?1Ui1fi1 LC50 ~ 72 .f'J~-.3~1~t'l1,920.5 ppm 

t'tl-.3~,:j~1L~LLfi ~'lt flufenoxuron chlorfluazuron novaluron LL~::: buprofezin Ll?lui:lri'l LC
50 

Lvhriu 2.447.5 8,053.1 16,522.4 LL~::: 19.406.3 ppm L'l'l~ii1iu U~'ln~1~fu~'ltn~~ 
q 

r;l,:jn~1'l'"l:::L'l'lU'tlth-:~~11 L-rl'\J Lri'tl1~fu~1t lufenuron ~t:::iufll'J'l~L;~;'\J 3,000 ppm 'YiU 

_J ~ ~ J G .J 
U~'Jn!'nu 10.0% VI 24 "ll'lL~,:j LL~:::L'Yi~~-:J"li'\JLtl'W 33% 57% 84% LL~:; 97% VIL'l~'l 24 48 72 

"' 
96 LL~::: 120 i'lL~-:1 L'l1~ii'l;U ~'l'\J~1j~fll?l'"l1nfl"ll'tl'tln~'VliLLUUi~tr~L'l'lU;in~'lLLUUn'\JL'l1U 
LL~:::mt~fi(;)~'JUI'i'lvi1~:::~1ULeJnL"li'\J i1Yitt~-.3n~1nlj~OI?l~'lUL'tl'Vl'l'\J'tl~ ~1t~OI?lt-J~;iu~~~nl?l .. 
~'JU L~1nL"li'\J 'tl~n~'VIil~t.T~Li11U~~~!Tl t"wi1Fit LC50 ~ 72 .f'JL~-.3 ~1~1Tl 269.2 ppm 

ffi,:jfl,:j~1L~LLri~'lt~n I?IL~~(;)'Yi1n 1 VIU LL~:::~1t~OI?IL~~ 11l~:::LI?l1~'l" ~"i:Jfi'l;"n~1'l LVh tiu 455.5 

LLfl::: 731.2 ppm L'l'l~ii1iu 
" ' ' 

'\J'tln'"l1 n1j1~'Vll?l~'tlum nhu'Vl'tll?l i"l'J ~~ Ltl'WYim~,:jU~'J n-:~1'WVi1tllfu L ~ut1Yimt1-:~~1 j 

'Vll?l~'tluhltT-:~'tlfl'Jn-:!1'\JUn~ LI?IUL ~Ufl'l n-:J1'\Jn'WL~~'tl'WM~"~1t lufenuron flufenoxuron 

" ~11~til?l;IU~ Yi1nLVIU LLa:::L~~I?l~:::LI?l1~1" LmUULVluunU~1t"J.hLL~fl" fipronil LL~:::U1LU~1 
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~'1'W'l'Wti~'Jn~j;]'lmL~:;~'l'l..!'.mmJ'tlfLantJ!flm,-twm~L'l~1 24 48 72 96 LL~:; 120 i'l Ll-.1~ YlU~'l 

ti~'l n~'1'W~1~fu L vr~'tl~m'tl~~'l:i"Vl Cil~'tl'!J~'1:W1J't1 thtJVJ'tl (1)~1,-~'M' 1ti6~ti~'l n~'l'Wtin ~1~ ~ L'l ~'l 

120 i'lhl~ ti~'ln~'l'W~1~rum~'El~~'ln~'l,-~nCil~tl~ ~'l:W1H1d'ltJVJ'tl(?)fl'l'l:Wbtl'W~M1ti'liti~'ln 
"' 

~'lJ'~fl(?)~:;LCil'l~'l~ ~'lJ'~flCilY11nhn.J ~'lJ' lufenuron Lb~:;~'lJ' flufenoxuron ~~Yluti~'ln~1'1Jj;]'ltJ 

26% 24% 22% 18% Lb~:; 14% j;]1:J.J~1t;iu 

vr1 n~'"l1 J'ru'l rh fl'l1:W LU'W'Vi'M'Lb~:;wn:w ~1:w1 J't11 'Wnl ni'ltJVJ'tl Cil~ 1 :r~m'tl~ti~'l n~1'W~ 

1~fuLVI~'El~M1ti~ti~'ln~'l'Wtin~ ~pJUi~'l~'1J'~nCil'"l'ln~tl~~~nCil~'ltJLeinL"li'W'tl'tln~VJ~\~~n~1 
"' 

~1:r,j1bLl-J~~ fipronil Lb~:;~1:r6u6~mn'"l1'lJL~'!JLj;]'lJ'tl~bL:W~~1'1..!m:r~hti~'ln C. curvignathus 

t;j~,f'W ~~ fl'l J'~n'M''l LL~ :;oW ~'1..!1 ~1J'~ n (?)'lJ'El~fi"J!"J!UCil t;i'~ n~'1'l L ~l-.1 L~:W 1 'l..!~fl1Yl LLti~~Vl Cil~'tl~ L ~'tl 
' " ' LU'W~ nvn:~ L~'tl nvrn~~hvrrumJ'fl'l'!Jrt:Wti~'l n"J!U(?)U LW'tl~ (?)n'l:i' 1 ~~1 J'Lflii1 'W'tl'W'l f) j;] 
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Abstract 

Coptotermes curvignathus (Holmgren) is an economically important termite 

attacking fresh wood of rubber tree as well as other tree species. Therefore, toxicity 

tests of some insect growth regulators and some plant extracts were studied against this 

insect in laboratory. Stomach poison was done by feeding different concentrations of 

poison bait to C. curvignathus workers. Contact poison was performed by exposure of 

termite workers to Whatman filter paper dipping with different concentrations of tested 

solution. Termite mortality and toxicity value (LC50) were calculated at 24, 48, 72, 96 and 

120 h after treatment. 

Lufenuron showed the most toxic effect to C. curvignathus with the lowest LC50 

of 1 ,920 ppm at 72 h, followed by flufenoxuron, chlorfluazuron, novaluron and 

buprofezin with LC50 of 2,447.5, 8,053.1, 16,522.4 and 19,406.3 ppm, respectively. 

Termites gradually died after ingested tested substances. After ingestion of lufenuron at 

3,000 ppm, termite mortality was 10.0% at 24 h and then reached 33%, 57%, 84% and 

97% at 48, 72, 96 and 120 h, respectively. Toxicity of plant extract as contact was 

higher than that as stomach. Hexane extract showed more toxic than ethanolic extract. 

Hexane extract of long pepper fruit (Piper retrofractum) showed the most toxic to 

C. curvignathus with the lowest LC50 of 269.2 ppm at 72 h, followed by extracts from 

black pepper seed (Piper nigrum) and thiem seed (Azadirachta excelsa (Jack) Jacobs), 

with LC50 of 455.5 and 731.2 ppm, respectively. 
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Toxic transmission was done by feeding termite workers with poison baits of 

lufenuron, flufenoxuron, and extracts from P. retrofractum, P. nigrumand A. excelsa as 

compared to fipronil and water prior to place it living together with other 1 0 normal 

termite workers. Termite mortality was calculated at 24, 48, 72, 96 and 120 h. Treated 

termite workers could transmit poison baits to normal workers. After 120 h of treatment, 

workers fed with P. retrofractum exhibited the highest mortality of 30 %, followed by 

those fed with fipronil, A. excelsa, P. nigrum extracts, lufenuron and flufenoxuron with 

mortality of 26, 24, 22, 18 and 14%, respectively. 

In terms of toxicity and toxic transmission to normal termite workers, hexane 

extract from P. retrofractum has a high potential to kill C. curvignathus in a comparison 

with fipronil and insect growth regulators. Further study of this plant extract should be 

done under field condition to reduce chemical application in the future . 
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(?)J'. 'BfqJ '11~t.i'B'IL~ 'B1'"l1J'tJ~mn"tn~'VltJ1ilVfiJfi'VIin LLfl:;J''B~fll1~r;]J'1'"l1J'tJ (?)J'.~J'bm' L~~~'l 
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i>Jn.!U'Vl~'Y'l:i' ~tJ~':lJ'J'Ln.l i>Jn.lru-'Y'lJ' PI1L'"l1qJ i>Jn.lrJ~U fli1L'"l1qJ LLfl:;'"Jn.l'l.J'lJL:nqj LL~'ILfitJu ~ 
'f11tJ':ltl~':l1~~:;1?1':ln'l1tJ(~htJnJ'n1J'~n.l~'Yi'"l'\l" Lbfl':l1.JJ':;~'Vli LLfl:;~ru~'l~fl fr;]tJL~fl'l ~h'VIfUn1J' 

q q q q 

-ri':ltJ L 'VI~'B'I1U'YJn'Bri1-:~1 u~hum J''YI (?)fl'B'I~ ~'Bu'lll)u'1ln1 J'~'ft~'YitJ1<n'B'I LL~fl~ LLfl:;~'B~'BUi>J ru 

fl1~~'1!1 mJ'{cY~mJ'f'i'r;]J'Yl'll ~ru:;'Vlf'Y'ltJ'ln:i'nJ'J'~'l!1~ ~'VI1~'YitJ1itJ~'I~fl1tJ~1u'Vlf ~1VJfu 
" 

ii'lu':ltJ ~':l1~~:;(?)':ln 1 u~ f:l1uYi1 un 1J''Vl (?)fl'B'IL ui4'B~'lll)u'11 m J' 

~'Vl tJ 1il'Y'lufi~uuti't~ fu'Yiu~ 'l!u ~uu'"l1 n L~un tJ1~ ~'V11~ 'VltJ 1 itJ ~~~ fl'lu~1u 'Vl f • • 

"' !ll .o:::::ilt 2.' ~ ,o4 ..:::i I G.' fl" CV tl" I CV 1 

'Vl'ltltJ'n1'Y'lL'"l1"11'BtJ'B~J':;flnf:l'I'Y'lJ':;~ru ~n.l'Y'l'B'BtJtJ(;l ~'VI1J'r;]tJ ~n.!LL~':l1~U'l J'[;ltJ"J!':l'l • • • 
LLfl:;ru1~~iJ'B-:~'Vln~u~~'BtJ1i4ihi-:~1'"l1un1J'Yi1~'Yimil'Y'lufiL~~'B~'l "l!'B"l!'BU~ru~ru.f"l!J':; ~~1~ 

Ql q q q q 

~ru~it1ru1 LL':ltJL"l!:; ~rull'~1u'Vlf ~1'00-1'\J ~ruLi'B~'Y'l:i' 'tltJtJ:;oW'OO-Ju ~ruYJr;]1tJ1 (?)'lJ"lLL~ 
~ .... 'U q " 4 q 

i>Jn.!VI~~Yh LLBJ!Li'B'I LLfl:;~1 L~'tlt.l1 iJ'tl'l1 'YJn~u J'':l~D~~~L~tl':l~'B~'YJn'Vi1tJ~1lJ1~mi'l':ltJ1~~1 
I J.l 1 II 

ru Yiil Yi~'BtJLi4Fl':l1~-ri':lmVJ~'BLLfl::1 i4rh~-11'"l1un'lJ'Yi1~'VltJ'lil'Y'lufi~uuu~1 L~~'"lfl~':l'~ ~'~1F~i • 
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1 6J!ilf?l"ll'f.l'l~1:i'~1LL:W~N~L~'Vlf?l~'a1J 

2 rh LC
50 

"ll'a'l~1:i'~1LL:wfl·m~:w IGRs "llilf?lr;l1'l1 r;lrem1tf?l1tJ"ll'a'lUfl'Jn 

C. curvignathus 1ui1'a'lU{jillim:r~ L'Jfl'l 72 i'J hl'l 

3 m:w1ru~1:r~nf?l~1:!T'IJLLfl:;~1:r~nf?l'VIt.l1U'"l1nvh~:wu1r.:r 10 6J!tJf?l 
q 
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., 
'VI'l.n 

24 

35 

~~nf?l Lf?ltJ%mnL"li~tJ (maceration) 37 
' ' .. 

4 rh LC
50 

~L'Jfl'l 72 i'J 'GJ'l "ll'a'ln1:r'Vlf?l~'aUfl'J1:WLU'W~'M'Lf?ltJn1:i'imr~"ll'f.l'loW1:!T'IJ 

"lltJf?lr;i1'l1 r;lrem'ltf?l'ltJ"ll'f.l'lUfl'Jn C. curvignathus 1ui1'f.l'lulju1im:r 42 

5 rh LC
50 

~L'Jfl1 72 i'J hl'l "ll'f.l'ln1:i''Vlf?l~'f.lUfl'J1:wLU'W~'M'Lf?ltJn1:ri:wtf~"JJ'f.l'l 

~~:r~nf?l'VItJ1U"lltJf?l{;]1'l1 r;lt~mtf?l'ltJ"ll'fl'lUfl'Jn C. curvignathus L'W~'f.l'lU{jillim:r 44 

6 f'i1 LC
50 

~L'Jfl1 72 i<Jhl'l "ll'B·m1t'Vlf?l~'aUfl'J1:WLU'W~'M'Lf?ltJm:rn'Wf?l1tJ"ll'f.l'l,f1:!Tu 
6J!iJf?l[;]1'l1 (;]'f.lmtf?l'ltJ"ll'f.l'lUfl'Jn C. curvignathus 1ui1t~'luljillim:r 47 

7 f'i1 LC
50 

~L'Jfl1 72 i'J 'GJ'! "ll'f.l'lnlt'Vlf?l~'f.l1Jfl'J1:WLU'W~'M'Lf?ltJn1:i'n'Wf?l1tJ"ll'fl'l 

~~:r~nf?l'VIt.l11J"l!tJf?l(;j1'l1 (;j'Bmtf?l1tJ'll'f.l'lUfl'Jn c. curvignathus 1ui1t~'l11lju1im:r 49 

8 LU'f.lfb snul?lm:rf?l'ltJ"ll'f.l'lUfl'Jn C. curvignathus 'VIi'l1~f1J~1:i''Vl (?l~'f.l1J6J!tJ(?l(;j1'l1 

~fl'J1:WL;:w;u(;j1'~1 ~L'Jfl'l 24 48 72 96 LLfl:; 120 i'JL:W'l1ui1t~'lul)u1im:r 51 
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1 LU'tlfL.:nuL'lmJ'rn'ltJ"li'El\IUf'l':ln C. curvignathus ~~..:~1~fu~1J' . . 
I I ~ I J:::il !I 1-o' I -=I 

~'l:i''S.J'lLIJJf'l\ln~l-1 IGRs "li'\JV!Wl\11 'Vlfl':l'll-ILUJ"li'\J(;l'l\11 'VlL':lf'l'l 24 48 

72 96 LLf'l:; 120 oi''JUJ\IL'\J~'tl\luJju'1im:t 
2 rh LC50 "!l'tl\l~'l:t'Sl1LIJJf'l\ln~2-l IGRs l?i'tlmJ'rn'ltJ"ll'tl\IUf'l':ln C. curvignathus 

1u~'tl\lu{j~m:t~L':lf'l'l24 i':lL2-l\l 

3 rh LC50 "ll'tl\l~'l:t'Sl'lLIJJf'l\ln~2-l IGRs l?i'tlm:trn'ltl"ll'tl\!Uf'l':ln C. curvignathus 

tu~'tl..:~u{ju~m:t~L':lf'l'l 48 i':l 'U.J\1 

4 rh LC50 "ll'tl\l~'l:t'Sl'lLIJJf'l\ln~2-l IGRs l?i'tlm:tWltl"ll'tl\IUf'l':ln C. curvignathus 

1u~'tl\lu{j~m~L':lf'l'l 72 .f':l L2-l\l 

5 rh LC50 "ll'tl\l~'l:t'Sl'lLIJJf'l\ln~2-l IGRs l?i'tln1J'f?l'ltl"ll'tl\1Uf'l':ln C. curvignathus 

1u~'tl\lu{ju1lm:t~L':lf'l'l 96 i':lL2-l\l 

6 ri1 LC50 "ll'tl\1~1:t'Sl'lLIJJf'l\ln~2-l IGRs l?i'tln1J'f?l1EJ"ll'tl\1Uf'l'Jn C. curvignathus 

1u~'fl\lu{j~m:t~L':lf'l'l 120 i':l L2-l\l 

7 n1:t"'lVI~'tl1J~'l:t'Sl'lLL2-lf'l\ln~2-l IGRs l?i'tlm:trn'ltJ"ll'tl\IUf'l':ln C. curvignathus 

~L':lf'l1 24 -i'JUJ\1 

8 n'l:i"VlVI~'tl1J~1ffi'lLIJJf'l\ln~2-l IGRs l?i'tlm:trn1U"ll'tl\1Uf'l'Jn C. curvignathus 

~L':lf'l148 -i':l'L2-J\I 

9 m:t'VlVI~'tl1J~1:t'-hLL2-lf'l\ln~2-l IGRs !?i'tlm:trn1U"ll'tl\1Uf'l':ln C. curvignathus 

~L':lf'l1 72 -i':lUJ\1 

10 n1:i"VlVI~'tl1J~1:t'Sl'lLL'-If'l\ln~2-l IGRs l?i'tlm:trn'ltJ"ll'tl\IUf'l':ln C. curvignathus 

~L':lf'l1 96 i':l 'L2-J\I 

11 n1:t'VlVI~'tl1J~1:t'Sl'lLIJJf'l\ln~2-l IGRs l?i'tln'l:tf?l1tl"ll'tl\1Uf'l'ln C. curvignathus 

~ L ':lf'l1 120 -t') L2-J\I 

"' 
12 LU'tlfL;'IJLOln'l:tf?l'ltl"ll'tl\IUf'l':ln C. curvignathus ~'Cl\11~fu~1:t~nV!U1l1''1J 

"llilV~!?i1\11 '"11 n n'l:i''Vl Vl~'tl1JI"l':l12-J LU'WlhtLL1J1Jl2-l er ~ [;J'ltJ ~ 1"1':112-J L ~2-J~'\J 

~1\11 ~L':lf'l1 24 48 72 96 LLf'l:; 120 i':l L2-1\IL'\J~'tl\lu{j~m:t 

(12) 

... 
'VI'U1 

60 

62 

63 

63 

63 

64 

64 

64 

65 

65 

65 

66 



... 
13 1"11 LC

50 
"ll'fl'ln'~ J''VIt?l~!ltJfl'J'Il-l t.th.rvhmuuil-ltl'~f?l1U'll'fl~~1J'~n rnu'll.Yu~::t.rn'l~1~ 

l?i'tlf1'1J'f?l1U"ll'el~U~'Jn C. curvignathus L'Wii'el~un'!..WimJilt.'J~'I 24 48 
' 

72 96 1.1.~!: 120 i'J UN 

14 1"11 LC
50 

"ll'el~mJ''VIt?l~!lum'll-lt.ilurhtt.t.uuil-Jtl'~f?l1u"ll'el~~1J'~nrnJ1l.Yu1~~ 

~'tlf1'1J'f?l1U"ll!l~U~'Jn C. curvignathus 1uii'el~unu1imJ'~L'J~1 24 48 
' 

(13) 

"' 'VI'l.n 

71 

72 96 I.L~!: 120 i'J 'UJ~ 71 
... 

15 l"h LC
50 

"ll'el~mrnt?l~!l1Jfl'l1l-JI.tlu.Yhtt.Luuil-Jtr~f?l1u"ll'el~~1J'~nt?lu'll.Yum:;Vi't) 

~!lf1'1J'f?l1U"ll!l~U~'Jn C. curvignathus L'Wii'el~unu1imJ'~L'J~'I 24 48 

72 96 Ll.~:; 120 .f'Jbl-l~ 71 

16 .-11 LC
50 

"ll'el~n1J''VIt?l~!lufl'l'll-JLtlulhtt.l.uuil-Jtr~f?l1u"ll'tl~~')J'~nt?lJ'Il.Yum:;"l!1u 

~!ln1J'f?l1U"ll'el~U~'Jn C. curvignathus L'Wii!l~unu1imJ'~L'J~'I 24 48 
' 

72 96 1.1.~!: 120 i'J 'U-1~ 
... 

17 ~'~ LC
50 

"ll'fl~mJ>'VIrn~!lufl'J1l-lt.iluvh~muuil-ltl'~f?l1u"ll'tl~~'~J>~nrnu'll-Tu~~ 

~!ln'IJ'f?l'IU"ll!l~U~'Jn C. curvignathus L'Wii'tl~un'I..WimJ'~I.'J~'I 24 48 

72 96 I.L~:; 120 -i'l 'UJ~ 

18 ~') LCSO "li'El'ln1J''VII?l~!l1Jfl'J1l-JLU'W~'MLL1J1Jll-lcJ~f?l1U"ll'a'l~1J'~rlt?l,f1~'W"li1 

~'an1J'f?l1U"ll'tl~U~'Jn C. curvignathus 1uii'tl~1llj~mJilt.'J~1 24 48 
' 

72 96 1.1.~:; 120 i'J tl-l~ 

19 1"11 LC50 "ll'tl-:Jmrnt?l~'fltJfl'l'll-Jd'Ju~'Mt.t.uull-Jcl'~mu"ll'tl~~'IJ'~nrnti'1~u~1n1'VIu 
l?i'eln1J'f?l1U"ll'a'IU~'Jn C. curvignathus 1uii'el~unu~n·w~t.'J~1 24 48 

' 
72 96 Ll.~:; 120 i'l 'UJ~ 

"' 20 1"11 LC
50 

"ll'el'lmrnrn~'flufl'l1l-lt.uu~'Muuuil-ltl'~f?l1u"ll'tl~~')J'~nrnu1~u~1.l~ 

~'tln1J'f?l1U"ll'a'IU~'Jn C. curvignathus 1uii'fl-:JUDU~n1:i'~I.'J~1 24 48 

' 
72 96 LL~:; 120 {'J 'UJ'l 

72 

72 

72 

73 

73 



... 
21 rh LC

50 
"ll'fl~m:r'Vlcn~'Eiuf'l'l1mih.rrh:tLLuu~iJ~~~n1u"ll'fl~~1:rt•H1C?~t:mrum~'l1'W 

[;)'fln1:i'Vl1tl"ll'fl~U~'ln C. curvignathus L'l..l~'fl~tll)mim:r~L'J~1 24 48 

' 
72 96 LL~~ 120 oD'l hJ'l 

22 rh LC
50 

"ll'fl~n1:i''VlC?I~'EIUf'l'l1l.JLU'WYhtLLUUt~iJ~~Vl'"ltl"ll'fl'l~1J'~rlC?I,f1:f'l..lm'l..l'Yl~ 
[;)'flm:i'Vl1tl"ll'fl'lU~'ln C. curvignathus L'l..l~'fl~tll)u1lm:r 

~L'l~124 48 72 96 LL~~ 120 .ft''JUJ~ 
23 n1J''Vl C?l~'flU tl'J1l.J Li:JuihtLLUUifl.J ~~ Vl1tl"ll'fl'l~1J'~ rl C?l,f1:f'l..l"ll'fl'lrl"ll"llUC?I [;]1'!1 

[;)'flm:i'Vl1tl"ll'EI~tl~'Jn C. curvignathus ~L'J~1 24 .ff''l'U.l~ 

24 n1l''VlC?I~'flUf'l'J1l.JdJ'WlhtLLUUifl.J~~Vl1tl"'l'fl'l~1J'~rlC?I,f1:f'l..l"ll'fl'lrl"ll"llUC?I[;]1'l1 
[;)'fln1J'Vl1tl"'l'fl'lU~'Jn C. curvignathus ~L'J~1 48 i'J ll.J~ .. 

25 n'IJ''Vl (?!~'flU f'l'J1l.J LU'WVhmuuil.J ~~ Vl1tl'11'fl'l~1J'~ n C?~ih:J''I..l"'l'fl'lrl"ll"llUC?I [;]')-:]1 

[;)'flm:i'Vl1ti"'I'EI'lU~'Jn C. curvignathus ~L'J~1 72 i'l ll.J'l 
... 

26 m:rv~ (;)~'flu f'l'l1l.J LiluYl·rmuuil.J ~ ~ VJ1tl"'l'fl'l~1:r~n C?~'\J1:1''1..l'1!'fl'lrl"ll"llU(;l [;]1~1 

[;]'eln1Si?l1tl"'lfl'lU~'Jn C. curvignath~s ~L'l~1 96 i'l ll.J'l .. 
27 m J''Vl (;)~'flU f'l'l')l.J LU'WYl'l:tLLUUil.J ~~ Vl1ti"'I'EI'l~1 J'~ n C?~iJ1:1''1..l1'fl'lrl"ll"llUC?I [;]')-:]1 

[;)'flm:i'i?l1tl"'l'fl'lU~'Jn C. curvignathus ~L'J~1 120 i'l UJ'l 

28 LU'BfL-'n'l..l~n1J'Vl'"ltl"tt'fl'lU~'Jn C. curvignathus 'VIi'l1~fu~1J'~rl(;l'Vfti1U 

"l!UC?I [;]1'l1 ~1 nm :i''Vl C?~~'Eiu f'l'l1l.J LU'WYlMLLuuil.J ~~ i?l1tl~ f'l'l1l.J L ;l.J;u[;]1'l1 

~L'l~1 24 48 72 96 LL~:; 120 {'lUJ'l1'W~'EI'lUl)u1lm:r 

29 rh LC
50 

"ttfl'ln1l''VlC?I~'flUf'l'l1l.JLU'WYl'rtLLUUil.J~~Vl1tl"'l'fl'l~1l'~rlC?I'VIt11U 

~:;LC?~1;1'l[;)'flm:rmtl"1l'il'lU~'ln C. curvignathus 1ui4'EI'ltll)u1lm:r 

~L'l~1 24 48 72 96 LL~:; 120 i'l UJ'l 

30 rh LC
50 

"'l'il'ln1l''VlC?I~'ilUf'l'l1l.JLU'WYl'l:tLLUUifl.J~~Vl1ti"'I'EI'l~1J'~rl(;l'Vft11U 

L'Yl~[;)'flmJ'Vl'"ltl"'l'il'lU~'ln C. curvignathus L'l..l~'EI'ltll)mim:r 

~L'l~124 48 72 96 LL~:; 120 -i'lUJ~ 

(14) 

... 
'WlJ1 

73 

7£, 

74 

74 

75 

75 

75 

76 

81 

81 



.. 

"" ~1Tl~'VI 

31 fll LC50 'll'el~niJ''Vl~MllJI"l'lll-ILU'W~'rtLLUUil-l~~lnltl"ll'el~~~J'~Hl~~mu 

nJ'::YI'el(;]'elmJ'~nltJ"ll'el~tl~'ln c. curvignathus hr~t!~tlnmimJ' 

~L'l~l 24 48 72 96 LL~:: 120 i''l UJ~ 

32 fi1 LC
50 

'll'el~n'w'Vl~~'elur~'lll-ILihJ~MLLuuil-l~~~n~tJ'll'el~~~J'~n~~u~u 

nJ'!:"l!ltJ{;]'e}nJJ'~IU'll'el~U~'ln C. curvignathus L'W~'el~unmimJ' 

~L'l~l 24 48 72 96 LL~:: 120 i'lUJ~ 

33 fi1 LC50 "ll'il~niJ''Vl~~'elul"l'lll-ILU'W~MLLuuil-l~~~nltJ"ll'a~~~J'~n~'l..mlu 

ij~{;]'f)nJJ'Inltl"ll'el~U~'ln C. curvignathus L'W~'a~unu~mJ' 

~L'l~124 48 72 96 LL~:; 120 i'JUJ~ 

34 fll LC
50 

'll'el~niJ"Vl~~'ellJI"l'lll-!LU'W~MLLUUil-l~~lnltl'll'el~~~J'~rl!PI~mu 

~h{;)'f1nJJ'Inltl'll'a~U~'ln C. curvignathus L'W~'el~unu~mJ' 

~ L ')~') 24 48 72 96 LL~:: 120 i''l Ll-1~ 

35 fll LCSO "ll'el~niJ''Vl~~'ellJI"l'lll-ILU'W~MLLUUil-l~~lnltl'll'el~~~J'~rlCPI~tlllJ 

Yi~n1'VltJ{;]'e)nJJ'Inltl'll'el~U~'ln C. curvignathus L'W~'el-:JunmimJ' 

~b'l~l 24 48 72 96 LL~:: 120 i''JUJ~ 

36 fi1 LC50 'll'el~mJ''Vl~~'elur~'lll-ILil-w~MLLuuil-l~~~n~u'll'a~~~J'~n~~mu 

~u~{;]'e)nJJ'Inltl"ll'el~U~'Jn C. curvignathus L'W~'el~unmimJ' 

~L'l~l 24 48 72 96 Lb~:: 120 i'J UJ-:J 

37 fi1 LC
50 

"ll'el~niJ''Vl~~!lur~'llmil-w~MLLUuil-l~~~n~u"11'B~~~J'~n~~mu 

nJ'!:'JI'W{;]'e)nJJ'Inltl"ll'el-:JU~':ln C. curvignathus L'W~'el-:JunmimJ' 

~L'J~I 24 48 72 96 LL~:: 120 .fi''J UJ'I 

38 Fh LC
50 

'll'el'lniJ''Vl~~'elUI"l'Jil-!LU'W~'rtLLUUil-l~~lnltl"11'el~~~J'~rl~~tiiU 

ni'W'Y'l~(;]'elmJ'~nltJ"11'el~U~'Jn c. curvignathus L'W~'el-:Jtlnu"ilmJ' 

~L'J~124 48 72 96 LL~:; 120 i''lUJ~ 

39 niJ"Vl~~'ellJI"l'Jil-ILU'WYiMLLUUil-l~~lnltl"ll'el~~~J'~rl~~mu~in~"l! 

"l!tl!PI{;]I-:J1 {;]'anJJ'inlml'el'IU~'Jn C. curvignathus ~L'J~I 24 i''lUJ'I 

(15) 

... 
'VI"W1 

81 

82 

82 

82 

83 

83 

83 

84 

84 



-(;11Tl.IJ'VI 

40 n1J''VlCPI~tl'UI"l'l'1:\.JLth,l'~MLL1JtJi~~~l1l1tl'ntl-l~1J'~nCPI'VItl1tJ~1n1ion 

,ilV~~1-l1 ~tln1J'!1l1tl"ntl-lU~'ln C. curvignathus ~L'l~1 48 -i''l L~-l 

41 n1J''Vl CPI~'tl'UI"l'l1~ Lth,l'~MLLtJtJi~~~ !1l1tl'n'8-l~1J'~rl CPI'VIti1'U~1noW, 

,UV~~1-l1 (;}'flmJ'!1l1tl'n'tl-lU~'m C. curvignathus ~L'l~1 72 -i''l L~-l 

42 n1J"Vl CPI~'tl'U 1"\')1~ LU'\J-wMLLtJtJl~ ~~ !1l1tl"ll'8-l~1J'~ n CPI'VItl1tJ~1 n.W, 

,UCP~~1~1 (;}'fln1J'l1l1tl"ll'tl-lU~'ln C. curvignathus ~L'l~1 96 -i''l ~-l 

43 n1ffiCPI~'tl'UI"l'l1~LU'\J-wMLLtJtJi~~~l1l1tl"ll'tl-l~1J'~nCP~'VIt11'U'"l1nW, 

,UCP~~1-l1 ~tln1J'!1l1tJ"ll'tl-lU~'dn c. curvignathus ~L'd~1120 -i''d~-l 
" 

44 LU'tlfLeD'\J~n1J'l1l1tl"lltl-lU~'dn C. curvignathus 'VI~~1~f'U~1J'~rlCPIU1~'\J 

,UV! ~1'11 ~1n n1J''Vl CPI~tltJ l"l'd1~ bU'\J-wMLLtJtJn'\J!1l1tl~ l"l'd1~ L ;~;'1..!(;}1'11 
~L'd~1 24 48 72 96 LL~~ 120 -i''l~--11uil'tl--1tliju1imJ> 

45 ~1 LC50 on'8-.1n1J''VlCPI~tlul"l'l1~Lil'W-wMLLuun'Wl1l1tl"ll'tl'~~1J'~n"'J1~'W~:::LCP~1i!1" 
~tln1J'!1l1tl"ll'tl'IU~'dn C. curvignathus 1'Wiltl-.ltllju1imJ' ~L'd~1 24 48 

' 
72 96 LL~::; 120 of'd L~" 

46 ~1 LC50 "ll'tl"n1J''VlCPI~tlul"l'd1~Lil'W-wMLLuun'W!1l1tl"ll'tl\1~1J'~n"'J'1~'W1Yi~ 
(;}'tln1J'!1l1tl'n'tl'IU~'dn C. curvignathus L'Wil'tl"UfltMn1J' 

(16) 

" 'VI'U'l 

84 

85 

85 

85 

86 

91 

~L'd~1 24 48 72 96 LL~::; 120 i'd ~" 91 

4 7 ~1 LC50 "lltl"n1J''VICPI~'tlu 1"\')1~ Lii'W-wMLLuun'W!1l1tl<n'tl"~1J'~n"'J1~'Wm:::li'tl 
(;}tln1J'!1l1tl"ll'tl'IU~'dn C. curvignathus L'Wil'fl'!UfltMn1J' 

~L'l~1 24 48 72 96 LL~~ 120 i'l ~-.1 91 

" 
48 ~1 LC 50 "n'tl"n1J''Vl Vl~'tltJ l"l'l1~ LU'W-wMLLtJtJ n'W!1l1tl'n'tl'1~1J'~ n CPIU1~'WnJ':::,1tJ 

(;}'fln1J'!1l1tl"ntl"U~'dn C. curvignathus 1'Wilt~'ltliju1imJ' 

~L'l~1 24 48 72 96 LL~::; 120 i'l L~" 92 

49 ~1 LC50 "ll'tl'ln1J''VlCPI~'tlul"l'd1~Lii'W~MLLuun'W!1l1tl'n'tl"~1J'~n"'J1~'W~'~ 
(;}!ln1J'!1l1tl"lltl\IU~'ln C. curvignathus L'Wil'fl-ltliju1imJ' 

~L'l~1 24 48 72 96 LL~::; 120 i'd~-l 92 



(17) 

- ~ j;J'} "rl..:J'Vl \II 'LI 'l 

50 rh LC50 'tl!l~n1~Yl~~!lUFl'd'UJLih.rrhtLLUUfh.J[;J'ltl"ll'a~~1J'~n~J' .. nru"ll'l 

t;i!lmt[;J'ltl'tl!l~U~'Jn C. curvignathus 1u~!l~lll)mimt 

~L'J~1 24 48 72 96 LL~::: 120 .ft''J 'UJ~ 92 

" 51 rh LC50 'tl!l~ m ~Yl (;\~'flU f')'J'l:W LU'WYh!LLUUn'IJ[;J'ltl'tl!l~~1J'~n I?JU'l)j''IJyj1n 1 Yltl 

t;lramt[;J'ltl"ll!l~U~'Jn c. curvignathus 1u~!l~lll)u'11m~ 

~ L'J~'l 24 48 72 96 u~::: 120 .f'J 'UJ~ 93 

52 fl1 LC50 "ll'tl~ m ~Yll?l~'BU Fl'd'l:W LU'IJYhtLLUUn'IJ[;J'ltl'tl!l~~'lJ'~ n l?l,f'l)j''IJ~U~ 
t;i!lm~[;J'ltl'll!l~U~'Jn C. curvignathus 1u~!l~lll)u'11mt 

~L'J~'l 24 48 72 96 LL~::: 120 i''J 'UJ~ 93 

53 fl1 LC50 'tl!l·m'lJ'Yll?l~!lU f')'J'l:W LU'IJVh!LLUUn'IJ[;J'ltl"i:!l~~1J'~ n l?l,f'l)j'WnJ':::'J'l'IJ 

t;i!lmt[;J'lti"Jl!l~U~'Jn C. curvignathus L'W~!l~lll)mim~ 

~L'J~1 24 48 72 96 LL~::: 120 .r'd L:W-3 

54 fl'l LC50 'tl'tl~ m J'Yll?l~'BU f')'J'l:W LU'WYh~muun'IJ[;J'ltl'tl!l-3~1~~ n l?l,f'l)j'Wn'l'Wfl~ 
t;l!lmt[;J'lti"Jl!l-lU~'Jn C. curvignathus L'W~!l-llll)illlmt 

~L'J~1 24 48 72 96 LL~::: 120 .ft''JL:W-3 

55 n'lJ'Yll?l~flUFl'd1:WLtl'Wih!LLU1Jn'IJ[;J1tl'll!l~~1J'~rll?lJ'1aJ''Wr.nn~"l!'t!UI?lt;i1~1 f1ifl 

n'lJ'[;J'ltl'tl!l-lU~'dn C. curvignathus ~L'J~'l 24 .f'J'U.l-3 

56 n'lJ'Yll?l~!lU f')'J'l:W Ltlu~·rmuu n'IJ[;J'ltl"ll'tl~~1 J'~ n ~?JJ''l)j'IJ91 nVi"JJ"JJU~ t;i'l~1 {;jfJ 

n1J'[;J1tl"ll!l-lU~'Jn C. curvignathus ~L'J~'l 48 .ft''dt:w~ 
" 

57 n1J'Yll?l~!lUf'1'J1:WLtl'W~MLLUUfl'IJ[;J1tl"ll!l~~1J'~n~?JU'l)j''IJ,..'lnVi'ti"JJU~?Jf1i'l~1 {;j!J 

n1~[;]1tl'tl!l~U~'Jn C. curvignathus ~L'J~1 72 .ft''Jt:w~ 

58 n1J'Yli?1~!1U f'1'J1:W Ltl'W~'MLL1JUn'IJI'l'ltl'll!l~~1J'~n rnJ''l)j'W,..'l nVi"l!'t!U~?J t;i1~1 {;j!J 

n111'11tl'tl!l~U~'Jn C. curvignathus ~L'd~'l 96 .ft'':ll:w-3 

59 n'lJ'Yll?1~!lU f'1'd1:W Ltl'IJ~'MLLUU n'IJI'J1tl"ll!l~~'l ~~ n 1?1,f'l)j''IJ,..'l nVi'ti"..IUI?l t;i1~1 t;i!l 

m~l'l'ltl"ll!l-lU~'Jn C. curvignathus ~L'd~1 120 {'J t:w~ 

93 

94 

94 

94 

95 

95 

95 



--

.d 
6\1'n.:J'VI 

60 Ltl'tlfLsii'IJ~m:i'mtJ'DtNU~'ln c. cuNignathus ~i..:~1~fu~1:i'~n~~mu 

"l!iJ~~1'l1 ~1nn1:i''Vl~~'elUf'l'l1~LU'\JWM1~tJm:i'n'\JI-il1tl~f'l'l1~L~~~'\J~1'l1 
~L'l~"l 24 48 72 96 LL~:; 120 .fi''l~'lL'\J-f4'tl'ltlljtmml' 

61 ~h LC
50 

'D'tl'lm:i''Vl~~'tlUf'l'l1~Lu'\JwMLLuun'\JI-il1tJ'D'tl'l~1l'~n~~mu 

~::L~'1~'1-!I~'tln1:i'Lil'1tl'D'tl-!IU~'ln C. curvignathus L'IJ'i4'tl-!!U!)u~m:i' 

~L'l~"l 24 48 72 96 LL~:; 120 .fi''l~'l 
62 ~h LC50 'D'tl-:Jml''VI~~'tluf'l'l1~Lu'\JwMuuun'WI-il'1tJ'D'tl'l~1l'~n~~mu 

h'l~~'tln"l:i'Lil"ltl'D'tl-!IU~'ln C. curvignathus L'IJ-i4'tl'ltlljtmm:i' 

~L'l~"l 24 48 72 96 LL~:; 120 i'l ~~ 
63 f'i1 LC50 'D'tl~m:i''Vl~~'tluf'l'l1~Lil'\Jw'rtLLuun'\JI-il1tl'D'tl~~,:i'~n~~tJ1u 

n:i'::~'tl~'tln1:i'Lil1tl'D'tl~tl~'ln C. curvignathus L'IJ-i4'tl~u!Jtmn1:i' 

~L'l~"l 24 48 72 96 u~:; 120 i'l ~'~ 

64 f'i1 LC
50 

'D'tl~m:i''Vl~~'tluf'l'l1~Lu'\JwMLLuun'\JI-il1tJ'D'tl..:J~1:i'~n~~mu 

m::"l!1tl~'fln"l:i'!'l"ltl'D'tl~tl~'ln C. curvignathus L'\J~'fl..:Jtlljtmm:i' 

~L'l~"l 24 48 72 96 LL~:; 120 i'l~..:J 
65 f'i1 LC

50 
"ll'fl..:Jn1:i''Vl~~'tluf'l'l1~Ltl'WwMLLuun'\JI-il1tJ'D'fl..:J~1:i'~n~~mu 

~..:J~'tln"l:i'Lil1tl'D'tl~tl~'ln C. curvignathus L'IJ'i4!!'ltllju~m:i' 

~L'"J~"l 24 48 72 96 LL~:; 120 i'"Jt~~ 

66 f'i1 LC50 "l!'fl'ln1:i''Vl~~tlum1~Lil'WwMLLuun'\JI-il1tJ"ll'tl..:~~1:i'~n~~mu 

·~hl?i'tlm:i'Lil1tl"l!tl~tl~'ln C. curvignathus L'W'i4tl'ltllju~m:i' 

~L'Jm 24 48 72 96 LL~:; 120 i'l ~'l 

67 f'i1 LC50 "l!tl'ln"l:i''Vl~~tJuf'l'l1~Lih..~wMuuun'\JI-il1tJ"l!'fl~~1:i'~n~~mu 

Yttn1'VltJ~'tln1l'Lil'1tJ"ll'tl~tl~'ln C. curvignathus L'IJ-i4tJ~tl!J~ml' 

~L'"J~"l 24 48 72 96 LL~:; 120 i'lUJ~ 

(18) 

96 

101 

101 

101 

102 

102 

102 

103 



""' IJI1~-IJ'rl 

68 f'h LC
50 

~'tl,:ln'lJ''VI!?I~'tlUI"I'l'l~JbU'IJYhtLLU'l.Jfh.l(;l1tl~'tl~~'ll'~tl!?!'I.UJ'lU 

i~hJ~~'tln'lJ'(;l'ltl~'tl~Ufl'ln C. curvignathus L'W~'tl~u!Jilllml' 

~L'lfl'l 24 48 72 96 LLfl:: 120 f'd UJ~ 

69 f'i'l LC
50 

~'tl~n'lJ''VI!?I~'tlUI"I'l'll-JLU'IJ~'M"LLU'l.Jn'IJ(;l'ltl~'tl~~'lJ'~n!?l~tl'lU 

m::'d1'\J~'tln'lJ'(;l'ltl~'tl~Ufl'ln C. curvignathus L'IJ~'tl~ul)illlmJ' 

~L'dfl'l 24 48 72 96 LLfl:: 120 f'd UJ~ 
70 f'i'l LC

50 
~'tl~n'lJ''VI!?I~'tlUI"I'd'll-JLU'IJ~'M"LLUUn'IJ(;l1tl~'f1~~'lJ'~n!?l~tl'lU 

mu'rl~~'tln'lJ'(;l'ltl~'tl~Ufl'dn C. curvignathus lu~'tl~u!Jilllml' 

~L'lfl'l 24 48 72 96 LLfl:: 120 .j'd UJ~ 

71 n'lJ''VI !?!til 'flU l"l'd'll-J LU'IJ~'M"LLUUfl 'W(;l1 tl~'tl~ ~1 J'~n !?l~tl'lUICl'l nYl~"l!U!?I 

I?h~1 ~'tln'lJ'(;l'ltl~'tl~Ufl'dn C. curvignathus ~L'dfl1 24 -i''d'UJ~ 

72 n'll''VI !?!til 'aU l"l'd'll-J LU'U~'M"LLU'l.J n'IJ(;l'ltl~'f1~~1 J'~ n !?l~t11U"'l'l nYi"l!"l!U!?I 

~'1~1 ~'tln'lJ'(;l1tl~'tl~Ufl'ln C. curvignathus ~L'lfl'l 48 i'l 'UJ~ 

73 n'll''VI !?!~'aU l"l'd'll-J LU'IJ~'M"LLUUfl'W(;l'ltl~'a~~ 1 J'~ n !?I'VItl'lU"'l'l nYi"l!"l!U!?I 

~'1~1 ~'tln'lJ'(;l'li:J~'tl~Ufl'ln C. curvignathus ~L'lfl'l 72 i'dbl-l~ 

7 4 n'll''VI !?!~'flU l"l'l'll-J LU'IJ~'M"LLU'l.Jfl'W(;l'ltl"ll'tl~~1 J'~ n !?l~t11'l.J~Cl1 nYi"l!"l!UI:'l 

~'1~1 ~'tln'lJ'(;l'ltl"ll'tl~Ufl'dn C. curvignathus ~L'dfl'l 96 i'd 'U.I~ 

7 5 n'll''VI !?!~'flU l"l'l1l-J LiJ'W~'M"LL'l.JUfl'W(;l'lti"1J'f1~~1 J'~ n !?l~ti1U"'l'l nYi"l!"l!U!?I 

~1~1 ~'tln'lJ'(;l'li:J"ll'tl~Ufl'dn C. curvignathus ~L'dfl1120 i'l'UJ~ 

76 ~fln'lJ'(;l'ltl~'tl~Ufl'ln C. curvignathus ~~~'l~fu~'ll"VV!?I~'tl'l.J"l!U!?I~'l~1 

~l"l'd'll-JL;Jl-l;J'W~'l~1 ~L'lfl'l 24 48 72 96 LLfl:: 120 i'd'UJ~ 
77 LU'flfLoD'WIPin'lJ'(;l'ltl"ll'tl~Ufl'ln C. curvignathus ~~~1~fu~'ll''VIt?l~'tlU 

"l!U!?I~'l~1 ~l"l'l1l-JL;Jl-l;J'IJ~'l~1 ~L'lfl'l 24 48 72 96 LLfl:: 120 {'l'UJ~ 
78 n'lJ'(;l'ltl~'tl~Ufl'ln C. curvignathus ~~~'l~fu~1J''VI!?I~'tlU"l!U!?I~1~1 

~L'dfl1 24 i'd'UJ~ 

(19) 

... 
'WU1 

103 

103 

104 

104 

104 

105 

105 

105 

106 

107 

107 



.d 
1911'11~" 

79 m~r;ntt'1J!l\!Uf:l'Jn C. curvignathus 'VIi..:JL~~U~1~Vl!?l~'flU"l!Ui11r;i1\11 

~L'Jf:l1 48 i'J UJ\1 

80 n1~(;J1tl'1l'fl\!Uf:l'Jn C. curvignathus 'VIi..:J1~~U~1~Vli11~!1U"l!U!?lr;i1\11 

~L'Jf:l1 72 i'J UJ\1 

81 n1~(;J1tl'1l!l\!Uf:l'Jn C. curvignathus 'VIi-l1~~U~1~Vl!?Jf,qflU"llil111r;i1..:J1 

~L'Jf:l1 96 {'J UJ\1 

82 n1~(;J1tl'1l'fl\!Uf:l'Jn C. curvignathus 'VIi-l1~~Uf,q1~Vli11~'flU"llil111r;i1\11 

~L'l~1120 .ff"'lUJ\1 

(20) 

,., 
'VI'U1 

107 

108 

108 

108 



(21) 

~ ~ 
ll1'Vffl 'VI'U1 

1 'N~ffl[;lLL~~'lJ'J'ru~r;h'l1 "ll'fl\IU~'ln 8 

2 im~tru~"ll!l'IU~'ln C. curvignathus 12 

3 mnnur;hm.i1..:Jtl~'ln 23 

4 im~tru~~1rl'!J~1-il1umJ'~1LLuntl~'ln 23 

5 %mJ''Vl~~'flUI"l'l1:JJLU'UYlt! 25 

6 "ll'l~LL"Jl~1J'~n~ ("ll'lt?lLLfhL~"ll'U1~ 20 ~[;lJ') 27 . 
4 

7 Ll"lffi\IJ'~L'I!Iti~'!J'!J1n1PILL1J1J'VIl.l'U (rotary evaporator) 27 
., ... 

8 -Fu[;ltJumJ'~n~u121'uLL~~~1J'~n~'\!ltl1u~1nf4"ll~l.luhn 28 

9 n1J''Vl~~'fl1JLLUUmJ'i:JJeJ~ (contact poison) L'9 

10 n1J''Vl~~'fl'ULL1J1Jn1J'fl'U (stomach poison) 30 

11 LU'flfL~ur?lmJ'[;l1tl"ll'fl'IU~'Jn C. curvignathus 'VIi'l1~fu~1J'~1LL:JJ~'Infi:JJ IGRs • 
i'l 5 "JJU(;) ~WJ1:J.Jdi:JJ~Ut;h'l1 ~L'l~1 24 48 72 96 LL~~ 120 .ft''Jbl.J\IL'U~'fl\ltll)u~mJ' 34 

. "' 
12 int!ru~"ll'fl..:!Yl"ll~:JJuL~J'VJL-ii~1J'~n(;)U121'uLL~~~~J'~n(;)'l!lt111J 38 • ... 
13 int!ru~"lltJ"l~1J'~n(;)u121'u 39 

14 int!ru~"ll'fl'~~"~J'~n(;)'VImu 39 

15 LU'flh,ur;lmJ'[;l1tl"ll'fl'IU~'ln C. curvignathus 'VIi'IL~fumJ''Vl(;)~1JI"l'l1:JJLU'U 
"' . 

Ylt!LLUUi:JJ er~ [;l1tl"ll'fl\1~1 J'~ n~u12!'U~1 nf4"l!"l!U~ r;l1"l1 VI f'"l'l1:JJ L ~:JJ<}Jur;h..:~1 

~L'l~1 24 48 72 96 LL~~ 120 .ft''l UJ"l 1u~'fl..:~tll)u~n1J' 
16 LU'flfL~ur;ln1J'[;l1tl"ll'fl"lU~'ln C. curvignathus 'VIi"l1~fumJ"Vl~~uFJ'l1:JJLU'U 

Ylt!LLUUi :JJ eJ ~ [;l1 tl"ll'fl'l~ 11'~ n (;)'l!lt111J~1 nW"JI"l!U~ r;i1"! 1 ~ Wlll.l L <}il.l<}iur;i1'11 

~L'l~1 24 48 72 96 LL~~ 120 i''l bl.J..:~1u'"'fl\ltll)u~mJ' 

17 Ltl'flfL~ur;lmJ'[;l1tl"ll!l"lU~'ln C. curvignathus V~i"l1~fumJ"Vll?l~UI"l'l1:JJLt!u 
"' . Q, ~ Q;'OCV .dl M::illol A::j ili11 

~t!LLU1Jn1J[;l1tl"ll'fl\1~1 J'~ n ~'U1:JJ'U~ 1 n~"ll"JJ'U~ [;l1'11 'Vll"l'l1:JJ L "ll:JJ"ll'U[;l1'11 

~L'l~1 24 48 72 96 LL~:: 120 i''l'UJ"l 1u~'fl..:Jtllj~n1:i' 

41 

43 

46 



-· . 

! 

• r 

-111V.'rl 

18 LtJrafL4t.u;fmrtn'ltJ'll'a,nJ~'ln C. curvignathus 'l-1i-:t1.~rumr'Vl£'l~1J~'l'll.JLU'W 

'W'M"uuurh.u;n t!'ll'a-:t~'l r~ n £ilt-1t111J'"I'l nf4"11-.oil£'l ~1-:11 ~ fl'l'll.J dfl.l;J'W~'l-31 

~L'J~'l 24 48 72 96 LL~~ 120 i'JUJ-3L'W~'a-3UDU~n1l' 

(22) 

48 



4 
\J'Vl'Vt 1 

0 

tJ'VtU1 

1 

m~'Vi1:i'1 Lth.rw"ll Lfllr~~n'"l~~11"1 fll'lJ'fl~llr::L 'VI fill 'VIU ()~ LLaJtlr::L 'VI fli~'W tl?luL;uiii'W~tl~ n 
d!l •:s~ 'IJ 

l.J'l nn~'lt!J':;L 'VI fill 'VIU LL~L ti'tl'I~JrJUt!J'::L 'VI fill 'VIUii Yl'J'll.J L Vfl.J1::~l.J ~1'WJl~tJr:;L 'VI fli~~'Yi11 ~C.J~ C.J~ In .. 

I !i,.t I 1.1 I 

l?i'W tn1l.J~1 ~u LL~ Lii'tl-w'"l1 rru1 L=D'IYl'WYI LL~'J 1 'WU Vi. Pl. 2553 tlr::L 'VI Pl~'W Ll?lUL;uii;l'WYI C.J~ ~n 

tlr:;l.J'lt:U 21.53 ~1'W\1 :i''tl'l~'ll.J1 ~'tl tlr::L'VIflll'VIU l.J1L~L;U LL~!;~'W tlr:;l.J1t:U 18.23 6.38 LL~:; 

l I 1J 1 

unr:;~unu1~ LL~::Y~'J'll.JlT'WY~'I 1~LLri Ln~~nmr 1 'WLL vr~~tl~ nu'l'l 1vrl-.i"l!'tl'lfvu1~ U'l~'l C.J~ 1 ~Yl'WYI 
.. d!l 

m'I'Vi1:i'1 Lil'WYl"ll~n"l!UI?lvrti"~ti~'J n L ~ 1'Yi1 ~ 1u ti~'J n LU'Wri~nz~~ 11"1 '1J"l!'tl'IU1'1Yn 11 LL~:: 
d:J 'W LLl.J ~'I ri~nz1h H1 ~ ~ 11"1 ry ( Hickin,1 971) tf '"l '1 uu Vi u 11 1.1 ~ 'J n "l! U 1?1 Coptotermes 

curvignathus (Holmgren) LU'WLLl.J~'IPi'tnt~1i"fqJ~L~1'Yi1~1UWu1wnn~l?l Ll?luti~'Jn'l'l'Wrll?ln'W 

~'J'IJJ'1 n"l!'tl'l ~'Wm'l~ii~ In 'flU Ll?lU L 'U'Vi'l :;u1L ') ru LYI'W~'W t~eh t1'WLL~ :;n 1?1 n'W~'tl1t!Jl1 u 1 'W~1 ~'W'"l'W .. . ' 
LU'W t Vi N ~'tll.J1 Lii'tlr:;uun nn n'Yi1~ 1t.J ~'Wt.J1'1'"l!;tn1t.J1 'WYl~ 1?1 LL~::'"l:;~ n~'ll.J'tl'tl n 11.16.:! ~'W .. . . , 
~1'1 LfilU'IFl'tl'W~1'1:i''JI?lL~'J 'Yi11 ~~'WWI'IIn1t.JLU'W1J1L'J run~1'1 1 'WJ'!;U:;L'J~1'fi'Wi'W (il:i''W'll.J, l.Jl.Jtl n) 

, ' 
L'Wmrn1r.f l?lti~'J n"l!UI?lU"ll'tl'l m~~nmru1~nut ~ l.n~'tl LLn~ truu1L 'J ruLY~'W~'WYiiit!~'J n ti~'J n'"l:; 

' ' , 
Vf'lt.Jlt!LL~'"l::ltl'tl~Yl ~'Wtll?lltl ~'WYlhU Ln~'tli!'"l:;LL~ M'tl1n1J'Ltl~'tlnLL ~'I Ln~tnJ'n:i'1J1'1:i'1U L~~1:i' 

' , ' 

~1 LLl.J ~"~"''Vl'W LL~ Y~'Ju Y~l.JL~r::u:;ww'l L 'ViTw'W 'tl1'"l L il'fl~'"l1 mtl'W~1 r~1 LLl.J ~" n n l?i'J ~n1u ~" 1l-i 
• ti 

~1l.J1:i'Cln14'1?lti~'Jn1~mmf'lf'IL~ C.J~'"l1nm:i''VII?l~'tl'l"l!'tl~fli'Wtnr.ft.Ju1'1~'1"l!~1 LL'W:;u1%m:i' .. 
Yl'J1JY~l.Jti~'Jn"l!UI?l~~n~1'JLI?lUL~~1:i'~1LLl.J~~Y~1flui~LL~'W (carbosulfan) 20% EC ti~n:n 40-• ... , 
80 ;;~'tlih 20 ~~nr vr1'fl~1:i'~ttlrU~ (fipronil) 5% sc ti~nr1 20 enen ~'t1u1 20 ~~nr :i'11?lr'tlu 1 

LY~'W~'Wm'I'Vi1n~nnti~'Jnv'h~1t.J u~:;~'W;;1'1Lfilt.J'I ~'W~:; 1-2 ~tn:i' (~mu'W'lr.fuu'l'l, 2549) 
'IJ 



d 
'U'Vl'Vl 1 

0 

'U'VIU1 

1 

' "' ' 
m~Yl1J'1 Lth.rw"ll LPIJ''M':<Jn~l1~1 1"1 fli"J!'fl~lh:;L 'VI filL 'VIU ~~ LL~tlr:;L 'VI fll~u L(;JUL~uiifiul1tl~ n d!l •:t~ .., 

~1 nn~1tlr:;L 'VI filL 'VIU LLL9iL ti'tl~~hutlr:;L 'VI filL 'VIuii l'l'J1~ b V1~1:;~~ ~1UJliJtlr:;L 'VI fii~~'Vi11 ~C.J~ C.J~ In .. 

I i.t I , I 

r?iu 1n1~~1 ~u LLL9i d'j'tl~~ 1rru1 L:n-1Ylul1 LL~'J 1 utl Yl. Pl. 2553 tlr:;L 'VI fll~u L(;lih~uiiYlul1 C.J~ ~n 

tlr:;~1ru 21.53 ~1t.!H J''tl-1~-1~1 ~'tl tlr:;L'VIPIL'VIU ~1L~L~U Lb~:;~u tlr:;~1ru 18.23 6.38 LL~:; 

l I " l 

unr:;~unu1~ LL~:;I'l'J1~3Tur~-l 1 ~LLri LnM~nmr 1 uu 'V!~-ltl~ nu1-1 1mJ"l!'tl-lf~u1~ u-1~-1 C.J~ 1 ~Ylul1 
.., d!l 

m-l'Yl1J'1 LtluYl"ll~n"J!U(;l'Vf~-:J~ti~'J n L ~ 1'Vi1 ~ 1u tl~'l n Ltluri~nz~~ 11"1 '1J"ll'tl-:JU1-l'Vi1 r1 LL~:; 

L tJ u LL~ ~ 'l f'1 11llth H1 ~ ~ 1 1"1 cy ( Hickin,1 971) tf ~ ''pru Yl1J 11 tJ ~ 'J n "l! U (1l Coptotermes 

curvignathus (Holmgren) LU'WL~~'l1'1~nz~11"1qJ~L~1'Vi1~1UL~U1'l'Yl1J'1~(;1 L(;lt.JU~'Jn-11'1Jrl(;ln'lJ 

~'l'WJ'1 n"l!'tl'l ~um-:J~iiir3 lPI'tltl L(;Jt.J L 'Yl'Yl1 :;u1L 'l ru tr~u~u t~tj'l ~ULL~ :;n (;! iiuL9i'tl1tln1 u 1 u~ 1 ~u~u .. 

"' . 
1 't.!mrih4' (;lti~'J n"l!U~u"l!'tl'l LnMf;JJ'nJ'1J1-lJ'1t.Jb ~ Ln~'tl LLn'l truu1L 'l ru tr~u~ul1iitl~'ln ti~'J n~:; 

'V!1t.JLtiLLL9i~:;LU'tl~~ ~Uti(;JLU ~U~Lrt.J Ln~'tl;f~:;u~ (;l~'tl1n1J'Ltl~'tlnLL ~'I LnM!PlJ'nJ'1J1'lJ'1t.J 1~~1J' 
' "' ' 

~1 LL~~-:J~(;!Yl'lJ LLL9i l'l'JU r~~1~r:;u:;ww-:J L vh'Wu 'tl1~ L U'tl-1~ 1 mtl'W~1 r~1 u~ ~'l r;m r?i'J !Pl1U ~-:~hi . .. 

mur~~tl~'Jn"J!U(;l~·:m~1'lb~t1H~11~1LL~~~I'l1flui~LL'W'W (carbosulfan) 20% EC 'tim1 40-• 
" "' 

80 ;~L9i'tlu1 20 ~~nr Vl1'tl~1r~ttlrU~ (fipronil) 5% sc 'ti!Plr1 20 ;; L9i'tlu1 20 ~f;jJ' r1tow't1u 1 

tr~'W~Um-:J'Yl1n~r;mti~'Jnvh~1t.J u~:;~'W-;;1-:JL~m ~u~:; 1-2 ~~nJ' (~muu~4'uu1-:J, 2549) .. 



2 

"' mn ~~'IJ1~1:i'~1LL~~~n~~uuu~mJ'L"'l1'1JL~'lJL~ (insect growth regulator, IGRs) ~1~(;J..J'I..n 
I 6' I il 

LU'WL'VIU~~~r1'd'lJf>l~U~'dn1u~'J'Wtl1~ t~tJ~1fli't~'VIinn-w~~nq'Vlfi"ll~~~1m~~~~n~1'dYJLUUuu~ 

mr~~1~~1J'Lr1~u~11 '"u~'Jn hl~1~1J'CJ~flnl"lJ'1u1~u~~~'~1t~1 u~~ ~ ~1J'L un~~~-:Jn~1<Ji1 
q q 

~ . 
0 ~ I ~ I ~~ 

r1'd1~'"11L'Vi1~L"'l1~'"1~ (specificity) ~~~~nq'VInL'tl'Vi1~Ul-l~~u1~n~~LL~~(;l'd~~'W"l!~~Ul-J~~'Vl~n1:i' 
il !I' I I I 

~~ n r1r1u Lvh'l!u ~~'l!u~-:Ji1 m1~u~~~.tlt1 L9i~L~~-:J"l!ilV~~uYim fli't~~tit u~<J'WtJ1-:J Lij~ Lmt~u L Yit~u 
'll 

mnlJ':::t~n m •ihium:i'l"l'du r1~U~'d n 1 uihuc;.~u tuif"'l"'luu 
• q q 

"' . 
u~n~1 ntl1~i1mJ'~ntt1 mr 1 ~~1 r~ ri 1?1~1 n-Yi"l!~11 ~1 umrl"l'dUI"l~U~'J n ~~i1r1t1~1u 

q 

m:i'YlU-Yi"l!~1nw;h 2,000 "l!i11P1 ~~1~1:i'CJU1~1lf(;J..Ju1HU:i':::LtJ"ll'IJ1umJ'I"l'JUF1~LL~~~~~t~"l! 
q 'll 

~'J~ti1~mrH~"l!~~u1Yl:i' Ll?1tJU1~<JuL9i1-l1 "l!~~~:::LI?11 ~~ 1u LU~~n :i'1n LL~:::L~~~UIP1"l!i1~~:; 
"' 5 ni'~ e.J~~u1 20 ii~~~~'~t m~~u~:::u1tu~uu~'dn YiU~1 ~1:i'~:::~1t1~1m~~1P1~:::L1P11rh4'1P1 

. "' 
U~'dn1~~YI~1P1 t~t~H'f11l'l:i'1~'JuJ':::VI~1'~L~~1P1~:::L1P11U~nu'IJ1 1:4 i1e.J~~~m:i'ih4'~u~<Jn ~~ 

q 

U~'Jn(;l1t~1um~1ru~1n~~1P1 t~t~U~'dn~:;(;l1tJll1t~1ur:::t~:::L'J~1 5-10 u1Yi (~:i'Yi~. 2548) . . 
u~n~1ntl 'l!uwru LL~:::Flru::: (2546) 1~lf(;J..J'W1~1:i'rh4'1?1tl~'dn~1ni~IP1L'VI~~1~Yl1n1'Vlmu1 • 

"' ... 
(Piper nigrum Linnaeus) Yi'lJ~1 essential oil ~1nLU~'elfl'Y'l1n1'Vlt~ilflttl'i'flU~'Jn LIP1tJili-lq'Ylfi 

iu1~ Yitt~1nn1:i'if~~~ LL~:::Yltt~1nn1:i':i':::L'VItl L~tl~~rftlJ>:::n'tlu'VIin~Yi'lJ ~'fl caryophyllene, 

limonene LL~~ {3-pinene 

u~'tlti1'lhn (;11~ 1 utf~~uuu~F1~ilmrH~1r,J1 LL~~~ L ~'flih9 ~tl~'dn LL~~1 H1 u 
q 

I i/ i,< 11 

m~1n.l~1nm"'lri'tl1i4 Ln 1?1~~YlttL9i'tl~~ LL 'd 1?1~'fl~'ti~ 1 u~uu~:::LL'VI~~-w 11 u~'d'Wt.n~Yi1 r1 :i''J ~l'i~ d:lu 
"' "' -eru~J>1 tJ L9i'tl Lntt(;lm J'm ~~ 1 J>Lr1il ~~ 'l!un 1 J>~ n tt1 t1J>:::~ 'V1 fin1Yi"ll 'fl~ ~1 r,J 1 LL~ ~~ n ~ ~uuu~ m :i' 

'll • 

L"'l1'1J L~u t~ u~:::~1r~ri 1?1'"11 n~"l!~iJ f1i' nt~ll1Yi1 'Wn1:i'r1'JUf>l~ L~ ~~u1~"l!i11?1~11 ~ l"l'JU f>l~tl~'d n 

L ~~~ttl n1:i' 1 ~~1nFliJ ~~n ~1'J;1~~'1J LL~:;~ L'IU qj'VI1 ~~'flttL9J~~~ LL'J 1?1~~~ LL~~U~~~Jl tl L9J~~1.jj 

LL~'d ~:::"ll'Jtl ~ 1?1n1 r'IJ1 L; 1 ~1 J'LI"liJ~1 n ~1-lU:i'::: L 'V1 PI LL~ :;~~ L~1~ n1:i' 1 ~ l!J ~ ~Ji rusn~iJ'tltJL utl :i':::L 'Yl PI 
'll . "' 

1 ihnt'ttl:i'::: Lt~"l!u~1nu~;u 



• 

I 

3 

n11il4't~f'1f.:Jtt~-:J1rJI'ti~u1nn11f'1'l'Ufl)Jtl~'ln c. curvignathus Lt;lt!L~L'VI~tl~'l)Jrl'U 
~ 1 n.h LL)J ~.:J n ~~ IGRs U1.:J"11U!?l LL~!;'Vl !?l~tlutl~:;~ 'Vlfl.tl 1V.'Dtl.:J ~11~ n !?1"'11 n~"1i'U1.:J"11U!?l L ~tl • 
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1 . !11{1~111 

m~Yl'W1 (Family: Euphorbiaceae Genus: Hevea Species: brasiliensis Common 

names: rubber tree) LU'I.!UJ~h.!~'l.! iJ~un1Li1(;11'1.!L"ll(;l~'fl'l.! clu(;ln"J!n u1L'lnJL~'I.!I"''I.!tJ~[;lJ' Ll.t"ltl~l-1 
q qJ q,J q 

,f1'flLl-l"l!'fl'l.!th~L'YlPIUJ'1~~u,~~Lth 'Yl~U'tlLl-11-mHi (L~1'liltJ, 2545) ~'I.!Ylt1Lt11U'I.!1Ufl1~L(;JL't'J'tlf 
" 

Lflil-lu~ (Christopher Columbus) Lii'fl~"nntflil-lu~~~~'tlLU'Vl1~(;l~t)u(;lm~'fl~~1tJ'"1'"~Ln1~ 

Lfli'fl~L'YlPI LL~LUYltJ:fi'I.!L~U'I.!LL(;)-:1 n1i~L~'I.!~nm~Yl1J'1~'"lJLm~:fiu~~(;l~t)u'fl'fln ~'fll-!1"l!1'lULJ'tJ 
.. 'lJ • 

LLii~11-Jl-111:n~u~u~'flL~~~~un~1 fuLu'flf (rubber) ~1'"fumJ'~iJ~'fl~1 "Yl1J'1" tJn~('I.!L(;)tt 
u1m'rl:r~~tr umflii"ll1'l'fl~n~"M L:n11~~11utJ fl. Pl. 1795 flu1~Li1'fl~Yl1J'1Lilud1'fl~vhm~~'"n~ 

1 'I.!LL '"~~~l-1 LLl-i,f1'fl Ll.J"J!'fl'I.!L~~~U1~LUtl'l1UYl J'~L ~1 LLe.l'l.!~'l.! LUJ'(;l Ln~ -rl11 ~ LU'I.!~~'I.! L~"1l'tl~"l!1'l • • 

ULJ'U (~Ll-lfi, 2549) 
q q 

"' ' 
nu(;l1l-l LL~~~nnn1 FJm J'-rl1 ~'l'l.!tt1~Yl1 n ~'fl Lilu'fl1;Yl'"i n"1l'fl~UJ'~"l!1 m 1 Wl1 FJ1~ LL~ :;u1~Yl u Vi 

" 

tJ:r~L'Yll"' (~muu~rofuu1~. 2549) u1~Yl1niiu'YltJ1'Yl~~~'flLPI:i'"M~n~"1ltJ~tl:r~L'YlPIL'YlmJ~'"luu 
'lJ d.9 • 

• .1 ~ ,qJ .J.I !"I "' "' 'i' .I ~ 1' 'i' .I 
Yltl'l1uJ'~L 'YlPI ~'YlUl-l'Vi'I.!'Ylu~muutJ'I.!(;)tJ 2 "lltl~ ~~n u:i'~l-11 ru 12.56 ~1U :r ~(;)Uu:i'~L'YlPI 

'lJ 

Sl I t il' J 

:fiut(;)i!L~uiJYiuV!tJ~nl-11nVI~(;) tJ:r~l-!1ru 20.56 ~1uH LL~~UJ'~L'Ylfilll-!1L~L;uiJYiuV!tJ~n .. . .. 
tJ:r~l-11ru 8.21 ~1uti :i''ll-!Lif'fl~U~nu1~vf-3 3 tJ:r~L'YlPI ~(;)LU'I.!~'flU~~ 70 "lltl-ll(U~tJ~nm'l~'l 

.. 'lJ 

t~n~ m~'fl LiluYl"u~tJ~ nu1~"11'fl~tl:r~L'Yll"'~u1 ~n 21 tl:r~L 'Yl PI ~'lu 1uLL~m:r~~'fl'flntlJ'~L 'Yl I"'L 'Yltt 

LU'I.!UJ'~L 'Yll"'~~~tJtJntt1-:il-11 n Lilutru;u'"C-3 LL~~i.Jl (;)~'lum J'~~'tl'fl ntlJ'~l-1 1 ruffiu ~~ 40 "ll'fl-3 m J' 

"' ' ' 
~~fl'flnm-lli'-:~'"l.J(;)"l!tJ~ t~n ~~~'lu1'"n.)~~'fl'fln1tJu~tl:r:;L'Yll"'~u q)~u l-11 L~L;u ~'"f.J-f1Ll-11n1 

.... '!~ 
LL~~Ln'l'"~ b(;l (~Jl1YlJ' m'l:;flru~. 2549) 
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if II II I 

1u lu•Jh~ L~tllJfla.Jfl1~ ufi-~J-~ 'fn u u "l!t~u~uu1L ':l rub "11 ~~t~u ~u LL~ ~~u 1~~u1L ':l ruYi ilml-11 rueJu 
, ' 

~n"llna.J1nn~1 2.000 ~~~Ll-l~:i' ~uhl ilri1L'tl~Urt':l1a.JLL~n~h~'llt~~t~ru'VIn~lu:i't~u1'ulh~a.J1ru . . .. 
7 'rNPI1L"l!~L;U~ ~1lJ'meJu~n 100-150 iu LL~~iJ"ll'l~bL~~hJLnlJ 4 L~tllJ (Watson, 1989) 

U1~Yl1 :i'1 LtluYl"ll~il :i'~UU:i'1 n LLrh LL~ ~:i'~UU:i'1 n LL "lllJ~ LL Ylim~"'l1 uu 1L 'l ru :i'tlU1 'VI J>~v!a.J lu Ltlu 
, 

LLuulutlJ'~nt~u il 3 lmit~u ~?~t~n"1lt~~u1~'rl1:i'1 Ln l?l"'l1 n ~1u1L 'l ru"l!t~n 1u Ltlu"llt~lu11u"llt~l?ltln 

tlJ'::nt~u ~'lU l?ltln t;l') ~iJ'lllJ11?1L 'VI qjt~~~'llJU~1U~ 1.91 bL~~ !?I 'an t;l'l LiJui1"lllJ1 1.91 L~ ntl~LlJI~h LL 'VIU'I ~1 

n~11?1'Bnt;l'l~ tJ~fl1ULuiha.J~I?I 2-3 Ll-1~1?1 L~tl~ne.~~~~LLI?ln'B'Bn 'tilm'l'rl1:i'14'1?1t~ti1utl:i'~Lfl'VItii .. . .. , 
Lil'tl'eit~u ~1Uf1'11Un'tl'I'VIlJ~'I Lrt:i'1~'lfmJ>Yi1~':llJm'l (2548) J'1U~1u'i1 Ltl~t~ nu1'1 LLU'I'tl'tlmilu • ... , ' 
3 -Du 1?11a.Jim?.tru~"ll'tl'ILil'tlLUtl Lb~~mJ'LnC"l"ll'tl'l stone ceiiLUbtl~'tlnm'l 

""' <f 1.2 Yt'Ufi!l1~'n1rl 
q 

II I if I I 

1 'VIULLU~ LUlJ 3 -Durt'l1a.J L 'VIl-11~~a.J LYl'tl LUlJ'VI1'1 L~'Bn 1 ~LLri Ln1?.tmnm~~tl1'VIUC911JuVitl~ n L .W'B~ C9l ... 
d ,.,.]' 

rl'l1l-Jb~U~ C"l~lJ 

- 'Wufim~.ffu 1 LLu~u11~tl~n1~hH1nC11Yl"u~tl~n 1~LLriwufi RRIT 251, ~~"1l~1 36, 
q lll ClJ q 

BPM 24, PB255, PB 260, PR 255, RRIC 110 Lb~~ RRIM 600 

RRIC 100, RRIC101, RRIT 250 LL~~ RRIT 251 
... , ' 

- 'Wufim'I-Du 3 LblJ~U1L~tl~nt~b1Lnu~'tlu~~ 20 "ll'tl'ILi1'tlVitit~rtJ'tl'IL~bbri~ufi PR 302, . .. . 
PR 305, RRIC121, RRIT 163, RRIT 209, RRIT 255 Lb~~ RRIT 226 
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hr~(u~~LI"lmJ~nm.:JYl1:i'1~1ri'tlutl1tfhliJ1iimu~u~u:r'J~i.:J1'"1lYl"ll~'tl.:Jll1~1tJL1P1tJn1:r 
'i:riwJJ ~:r1n~1'tl 'i:riuL~~'tl ~'tlu~'Jll1~1tll?l'tl W1 ~t.J~~1ti~'Jtl~1:i'Lr1il1 Vl:i' 'i:r1~ Ltl'tlf~1'flmf~'tlu 4 

q q ., 
1u'ell?l:i'1 5 ~~ t.J~~U1 95 ~~ ri'tlu~1'fl~gf.:J~1P1~UliJLL~!::i''JU:i"J~LPI~liJ:i"J~LUUn'tl-:J1 ~i-:J"l1nLt:J1 

I "" i-' !I 1.1 I 

LL~'JLnutl:ruYim~'tlLt.J1flnr1f-:J"l1m!u.Yhm:r1f:l"r'l~mL~::Yl:i''JU~u'tlrh:l1J'tltJ 1 r1f-:J n:i'nhiluYluYi 

~1~iu~1n~'tl-:Jl11iuuu1~~1'fl"ll1u~uL~'tlU'tl-:Jnu1~1~J1~u"ll::~1-:J~~1~uiuuu11P1r1'J:i'n~1-:J 
'tlth.:J~'tltl 1.50 ~~:i' "11tl-:J~1U'W'tlmiJufiu~u~-:JtlJ'::~1ru 30 L"llu~h~~:i' wnu1;J'tl~~~'d'tlth-:J~u 

~ ~ 

U1LU~ Lf1J'1::iL~'tl~1 rl1 f)'J1 ~!) ~~ ~~1.1 J'nJ"ll'tl-:J ~U"ll'tl-:Jfi1 ~'tl1~1 ~mi ntlnmt~1"11'tl.:J ~'WLL~:: 
q ~ q dJ 

r1'J1~~1~1:i'f:lL'\Jn1:i'LL~nLtl~t~utl:r::"lU'Jn"ll'tl..:J~U • 

tl~'Jn d:luu~~.:J~4' ~'tl~L u€uC91u (Order) lsoptera ilm1~ LUU'tl~ LLUUl-:J r1~ LL~::J!n'"':: 
'tl~:i''J~nuLiJun~~1~qjfl1tiLUf-:J L(P)tJi'J1tliJUlt~1~"11'tlULL~..:J~~1-:J "ll'tlU~~~LL~::'flu (Emerson, 

' ., ' 
1955) Yl1.J~1n 1 'WL"ll!?l~'tl'WLL~::L"ll ~n-:J~tl'W LL~::Yl1.JLLYlin:i'::"l1tiLU1.J1-:JYJuYI1uL"11 ~'tlu'tiuu~:::1 U 

' 
' !.14119.1 

~fl1YlbL'J~~'tl~n-:JLL'INU~"' (Lee LL~:: Wood, 1971; Wood Lb~:: Sands, 1978; Swift et al., 

1979; Josens, 1985; Wilson, 1990) m~1CU"ll'tl-:JU~'Jn~iJ'tlu~1U'J'W~1nLU'\Jt.J~~uLti'tl..:J~1"l1n 
~ 

tl~'JnihtlLLUUn1:i'~(?J.J'\J1n1:i'Vl1-:Jl"'r1~ (Noirot, 1990 LL~:: Nalepa, 1994) L~tl'tlUi'J~nuLLUU 
~ ~ 

~"!Yl1'tl1Pltlnut1u~-:JiJ~~"ll'W11P1L~n (Martin, 1987; Wood LL~:: Thomas, 1989; Breznak LL~::; 

Brune. 1994) tl~'J niluVJU1Vl~~1 ri qJ ~1 n 1um::u'JUn1:i'U'tltl~ ~1mL~::LU'W~'J n1:r~1 f'1qJ~ 

ri'tlL ~ Lfl (P)n:i'::1.J'J'Wn1:i'LL~ n LU~tl'\Jfi1~'tl1~1J' 1 '\Jfi:i':i'~"111~ ~.:) n'tlL ~Ln ~f)'J1~'tl ~~~~u:rru1 'U~'W~ . ' " 

u1iu1 (Higashi et a/., 1992 ) U~::U~'Jn~-:JiJUVJ1.J1VlL~ti'J~UnU\~'J-:J L"JI'tl1~1:i'~~iulu~'tl'U 
"ll'tl..:J:i'::uuUL'lPI 'i:~t~iln1nht~VJ'tl(P)Yli.:J"'1UnuLiJuVJ'tl(P)1 (Lapaga, 1981) 

tl~'J n 1~~'tl~1iJUVJU1Vl~1 ri '1!~1 n 1 u:r::uuUL 'J PI 'i:~t~"l::vi (P)IJ.U~-:J Ll"lN ~~1-:J"ll'tl-:J ~'WL ~'tl 

LUU~'tlU'tl1Pltl L"llu "l'tl~U~'Jn ~1'flf-:J1~~U"ll'\J11P1L~n (Lee u~:: Wood, 1971) ~-:Jv'i11~~-:JiJ~~ 
~ ., ., 

'VI"' if l?ltJ u~::Yl"ll~~1tJ"JlU(P) 1~'tlU'tl1 Pit~1 U:i'::uuUL 'J Pl~1 uf..:Jtl~'J n LL[;J~ ::f-:J"l ::iltl~'J n'tltl~~~tl :rtli1-:J 
~ ~ ~ 

LLt;l~::;ltli1-:J~1'tlLLt;~~::;uuun"l:::l11~~~~LLI?lnt;l1"~nu'tl'tln1tl L(P)t~i'J11tl~1~1:i'f:lutl-:Jtl~'Jn~1~ 

lUi1"1LL~::;~~1~LUU'JJ':i'ru:: (castes) f?i1"11 nu 
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(social insect) m f!i'u'tl~:i''J~ tl'WLUtJn~~~~'lf'ltl:i'::n'tlu ~'Jf.J'J:i'J'ru::lrh'l1 t~uvY'J 1tlti~'Jn 1 'WLLr;i 

~::i''l'"i::tiJ':;n'tltJ~'JrJ 3 'JJ':rru::1~'1i1 (111'rl~ 1) ~'tl 
1. 'J'l'itl.IZ;tJ~ufi tl:r:;n'tlu1tl~i'Juti~~Jnl?i'J L~~ruvf~l?i'JlJLL~:::~'JL~u l1Tww1~ 

q " 

1 "" ... <rtl J"" ' ' 1!1/ tl "" '\.Jn1:i't'ltJ'Yi'Wfi ~'Jn'J:i':i'n.l!:'Wf.J'ILLtJ'If.J'tlf.J ~ 3 :i'!:LllYI fl'tl • 
1.1 tltl'JnU1.:1'WC\J1 (queen) Utl~tltl'Jfl'l1'Yi1 (king) l11ww1~~~n1u 

m:i"iimtJ~'WfLL~!:eJ~ (;JYJL:r ~'WU1'1'tlf.h-3~1 fl'JtJ 11~ m:rl11'11'W"!!'tl'IU~'Jm :r:rru:;~u11 'Wf'l 

1.2 tljl'Jfl'J'l'lW~itJ~U~ (supplementary reproductive) d:luti~'Jn 

~:rtli1'1 fl~1mUJ ~'~ Ll-11 LLr;ihitJ n'tlti1 'Wi''l d:Ju'Yi'J n~.,::l11~u1~ LL Yl'l.lti~'J ntJ1--1'Yi nn Lrl'flu1--1'Yi rur; 
qJ 'U 0.0 cv 

(;J1tJ~ffi 1lJ \'l1~1:i't1'tl'tln~ n L~ n.,:::L ~1l11~U1~ LL YI'W 
" 
1.3 tltl'Jnmln (alates) ~1mL~~'ILl-i1LU'I.l'Yi'Jn~L(;J1tJ~'Yi~'tllJ~1~h· 

u'l.l'tl'tln 11.1.,1 nf'l L ~'fl1tl e.~t'l~'i'WfnuLUJ~'~ Ll-11 f--1~uL ~'tlt'l~1'~ f'l1 ~l-11 u~u~ m~1::~~~-:nr n.,:; LU'\J 

3. 'J'l'lW~'rl'lll1'l (soldier) iJV!ib~tl'fl'lnuf'l U'tl'lnufli'(;Jzztli1'1r;i1-:J.,1m.J~~Jn 

-:!1'\.l(;JN~~,_r'J 1 VfqjLL~:::LL ;'ILLNn~1 t'l1~1:i't1~--1 Ln (;)'"11 n~ii)'fl,_r'J"!!'tl'IU~'J ni'1~1:i'~~ L~~ n~1,_r'J"!!tN 

tl~'Jn-:J1U (~(;)~. 2544) 

t 1.1 I f 

13-~ ~'W~'Wbij'tl~ ~m~Vi L '1!1~1::~~ ~'J'W 1 VfqjaJ'n LUtJ"Ji'J-:JVI~'I ~tJ(;Jn tl~:;tl:i':::~1 ru 

2-3 fllf-3 t~mL~~'ILl-i1L'YijijtJLL~!:L'YifllLiJrJ UtJ'tl'tln'"i1nf-:J1u"Ji'J'IL'J~1'Yi~tJ~1 tl:r:::~1ru 18.30-.. 
I "' " 

19.30 u. LYl'fl~1 L~u1 vJ{urie.~t'l~~'Wfinu'"l1m!u~'lt'li ~tlnYi'l1tl LL~'J L'"i1!:~--1Ltlt'l~1'1i''l1 'l.l~'W " . 
..:::lit. .J...:::~ I J CV IV ~ G" .c:l I i; IV 4 ~ 

U:i'L'J ClJYI~LLVI~-3'tl1Vf1nL~:::fll'J1~'ll'W Vf~-:!'"11 ntlJ'tJ~Jl1'Yi t?l'WLU'WYI'tlf.JLL~'JU:i'!:~1 ru 2-3 'J'W '"1--1 L:i'~ 
" 1 I II I 

'J1'11 ~ LU'WvJ'fl'l L;;u'J1 LL~::"l::L YI~~1'W'JtJlJ1 n~u~'tlu1 '"lum'"ln--11'u~::m'nu'iuvJ'tl-:J 1 '11"1 :::VI n 

'tl'tln~1 LU'Wi'd'ti'tlu (larva) LL~::'"i:::L'"11'1J L~'U L(;J t~u~m:r~'tln fll:i'1tJ'"i'WLU'Wi'J L~~1'u 1 'lifuLL:rn'"l::: 

-wn'tl'tln~1Ltlutl~'dnhJ~mL~:::Ltlumru t'l1:nfll~~~rJn~1 Ylt:rt~uVI1'tl~1:i'~eJ~(;J'fl'tln~1'"~1n 



L~n~~L~~~nLnL~nL~~t~L@~~ ~ r r=-t1i ~='F' 

!1V~tktt--!2-,1~fnnt~BrJ~LBU(fJU!!.Ut:.~l1 (S8}!WJ8l pooM-fiJp) t'!1-11_tttUL@["L ~ -~ I ,. 

Ut-!' rJL~L~LJ: we,~l1~!11. ~@!!.n~~L~~ ,. l ,. 

;;ru~U~~LI!lU~/1~t'~!JBfa~~Unf.pU~Ln;;~I1U~~11t'f11,~Ll!. ~tM.'L~Sii~l..S~ULt&["L -~ ,. 
,. 

J"!' !t'\ u ~"nil, rJ_lel LBflB~t-~kl., H rJ(fJ1 ~m::~r G n11, 
Lt-L~Ut'L,rJ@Un ,, L!?U~L~L~ r:-~ u ~~11r:-Bu;.~m;;~l1;; ~,, (fJU!!.~, ~~,, 11\ UBBnlJr:-L~ u~,w~~l1t'BIT. 

I 

. "' ~Lki.LBn~~LUntrJJU11Bt'~~e,~ LrJ~~~~1!:t'LtA.M.Llf~Bf,..k1. faBnjlmL~~M.Llf~ 

UL@["Lt'Sil.l..fiiA.~JdL1tl-£'l 

(L66~) 88J88d :L~~ 
F 

u~~rlt'Bit. Lt-LI!l::ru~.~:~;;~,,l!lt~~r:-~ ~ tA.M.L.ll I" , ....,.,. r" 

,,~,..: .... ~.t! 

' ~-~i~z_~·'·'· / ..... r--'..": 
-.< \\>~ 

-~-;---... "'·:--\~<ij '' 

,J .r. -~~ '•":: 'ibt ~ 1

',~t /\.:~ J#"l ------...% .. , );,)\ )\.-'\ -~ _,., 

I ·. 7% . ) 
~~-~ \~~ .. , .. .--;7"-::;:1 --;;:~L1::::;u..v ., '-·~::(-.. 11 

f; .... ,we 

( ~ ~M.Llf) 11~rJL~L~uut-~t-Bu;. (ueenb) U~L..t:Bf,..kt (6u!>f) L~L~~w.~:unt ~uLu.::~r 
l I 

ne,nL!?~~, !fo\UBB;;~,,jn~~~t:l~L!J-ki.L~t'~ (6U!>t pue uaanb fiJe1uewe1ddns) t'B.t:jn~n,~ 

;;ruuwe,~l1nl111!1111~,mt~,;;~ne,~t-LI1nB~~~ I1\B~jn~~~t:li1\UBBn!}~~1t11_tU~Ii.~~e,LrJUfl 

~t-~ Lft1t-~~,ml1,11tmt~,;;~jn~~~m~bt-~Bt:9 jn~mt~,::rJ::~t-e,v.nt~Bt-~ _tU~Ii.~~ft\ nJUfl I 1 I 15 

~~Ut:,~/1nj1111\fUt~1::~ng~t:,~t'Bit.nt:,~t'LI1!J(fJ1 (J8!P!OS) ~LkttA.Ut:,~/1 (J8>jJOM) nLt-Ut:,~/1 n!fo, 

L~L~::ruue,ue,~rnr.PI1~Ln~~nB~~~~t(fJnki.LY~~nl1,;;~nB~~~~tB~, U~L~~Bit.U,!l-ki.~L~tA. 

8 
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~ ' ~ 

L ij 'fl bJ ~ 'fl'l 'tiJlJ 'IJ~'IJ ~ 1'fl 'tiJ fh.J fWlfJVl ;j 1"1 'J 1l-J ~ 'IJ ~'I 

UIN'J ntJ~~Ul'Ylrl'~~'fl'l ~t.l'fl~L 'IJ~'IJ~1'fl L ~n'fl~'IJ~'!Jf'IJLU Li?lt.J~'J'IJ 1 ~ ru~~-viTvJ'fl 
~ ~ 

' "' ' 
'Yl1'1 L~'IJ~'IJ~'fl~a-1 t;l';l L~'flU'fl'ltl'IJn1J'~ t1J L~t.l Fl'l1l-J~'IJ LLIN~ ~INU"li'fl'!Jt;l';l~1 n ~ (;]lVJ~~l-J1 J'Un'J'IJ 

~1LL'Wmtl'IJ 3 vnn fl'fl 

2.1 tliii'Jnlr;l~u (subterranean termites) LU'IJU~N'Jn~'fl1~mL~~~1r'l 

'fl~L~~'IJ L"ll'IJ UIN'lnL'IJ~fJIN Coptotermes. Microtermes. Ancistrotermes LLIN~ Hypotermes 

tJ ~ 

L 'IJ(;]'IJ 

2.2 tlii!'Jn.vi-a'l.r!l'el~j;}'l)J~'flJJtl'i'Jn (mound-building termites) 

LU'IJUIN'J n~~~1'1 r'l"ll 'IJ') (9) n~N1'1 n'l"ll'IJ 1 (.9) 1 ~ ru'fl~Ut.d('IJ~'IJ L "Jlu UIN'Jn L'IJ~n~N Globitermes. 
~ 'IJ q 

tJ ~ 

Odontotermes LLIN~ Macrotermes L 'IJ(;]'IJ 

2.3 Uii!'Jnii'fl1.r!l'flfijij1J.Ji'-:~11U'lj;}L;n (carton nest termites) LU'IJ ... 
u~N'Jn~~~1'~r'~~'W1i?IL~n'fl~uu~'W~1'ilmil'flYl"u~u L"ll'W (;]')a.J~'I'tiJ ~'W'tiJ L~11'V'lvh ~1'flL~PJN~~1'~ 

~'1.\1 Jl1t.~Lt.!'fl11"11J' L"ll'IJ U~N'JnL'IJ~fJIN Microcerotermes. Termes, Dicuspiditermes. 

Nasutitermes LLIN~ Hospitalitermes LU'IJ~'IJ 

"' ' ' 
UIN'd n~'J 'IJ 1 ~ qj~ ~n'IJ'fl1~1 J'UJ'~LJl'Yl L il'fl Hi Lf'l'M 1iJ~1'fl1'~ ~®'IJ 1Vl;j L'1i IN~ LIN~ LU'IJ 

'fl'lritlJ'~n'flu Li?lt.~lt.!J'~UU'Yl'NL~'IJ'fl1~1J'"ll!l'IU~N'Jn ~~;jl (;]1L'li~N~L~u'd fl'fl LUJ'Lffli'J 1 utl~N'd n 
~ ~ I I 

~1'fl~~'W'Yl1~ 1~uri LLU ~PJVJ ~mL~N~L~'fl~11 'IJU~N'Jni'W~'I ~"~~~1~\hV!"Jl'du1'1JmJ'~'flU'fl1~1J' 
q .. 
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L rttl-:1"11 m.l~'J n 1 'WLL~~:;~-:~'l.h::nfluhl ~'Jm.l~'J n'"~1t.l'JJ'J'ru:: LL~::LL~~::'JJ':rru::l?i1-:~ iii1 

:rui1'li n"rtru::LL~:::'"U1~~ LLI?ln 1?11'1 n 'Wtltl n 1u n11~"1:;~ 1LL 'Wn LU"''Wn'l~ n ~ Ll~::"l!il~ ~'llU'W~tl'l~ " . 
"' ' ' 

"" ' o-- "' "" ~ "' ...l "I ""' ~I "' ""' 'I "' o l'l'lt.l'l L'Vl1'W'W "'::In'fl'la.Jn1J'r~n'rt1~nMru::LL~::'Cl'l'Wu:i'::n'tltltl'W 1 a.J1Lu'W"11'fl~~L'Vl'fl ~'"nt:i'"''HL 'Wn 

"llil~vh1~t~t~Cln~'tl-:~~~~ 'fl~1-:~hii~u~'ln'Vl'"1:r '"l::i1inMru::"1JtJ-:~tf'Jt~m'UYl1::'tl~1'~~'~nna.J " . 
(mandible) "ll'tl'l LLI?i ~ :;"l!il~~ Lll?l n ~1'! n 'W'tl~ 1-:!i ~ L'"l'W ~ 1a.J1 :rml 1 a.J1 Vi!41 LL 'Wn"l!il~ 1~ 

(Watson LL~:; Gay, 1970) 

' 
L1119lrol'~~1'c;tn1::ti 4'~1Atj~f;)f~ {~l1t)~~l'l~.:J 4'~V11'(Pl~[Pl~LLfl::4'~Vf1'Vl~~dJJ~1 ~1'\J'J~ 60 1~ . .., 

' "' "' 
m:r~nM1:r'm1ut1-:~VI'tl~'fl1rimL~::inMru::"11'fl'l~'~ YltJU~'Jn'Vi-:~~'W 1 'l'!Pl fJ'tl 'NPl Termitidae 

" 
i:J 3 "llil~ 1~mi G!obitermes sulphureus, Macroterme sgi!vus LL~::: Macrotermes 

carbonarius L~t.IU~'Jn M. gilvus dJ'WU~'ln~Yltl~1n~'61!?1L'W~'l'Wt.l1'l'Vl1:i'1 G. sulphureus 

LL~:; M. carbonarius LU'W'f1'WC?i'IJ:i''tl'l~'la.J1 ~'lumni:linMru::LLinnl?i1'1rl'W L"li'W rubi ~1flruL(?)a.J " .., 
"' LL'IJ'IJLL~'Wn1:i'~1Lil'Wil';j ~ni:J 2 LL'IJ'IJ fii'tl ~~1'1~'l'IJ'W~'WLiJ'"j'tl'IJ'W~'W LL~:;~~~'l~'l mu'tloW'W~'WLU'W 

'"l'tla.JU~'ln 

~'Vi fllu (2535) ~nM1n'l"llilt?lma.J1ruinMru::mn11~1tJ LL~::ri~n:ru:r:ra.J"l!1 ~"ll'tl'IU~'l n 1 t.~ . " 

"' ' ' 
327 ~'W ( 15.9%) i1ffitJ'Vl1'lL~'W"ll'tl'IU~'l n~nla.J LU~'tlmh ~'WLL~::Lf'l'W~'W L'W~1'W'l'WU'Vl'IJ~1 FJ1-:mi1'1 

~1-'tl 163 ~'W (7.9%) 6'1f'l'!i:JU~'Jn'tl~l 'W'Vl1'1 L~'W~'l'W~L'"~'tlLU'W'Vll'l L~'W~1'l~1'W'l'W~'Wt.l1'1~i:J 
'U 

'Vl1'l L~'WU~'ln 1 'W~'l'Wm-:~~ CD~ n1·~LL~'l'"l::ila.J1 n n~1~'l'WtJ1'l~u-:~ hJ1~ Cilt?ln1~u:r::a.J1ru 3 L vh 

LL~ !?1-:~1'" L ~'W~1U~'l n"l!'El'IJVl1~ 1t.l ~'Wm-:~~i:lm t.Ja.J1 n~1 n n~1 ~'WtJ1'l~U'liJ"11'W1"" L~ n'"1'tli:J'tl1t.l • • 
il i' IF I 

u'tltJL'Wnt:r~nM1Fl~'~UYl'IJU~'ln'Vi-:~Y!a.Jt?l 21 "l!il~ 1 o ~n~"llil!?1"11'tl'lU~'lnVIYluu'WLU~'tln~'WtJ1'l • 
.d 4 d . . . 

a.J 1 n 'VI '61 !?1 f'l 'tl Odontotermes roformosanus :i''tl 'l ~ 'l a.J 1 Fl 'tl M1crotermes pak1stamcus LL ~:; 

M. paracelebensis 1n1a.J~1C?iu ~~VI~'IJU~'ln~Yl'IJI?l:i''ILbn'Wn~1'l~'Wt.l1'l~LFl'W L~tlU~n1mJi:J 



·. 
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LfitJ-:j"JJU~L~ti'J ~'fl Coptotermes curvignathus 6-:jaJ n'lJ'~m~nlwuJ'~L'Vl fl!Lvltl~-:j Lf1N~~1-:j"JJ'fl-:j 

~'fl~U~'lnlwumn"l!U~ Macrotermes gilvus 

Inoue LL~~r1ru~ ( 1997) 1~vhmJ'~nl=t1u~'Jn 1u~'J'Wtl1-:j"fi1J'1 L"ll[;]i'W~{-:j·wr~'WJ'1fi'J1~ 

'YiU~1 Il1tiL uf-:j'l.JJ'~n'flu1u ~'Jtl~'fl-:j"JJ'fl-:jJ'1"ll1 LL~~'W'N'Yi b!J1 (royal cell) ~'fl-:j"lJ'fl-:j l9i'J!i'fl'W~'fl-:j Lnu 
I i..T I f 

11it~tl LL~~ ~~'f)-:j~~lJ'Vl1-:j L~'WL~'fl~ ~'f) ~-:j n'W'W'fl n'"l1 ni1 6-:jil~'fl-:jVJU ~ ') n~~1-:J 1 ~ L ~'flU~ n~'J'W J'11 ~ 
"' 

a c;: !. ~~ d Jo,.,; ct d'P 

LU'W'flTVI1J' (fungus comb) L~ti~'J'Wm~J'1'W'W~~~~m~tru~m~'fl'WJ''J..:Jt:J..:J~n~~'Yi1J~'J'Wmt'IJ'1'W1'W 

u'h 'J ru ~'J'WU'W"JJ'fl-:Jf·n~1'fl i-:J LL~~'l'Wn~1-:j"JJ'fl-:jf-:j~'IJ 1u'YiU~1 n1J' 1 'VI~ L~ti'W'1J'fl-:j'fl1 m M1 uf-:j ~1 'W 

fl'J1~ LU'W'"l1..:J LL~'J1J1-:j f)f-:j"ll'IJ1 ~"JJ'fl-:jUJ'~"JJ1 n J'Il1t11 'Wf-:Ji:i1~ii"ll'W1 ~ 1 'VI qJ [;]')~ f-:j 1u ~')tl L~~'fl 
"' ~'l'VIfumn;JTv11~1tltJ1-:J'Yi1n"ll'fl-:j'l.J~'Jm!umJ-:J'fl'flmtlu 2 uJ'~Lil'Vl ~'fl UJ'~Lil'Vln~nu 

L'tl'Yi1~LU~'fln'W'fln"JJ'fl-:J~'Wt11-:j~[;]1tiLL~'J LL~~n~n'W~'Wti1-:J~~ 

I il' I I I 

U~') n n l1l fl'WL'tl'Yi1~LU~'fl n'W'fl n"!!'fl-:j ~'Wtl1-:j~.,:J Li1'WL U'fl Ltl'f!VJ [;]') tl LL~ ') LL~ ~vi1mJ1 VI 
~ ~ ~ I I 

vi'fl~~ u~~fn1=n W.l1~~u 1 ~ ~'Wti1-:J L ·vh'l!u hJ1~vi1 ~1tl ~-:ji'W"ll'fl..:J Ltl~'fl n m-:JV!6-:J iii-3 [;1~-:j~'J'W"ll'fl-:j • 
i-t i.l I il I 

• I"" ..,. "' "' -4 'I '1 "''I ' ')' ..,. ..,. "" " I "" ~..,. Lu ~'fl nu'fln'W[;]'Wti1-:J'"l ~~J'1-:J"ll'W ~'VI~ ~ ~ 'WJ'~tl ~[;]'fl~ 1 ~~tl~ ~ mtru~'fl'W 1 "ll'fl-:J u~ 'J n"ll'Wt'l'W 'Vl 
... 

~1~1J'bli-:J Ln [;] 1~1 'WLLU~-:jt?)'-:Ji1'Vi'fl'Vl1-:j L~'WU~'J n Lm~n"W'fl~1-:J'V!~'l~1 Q n"JJ~~1-:j1~~1ti~'J'W~1 n 

~~1..:l'"l'fl~U ~') n n ~ fl'WL 'tl'Yi1 ~~'J'WLU~'fl n'W'8 n"ll'fl'l ~'Wtl1'l ~'J'W"JJ'fl-:j ~'Wtl1'l~ LL ~'I [;]1tl LL~ ~ Lfll'lt~"llhJ 

.Yh ~1ti~')'WL if 'f) Ltl'fl~iii-3 [;]iiUJ'~ Lti"JJU'I. 'Wn1J'~'fltl~ ~1ti~'W'Vl1t1i [i]bl LU'IJ~')~ ~ l 'W~'W . 

I 'il j.f I I 

U~') n n ~n'W~'WtJ1-:j ~ l1l LU'WU~') nVI n (9) fl'W'Vl n ~')'W"!!'fl-:j ~'Wm-:Jli-:J L U'fl Ltl'f!VJ [;]1tl LL~') • 
, I I I ll I j.f I I 

LL~~Lu'flLtl'flVIii~~[;]'fl~Lu'fl-:J'"l1nu~'ln'Yi'lni1hi~~1-:J'"l'fl~tl~'JnLL~~'"l~G-:wnt'lnuLu'flLm'fl~')'WVJ'f)~ 
"' "' 

"' 1~~'Wri'8'W 1~ LLri ~'J'W"ll'fl'l n n LL~ ~ Lfl'W~'W'V!i'l'"l1 n'l!u9-:j ~~1'l'Vl1-:j L~'W'fl'fl n ~1U'W~1 ~'W 1 ~~'fl'l L 't1u 
, I 'il I 

111-:J flf-:j Yi1J~1 ~'1Jt11-:j ~ ~ 1 'W"ll ru~V11u L~ti'J'fl~ LL~~~'l ~'W6-:Jiiu 'lt11-:J~-:j ~'fl C9l fl~'fl-:J nu i n'ltru~n 1 J' 
"' 
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btl'elm-:~ btJ'W~'d'WiJJ'~fl'eliJ vh 1 ~hJreJI!Ol'll~~~-:~1~~~t.J 

• n!?ln'W~'Wm-:~Vlm~t.J~mn!Ol1ru bi~JiJb(?l bb~~n!?lfl'WVlfl~'d'W"JJ'el-:1~1 ~'Wi-:~ btlm~reJ~ 
q ~ q 

fl¥-:!'eli!Ol bfl'W~~1 'W"JJbU~~tT-:~1~~~~~(?1 

• 1~Y~iJ!OlreJ~iJ~'d n1 'WiJ1b 'd rul;'l'd'Wtn'l~ ~tJ~'d n'll'W!?ltl btl'WiJ~'d n1~~'Wl;'ll~l J'bl11J 
' ~ 

VII fl 'WiJ 1 b 'd ruV11n ~lOll fl f'l ~I fl'eli!Oll;'ifl'l f'l tJ 'elt.J ~ 'W btJ 'W J'~t.J ~1 J'~VI ~I 'I Vll'l b~'W!Oll fl f'-:~1 VI '1)11J ~ 

bbVItl'l'el!VIIJ'fliJ'rllrol !?l1~VI~ !?li'W~'I b1J'Wfl1J'tn fl (lfVl~l, 2553) 

. 
n1nb't'4'a'a~1...11!?l 

tJ~'d n'll'W!?ltl 'W'el fl!Oll n!Ol~vh'ef'W(?]J'It.J niJ ~'Wtn'IVJ n1 J'~t.J~m n !Ol1'1J b~iJ b(?l bb~'d tT-:~'Vl1~1 t.J 
Yl'll~ 'W~ n VI~ 1 t.J'll'W!?l f'-:~"JJreJ-:~tJ ~'d fl'eli!OlreJtl1n~!Oll n bb VIti-:~ Vll'eliVII J'~ 1 n bb~ ~iJ 1-:1 f1 ¥-:~reJI!Oll;'ifl'l f'-:~ tl reJ t.J 

qJ 

~'Wbtl'WJ'~t.J ~1 J'~VI~I-:!Vll-:1 b~'W!Ollflf-:!1 V1'1)1tJ~ bb Vltl'l'eliVII J' f'I"JJ'el-:JiJ~'d fl'lltJ!?ltl!Ol~ 1~~ ~fl'l1bU~btJ'W 
!OlreJ~iJ~'d n~'W~ 1 'U~J'Wm J'rhro1 !?liJ~'d fl'lltJ!?ltl1 ~VI~ !?li'W~'I m~v1~1~~~iJI n ~'d'W1 Vlbl.)lY nlJreJ-:~ n'W 

' ' ~ 

bbt9i b ~t.J-:~ ~'Wm-:~V1tJ~ nreJtl1'WiJ1b 'druV1~1J~'dnm I"Yt.J'eltl bvhu 
qJ qJ qJ 

_ .. __ 
.fl1V4vi 2 ~fl'l1bU~"ll'el-:JiJ~'dfl C. curvignathus 

' 
Vl~l: Walker (201 0) 

...., Jj • I ~I "' .J' 
fl1'a'"l !?l"l!'U"ll'fl.:Ju~'l n CoptotermescurvignathusblJ'W!?l'I'W 

Family:Rhinotermitidae 



Family: Rhinotermitidae 

Subfamily: Coptotermitinae 

Genus: Coptotermes 

Species: cwvignathus 

13 

tl~'dn1u~n~ Coptotermes 1f~:::l'1imiru:::L~'W ~'tl l'1"J!'tl,:nu~u1L'dru~'l'W~U'l 
q 

"ll'tl~~'d'W,;'d Lffin~'l fontanelle l'1"ll'W'l ~ 1 ~qjn~1U~'d n 1 'W~ fl~~'W1 ~~U~'d n~ :::r.J~ ln~'lJ'LI"ll'1~ Li:Ju 
' ~ ~ 

"ll'a-:J L ~~'d~"ll'liJ"li'W'a'tlf1:W'l L .W'tl1·num J'U'tl~ nu~i'd~l n pf(;J J' "ll'a~ LU ~U~'l:W 'lJ'tl Yl1J 1~1 'WU ~') n~ n ~il 
q .. q 

~ 

~~r;i'tl1tlu 

Ujt'Jn'J'i'ini::'VI~1'i: u1L'd ru~'d'W,;''dl'1~ L ~~'tl-:J'Vl'a~ LU'WJ'UL "1i n l"l'di:Wf.l'l'd"ll'tl~,r')t) ~~~ .. 
j'l'Wf1J'I:W 1.40- 1.51 iJ~~L:w(;]J' ~'J'Wf1~'l~~~UJ'::::W1ru 1.15- 1.24 iJ~~L:W(;]J' f1J'I:W~I'd 0.82-

0.93 il~~L:W(;]J' UihftJtl1nuul'1lLU~n~1~~~n~1 fontanelle ~~~futl~'tl~~~J'mU~'d~"lll'd 
~ ~ 

'tl'tlf1:W'lr;i'tl~fiY~nJ' ~'d'W"ll'fl~13-J7JUinU'W (labrum) iJ~L'I.-1~'8-:JU'WUI(;ll~ ~'d'Wn:i'I3-J~UI(;li~LL~~ ~'J'W .. .. 
~ ~ 

~'W'd~ (antenna) l'1~UI(;ll~!i'tl'W LLc..i'WLL-i~tln!"l~3-J~'d'W'tlnU~'tl~LLJ'n (pronotum) l'1~U1(;ll~!i'fl'W 
q 

' ... ' 
n~l~'d'W,;'d u1L'Jru~'d'WVJ'tl~ LL~:::"llll'1~"lll'd Yi~'d'W,;'d'Vi1J"ll'Wi'W1 (setae) m:::~l~'tl~~'d 1tl L~ niJ'tl~ 

~'d'WU~I~"llfl~13-J7Jtllnuul'1"1luiu1 2 L~'W 13-J~U1f1~1~~'d'WLLJ'f1 (postmentum) l'1"1Juiu11 ~ 
u1L'd CU"ll'81J~I'W~U1 LL~:::~n 1 ri ~1J1L 'd CU"ll'81J~I'W~1~ LLc..i'WLL ;~tJn l"l~:W~'d'W'flf1U~'tl~ LLJ'n'rl1J"ll'W 

.. q 

iu nn:wl'11"l'di:WL~~tl1un~1~ 1:w71tllmh~~'d'WLLml'1m1:W~I'dUJ'::::wlru 2 Lvll"ll'tl~~~un~1~ 

~'W'd~l'114-15 tl~'tl~ tl~'fl~~~'tl-:J~1'dn~IU~'fl~~~~3-J LLcl'WLL-i~llnl"l~:W~'J'W'tlntl~'a~LL:i'n ~'l'W 
q 

u1L'dnJ(;]Nmn~ "ll'flU~'l'W~I~l'1in"rtru:::Li.JuLLclun~3-J1~qJ 

Ujl'Jn'J'i'inl::n'i'i~n'i: ~'d'W,;'JLL~:::m13-JiJ~ L 'l.-1~'a~tl'tl'W 'I.-1'W'd ~ 13-J7Jtl! nuu LLc.i'WLL ;~tln 

l"l~:W ~'l'W!"lnU~'tl~ LLJ'n LL~ :::~'l'WVJ'tl-:J ~'l u,;''l LL~:::(;l'l 3-J ~I ~'J~:::l'1"ll'WU n 1"1 ~:W~'WI LL ki'W ~~ ~'lU~'d nl'1 
• q 

~ 1 ~ I I 

L~niJ'tlu 'WiJ~n1 Vl'W'l~iutlJ'::::w1u 14-15 u~'tl~ tl~'B~Yl~I3-Jlun~~~1't!Lvilnutl~'fl~Yi~'tl~~1'fl~ 
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tlf'l'dn LiJULUJf'l'lrBUc;)u~U1 ~-.11 rl'd1:W L~tl'VI1tJI?i'iJC.J~(;lJ1nJ,)~-.111i11n LiJ~'l ~:.Jf'l1 ~ Lnc;!A'd1:J.J 

L~tl'VI1tl'tl£h'l:W1n i'lJ'U~1LUU'tlU1'l~'l1Un1~R'.lUA:W (rhmln, 2552) ~'l%n1~R'JUR:Wtlf'l'.lnaJ • • • 

~'JWlU 2 tl:i'~Ul'Vl ~'tl n1~U'tl'lnULLf'l~n14'c;,tlf'l'.lnLc;~u'bJH~1nRiJLLf'l~n1~Vill:l1:i'Lr1aJ 

3.1 n1~FI'Jtlfi)JU'ii'Jn LA !I '1.:atli~1~Lflij • 
"'11 n n1~ 1irtl:l1:i'LrlaJ nU'tlU1'l L ;:wiULLf'l ~LL Vi i'VIf'l1tl -.111 ~'VIf'l1tl ihuiJ f'l'd1:J.J'il (;1 n 

n'l'df'l ~1 "'l~Ln c;,u t)J'VI1 f;]'t)l:lJl1'Vi LL'd c;l~'tl :J.J L ~'tl'l91 n aJ l:l1 :i'(;l n ~h'lL Ufi:i':i':J.J"l!1 ~ ~'I LLiJrl 19 ~ij 

n1~~m~n'i){uL~'tl1irtl:l1:i'Lf'laJLUn~:w~iJ~~U'tltJf;]'tltftwf :W'4~tJLLf'l~fJ"l!U~'d LLf;]nu-:Jhil1A'l1:W 

tlf'l'tlc;lntJ:w1m!n~'lL~aJn1:i'~U:W1~n~1m~t.;Jt)~"l"l!Uc;~f;)1-:J1 ~'liJ:jj'i)(;l"l!U1c;!L~n L"liU L('tln 

1~L~'tlue.l'tlu Lilu~u L~'tlbiluLLU'd'Vl1'l1um:i'u'tl-:Jnun1'oi'c;,tlf'l'dn L~'tlf'lc;lm:i'1irtl:l1:i'brlii 

3.1.1 1fin1'1FI'J1JFI)JU'ii'Jn LA!In1'1LiArR~fi~~)J"lf1ii (natural enemy) . ~ 

" ' ' 
Lc;ltJ'tl1 Pi't.J b~'tl:i'1 LUUn ~~U'dUn1 ~'VI'il'lVJI:l1:J.J1 :i'tl n14' c;~tlf'l'd n 1~1 u~~tl~ 

m'.l bLf'l~'W~'lm~'Vluf;]'tl~'lLL'.lc;l~'tl:J.J L('tl~1 Metarhizium anisopliae LUUL('tl:i'1~ri'tl L:i'filn1JU:Wf'l'l 

1~'VIf'l1t.J"l!uc;~ tc;~t.Jmn"'l1cyL~u1u LLf'l~'VIi'll:l1:i'~~L~'tl-.11f'l1mUJf'l'l 
" m:i'HL~'tl~11ul:lnf'l Metarhizium LLf'l~ Beauveria 'VI1'tlLLUfilViLTu "l!Uc;~ • 

Bacillus thuringiensis 'VI1'tlUL~'tlUe.l'tlt.J 1u~f1f'l Steinernema sp. LUU~U Li?ltJtln~ 
.I ~ "" 'I .,~J J "' " •.\: 'I ~J, "' 'I" ..,; , ..1 ~ 
u:i'::;bi'Vlfill1'Vi"l!'tl'l n1:i' b"l!'dfiU9::;"1lUnUI:lll1'Vi bL'd c;lf'l'tl:J.J LL(;ltJ1 b"l!'dfiU:i''d:J.J nUn'!:i' b"l! L'VItl'tlf'l'tl L Vi 'a L'Vi:J.J 

~1u<Jutlf'l'.l n 1 ~:w1i:wef l:lnu L('tl:i'1'VI1'tluu filVi !Su 1 ~:w1 n(u LL~'.ltl~flu 1 ~tlf'l'.l nniu1tl~f'l9~..11 
't 2.- o cv ~ ~ J~ .. I .c::a. oQ .c! .J' ..., J' 
b 'VIn1:i'n1'"1 c;l bc;ltl'dfin1:i'U:Wu:i'~l:l'Vlfill1'Vi L 'Vi:J.J"l!Ui?l'JU 

!"I "" "' .-. I J 0 
"' • I !"I J Meta Term ina LuUI:.J'l9f'lU'Vl~tlu:i'~Lfl'VlL"l!'tl:i'1n1'"1 i?luf'l'dnLuUL"l!'tl:i'1 • 

tl~::;IJ1'Vl~flri1u:i'tl"l!'tl'll:ltlflfL~flLi'tl:i'1 ~ c;,mi~ l'i'<Jtlf'l'.l n tlf'l'.ln'"l~l'l1 fil'.l1:J.JI:l::fl1i?l1'"nu tc;~um:i' 
~ ~ ti 

(germ tube) LLf'l~L~U1t.J (mycelium) L1h1tltr~1:J.J'Yi'fl'VIffi'Vl1'lL~U'tl1'VI1:MI'tl-:Jtlf'l'dn LLf'l~'"l!:"l!tl1tJ 
" " ~1U'.lU:J.J1 n;uvi'tl uf'l::L~u1u'"l~~n'il'tlmilu'Yifluiu1 L ~11tl-.11f'l1tJ'tltftJ'.l ~t?i1'l11 ul'i'<Jtlf'l'.ln 

"' ' 
tlf'l'ln'"l~rl'tltJ1iJ'.lmL~::;[;11tJ'V!:wc;~ 1tlli-:J f'l ~fl -.111 ~:i'1~utlf'l'.l m1-:JL "!11~u'tltJ f'l'l L U'tl'l'"11 ntl~'.l n'l1U 
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tl~'ln %ti'm"'l'Wt'll?IL~'lL'I-1;J'tl'l.!fium:rtli!~'ln~i1 (~J'Yi~. 2548) • 
3.1.2 ~fin1'iFI'J1JfUJtl~'Jn L~!Jn1'1"lin'lJ~n u~.:~l vi (light trap) • 

' ' " 
'tl1 ~'lJ'LLYI'W Llil'tl~"'l~~.:J ~l?IL '"LL~~.:J LlJ'l'tl'tln LULfi'WL Y'lll1ti'W'tln'tl1~1)' Lb~'l{ l?l l?i.:Jll'l"li'W~thnn~1-:J 

t~,f'li.:J1~L~'tl;mb~~.:J~1 
3.1.3 ~fin1'iFI'J'lJFI)Jtl-a'Jn i~tJn1'iL~fin-a (physical barrier) • 

m:ru11'~l?lntt~"li'l~~i1'tlu1uVitJ.:J~u~1ur~tln(;l11jj1un'ltu'tl.:Jnumt . ., . 
L~hv'h~1tl"ll'tl.:JU~'ln L~'tlLuumt~l?lUbJJ'I-11"'l1nmt11jj~ .. wL~i1 Ll?lt111jjuu~u"ll1'l~1ul?l1'"1~ 1~ 

"ll'W1l?lt;i1-:J1 L~'tl'l-11"1l'W1l?l"ll'tl.:JU'W~m~1~~~~1Vi!1um)'U'tl.:Jnuih4'l?lu~'ln (rJYITWt LL~~"'l1~dl 

2536) 

1 u tl t ~ L Yl f'l 'tl 'tl ~ L (;! r L ~tiL~~ 1 n 1 )" ~ n M111jj 1' ~ ~ "li ul?l t;i 1-:J 1 L "ll u 

LL~'W'tl ~ i1 L ntl ~ ~ 1 d:Ju ~ 1 f'1)''tl1J'I-11'tl~ 1 LU'WLL~umr.:~ rfuYI1'1 L~'W"li'tl.:Jtl ~ 'l n~(u~ 11i'l'tl1 ~ 1 )" 
" " 

t.;uLLmtJ(;l1Jl?l (French et a/., 1993; French, 1994) ~111jj~1LU'WbL'W'lU'tl.:Jtl'IJU~'ln )''lmf.:JLf'IM 

LLflfJUl?l (Pallaske LL~~ Garashi, 1993) ri'fluH1'~~b'l-1fi11f"'l~~'tl.:JU1~1i'tl'WL'"i1"1l'W'll?l~~1L~~'tl 
L~'tlU1"1l'W1l?l~m~1~~~bl?ltiL'tlYI1~L"'l1~"Ntl1JU~'lnLLt;i~~"llill?l~'ltl 

(termiticides) -a.:~~u 

' " " 
L~ ~..'l%mt~'lU~~tl~'ln%u"'l~Lijj1um)'U'tl..'ltl'WLL~~~h4'l?lU~'lnvi..'lri'fl'IJLL~~'I-1~..'ln1)'U~n~~1-:J . " 

~ ~ I I 

'tl'l rn :r vi.:~um t~'lu ~~tl~'l nVii1u)'~~'Vlfi ll'l Y~i1u"'l4't~'l-1il.:J~191 n mn~'tl n tijj ~1 tLI"liJlJ'fl'l nuLL~~ • 
o ., • I ..,;L " ., d' a~ o ., ~ ~ "'I ., 
m"'ll?lu~'lnYI l?ltumt"ll'W'Yl~L1Jti'IJ91n~1Un.:J1U~ru~n)')'~n1)''tl1'1-11J'LL~~tl1 1.l?lt1 1."11 L'W'tl(;IJ"l 
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rl'J'UJ L;J:w;Ju~ L ~:JJ1::~:JJ!?lN rl'UtJ!?lqU:i'::~'l rf L"JJU 1-ii ~1n~iJ~~'l1:1J dJU~1'!~1 L ~'El~ enucy~1 

L~t.l'l rl'U~'Vli~ rnn fil1'l~'l'El1~ dJ'Wtl'W!?l:i'1tJ ~'El'l L~'El nzuLL'U'U"ll'El'l~1 :i'L~iJ1 ~ L ~:JJ1::~:JJ nun1 J' 
"' ' ' 

U11111-ii'l1'W J''l :wli'-:~ L~'El n'E!U n :i'nJLL~::n :i'J':JJ%vt L ~:IJ1 :;~:w nu~ 1 n~i1V1~::111l'El'l nuu~di 14' en • 
u~'ln 1£P~mf'J 111~1n~i1~uu:w1-ii~'"'a£PI~raJ'1£PI~1n~i1n14'~P~u~'Jn i1~~1m1~:w L"llu • 

( 1) n~~'il'il~n1 t u.W'il~ LoW r;t ~1H~i1~1-iin14' ~P~U~'ln 1 un~:wUd:Ju~11~i1 • • 
' " 

'f) 'W!?! J'1 tJ r;i tl ~'W LL~ ::i !?l'J :i''l :1J ~'I iJ ~ 1-!!?l n fil1'lL 'W ~ 'l LL 'l !PI~ Tl :1J ~'J 'El th'l ~ 1 J' L~ iJ1 'W n ~ :JJ U L "ll 'W • 

chlorpyrifos, diazinon Ltlu~u L~P~t.Jaf n 1-iiv'h Ltl'WLL 'W'l L~'E!U'El'lrl'WU~'ln LL~::~1:JJ1J'fl'-hU~'ln 1~ 

l1uVI~Tlu~'lnl:wef~nu~1:i'L~i1 

(2) n~~f11~'l.J1 L~r;t ~1nF~i1~1-iin14'!Piu~'ln 1un~:wULtlu~1J'~i1iurnJ'1 u l'i'El 

% or <£ ..,..,. " 'I ~ " ., ' ..,.., ' J ..J 
fi'l'WLL~::~rn'l J''l:JJfi-:J:JJ'W'M!?ln~1'l b'W~'lLL'l!PI~'El:JJ !?l'l'Elt.J1'1~1n~:w b'Wn~:wu L·nu propoxur, 

fenobucarb 

L~'d ~'Iii n 11~ n1'!1U~'UUN LFIN ~ ~1'l'Vl1'l Lfi'lil LL~'d i'l L~J'1 ::~1~ Ltlu~1 1n ~:w 1 Yl1'VlJ''EltJ r;ll-:~ LFIJ'1 :;~ • • 
J .J "" ''I .;i; " ~ "..,.,1' 'I " o ., • I ~ " 'I ' ~ ..,. 
"ll'W:JJ1"ll'l:JJ~'d1:1J~-:I'Vl'WTl~ b'W~'ILL'd!PI~'El:IJ b!PIIPI"ll'WLL~::~1:JJ1J'fl b"lln1~£Piu~'.ln b!PI ~11 1.'Wn~:JJ b'YlJ' 

I , I ~ 

'VlJ''El tJ r;) i'l LFIJ'1 :;~ Ltl'W~ 1J'VlTl'El n ~'Vl fi l'iTl J'::'U'UUJ'::~1'Vl"ll'El'l LL:IJ~'l ~'l iJ'f1UI?lJ'1 tJ ~1l'iTl i l?ltJ L~ t.l'l~ n 

~'.l tJ u:w LLr;i il~ h~ 'll'iTl i rntf ~1 ~ 1 :i'Lfi'l i1 n ~:w if ~.W 1 :w 111 ih "-1 !?IU ~ 'd n L "ll u cypermethrin, 

deltamethrin LL~:: permethrin Ltl'W~'W 

. "" ' (4) fl"!~'fl'U 1 L"li'W 

- n~~FI'it'il buLA~U'it Ltl'W~1n~iJ~Tl'Eln~'Vlil'iTl:i'!;'U'UUJ'::~1'Vl"llTl'l 
LL:IJ~'l L~TlU~'lni:w er~n'U~1J'n~:IJ~~'El huLfi'l~U~~::v'h Hh::'UUUJ'::~1'Vl tj !P!Un~ L"llu n1:i'L~'W • 

' "' tjen1.1n~LL~::rn1tJ1~1uVI~en ~1n~i11un~:wilV11-ii1umJ'n14'enu~'ln L"llu imidacloprid, thiacopid • • 

"' 
"llTl'l LL:IJ ~'I Lent.JiJ c.J~m::~UJ'::UUUJ'::~1'Vl LL~::n~1:JJ L ~!l"tt'El'l LL:IJ~'lL ~'t'l1'l1 'W:JJ1 n n~1U n ~ vl1L ~ Ln en • 
mrlmL~::I?l1tJ1~ ~1:i'L~i11un~l.lU~1-ii1umJ'ih4'£P~u~'ln L"llu fipronil Ltlu~u • 
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3.2.2 n1'l1.it~1ru'tl~n-u1'm~,Lif'2ll,j d1umJ'Yi'11ih~'1J'LI"lilm'Jm~l-JL;11tl1u 

Lii!l1iJ Lc-1Un1J'~I'I~'l.l 'Vl'1 LL"li ~l-l'l..f~·!lmJ''tlcn~'1J'll!l~nufm:;-'1Lii!l1iJ~'JUI"l':l'1l-lc;iu LLfl:;Yi'11i,hii!l • 
1iJ d1u~'l:'t{;]!Jtlfl'Jn 'Lcnu Ct1J'~L~!ltlfl'Jn~l-lcf~~1!lncnnuLtl!l1iJ L;'11tl il~fl'1Utl1:;1Jl'Vl L"liu f11L~'Vl 

I I 1-' 1.1 

Fl!l ~'1J'VlL~~'1 nmmiu1J12Tu~u ~'1l-l'1 1nihr.r cnLLl.lfl~ LL~:;L;!lJ''1L~ ~1'fl~'lnl"lil~:;~'1UL uc;i'JYi1 

fl:;fl'1ut1u'Vl1u ~~tutr~~uuhlHLL~h L~!l~~1nri!l Hhnt'll.J:;L'f~ 1~LLri L'W'l.l(;l1f1fl!l 'L1YJu!lfl LLfl:; • 

~'l.lLCt1'l.l ~ffiLn~'flLI"liJfl:;fl1U~1 L"li'l.l Ln~'fl Llll:i'Ct1 n1cn LU1f1 LL(;]if~'1U'l.l~ilul.JL-i!~:;Liju~11L'l.ln~l-l 
L'W1'VIJ>'flUI'f~~Lf1J"l:;'tf L"li'l.l cypermethrin LL~:; permethrin 

3.2.3 !jfin1'lFI1'1..1 F12.1t1-a1 n t~!l n1'lL i L '"~'tlcW"M 
q 

n1 J'U!l~ nun14' cntl~'J n ~iJ f1')1l.J LU'l.l~'l:'t{;]!J~~iJ;j~ (;l LL~:;~~ LL'J (;)~!)l.J ri'fl'l.l;'1~ ~~ L(;)U!J!l n tl'Vl i 
icn"ll'J'1~m:;u'J'l.ln1J'n1J'~1N~~l?l'll'fl~tlfl'Jn L"li'l.l ~1J'Y!'JUfill.ln1n~1ryd~iu'LCt1 (insect growth 

f , "' I 

regulator; IGR) ~~iJe.J~uuu~m:i'~'flnm1U'll!l~tlfl'Jn uuu~nJ>:;U'J'l.ln1~~~1~e.J't!~~·~h!Ji'J ~~iJe.J~ 

(;]'f) n 1 J>~ c-1~ 1u 'Jut! ~:;"l!1 n J>~~ 1tl~ uti~ J>:; c;iu~ hi ri 'fl 1 ~ Ln en f1 ':l 1l-l L ~ u ~1 u ~1 J>n fil-ltliJ Y~ ru~ l.JU~ • • 

~:;u:;L 'J~1~ L~l.ll:;~l.l~~:;Ln cnmJ>d1U'Vl!l cn~IJ'~'l:'t 1tJ~~l.l1; ntl~'J n!Ji'J~'l.l11l'1UL uf..:JL~!Ji'd'i!th~ 
~ .J , a .J .d cv .c::=~..J .Q ~ o cv ~J c:s ~ 

m :;-h mura~ratl~'J n d1umu'fl'Vl e.J~l.JJ''Jl.l nu~ 1 nl"ll.l'VIUJ'1 P1~1 n'W't!Ct1 n 1"11~ m~ I'IU~'J n 'J n'l.lLU'l.l'Vl 

ilul.lHnt.~t1f.h~LL'Wt~~1mf~tutl:;-:;L'V!P19u~~flt1Ll-l1mLL~:;t1t1~LCt1n~u 'LI'IuiJn1J>t:J~Ii'lL~~t1~ra 
t1t1nl-!'1~fl1UJ>t!LLUU 1~LLri LLUUt:J~ L:W cnnfll.l L:W cnLLU'l.lLL~:;m:;Ct11'MtJCt1CJ~u~Hfit~tlfl'J nl-l1~'1n 

~ . 

n'1{cntJ~'Jn 0.04% mmra~tJJ>:;nratJ~'Jt.l~1J'LrJiJn1{cntJ~'Jn 1% ~1l.J1J'OlJ'a~n'l.lLL~:;rht<fl'ltJ~'Jn 

1~rath~iJtl:;-:;~'Vlfill1'W (t~~·emu..:J L~'l.l~~li1'J, 2550 il1~t1~ LI'IU ~J'U'Vln, 2552) . 
Su LL~:; Scheffrahn (1996) 1~Yi'1m:i'~n'M1UJ>:;~'V!flll1Yi'llt1'l~1J' hexaflumuron LL~:; 

lufenuron vlt1n1J'I"l'JUI"ll.JU~'Jfl C. formosanus LL~:; R. flavipes YitJ~1 ~11 hexaflumuron • 
' r ' A !I" !I .c.. ,.{ ...::i 

'Vll"l'J1l.JL'lll.l'tl'l.l 125 ppm ~1l-l1Hl'i!t1nq'Vlnrl'JlJfill.lu~'Jn C. formosanus LLfl:; R. flavipes 'VI 
r r 

l"l'J1l.JL;l.l~'l.l 31.1 ppm ~1l.l11C1t1t1nq'Vlfirl'.lUfill-lU~'Jn R. flavipes ~1l.l1J'C1t1'ilnq'Vlfil"l'JUfill.l 

tlfl'Jn1~n~ 1oo% ~i~~1nm1'V!cn~rau g ~tl"'1lf 
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(2) Ft';I'IJfUJtl'it;~n 1j;'t!JL-H~1nflii<V1iifHU~JJ~,.;Lflf'M"'. 1.1 n1~~-3 j;'t 91 
• • u 

"' ' ' 
"1. ~tl'i'J n Li1JJ1nu ~1 nr1iJu~ 1~ 1 n1 FJ-3'fltifl1 tJ 1 uli'l'lu~'l n Ui~1 u~~tJ~L'l ~1~ L ~~1 ~~:wYi~~ 

'lJ 

' ' "' ri1tJ'Vl'flr;JLU~~~1:nn~u1 fl1tJL'Uf-3U1 mh'lA'fl u~'lnYi1~fu~1nFJiJu~~hJ~-w LL!?i~~Ltluli'l'l 

LL'Y'lim~~1tJ~1nFJiJ1iinuu~'lnli'l'l~'U1L'Uf-3 t~mm~l~tr~'Vl1-3u1mL~~h-m1tJ 
" "' ' 3.2.4 n1~Li~,~~nj;'t~1nii4"lf ~1~~nr;J~1nw"l!'tl'uiJm~11Jili'I-3LL!?i'fl~~m~LYl'fl 

mu f"l:W LL:W~-3 fiT ~~w"ll LL!?if"l'l1 :wutJ~L~t1~~1tJ1u1 u"1i'l-3~n1~1-if~1nrJiJl.:J Lf"ln~tfL~'fl.:Jvl 1 u 
q " 'lJ 

if,,,_r'W~-3lJu1tn f"lLL~~l.:j r1~ Lr;JtJ ~'l ~'flti1 um~LL~ f"l'l1~'lA'J-3LtJL 'W~fl-3 ~"ni11'Y'l LL~~~'~ LL 'J r;J~'fl~ ~-3 
q ~ ~ q 

"' "' iJm~~mnm~11Jiu~~'i:t~"1!'1!,1nW"1!t?i1~1 'Vi-3L'WLL~m~VriLU'Ut~1fn'M'1L~fl"llfl-3~'lfMtJLL~~l~1Lf:it~-3 

LL~~t 'WLL~n1J'U1~111JiuJ'~LtJ"DU'Vl1-:Jn1nmttnJ' ~-3iJJ'1tJ-31'Wn1J''Y'luYl"D~1nn~1 2.000 "l!Ur;J~ 
~1~1~ml1~1~ I?J.J'W1L-ifUJ'~ Ltl"ll'\.11 'Wn1J'WJ'U 1"1~ LL~~-3 fiT lnJ'W"ll 0~ LL~'i1 ~')'UL~ ru,~t·num~OJJ1 

q " "' 

LL~~-3 LL!?i'U1-3~'l'Ufhl1~111Ji1ui~nquJ'~~-:~mlu L"li'U eugenol LL~~ geranoil 11J!Ltl'W~1J'~-3~r;J 
LL~~'IL'U"nru~~ citronella LL~~ oil of cedar HLU'U~1~L~LL~~-3L'Un1t-il"n'fl-3~1~~nr;J,1nW"11~11Ji 

"Ji1LL~~..:J ~1J'L'Y'l1'Vlf~ (pyrethrum), h~L'U'U (rotenone) LL~~ULf"l~'U (nicotine) LU'Un~~~Hnu . 
~1'U1'W L'W"nru~~ 'fl~"ll1~m'f"l~'U (azadirachtin) ~.:j~n111,1m~~r;J~~Lr;J1iJm~Hnu~1h.lu1'ULL!?i 

rhi..:J1M1Jf'1'l1:WUtJ~~.,:j (~n1ru. 2540) " . 
1uuJ'~L'VlfilLYm M'Y'l~ (2548) ";)r.ftJ~~u1'Y'l~n1r.i'!11u~'ln~1~,1nmJ'~nl11,1n~1J' • • 

I il' I I 

~.:j%uLtlu%Yi1-tit.J~~~1n1um~vh1iiu~'ln~CJJ~'Wftu ~l.J'UL'Y'l~~v11m~~r.i'tJLL~~.w1~111Jidju 

~'l'WU~~n'flu1um~n1r.i'r;Ju~'lnA'fl "llifuiu ~.:jiJt.J~t?i'flm~~t~l11m~'Vl1-31'U"n'tl-3L'fl'UL"lllf~"n'fl..:JL('tln • 

"' 
~1u L~'fliJ t.J~ t?i'fl m~~cn~~~u L 'fl'l.lh~1 'UL~'fl r;J VI dh LL ii'lVf~iJ~1~cl'ucl'-3 m~vh..:J1'W"n'fl.:J Lfl'U L"ll~1 u 

"' .. 

hl"D'tlunu ~.:Jvnn~~"Ji1u~'ln1~tfu~fl.:JU1~1t.J~~nuHj~u~'ln"Dflunu L-rlu H14i1'tl1 tn.:jm-3 

'Vl'fl.:J~~1-:JLr;JtJU1~1t.J~~nu1uti~~1~'lu ~~u1'Y'I~ 1% LL~~~n 99% LlluH1m~11Ji~~u1Y~~n1r.i'r;J • • 
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1. Terminate 

~~~1J'm~t~uifml:J~u1~ tr;ma-:Jhh~u 1 u1L'H1Jihu1u'¥JnJ':;tJ:; 1.20 L~I?IJ' tlr~')n'"l:;nuLVIm~ 

LLr~::'l111tl~f-:J~~-:J,ru Ll?lt~1uf"li-:JLLJ'n'"l::~~-:JL~Tv'hn1J'I?IJ'')'"l L.nr~vm 15 t5'u Vlln'"l(?lL'-'l~mm~VI~I?l 
~ . . 

1 I I f I i/ i.' 

1u1 ~ LU~tl'WLVI~~ 1 VI~ LL 'Vl't.l L'-'ltl LU~U'WL 'UWI:; L VI~~VIiJur~':l n fl'I.!L 'l·rlTW'I.!~:;VI~1-:J c;)') L fj '1.!01 ~UUri'J n 
... .!' ... 

'"l:;ri~u 1 'ii'tlur~-:J1tl LLr~:;L~ut-~r~n1u1u 6 L~~uV11~~~nn~11!u ~u~~nu~'W1c;)~~-:Jf-:Jtlr~')n%u 
" LVI~I:;~h'VIfUU~-:ln't.lUr!')n~1~tn~1L~1th'W 

2. Terminus LlluUJmm~~~tlr~')nil?lLLvi-:JL'VIii~uLLUULLJ'mLf?i~~~~a~~'t.l LYimLLf1iLm1tl 

~ c;1 i-:J u1L')nl'V11-:J L~'t.l~~-:Jtlr~')n L ~~~~ 1 ~tlr~')n ~~n c;1 nuL Vlm~~~u1 YlJ'~~u1 un~'tl-:J Terminus . ~ 

m:i'l?l~'.l'"lLonFJm:;vhL'll'WL~mnu Terminate '"l:;~~~~J'bli-:JLni?IL~~~VIIntlr~'dn1~fuLVI£1'tl~~u1'1"lJ' 

if ~1rPl')'"l:;Ltl~uudju~L~~~~nn':i1L~~ %ifm~1:;~1VIfuii1't.l~L'"l~if'1JVI1Ur!'dn1JnL~1 L'"l~~nc;1 
nu~l')~~~ 1 uihul1uuffiu u.~'.l 

3. Termina Oil Luuu"'1:Wu~nc;)~~'t.ll'l"ln~~~'t.l L'.lrl1'1111tlH~1't.l~~-:Jvh1~L~'tl'"l1-:J1uu"'1 • ... 
'e11?l:i'1~'.l'l.! ~~'t.ll'Vl11 ~1?1J'f?i~'l11 35 ~l?lJ' Hi'-'IYi'W 'e)(?l1~vi~ u.r~::%mn'"l1:;flc;)LL'Vl't.ln1:i'H~1nFJiJ • 
iJt.Jr!~~nq'VliL'I.!n1:i'i~cj~-y'h1~tJr~'dnrl~U 1 tl~'WLL~ri-:J rPl'.l~LL~~LLNn~1'"l:;~1rll?lfl't.lrPl'J~tl~'t.lLL~ 

vh 1~~1:nf'WLL 'l"lin:i':;'"l1tlL uf~ Ll?ltlfll?l L't.l~ m~1n!U:i':;"l!1m'Ur!')n'"l::rl c;)r!.:jlud-~tJ 1 '"l'W~ '1! 

~ufittl1u~~c;) 
q q 

(Piper nigrum Linnaeus) 'l"lU':i1 u"'1,r'I.!VI~~:i':;LV!tJ'"l1 mtl~tJ n'Vl1n 1 'VluiJ-w1j'vJ~U~'.l n L'-'luiii-:J 

q'Vliiu1~ -wrt'"lln nl:i'~~ cr ~ LLrl ::-w1j''"j') nnl :i':i':;L VIti L'-'ltl~1 J'~~ rlUJ':;n~UVIi n~wu ~~ 

caryophyllene, limonene LLr~:; /3-pinene 
... 

Russ (2005) LLr!:; Golob LLr!:;FJru:; (1999) :i':;U~1~1:i'~rll?l:i'U'I11,Y't.l'"l1MI~n . "' 
n'1't.l'l"lfjiltl:i'::~'Vlfill1Yl LU't.l~1J'n1{ c;)LL~ri-:J LLr~:;~~ n q'VliLLUUi~ cr~ l?l1U Lc;)Uiitl:i':;~'Vlfill1W f?itJ 

LL~ri-:J'VIrlltl"J!flc;) 



.. 

' ~ 

1. LYi'tl~m~ntJJ>:::~'YlflJ11"fj~'tJ.:J~1J'~1LL~~.:Jn~~6u6.:Jn1J'L'"l1q)L~1JLWI~'tl.:JL~~.:J~'tln1J' 

l"l'JUrJ~U~'m C. curvignathus 1t.~i4'tl.:Julju1lm:i' 
' ~ 

2. L Yi'tl~n'M"'lUJ':::~vlfiJ11"fj~'t).:J~11~ n "''1112-Tt.!ll~:::~1:i'~ n f?l'm.l11J'"l1 n-Yi"l! ~'tl n1J'rl'J1J rl~ 

tl~'Jn C. curvignathus 1ui4'tl-:Jtllju~m:i' 

3. L~'tl~n'M"'lrl'J1~~1~1J't;1btJn1nhtJ'Yl'tl"'Yl'M1l'tl-:JU~'Jn C. curvignathus 

1ui4'tl.:Jtllju~m:i' 

"llil~ ~1.:J11 t.~n11rl'J'l.J rJl-IU~'Jn"l!U~ ~1-11 

q 
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2. L~'tl Luum 1~ "'n11 1 ~ ~1 nr1i1~i1YlM~'tli.:J LL'J "'~'tl~ LL~:::iJ rl'J1~tl~'tl ~.nu [;J'tll:J1 ~ L ~'fl 
"' 



d 
'U'VI'VI 2 

-r~fl 'flt1n~ru LLa~~fin1~ 
q q 

1. ?ltln'iw • 

"' "' 
e '"11'UL~tl-ll~'tl"llt.!11?1 9 L"l!'U~IJJ!n:i' 

1.< .. 

1 .2 n~'fl-3'1~'Vl:i':i'Pl'U LlU1J compound LL~~stereo 

' ' "' 
1.3 ll"lr'fl-3u'Uu1~:-J~i1J 

.. 
1.4 n:i'~I?!Tl~tnffi~ Whatman L1J'tl:i' 1 

' 
1.5 Ll"lr'tl-3:i'~L"Mt1~'1J'1J1n11"1ll1J1J"M~'U (rotary evaporator) 

"' 
1.6 'fi1~U11"l'J1Jf"l:J.J'tlru"Mlli1 (water bath) 

• q "' 

"' 
1.8 n~'tl-3l~ti~LIJJ~N"ll'U11?1 18x2Qx 10 l"1!'U~IJJ~n:i' 

1.9 n:i'~l?l1-rt~-3 

2.-n'Yfm<i'VIrr~~?l'U 

2.1 ~-3 (Hl"M~1) 

2.2 "111 (t-ilm~1) 

2.31Yl~ (t-ilL'VI~1) 

"" 2.4 n:i'~'Vl'tl (t-ilm~1) 

2.5 n:i'~'J1'U (l-ill:J.J~I?l) 

2.6 n:i'~"1!1tl (l-ilm~1) 

2.7 Y11n1'Vlu (l-ill:J.J~I?l) 

""1r· 2.81?1 ~ (li!t:J~) 

2.9 n1'UY1~ (HI?l'tln) 
"' 

i.l (t11' a 
2.10 ~~ll?l1"1!1-3 "1!1JJ~I?l) 

21 



·. 

3. ~1'iLflil 

3.1 buprofezin 

3.2 chlorfluazuron 

3.3 flufenoxuron 

3.4 lufenuron 

3.5 novaluron 

3.6 n-hexane 

3. 7 methanol 

3.8 ethanol 

1. f111Lth.J!Pl'J'21!h:n.J~'Jn Coptotermes cuNignathus (Holmgren) 

1.1 n1'iLih.J!Pl'J'21!h~t1~'Jn 

22 

Lfh.J!?l'J'flrh~tl~'Jn C. cuNignathus (Holmgren) ~~n~'J'Wrll~"ll'fl~Ln'ftl?lmJ' 

r.r~·wr"'~~"ll~1 r;l~tb~(?)~L'Wfl'I'V'l~ 3 ~1nJu\ntl~'Jmn~1Ltk!n"J!il(?) L(?)rJtJ(?)J>mn1'W~1n Textbook 
"' ' . 

~'fl "The insects of Australia" (Watson and Gay, 1970) 'VI'I1~~'fl~1Lb'Wf1"JltJ(?)b~~~'W"ll'fl~ 

Ahmad (1965) bb~::: Morimoto (1973) LL~!:~L;m"ll1'1JL'U'V'l1!:'Yl1~ L(?)rJL-ii11~'Jn':lJ'J'GJ!:'Yl'V11J'L'W 

m:r~lbtk!n"llil(?) Watson LL~::: Gay (1970) J'1m1uin'fl'ru:::~H1um:r~1LL'Wn ~'fl ~'J'W'i'd 

(head) nn~ (mandible) 1~'tltl1nuu (labrum) ~1'W1~'tl111n'l.J'W (clypeus) ~1'W1~'tJ1l1n~1-.:J 
~ ~ 

(postmentum) 'VI'W'J(?) (antenna) LLf..ik!k!'fln~'I'W'VIi~LLf..ik!tLm~~(?)n'l.J'i'J (pronotum) J'LU(?)"ll'fl..:J .. 
Jrl'fl~i'l.J~IJ'~'ft (frontal gland 'VI1'f.l fontanelle) ~'fl~'l.J1t'Jru'i'J~1'W'l.J'W 1-iiww~~'fl "ll'fl~ Ahmad 

(1965) u~::: Morimoto (1973) ~1LLk!ntl~'JnL(?)rJL-iitl~'Jm:r:rru:::'Yl'VI1J' r;l~LL~(?)~L'Wfl'IYI~ 4 
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)( c 
" y 

? 
(f' 

A D t E 

A = Coptotermescurvignathus 

B =Fontanel 

C = Pronotum 

D = Head top soldier 

E = Mandibles 
' vbn Walker (201 0) 
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~ ~ 

U'nJ~'lm.nL~mLt.l~'a.:J'tlljmm:i' LtnuHm:i'tl.:JL~U.:JLL~~.:~"llt.l1t?ln~1~xm'Jx~~ 

Lvhnu 18x 20x 10 L "l!t.l~h~ !n:i' ~t.l~'l"ll'il·m~'tl-:1 L:i'tl ~'ltl ~t.li'lt.l~ LntJ~1 n u'il~..:Jtl1~'W1~1 LL~::LPl'rt 
!11 I i,lo 1,1 

i~~~1n~"ll1~~L~'tlu'UJm~ L:i'mtlt.~-D't.!1 L(?ltJr.r(;l~tJ~ ~..:~il 

~ ' ~ 

it.~Vi 1 {n~t.~:ht.~ffi..:J~t.l'"t.l1U:i'::~1ru 1 L"l!t.l~~!n:i' 

i,.r I i-' I 

it.~Vi 3 U1~t.lht.!L:i'trtJt.l~L~'tltr'"t.l1U:i'::~1ru 1 L"llt.l~~m 
il" I ~ I J 

it.~Vi 4 U1~L~'tlU'ill'::~1ru 450 nf~ LJ'trL~li'ln~'tl..:J 

" I i,.r I 

it.~Vi 5 U1~t.li'lt.lLJ'trtJt.l~L~'tlu'VIt.l1'ill'::~1ru 0.5 L"llt.l~~~nJ> 
" !11 I j/" 9J I I 

~1 nut.lJ'(?lU1l"li'l LL~'l !11-:~Vi.:~ 1~ 4-6 i'l t~..:~ LL~'lu11l~'l n 1i'l~~ 1111 t.~n~'il..:~Vi 

~111'WLL'll?l~'a~~L'"~1::~~ LL~::u1n~'tl..:!LULntJ1~Lt.l~~l?l ~?ln.!'"!J~ 25-28 oc '"ffi~!Jn.!'"!J~~'a~ 
LL~::~'J1~~t.ll~~Vlfi 70-85% (Owusu, 2008) 

2. ffn'M,~,'ithW.J~~n~~ IGRs !Pi'Eln,'ifl'l'I.Jfl~'l.J~'ln C. curvignathus • • 

2.1 ".iiUto~"ll'El~il,'ithu.~~~mi'"(;I~'El'I.J H~1J>~1LL~~~n~~trutf.:~mn~1ryL~utl?l"ll'a~ 
LL~~~ (IGRs) 5 "llUl?l ~..:JLL~l?l..:!Lt.l[Ol1J'1~~ 1 

;'El~,3Jry ;'Eln,·.n~', re}&;~~n,'ili 

"' 
u t 'WJ'b Ylont.! tn~on1.1® 

c:i~ 1 0 ...:::. 

5 "l!"JJ [O]'tlt.l1 20 ~[O]J' 
"' 

~ 

!11 Vl1 'IJ J''a t.l ® ~~'a fyJ ~ 'tl1 "1! J''tl t.l 30-40 ,, ~'tlih 20 ~[O]J' 
'lJ 'lJ 

~ 

~1~L~l?l® Yl~ L'rlt.lt.~'tln"l!J>'tlt.l 20-40 ,, ~t1u1 20 ~[O]:i' 
"' 'lJ 

ff" """"® 
... 

~ L Ylt.! t.l J''tl t.l bb~Vl"ll 050 'tl"l! 20 ,; ~'tlu1 20 ~I?IJ' 
"' .... 

... 
L'W':l1~J>'tlt.~ 

'lJ 
h~'at.l® 1 o-50 ;, f;J'tlu1 20 ~[O]J> 
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~fin1J""Vl!?l'iMHJbb'IJ'!Jflt,JI?11tl (stomach poison) b!?lt.J1•1h~~'e1~T1Vll~'dtlm'~!?1TI1 

i--J:w1l71 1?1 btlt~it~b~n1 (m:W11?1:r 200 nf:w/A'd1:w b ~:w~t~) bb~'d~11i.Jtrwru~1:r~~h bb:Wt1'1~1-'iiVl !?l~'e1u 
bbl?it1~'lli\!?1~:f~rK'IJA'd1:Wb~:W~W~h'l1 (1t~J'1 500 iJt1~~1?1:f) \~bbri 0 50 100 500 1,000 1,500 

' ~ 

2,000 2,500 3,000 4,000 bbt1~ 5,000 ppm (Vl 0 ppm btlt~1!?1A'd'IJ~:Wb!?lt.Jl.Ji~1bD~1) ~i'l'"l1n 

J't~~1 b ~~re1u n'"l t1'11 t~ m~ure1 n h':i1i:J~ i':l'll t~1 1?1 b~ t~I:J 1t~P1t~~ n t11'1D :r~:w 1 ru 4 b"l!t~~ b:W 1?1 :r t.J1'd 
q '" 

iJ:r~:w1ru 20 b"l!kl~b:WI?l:f bbl?it1~A'd1:Wb.Ji:w.Jit~V11 5 ~~1D~T1t.JD't1'dn'l1t~1t~m~u'e1n1d':i1i:J~1kl'dt~ 20 

ffol'J/m~ure1n ~1m~uT1n1iJ\i:JhJ1'ti1t~m!?l'\Alt11~~n 'llt~1!?1n~1'~ x m'd x ~'~ bvhnu 28x50x1 o 
'!J 

'l!u~1kl'dt~iJ't1'dn~l?11t.J~i'l'"l1nVl!?l~T1'1J~b'dt11 24 48 72 96 bbt1~ 120 -i'db:W'I 

~1t~'d rubiJT1fb tl]t~~m:rl?11t.J1 t~bbl?it1~m1:w b~:W~'W'IIT1'1 ~1:i'Vl !?l~T1'1Jbbl?it1~'llil!?1 b ~T1~1 1"11 m1 :w btlt~ ~'11 

(LC50) ~b'dt11 24 -i'db:W'I b!?lt.J~fi'l'\Al:i'UVl (probit analysis) bbt1~bWti'!JbVlti'!JbUT1fbtl]'W~n1:fl?l1tl'll'e1'1 

~1:i'Vl !?l~'e1'1J~ b'dt111?i1'11 b~T1 f01 1?1 b~T1n~1:r IGRs ~~~~!?11UVl !?lMl'IJ A'd1:W~1:W1:fb11 'Wn1:f~1t1Vl'e1 1?1 

~'M'IIT1'1Dt1'dn C. curvignathus l?i'e1n1:fi?11tl'll'fl'ID't1'dn 1 'Wn1:i'Vl !?lt1'e1'11?i'e1 1iJ 

d d 
B=b~tl'e1Vl~~:W~1:i'Vl!?l~'e1'1J 

C= u:r:r'"lb~~T11'tim~uT1n1d':i1~ 
' 



26 

C. curvignathus 

3.1 "liu~u.~::~'J'U"ll'2l-3cW"lim-H'VI~~'£)1J 

HYl"ll 10 "J!ilc;)L~LLri i.:~ "111 L'V'l~ m~Yi'f:l LL~~m:;"l!1t.J (H~'Ju~Li:luL~~T~~1mr'J) 

m~'J1u 'V'l1nL'Vlt.J ~u~ LL~:;~~Lc;)1-ih'l (1-il~'Ju~Lilu~J.J~c;)) ~'Jumu'V'l~ (1-il~'Ju~Liluc;)'Bn) 
"' 

3.2 n17b~-;!J,.,cW"lib~'£11h'l.tl~n~~17 

U1~'J'W'JI'f:l'1Yl"ll"llilc;)c;)-:Jn~1'J~'BULL~'ILL~'J "llilc;)~:; 5 nt~nf~ ~'B~1~1df1'W"l!1t.J 

Yl"lll:l~'WL'V'l)') ~1,i'W~'Jt.JLI"11'B'I,1umvrw 1~~~L~t.Jc;)ri'Buu1 tu~n (;) bc;)t.J%n1m"Jltlt.J (maceration) 
q ' 

~AICII CV .QI 

3.3 'ltm17~n~~17~1n'W"li'VI~~'£l'U 

.ful?l'B'Wn'l J'~tl c;),f161'ULL~:;~1 J'~ n c;)~t.J 1'U~ 1 nfl"li"J!ilc;) ~1'11 U 1~'J 'W'JI'B-:Jfl"J!~ 

'B'ULL~'I~,j'W~t.I1'U~1n~'B 3.2 ~1'W'JU"J!ilc;)~:; 5 fit~nf~ 1~1'W"JJ'Jc;)LLfl'J"JJ'W1(;1 20 ~l?lJ' L~~t•hvi'"J 
' ... 

~~~1t.Ju'Bf~'B~Le:Jm"l!u ~-:JlUIOiU'Vh~l'i'J'BU1'1 ilc;)u1n"ll'Jc;)1~~il'Vl c;l-:JLL~c;)-:J1ull1Yl~ 6 Yi-:JH 7 tJ'u 
... ' ' cv 0 ..:::::::l\1 2.1 2.1 2.1 .odl 

tOi 1 n 'W 'W 'W 1 ~ 1 J'~ :;~ 1 tJ 'Vl ~(;) nJ''f) -:J (;) 'J tJ n J'~ (;) 1ttn J''B-:l LL 'U'U '"t.l 1 'lJ LL~:; J':; L'" tJ (;) 'J tJ Ll"l J''f)-:J J'~ L'" tJ 

~b1.Jb1.J1n'lfl!LL'U'U~~u (rotary evaporator) c;l-:JLL~c;)-:J1'WJl1'V'l~ 7 ~-:J'B1~t.J~inmmiu~'Jt.J%mJ' 
LLt.J n l'ir.Jv'h~::~1t.J'B'Bn~1 bc;)t.J Vii LLN L'fu1 u~Jl1'V'l~ ru nn m fll L ~'f:l"Jlr.Jt.J1 ~mmt.J n"ll'B-:J~1nn (;) 1~ L'f'l 

q ~ ~ 

~ I ~ I 

~u !'ir.J.Yi1~:;~1t.J~Cl:;Lu~t.Ju~mu:;~Cl1n".ll'B-:J L '"~'Jn~1t.J LU'WL'B '"i-:J~Cl1nuu 1 ~m1~ Lii'WL Ylml11 ~l'B 

J''J~ l'i'l tiu'Btl1 u~ mu:;"ll'f:l-:J m~'l~ n r1f'~ ( mJ'I"l'JULL uu) ~'J'W~1J'~1~u1 h11~1 U".ll'l c;)~"JJ1~'J urff'lv'i 1 
"' 

~:;~1t.1~ LLt.Jn'B'Bn~1l~U1niu1uLL "Jl n1 n~L~t0i1 n n1J'~ n (;) r1f-:J LLJ'nJ'1 L ~'B~ n c;),f161''W~tJ'I 
'j/ if 91 'j/ I 'i/ I 

'"~-:JL'"~'f)'f:ltJ Yi1an1LLuutl~1u'Ju 4 l"lt-:J '111~1J''Yi-:J'"~c;)~~nc;)LL~~::I"l~-:J~1J''l~nu ~1J'~~nc;)1~ 
"' 

if 91 il i-' i.l I 

~t.1n~1 "u161'u" L"llu u161'u~-:J u161'u"ll1 u161'ut'V'l~ ""'~""' IOl1nuuu1mnYl"l!~L'"~'BIOl1nmJ'~nc;) 

u"161'u '111~1LL"ll~'lt.JI'i'lv'i1~:;~1m'B'Vl1u'B~ L~'B~nc;)~1J'~nc;)'"mutC'lt.J~nl?lL'"~'f)unu~1J'~nc;) 

u"161'u c;l-:JLL~I?l-:J1ull1'V'l~ a ~1J'~~n1?1L~~t.Jn~1 "~1J'~nc;)'"t.J1u" 10i1mfuu1~n(;lu"161'uLL~~ 

~1 J'~ n C'l'"mut0i1 nYl"ll 1u'Vl C'l~'fJuuJ':;~'VlfiJl1'V'l1 um J'mu fl~u~'J n 1 u~'B'~uiN~ m J'~'f) tu 
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' ' 
111~Vi 7 bVilh:l..:J'J~bVIt.J'b'lfk!fk!1n1~bbUUVI~'W (rotary evaporator) 



• ' " "" :i':::mt~(;}'Jm~:i''fl.:J Rotary evaporator 

' 

.d 
(JlTI"i'Vl 15) 

• 
Yi'flCWVIJliJ 60 'fl.:!M11."ll'&'ll.:;m~ . "' 

• 

' vh.n: l.'fln:i'1"Jl (2552) 

28 

• 
• 
• 

• 
1.1."1i~'JU l.'fl'Vl1'W'fl'&'l (ethanol) 

• 
• 
• 
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~1 ~ 'd kl<JJ'El,nf1 ~k\66~ ~~ 1 ~'Ml C?lmnu<JJ'El'l~'ll'lltJC?l ryh~ 1 ~H191 n~'El 3.3~ 1 

Vle?l~'El1Jf1'd1~6Uk\~1j'le?lt.Jfl1:i'i~~~ (contact poison) 66~~fl1~flkl (stomach poison) le?lt.JiJ 

3.4.1 n1'a'Vlt9l~'fl'IJf'I'J1~b'iluvht1t91~n1-a-K~eY~ (contact poison) 

61?11t.J ~ ~1~~ ~~1 tJ le?lt.J~1~1~kl66~~~ 1 ~~ n C?lVlt.J 11J91 n~'Jl~1 ~~ ~ rllJ 
~16U~1 500 ~tl~~l?l~(b&l~~1~~~~1t.J Tween®80 Hr51?ln 1:1 06~'El"ll'dm~~mm~im~91t.J<JJ'El'l 

2.1 2.1 I I 

~1~~rle?lbkl~11~~~kl) V1HVle?l~'ElU66~~~'1ltJC?1Vl~~r?11Jf1'd1~6~~~w•h'l11~66ri 0 50 100 500 

1,000 1,500 2,000 2,500 3,000 4,000 5,0006b~~ 10,000 ppm(~ 0 ppm 6Ukl1C?lfl'd1J~~le?lt.J 

H~16U~1) 91mlkl~1m~r?111j'm'EJ'l Whatman r.i~~'lbkl~1~Vle?l~'ElUkl1kl 1 kl1Vl 66~'d~1m~r?111j' 
q 

Whatman 1u'd1'l1~1 kl91kl6im 6~'El 66~'d~'l1~1 ~ 66 ~'l~'Elu~~~1 ruVl~'l91 mlkl~'lU~'Elt.JU~'d n'l1kl 
!V !V 2.J 2.1 9./ I 

~1kl'dkl 1 o l?l'd/91kl6~m 6~'El 66~~~fl'd1~ 6~~~k!Vi1 s ~1 66~'d~191kl6~t.J'l 6~'El1u 6nu1~1 k!V1n C?lr?1'l 

66~C?l'lbklf11~~ 9 

i!u~1kl'dk!Ut1'dn~l?l1t.JVl~'l91nVle?l~'Elu~6'dt11 24 48 72 96 66t1~ 

120 -i'd t~'l A1kl'dru6u'Elh.]k!l9fm~l?l1t.J1 kl66~~~fl'd1~ b~~~kl<JJ'El'l~1~Vle?l~'Elu 66~~~'11UC?1 b~'ElVl1 rh 

LC50 ~6'd~1 24 -i'dl~'l le?lt.J~fit~~UVl (probit analysis) 66~~6llt.JUbVlt.JU6U'Elf6.]kll9ffl1~1?11t.J<JJ'El'l 

111cv.Vi 9 fl1~Vle?l~'ElU66U1Jfl1~l~~~ (contact poison) 

A= m~r?111j' Whatman 
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~I "' 'l' "' 3.4.2n1~'Vl~~'fl'I..JFI'J1:1Jbu'W'W'I3-b~~nTm'W (stomach poison) 

b[911t.J d-J ~1~tl ~tl1 t.J b(91t.JoW 1J1dJ'Wbbtl ~~ 1 ~~ rl (91~t.J 1U"'l1 nYl"Jld-J 1 e..J ~ d-J rlU 

J1bU~1 500 ntl~~[91~(b~d-J~1~tl~'tl1t.J Tween&80 b'W'f1[91n 1:10 b~'f:l"Ji'dt.Jb~d-Jfl1~bb"v'iim~"'l1t.J 
2/ ~ I I 

"JJ'fl--1~1~~n(91'l'W.W1H1~~'W) Y1'l.JiVl(91~'flUbbl9i'tl~"llU(91Y1~~1Kul"l'd1d-Jb~d-J~'Wl9i1--11 Hl6bri o so 1 oo soo 

1,000 1 ,500 2,000 2,500 3,000 4,000 S,OOObb'tl~ 10,000 ppm (~ 0 ppm bU'W1(911"l'dU!PJd-J 
9/ 2./ 2./ I 2./ 9.1 9..1 9.1 

b(91t.Jb.JioW1 bU~ 1) b[911t.Jd-J91'Wb~t.J--1 b~ 'flYlb'6'i~'W'flU~l.h b~'fl bb'tl~Yi~d-JoW1 'l't~n l"l'd1d-J~'W ~~--191 nt!'Wb.Ji 
~ , 

m~(911'11i--11K(916U'W~'Wb~n1 (md-J1[91~ 200 nf:w/m1d-Jb~d-J~'W) bb~'d.W11utf'Wnu~1~'tl~'tl1t.J"JJ'fl--1~1~ 

~ n (91"'l1nYl"ll~'l.JiVl (91~'f:lu bbl9i'tl~"JltJ(91~~~!Ku m1d-J b~d-J~'Wl9i1--11 b~'fl btl'Wb~m'fl bb~'doW1U'tl'd fl--11'W~1 
9/ 9..1 9./ I I 

'W1'W 1 o IK'd :~-n 'l'6'i'l 'W91'Wb~t.J--1 b~'flVl (91~'f:lu l"l'd1:w b~d-J~w:~ ~ s ~1 .W11u bnu1~Y1~ (91 IK--1 bb~ (91--l'l 'WJl1YiY1 

10 

, 

96 bb'tl~ 120 i'd bd--J--1 ~1'W'd illbU'flfb~'Wl?lfl1~[911t.Jb 'Wbbl9i'tl~l"l'd1d-J b~d-J~'W"JJ'fl--1~1~Vl (91~'f:lu bbl9i'tl~"JltJ(91 

b~'fl~1~1 LC50 ~b'd'tl1 24 .j''dbd--J--1 b(91t.J~flbYi~UVl bb'tl~bmt.JUbYlt.JUbU'flfb~'Wl?lfl1~[911t.J"JJ'fl--1~1~ 

' 
.n1cwVi 10 fl1~Vl(91~'flUbbUUfl1~fl'W (stomach poison) 

' ' "" .,. 
A=b~t.J'flVle..J~d-J~1~Vl(91~'flU 

B= .W1 b~m'fl1U'd1--11~'l'W91'Wbit.J--1 b~'fl 
r:;; 1"'~ d ... C= bflU 'd b'WVld-J (91 
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"' "' \l'l~'tl~fH1l'J1~ Lth.!.W'Mvl'l 2 ll1J1J ~'tl'l~'lJ'~tlt;J\l'l~'WLL~:::~'ln~rll?lVItl'l1J 
"' 

4. n'l~~mt1FI';n3-J~·nn~t;~1:un1~ri1tr'VI'flt;J~ti"ll'fl~t1~'Jn C. curvignathus 

111 r1 1 uf'l~'tl'IU~':l n'"l:::iltl~':l n'l'lUdJu':l :i':i'ru:::~ fl'tlrJVI'l'tl'lvt'l :i' 1 ~n1J':lJ'J'ru~~'W1 '"~~ d:Ju 

' ' ' 
't'l':ln 1:livt1'tlLPI'MrJ~ l7lVJYJ1'"l1 n Hi ~.:J'"l:::il L"l!~~ t~ ~dJU'tl.:Jfi"tlJ>:::n'tlu\Hr n ~" 1 u~11~tl~':l n9:::il . "' 

ttlJ> LlPii':l"JbrJ 1 um:i'ti'tlrJ~fl1rJ L "li~fj Lfl~ '"11 n't'lbl ~m:i'~~'tl'IU~':l n.:J1u~ilmJ>~.:J ~'tlmvt1:i' 1 ~nu 

tl ~':l n ':lnru:::~u 1111 rJ1 uf.:J ~" Luun 1 J'~ m11 fl'J1 ~~1 ~'l J>tl1 un 1 nhu'Vl'tl l7lYi"M""1l 'tl.:Jtl ~'J n 

C. curvignathus 

~1:i'~H'Vll7l~'tl1J~l?lL~'tln~'l91nn1:i''Vll?l~'tl1J1u~'tl 2 LL~:::~'tl 3 ~iltl:i'~~'Vlfi1l1't'l 

lwm:i'fl'J1Jf!l.Jtl~'Jn1~~ ~'tl ~1:i'~nl7lJ1~U'"l1m<l~Ll7l1ii'l.:J ~tl~ LL~~'rl1n1'VlrJ ~1:i'~1LLl.J~.:J 
q 

~ b ~'W'W:i''tl'W bb~~~1J'~~ L ~'WU'tln"J! J''tl'W Ll?lmWrJ1J bVlrJ1J nu n'l :i' til ~'lJ'"J.i'l bb~ ~-:~:WttlJ'U~Lbfl::; 
'U ~ 'il qJ 

" 
tl1 LU'W"lll?lfl'J1Jfll.J 

q q 

Ll111Ul.J~1:i''Vll7l~'tl1J1uJ1 100 iJ~fifilPIJ' (!i'lPI:i"ln1J'til~1J'~'lbb~j;N"JiUl7l~1-:!1H 

!i'lPI:i''ln1:i'CJ~l.J;1-:J~')l?l ~'J'W~'l:i'~ n l?l'"l'l nYl"lltiifl'J'll.Jb~l.J~'W 1 00%) U'lm'~l?l1'M~.:J~1il7lbUUiu 
I I I i-' "' 

L~n1 (LVItJ'tl) LLfhtl1LULL"ll1u~1J''Vll?l~'tl1JLU'WL'J~'l 1 i'JLl.J.:J tl'lLVItJ'tl~'l1~1U9'l'WL~mL~'tl tl~'tl£1 

tl~'Jn--1'l'W~1U'JU 10 i'J 1~fu~'lJ''Vll?l~'tl1J~tJ~l.J1~nuLvt~'tl LUUL'J~1 24 i''Jt~-.1 L~'tlfl:i'1JL'J~Tw'l 

U~'Jn-:J'l'WVI~-:1 i'J~fJ-:JiJ~iJl91LU1~1 'W'"l1'l..!Lim b ('tl ~1~~'W'tl1J"J.i'l b('tl LL~:::'t'lJ'l.JJ11~iJ fl'J 1l.J(u 

' " ' 
V1iltlfl'Jn~1U~1u'lu 1 o i'J 'Vll7l~'tlu'Vl1'VlL~u!Pl~~ s ~1 LL~'Jtl'l1tluiu1~V1i1l7lLL~~uuVint.~fl 

' 
48 72 96 LLfl~ 120 i'Jtl.J-:~ 

~1'\J'J ru LU'tlh ~u!Pl n 1 :i'lPI'l rJ 1 'WLL~~ ~'Vl1'Vl Ll.J u!Pl "1l'tl-:J ~ 1 :i''Vll?l~'tl u LL~ fl ~"ll Ul?l hJiS Lf! n ~,X fl'J 'll..l 

LLU:i'UJ''J'W'Vl'l-:1~~~ (ANOVA) 
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~lne.J~n'l~'Vll'l~'tlum~'tl'fln~'Vlfiu.uurhJ~nlu~'tlU~'m c. curvignathus Ll'IUL~U~':lnnu 

~'W,]ILLl.J~·m~l.J IGRs i.:J 5 "llill'l YlU~I LU'f'lfL.fiu~m~~nlu~'tl.:JU~':ln~L':l~l 24 oF':lLl.J.:J L't.i~l~ • 

Yltn~'tlUYJn"llill'l~ln~l 20% LL~:::LU'f'lfL;'t.i~nt~lniU"!!'tl.:JU~'lnfl'f'lU1 L~l.J~.:J~'t.i~L':l~l 48 72 96 

LL~::: 120 i'l'U.J.:J lnll.J~I;u Ll'IUt-tfi'l.,ln'Vll'l~'tlULU't.iL':l~l~ 96 i'lLl.J'l ~~':lll.JL.;Jl.J.;J't.i 5,000 ppm 

~'wm~uu~'tl'W ..;,1~u~'ln~n1uti'l 100% J''f'l'l~'ll.JI~'tl ~~:i'~~L~uu'tln•n'f'lu ..i11~u~'ln~n1uti.:J 
q,l 'il 'll llJ 

98% ~':l't.i~l:i'L't.i'll~~'tl't.i ~~~utu~L~:nu u.~:::~IJ'~~'tlf~~'tll"li:i''tl'W ..i11~u~':ln~n1u~ 66, 63 
qJ 'il 'll cu 

. 
" " •• 1 ~ " " o 'I "• I 4 ~':lll.Jb"!!l.J~'t.i 4,000 ppm u.~:::~~~~bn't.i\t~'tl't.i 'VIWJtl.Jb~l.J"!!'t.i 5,000 ppm 'VII ~t.tu~'lnlniUIJ'l 

100% LL~:::~'l't.i~l:i'L't.i':ll~~'tl't.i ~l:i'utun~:nu LL~:::~,:i'~~'tlf~~'tll"li~'tl't.i ~~'lll.JL~l.J~'t.i 5,000 
'll 'll qJ 'il 

ppm ..i'1'"u~'Jnmu 63, 85 LL~::: 95% ~nll.J~I;u (1l1Yl~ 11) ~~mfuu1LU'tlfb;u~m~~n1u1u 
Lb~~:::~':l1l.JL;l.J;'t.i"!!'tl'l~'~'Vl~'~~'tluLL~~:::"llill1l1u';)L~n:::if Fi1 LC

50 
~L'l~1 72 oF'JLl.J-3 ttnunt~ 

~U'Vl YlU~1 ~~~~b~'W\t~'tl't.i 2j1JJ':::~'Vlfl1l1YlL't.int:i'n14'l'lu~'Jn1~~~~~'~ L~'tl'l~ln2jfi1 LC50 ~L'J~I 
72 i'JLl.J'l ~~~tnLvhnu 1,920.5 ppm ~'tl'l~'ll.JIL~mi ~~~~~L~'t.i't.i'f'ln1J''tl't.i 2jfi1 LC50 Lvhriu 

2,447.5 ppm ~'J't.i~l:i'L't.i'JI~:i''tl't.i ~1:i'1JLUn~:nu LL~:::~I:i'~~'f'lf~~'tll1:i''fl't.i W.IUiJl.JU~'Jn"J!tltn 

~'ln~l':lL~U-i~ L~'f'l,'j.,,n2jr), LC
50 

~~,'j c;i,"JLL~tn'lL't.iln1:i'l'l~ 2 
., "' r 

~~ nn1~~ n"M-1 ~f'lu L '"'t.\~1.,1 n e.J~nt~'Vl (;l~'f'ltJn1:i''tl'tln ~'Vlfiu.uunu~n1u ~'tlnt:i'~'Ju fll.J 

U~'Jn C. curvignathus LtnUL~U~'Jn1~fu~1~,]1bbl.J~'ln~l.J IGRs 5 "llill'l YltJ~1 t'll:i'~L~'t.i\t:i''tl'W 

LL~:::t'll:i'~~Lvi'W't.i'tln"l!:i''tl't.i ~ll.Jinl,]lu~'Jn C. curvignathus 1~ 100% ~.:Ju.i!~l~'tl'll"ih·:::u::: .. .. 
L':l~l't.il't.i 4-5 iu ~'l~'tlc;l~~'tl'lrl'l.J~'tl~~~'tl'l 'tltt1J (2547) :i'IU'll't.i~lt'l1~1un~l.JuutT'ln1~ 
L.,1b1}b~'l.JLin"11'tl'lLbl.J~'l 2j e.J~~'tlU.l.J~,'j Lc;lULU~'l.Jn'l't.int ~~~l'lt'll~l~~'t.i ~,'JbU't.it'll~~~ ri'qjL 't.int~ 

t'l~l'le.JU'l~ll'i':l"ll'f'l'lLLl.J~'l t'llm~l.Jif~:::'tl'tln~'Vli1~~n(;)'f'ld'J'f'lLLl.J~'~u!fut'l1~t(;lunt:tnu 1-iimuFll.J 

~'t.i'tl't.ieJLf'tlu.~:::t.tu'tl't.i~':l,'JUnLL;,'JL~~ tl~'t.ill.J (l.Juu "11) ~1U,'ll't.i~1 m:tL-iiLt.t~'tlLU't.ie.J~~nJi'rusvi~2j 

~:J~uutT'lm :i'~'tln ~nu"!!'tl'lU~'J n 2j e.J~V\11 ~u~'J n~1~fu~~~lf.,:::~'tln ~~~uhl1~ LL~:::~nuhJ1 't.i 
~~c;l u~'ln~1~fu~~~if~:::hJ t;JimL(;).,:::Ltlui'JLLYlin:i':::~lu1 ~nuu~'J n IA''Jt't.i1L'Wt'l L(;ltJ m ~ 

"' 
il.JcTt'l'Vl1'lU1n bb~dl'lnttJ ~m~u~t1L-ii~:::u:::L'l~1't.i1't.in~IU~'Jn~:::t;J1U~'lt'l bL(;)Oie.J~l.Jt'li~~'M' 
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' " 'Ia I 0 'I " "' d' ""'I ' J "" U'l'!Tltl'l'IL111 Lu '"l!:'Vl'l b~(;J1tJL~'l"li'W ~'lnfiUJ b'WnmJ'W f'ltl hexaflumuron LL~::: diflubenzuron 
q 

~'l'Wt:J~ (;)Jl ru-rf"llil~L ~~tltl n n ~~m~-:~J-w Lil-w~ 1 J'tl!ln f.l'Vl it -w~:::UU'Vl'l-:1 L~'Wt11~1n t1-:~1l~'l n L "li-w 

disochin octoherate tetreahydrate ~'l'W Su LL~::: Scheffrahn (1996) 1~Pimn1l~:::~'Vlfl111'rl 

"ll'a-:1~1~ hexaflumuron LL~::: lufenuron (;)'e)n"l~f'I':IU!"l~U~'ln C. formosanus u~::; R. flavipes .. 
ppm ~~ ~~ ~tltl'fl n f.l'Vlfl f'l'lU l"l~U~'l n 

' .. 
~ ~ ~ ~ ftl 

C. formosanus LL~:::'Vlf'l'l1~L"ll~"ll'W 31.1 ppm ~1~1~tl'fl'Bnf.l'Vlfif'l'lU!"l~u~'Jn R. flavipes 

~-:~~12-l'l~tl'fltlnf.l'Vlif'l'lU!"l~u~'lnL~ii-:~ 100% ~i-:~91nn1~'Vl~~'f!U 9 iurn1i LL~::: 
Lenz u~:::f'!ru::: (1996) 1~vhm~Pimt1t:J~n~:::'VIU"lltl'l~'l~ hexaflumuron LL~:::~'l~ triflumuron 

(;)tln1~fl'lUfl2JU~'ln Nasutitermes exitiosus u~:::U~'ln C. acinaciformis '"l1nn'l~'Vl(;l~tlU 
q 

f'l'l'l2JL.;J2-lii'W11'fl'l~'l~ hexaflumuron 1-w"li'l-:Jfl'l'l2-lLii2-lii-w 0-1,000 ppm. ~'l\!~1~ triflumuron 1ii 

,..) ... ... ' d ...... 
1l'l'lf'!'l'l2JL"ll2-l"li'W 0-5,000 ppm. YlU'l'l ~~~ hexaflumuron 'Vlf'l'l'lm"ll~"ll'I.J 125 ppm. LL~:::~~~ 
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-a 
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'i::~1Jfi11JlLiiaJ'IIu (ppm) 

111'W~ 11 L1J'flfL~'W(;]n111WitJ"ll'fl,:J\J~'Jn C. curvignathus 'V!~,:JL~f'IJ~'W~hmJ~,:Jn~l-1 IGRs i,:J 5 "llUr;l ~f"l'l'll-lb;l-l;'WfkNj 
~L'l~'l 24 48 n 96 LL~~12o .r'JLl-J,:J L'W~'f),:j\Jn'IJ'in11 

34 
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C. curvignathus 1'W~'el~U~lMn1J'~L'd~1 72 .fi'r:J'i:~N 
LC50 Fiducial limit 

IGRs 
Concentrations (ppm) Lower Upper 

L'W'd1~J>!l'W 16,522.4 8,316.8 54,065.7 
'lJ 

utu:nrJ;'W 19,048.3 9,611.4 61,207.9 .. 
~ L fJ'W'WJ''el'W 
'lJ "' 

1,920.5 1,645.4 2,259.0 

r~~'tlrn~'tl1"l!J''tl'W .. "' 8,053.8 5,625.9 13,460.3 

rJ~LfJ'W'W'tln"l!ffi'W 
'lJ .. 

2,447.5 2,012.0 3,059.2 

"' ~i..:J~1nLI?i'1·m . .J~"l!~l..l'WLl'IJ>~..:J 1 o "l!urn ~'tl ~..:J "Ii1Ll'l~ n1~Vi'tl nJ>~'d1'W m~"l!1tl 
q . . "' 

l'l1nLvltl ~U~ n1'Wl'l~ LL~~~~LI?t1~1'l ~'lLL~I?t'lL'Wll1l'IVi 12 L~'tlU1l.J1~nrnu1aJ''WLL~~~1J'~nl?l 
'lJ 

' 
~ti1U Ll?ltiH~'ll'tlULL~~ 'l!UI?l~~ 5 m~nfl.J LL"llL'W'W'elfl.J'el~LllflL"l!'W LL~~J'~mti~1J'~~~1tJVi1~~'Jtl 

Ll"li'el~ n i'WJ>~ L ~tl LLUU ~ b1J b1J1 n1 ~~'WL'l'd ~ 11~~~1 tiJ'~ L ~ti'\U.J 1?1 ~ 1 J'~ n l?l~L~~ ~iJi n~ru~dju 
"' ' "' 

U13T'W~1n~'l! 10 'l!UI?l ~I?ILU'WLU'elfL~'W!?l~'lLL~I?l'lL'WI?l1J'1~Vi 3 "ll'el~U1~t!n~"l! 5 m~nfl..l LL~~U1 
' ... "' 

mnViL~~'tl~1nm1~nrnu13TtJ1uu"Jl~'Jtli?l'.rvh~:;~1tJL!l'Vl1'W'tl~ LL~'.lu~u'111?11l.Ji'Win'tl'Wmij'el'Wnu 
"' n1J>~nV1U13T'Wunn{)~1L~eJ~eJ~I?lLU'W~1J'~nrn~t11U"ll'el'l~"l! 10 "Jlilrn ~rnLU'WLU'flfL~'W!?lfK~LL~I?l'l 

1'WI?l111.:~~ 3"ll'tl.:~J'1~-J'n~"lf 5 nt~nfl..l 
~1ni;J1n.:~~ 3 l'IU~1 ~nrn~1j'~~nrn~bmi'JVI1~~~1m'tl'Vl1'W'el~ ~~Himl.J1ru 

' ' ... 
~1j'~nrnl..l1nn~1 i?l'JVI1~~~1ti'W'tlfl.J!l~ Le1nL"l!'W ~'ll"l'.l1l.J LLI?ln ~1'ln'W"lJ!l,nJ1l..l1 ru~11~ n C91Vi1~\1 iJ 

~1L~I?Jl..l1~1n~~1t1U~r.itl L"Ji'W ~'W~~"ll LL'"~~~u~n "ll'NG~n1~~LnUL~tl'l 'tl1!J"ll'tl..:JYJ"Jl~U1l.J1L~ 
..,. w Q.ol' .d a..d tV cv o .Jo cv ..J ~ IV AQ.I" 

~nrn n11LnU1n~1l'l"l! '.lfin1J'~nrn LL~~I?l'd'Vl1~:;~1ti'Vl'W1l..l1~nl?l "l!'l~'tlrnl"l~'tl..:Jnu'l1'W'd~tl"ll'tl~ 

Reineccius (1992) 1~ntl'l1'W~1 i?l'JVi1~~~1mL~~~"llUC91 ~::i1uJ'::~'VlfillTV~1'Wm1~nrn~11 

LL~;Jn ~1'l n'W{'WnU~ l.J~ f'l'd1~iJ-i'J"ll'tl'l i?l'Jri1 ~:;~ 1tl LL~::'tl'l l'fiJJ>~n'tlll"ll'tl'l i?lr:J'tlth-:1~ ~'el'l n11~ n 1?1 
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t II I s,- r I<' I ~ 

Yi~i'd LL~:;f;!'d C1 n ~ :;~ 1t~Yl'W ~i'dlCi :;~ :;~1t11 uf;!'JY\1 ~:;~ 1t~fi'Wiii'd f;!'d<Bth~ f;!'JY\ 1 ~ :;~ 1t~Yihi~i'd .. 
L-rlu L'Yit.!L'Vlt.!, Le1m"llu Li:Ju~u f;!'JY\1~:;~1tJ~iii'J~1nfu L-rlu Lc+~L't!Vi~~L'Vl'tlf, Lc+~rl~'tl h~L'Vlt.! 

i.r I l !V 

Luu~u ~~'ll'umn~'tln 1,f;!'dn'1~:;~1tJ ~~ LUtJ~~~1f'1tyYi~'tl~Fi1i1~~~1 um ~~n c+~ tJ!ln'<i'1nu 
... . 

Wudeneh LL~!;rl ru:; (2004) 1~n1n1~~n-rt'1 ~~m~'1nJ"ll'tl~U'1~t.!~'B~~:;L ~t!Yl~ n c+IL~ . . ... 
lCi'1n Valeriana officina/is Yidh.JLnt~'d1tJ-rl'd~ 8 u~:; 14 L~tlt.! 'Yi'Utl1~m~1nJ"ll'tl~U'1,rt.!~'tl~ 

~:;L~t~hiLvhnu ill'il ~'tntJ 14 L~'tlu ~m~1ru~1nn-l1 0.5% ~'dum~'1ru"1l'tl~~.,nh:;n'tlu'Vl'1~ 

Lrlii ~'Vi 'lJ 1 t.! LL~ ~ :;f;!'d it.! bJ LL\J t.! tl t.! 

3.2 011'V1,;'11I'a'Ui;~-a-:~1111110r;tt;1n\;'itr;i"eltltt'ln C. curvignathus 
..... .. 

3.2.1 1111110r;t';10'rf'ii 

LUt.!,f'1 ,rt.!LL~ :;~'1~~ rl c+l~tl'1'U~ ~ht.!m':;'U'dt.!n1 ~~ rl c+l~'1'"l'1 no!J!l~ 3.1 

u1~1'Vlc+~~t1u1u~tJ~unu~n.,~u~:;n'tlu1u~'dt~ 
¥.... ... 

- 'U1)J'U';10'rf'il'V1,;'11I'£l'U 

ij ~m~tnJ!;LUt.!"ll!l~ m~'d~ LL~'d LLj;}"Jlilc+l"ll'tl~~"ll ij rl'd'1~~Uc+l L~!l 
... ... . 

~tlc+l~~Lt.!U1lCi:;L~t.!LUt.!LLt.iuYl~~m:;lCi1muu'1c+l1 'tl~'Ut.!~i'du1~~LL~c+l~hun"tlVJ13 
.... .. 

-1111110r;t~~1'U~10'rf'il'V1,;'11I'£l'U 

~~ n-rtru:; LUU"ll'tl~ L ~ ~'d ~ LL~'d LLj;}"Jlilc+~"D'il.:J~"ll ~ r1 'd 1 ~~uc+~ 
II I ~ I i-1 

L~ nU'tltl t:,J~ ~.n ruenu'1,rt.! Li1'il~tl c+l~-.1 1 t.!U'llCi :;m:;lCi'1tl f;!'d 1uli''d '"lt.!Vl'1L~~"ll'il.:JU'1 rl~1tl rl'U~"ll'tl~ 

~1~~nc+~~mu~.:JLL~c+~~lwn1-w~ 14 
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(;'11n~;i 3 tfhnru~11~nf?l,f .. ur'WLL~~~11~nr?~~mu,1n~"ll~l-I'WL'rl1 1 o "liUf?l • 

~~nr?~Lf?lunm1u"liriu (maceration) • m ...... ,s-
'1 )JTU 'n'lf n 1.9\ 1.9\ 

...... 
"1i'WA'n"1i 

IV IV 

~1'1'a n f.9\1J1)J1J 'll1i'a n li'I'VI!J1'l.l 
II f ..., t .... t .... 

U1'V!Un (ml) U1'VIUn (%) 'U1'VI'Ufl (ml) U1'VI'Un (%) 

~::Lf?l1-ih-:~ 705.00 14.10 1,265.00 25.30 

t..,~ 270.00 5.40 905.00 18.10 

... 
165.00 3.30 1,550.00 31.00 fl1~'Vl'tl 

fl:i'::"li1U 215.00 4.30 1,510.00 30.20 

"" 330.00 6.60 855.00 17.10 "ll-:1 

~1 175.00 3.50 1,235.00 24.70 

Y~1n1'Vlu 385.00 7.70 770.00 15.40 

.,.LJ"" !?I ~ 285.00 5.70 1,450.00 29.00 

fl:i'::'lTW 210.00 4.20 915.00 18.30 

fl1'\J'Vl~ 295.00 7.40 1,395.00 27.90 
"' 
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n. ~1n1vm 



39 

. ~ 

1l1'VIIVJ 13 im1ru::"ll'fl'l~1:r'Ml ~·t:n:Wu 

n. v~i~·n1vm "11. "li1 A. m::'J1'W -.:~. n1'W'V1'1:1 
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... 
r.n n tJ ~ n'W'Vl £'11;'l 'flU m ~'il'il ntl'Vlfi LLuul :1-l ef1;'lm t1 {;]'fl n-1 ~r!t;JU f"J:I-lll~t;J n 

C. curvignathus ~1n1;'l1~~:::~1tl'll'il~,f,uruLL~:::1;'l1~1;'ln!'l~ti11J~1n.W"ll"llil£'1{;]1~1 ~1iE'Vl£'11;'l'ilU 
I ~ 

1 ~Q G.' i.->!11 1 OIV CV .o:::IQ 

LL!n~:::"ll'\J!'I'Vl~:::!'luwn:J.JL'li:J.J'llt~fn1~1 ~1J';l11;'l1~~:::~1tl"ll'il~t~1l-lt~LL~:::1;'l1~1;'ln!'l~ti1U~1n~"ll"l!UI?I 
... ~ 

1'11~1 'il'iln~'Vlfi1um~l"l';l1Jf"J:J.JU~';ln vr~il 

01~A~'fl'UA'J1~LthA'rhtbA!J01~-i~r'r~11'8~~1~~nAJ'137''1J 

~u~1 ri1Lu'flh;u~m~fn1tl'll'fl-.:~1l~'ln~L';l~1 24 i';lt:J.J~ 1;'l1~1;'ln£'1~1.l~ 1;'l1l-J1~n 

'il'iln~'Vlifl';lUfOJl-!1.l~t;Jn1~~ ~~tJ~1~1.l~'lnfn1tl~~ 94% ~rt';l1l-JL;l-J;u 10.000 ppm bb~:::ri1 
.I ... "' ... .I I ..: d' !"I .., • I 1"'"" d' 
Lu'il1b"l!t!fnn1J'fn1tl"ll'il~u~';lnrt'ilt11 L~l-1~~'11'-l but~ 100% ~~~~1nu~t;Jn £'1~1J1;'l1J''Vll?l1;'l'il1Jtl1t!'llt! 

~b';l~1 48 72 96 bb~::: 120 i';l'Ll-1..:! bb~:::Lil'ilit~~£'1n1J''Vl£'1~'tl1J~b';l~1 120 i';l'Ll-1~ ~1J~1 • 
~11~ri£'1~1l~ ~l"l';l1:J.JL;:J.J;u 2,000 ppm ~1J'1;'ln£'1~1n1'Vlu ~ft';l1:J.JLiEl-11Eu 2,500 ppm 

1;'l1~1;'ln£'1~:::L£'11iE1..:~ ~rt';l1:J.JL;:J.J;u 3,ooo ppm 1;'l1~1;'ln£'11~~ ;~ LL~:::mu~~ ~rt'l1l-IL;l-!;u .. 
10.000 ppm ~1l-J1~n'il'fln~'Vlil"l';l1Jf"Jl-J1.l~t;Jn1~~ ~~~~1~u~t;Jnr;nun~ 100% ~'il..:~~..:~l-11 1~bbfi 

' ... 
a.' 4 I .a:i ~ i,l Q, 

~1J'1;'ln£'1nJ':::"ll1tl n~:::'Vl'fl '111 LL~:::m:::t;J1t~ 'Vlr!';l1l-JL"lll-J'llt~ 1 o.ooo ppm ~1:1-l1~n'il'fln~'Vlfirtt;JU~l-J 
I ~ 

,J~t;Jn'Wl 84, 74, 56 LL~::: 46% f;l1:J.J~1vfu ~~LL1;'l£'1~hun~Yi 15 ~1m!uinri1L1l'flfL~t~~ntJ'fn1tl 
~ I 0 

'11'fl~~1J'1;'ln£'1u1ll'u1u.W"l!LL[9)~:::"llil"':J.J1~1ri1 LC50 YiL'l~1 12 -n';lt:J.J~ Vlu~1 1;'l1~~n"'~1.l~ ij 

1.l~:::~'Vlfi.m~1umJ'I"l';lU~:J.Ju~';ln1~~~~"'Lil'il~~1nijr11 LC50 ~L';l~1 72 i';l'Ll-l~ ~1~£'1Lvhriu 
269.2 ppm J''fl~~~:l-l1HiLLri ~1J'1;'lrl£'1~1n~1nh'ltlbb~:::~:::L£'11iE1~ iifi1 LC50 L'Vhnu 455.5 bb~::: 

~ I ~ ~ 

731.2 ppm lW'll-J~1vfu ~t;JU~1~~n£'1u1,YuYim~'tlrt';l1Jrt:J.J1.lmn"llill1lvf~n~1';lL~hJ~ LU'il-.:1~1n:J.J • 
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100 
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8H 

111'Wfl15 LtJ'flfLsnur;lm11W1U"ll'el\ltJ~'dn C. curvignathus 'VIi..:~1~3"Un11'Vl(?l~'flUI"1'd"l:WLU'WVh~tLLUUd':wef~IJ11tl"ll'el\1~11~Hi(?ltf'uJ'W'"l1nYh!"'lU(?l~'N1 
~1"1'd1:WL~:W~'W~1'11 ~L'd~1 24 48 72 96 LL~~ 120 i'db:W\IL'W~'el\ltJ~u1im1 



611'11~;\ 4 ~1 LC50 ~L'd~1 72 .f'd UJ'I,'eNn1J"Vl~~'tltJrl'd1l-ILUUYh~tL~Um~il-l~~"11'fl'l,f1~U 

"l!U~~1'11 ~'tln1~l911U,'fl'ILI~'dn C. curvignathus 1u~'fl'1Lllj~m~ 

LCso Fiducial limit 
Plant 

Concentrations (ppm) Lower Upper 

" ~:::L~1"l!1'1 731.2 280.9 1,446.5 

L'Yi~ 2,801.9 2,074.7 3,998.2 

.... 
11,855.1 n~:::'Vl'tl 7,136.6 27,237.0 

n~:::"l!1U 7,522.9 5,705.8 11,705.4 

... 
5,702.9 3,379.8 15,695.9 ," 

"lh 14,696.9 9,199.1 32,805.6 

'Yi1n1'Vlu 455.5 139.7 922.5 

"\J ... (11 ~ 269.2 110.9 478.3 

n~:::'d1U 48,317.6 20,269.6 319,062.9 

nTW'Yi~ 5,282.3 3,215.0 12,106.9 
" 

n1'3''VI f;l'a'EltJ F\11~ L tJu oW'M Lf;I!J n·wi ~ tJ'a11'El~'a1'3''a n f;I,!I11J 

42 

'YitJ~1 ~1 LLl'flfL:nu[;]n1 ~L911U"11'fl'ILI~'d n 1 U~1~~ n !1l~U1tJL ULL~~:::"l!il!11~ L'd ~1 

24 i'dLl-1.:1 i1~1~1n~1 20% LL~:::~1LLl'flfL:nu[;]m~L911U"11'tl.:!Ll~'dn~'tltl1 L~l-1~-l~U ~L'd~1 48 72 

96 LL~::: 120 i'dUJ'll?l1l-!~1~tJ LL~:::bi1'fliu~~m~'Vl~~'tltJ~L'd~1120 i'dLl-1'1 'YitJ~1 ~1~~rl!11~hJ~ • 

~rl'd1aJL~aJ~u 10,000 ppm ~1l-!1~tl'tl'tln'l'Vlirl'dtJflaJLl~'dn1~~~~!11 ~'le.J~ l"Ll~'dnl911U 68% 

~'tl'~'tl'~l-11L~LLri ~1~~n~~:::L!111.;)1..:J ~1aJ1~tl'tl'tln 'l'Vlirl'dtJfll-ILl~'dn 1~ 60% ~'dU~1~fHi ~'Yi1n L'Vlu 

L'Yi~ m:::11u m:::li'fl m:::"!!1u ~" ,j1 bL~:::n'lU'Yi~ ~1aJ1~Cl'tl'fln'l'Vli~'JiJfJl-ILl~'Jn1~ 58 42 40 38 

38 38 36 LL'tl::: 34% 1?11l-1~1~tJ c;i-:JLLMl'IL'W11'Yi~ 16,..1mfuu1rl1LLl'flfL:nu[;]m~L911ULU~1~~rl!11 

~U1tJLULL~'tl:::"l!i!!PlaJ1~1rl1 LC
50 

~L'J~1 72 i'JLl-1'1 'YitJ~1 ~1~~n!1l'Yi1nL'VlU nLJ~:::~'Vlfill1'YiLU 

m~n14'~PJL!'tl'dn1~~~~!11 L~'tl..:J10j1nilrh LC50 ~L'J'tl1 72 i'JLl-1'~ ~1~!11L'vhnu 17,459.3 ppm 

~'tl'l'tl'l6J1L~LLri~1~~rl!1191n~LJ~ ilri1 LC50 LVhntJ 19,659.9 ppm ~'JU~1~~n~~U1iJ~L~~'fl 

~'JtJfll-IU'tl'Jn"l!u!1l~..:Jmi111~'W~Lti'tl.:~,..1nilr11 LC50 ~~" c;i-:Ju~!Pl'IL'IJI?l1~'~~ 5 
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l11'Wfi 16 Ltlt1fL;n'WLJln1J'IW1U"ll'eNtl~'Jn c. curvignathus 'VIi~1~ftJn1J'Vl (;l~t)tJfi'l'J1a.J LUUVhj'LLUU~iJ er~ (;11U"llt1~~1J'~n (;l'VIU'1U'"l1 ntl"l!"J!Uc;JJ;h~1 

~rl'J1a.JL~a..!~'WJ;h~1 ~L'l~1 24 48 72 96 LL~:; 120 i'JLa.J~ L'W~tl~tl~u~n·w 



9111'1~;15 ~~ LC50 ~L'J~1 72 of'J 'G-J~ 'll'il-m11'Vl€'1~'tl'Uf1l'J1~Lth.!V~~LC'Itln11i~ef~'l!'tl~ 

~~J'~rl€'1~tl1'1.J"JlUC'It;i1-:~1 t;i'tln11(;11tJ'll'tl'IU~'Jn C. curvignathus L'IJ~'il'IUfl~niJ' 

LC50 Fiducial limit 
Plant 

Concentrations (ppm) Lower Upper 

~ 

~::L€'11"ll1'1 36,907.6 17,282.4 166,273.9 

1-w~ 46,856.0 20,243.8 295,817.7 

"" 46,977.4 m'!;'Vl'fl 20,000.0 304,054.8 

nJ>::"ll1tJ 38,774.8 21,700.5 529,469.3 

~'I 36,260.2 17,304.1 193,088.8 

' 58,162.8 22,614.6 494,413.4 'll1 

-w1n1vm 17,459.3 10,996.7 41,252.0 

""tJ.d VI ~ 19,659.9 11,682.1 50,987.4 

nJ>::'JTW 34,124.2 17,002.5 170,307.1 

nTW'W~ 51,207.5 23,773.1 806,878.9 .. 

44 
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~. ~ 'i' ~ 3.2.2.2. fl'ln'l&;l~'!l'UA'l'l~Ll..IUVfl:h"!ln'l1flU (stomach poison) 
.-

~'lflt.JINn1J''Vl{;l~'t.l'I.Jn1J'fl't.lnq'VlfiLLUWLUUnumu (stomach poison) l'l'JU!"l~ 
~ ' 

UIN'ln C. curvignathus t(;lti~'IJ'IN:IN'Itl~'t.l-:J~'IJ'~nc;)U'I~ULLIN:;~'IJ'~n(;l~ti'IU~'InW"Jl"Jltlc;)J;i'")-:J1 fi 
' ~ 

1~'Vl(;l~flULL(;}~N:"Jltl(;l fiJ>:;ur~'l'I~L~~~u(;}'l-:~1 'Wu~1 ~'IJ'~N::~N'Iu~fl-:~~'IJ'~n(;l'll'l~uLL~N::~Tr~n(;l 
... "' 

~mu~'lnW"Jl"Jltl(;l(;}'l~1 fl't.lnq'Vlfi1umJ>,j'lu~N'ln1.~t.J~N ;-:~il 

~.~... ... .....~: ..... 
fl11VI"~'!l'UA'l'l:IJL1..1U'nti!."!ln11flU"'lfJ"ll'!l-ll~11~n"U'l:IJU 

'WU~'I Lu'rlfL.:nu~n'IJ'LJI'Itl"1lfl-:JU~N'ln1u~'IJ''Vl{;l~'t.luu(;}~N::"Jltl(;l~L'l~N'I 24 -i''lhN iJrh~1 
I I i.t I 

n~'l 30% flrl'l'l~l;~;u 10,000 ppm LLIN::LU'rlfL.:nu~n'IJ'LJI'Itl~fl~U~N'lnrlflt11L~~~-:J;UflL'liN1 

48 72 96 LLIN!:: 120 i'lt~~ LJ11~~1iU Lrl'fli'tJ~(;ln1J''Vl(;l~f!U~L'liN1120 i'lt~-:J 'WU~'I ~'IJ'~nc;J • 

~u~~r!'l'I~L;~;u 10,000 ppm ~'I~'IJ'tl't.lflnq'Vlir~'lu!"l~U~N'lnL~~~~(;l ~-:Jt.JINL~U~N'ln(;]'ltl 
78% J''rl..:J~N-:J~'I~fl ~'IJ'~n(;l"W1n1'Vlu ~1~1J'tlfl'rlnq'VliFl'lU!1~u~N'ln1~ 70% ~'ltJ~1J'~n(;l~:;L(;l'l 

1jj1-:~ L'WIN n'IU'W~ ~~ nJ'::"ll'ltl m-::-vi'rl -,i1 u~N::m:'l'IU ~'I~'IJ'tl't.lflnq'Vlir~'lU!1~U~N'ln1.~ 66, 60, 

' "' 
52, 50, 44, 38, 36 LLIN!:: 34% LJI'I~~'I;U ;-:JLL~(;l~L'Wl'I'Wfl 17 ~'lmruu'ILU'rlfL;U~n'IJ'(;]'Itl"1lfl~ 

~1J''Vl(;l~'t.IULULL(;}IN:;"Jltl(;l~'ltnrh LC50 ~L'liN'I 72 i'lt~~ 'WU~1 ~1J'~n(;l~U~ nuJ'::~'Vlfifl'I'WLU 

n'IJ'rl'lU!"l~UIN'lnL~~~~(;l Ltifl~~1niJri1 LC50 ~L'liN'I 72 i'lt~-:~ ~'l~~c;)L'Vhnu 7,528.0 ppm 

J''t.l-:1~-:J~l'IL~LLri ~'IJ'~n(;l"W1nll'ltl LLIN:::~:;L(;l11jj1-:J iJrh LC50 L'Vhnu 8,987.3 LL~!: 8,256.1 ppm 
i,l I I .cJ 

~'lU~1J'~nc;)U'i~Uvh~~fl~1~1J'tlrl'lU!1~U~N'ln"lltl(;l;-:Jmh'lL~hJ~ Lil'rl-:~~1niJri1 LC50 'Vl~~ 

;~u~(;l~LUf.il1J"'-:J~ 6 
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ll1Yt~ 17 LU'flfL e'Du[;J n1J'I'l'UJ"ll'fl~U~'l n c. curvignathus VI~~ 1~~u n1J'Vl (;)~'fltJ l"l'l'la.J LU'Wfi~LLtJtJ nul'l'ltl"ll'fl~~ 'l1'&'Hi (;)u"'nTu'"l'l nVl"ll"J!U(;) r;h~1 

~l"l'l'la.JL~a.J~'Wf;h~1 ~L'l~'l 24 48 72 96 LL~::: 120 -fi''lLa.J~ 1u~'fl~tll)UimJ" 
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911rl-3vi6 rh LC50 ~L'J~1 72 .f'J'll.J~ "ll'a~n1J''Vli?Wl'flUt>~'J1~LU'WYht'i:"'t~m:i'rh.J(;I1tJ"ll'fl~,f1,r'W 

"lltJ"'l'i1~1l'i'fln1J'(;I1tl"l!'a~U~'Jn C. curvignathus 1'Wt.1t1~1llJ!.MmJ' 

LC50 Fiducial limit 
Plant 

Concentrations (ppm) Lower Upper 

t-o 
~::LC?l1":1!1~ 8,256.1 6,404.4 12,338.1 

L'V'j~ 9,989.6 8,468.1 12,438.7 

.... 
13,698.2 n:i'::'Vl'a 10,004.1 24,561.5 

n:i'::"l!1t~ 12,942.4 10,004.1 24,561.5 

... 
10,795.8 8,635.1 15,170.1 "!!~ 

I 

14,479.0 11,368.8 21,044.9 "!11 

'V'l1n'1.'Vlu 8,987.3 7,627.4 11,141.3 

~ll~ 7,528.0 6,522.5 8,995.5 

n:i'::'J1'W 15,072.0 11,652.8 22,696.2 

n1'W'V'l~ 10,488.5 8,806.4 13,289.7 .. 

n1'i'Vl61~'il'l..J A 11~ L tl'LIYht Lfl!.l n1'ifl'LI611 !J'!I'il-3~1'i~ n fl'\!1!.11'l..J 
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'V'l1J~1 ri1 LU'flh~'W~n1 J'(;l1tl"ll'fl~U~'J n L'W~1J'~ n tn~UTIJL 'WLLl'i~::"l!Ucn~ L'J~1 
24 .f'J'i:~~ iJri1~1n~1 10% ~FJr;J1m;~~'W 10.000 ppm LL~::ri1LU'flfL~'W~n1J'(;I1U"11T1~U~'.ln 

I j.l I I I I 

riT1U1 L~~~~;'W ViL'J~1 48 72 96 LL~:: 120 "J!'.lL~~ (;11~~11?ilJ L;J'a~'W~C?ln1J''Vl"'~'flUViL'.l~1 

120 .f'J'i:~~ 'VilJ~1 ~1J'~n"'~ll~ ~FJ')1~L;~~'W 10,000 ppm ~1~1J't1'a'fln~'Vlir~'Ju~~'1.~~~~cn 
~~t-~~1t.11.l~'Jn(;I1U 54% :i'T1~~-:~a..n1~mi ~1:i'~ncn~::L~n1~1~ LL~::'V'l1n1'VIu 'fl'Eln~'VIit>~'Ju~~ll~'Jn 
'1.~ 46% L'Vhn'W ~'J'W~1J'~tli?IL'V'l~ ;~ n1'W'V'l~ ~1 nJ'::'.l1'W LL~::m:::vt'El ~1~1:i't1'fl!lf1~'Vlirl'.l1J~~ 
1.l~'.ln1~ 38, 34, 30, 28, 28, 26 LL~:: 24% (;11~~11?iu l?i~LL~I?l~L'Wl11'V'l~ 18 "'l1mf'W'IJ1rh 

LU'flfL~'Wvln1J'mUL'W~1J'~ncn~mlJLLl'i~::"l1Utn~1~1ri1 LC50 ~L'.l~1 72 .f'.l'i:~~ YiU~1 ~1:i'~ncn 

"'l1nYl"ll"lltJC?~l?i1~1 iJri1 LC50 ~~~a-~1n ul'in'V'llJ~1 ~1J'~ncn'V'l1n'1.'V!u iJ1lJ':::~'VIfil11'V'lL'Wn1:i't>~'.lu~~ 

u~'.lni.~~~~"' Lrl'fl~"'l1niJri1 LC50 ~L'J~1 72 .f'.l'i:a-~..'1 ~1~cnLvhnu 23,405.5 ppm J'T1..'1~..'1~1 
1~LLTi~1:i'~nl?l"'l1n~ll~ LL~:::~:::Lcn11jj1~ iJri1 LC50 Lvhnu 34,645.0 LL~::: 25,7 41.4 ppm ~'.l'W~1J' 

~nl?l~U11J~L~~t!Fl'JlJ~~U~'.ln"llilcnvf~n~1'JL~'W~Lri'fl..'l91F1iJri1 LC50 ~~..'ll?i-:!LL~tn-:!L'W(;I1:i'1-:J~ 7 
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.f11'n~ 18 LU'f!fbenu(;]mJ'IW1tl"ll'fl~U~'ln C. curvignathus Vli~1~~'1Jn1J''Vl(;l~'fl'IJI"1TUJLU'\..!Vh~muun'\..ltJ11U"ll'fl~~1J'~n(;l'VItJ'l'IJ'"I1nYl"ll"lli1(;111h~1 

~1"1'l1l-IL~l-l~'\..l(;h~1 ~L'l~1 24 48 72 96 LL~:; 120 .r'lbl-1~ L'\..l~'fl~U~tmn'IJ' 
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ll1'n~ 18 ~1l'flf~en'IJ~n'1J'!?l'lU"11'fNU~r;Jn C. curvignathus '"«..:J1c)i1'umJ''Vl~~'flUr1r;J'll-J~iJ'IJVh~~LUUn'IJ!?l'lU"11'fl..:J~'lJ'~n~'"mu'"l'lnYl"ll"llil~l?l'l\11 

~r1';l'll-l~~l-l~ul'l'l'~1 ~~r;J~'l 24 48 72 96 ~~~~ 120 ir;)Ll-1-:J 1u~'fl..:Jll~tWimJ' 
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PI,Tl.:J~ 7 rh LC50 ~~')~'1 72 i')UJ,:j"'J'tl·:Jn'lrvlf?l~'tl'Url')'llJ~UUYht'i:f?ltln"l~nu!11'1tl'n'tl,:j 

~1J>~nf?l~tl'l'U"l!ilf?ll'i'l,:j11'i'tlm~1111tl"!l'tl,:jU~'Jn c. curvignathus 1ui4'tl,:junmimJ> 

LC50 Fiducial limit 
Plant 

Concentrations (ppm) Lower Upper 

~~~f?l'l~'l,:j 25,741.4 16,479.5 54,809.6 

L'Yl~ 31,824.9 16,356.2 151,095.1 

... 
75,867.1 25,021.7 3,186,416.1 n~~'Vl'tl 

nJ'~"J!'ltl 57,614.2 22,186.2 832,071.0 

~~ 39,964.9 18,337.9 258,859.3 

"lh 95,059.0 25,791.0 1,666,222.0 

Yl1nL'VltJ 23,405.5 13,839.5 71,126.1 

""u"" "' ~ 34,645.0 13,124.1 831,832.9 

nJ'~')'l'U 51,207.3 21,024.8 666,845.6 

n"''U'Yl~ 72,731.2 25,264.1 1 ,250,434.2 
'lJ 
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e.J~"'''l n n"l~~m~nU~~~'VlflJl'l'Yl"'J'tl,:j~'lJ'~ n f?ltl'l~U ~L~~~'l~~fi (?l~tJ11J"'''l nfi"l!"J!tlf?l l'i1~1 
l'i'tln'lJ'f"ll)'UrllJU~'dn C. curvignathus Lf?ltln"''J''Vl(?l~'tl'Url'd'llJ~UU-w'rt~L'U'U~lJer~111'1mL~~nu!111tl • 

CV 2.f CV 0 ~ qA. 1 11V i.- CV 0 

bb~ ~~ 'l J'~ n 1?1 (?l'W WJ'YI 1 ~ ~~ 1 tlU'tl~lJ'tl ~ L~ n b "'IU lJ'Yl'rt~-.3 n'd'l n'l ~~ n 1?1 {;I'JtJIWJ'YI1~:;~ 'ltl btl 'Vl1 'l..l'tl ~ 

~ti'tl,:j"'''l n1fim ~'Vl "'~'tl'U C?),:j n ~h~Jii fi1 LU'tl fL :nu~m J>1111tJ"!l'tl,:jU~'d n~~,:j ~L~~ii l"i1 LC50 ~~ n~ 1 

1fimJ>~u1 'i~?~tJ~~~~n"'~hJ~~~n"'~')tJ~'dYil~~~,tJutJfl-l'tl~Le:Jm"'Iu ~'ll-l1~t1'tl'fln~'Vli~l-ler~ 
1111tJL~~~~"' L(?ltJiirh LC50 ~L'd~'l 72 i'dLlJ~ ~1~1?1 269.2 ppm ~'tl~~~lJIL~LLri ~'lJ'~n"' . 
Yl1nL'VltJ L~~~~~J'~n"'~~~"''.n'l,:j iifi'lLvhnu 455.5 LL~~ 731.2 ppm 1111lJ~1C?iu ~-3n1J''Vlf?l~'fl.:~ 

~ ~ I ~ 

r'lf~u~'tl(?lf"l~'tl~nu~'tllJ~Vi~'l ~~J'~nf?l'"l'lnYi"l!i:l~'Vlfi~'lLLlJ~~ (insecticidal effect) LL~~~~~lu 

n~ lJtlii-wM~'B ~LlJ~~L ui n'liC!J~~lJ er ~ 1111mL~~i nMru:;n'W1111tl (Hassall, 1990; Klass and • 
Eames-Sheavly, 2004; Cloyd, 2004) ~'J'W Russ (2005) bb~~ Golob bbfl~r'lru~ (1999) 

"' J'ltl-li'W~'l ~~J'~n f?IJ'UtJI~U'"l'l nf?I'B nn'lU'Yl~i1tlJ>~~'VlflJl1Yl LU'W~I~rhr.ff?l LLlJ~~ LL~~ii n'lJ''tl'B n 
'lJ 'lJ 

~'VliLL'U'U~lJef~!11'W Lf?ltJi1tlJ>:;~'VlfiJl1Yll'i'tl~IJ.J~..:J~~~u"l!ilf?l LL ~:; '!!' u 'Vl<f u LL fl ~ r'l ru ~ ( 2546) 



so 

~ ~ ~ 

Linnaeus) YfU~1 u12T'Wvr'fl~J>:;Lvm~1mtl~ttmv~1n1'VluiJ.Yht(;J'flu~'ln LL'IuiJ\'l'!~'Vl~iu1~ ~'M">11n 

n1J'i~tl'~ LL~:;~'M"i1nn1J'J':;Lvrf.l Li?lf.l'fl'lflUJ':;n!luvrin~'WU fll'fl caryophyllene, limonene LL~:; 

{3-pinene 

4. f\'l1J.J~13J1'Hl"':un1'i~I!JYJ'!lf;l.W'lt"ll'21-3tl'i'ln C. curvignathus 

~1nn1J''Vli?l~'BUr"l'l12-!~12-!1J'!'lL'Wmnhf.l'Vl'Bi?l~M"lltl'IU~'ln C. curvignathus 'WU~1 

~1'W'l'WU~'ln~(;J1f.l'I.'IJm:r'VlL'I~'flU~ L'l~'l 24-120 oF'l ~'~ ~'fl'ln1J''Vli?l~'auiJm1l-.!LL(;Jn(;i1-:J'flU1'liJ 

Uf.J ~ 1 ri t1J'Vl1'l ~ t1 ~ J':;VI~1'1 ~ 1 J''Vl 1?'1 ~'BU"JJUL'I (;!1'11 ~ 1'\J'l'\JU~'l n ~ (;11f.J~'IJ'B ~ n U"llili?l"ll'B'I ~ 1:1' 

'Vli?l~'aur?i'-:JLL~i?l'l'I.'IJ(;I1:1'1'l~ 8 Li?lf.l'VIi'l~1n'Vli?l~'flu~1:r -wu~1 ~L'l~1 24 oF'lL2-!'l ~1J>YJ'Lu:rU~ 
~:;LtN11ri1'l LL~:;~tl~ ,:h'l.ih..J~'ln(;J1m'Yi1nu 10% 10% u~:;12% (;11~~1C?i'u ~'~~·m~1~1:r 

" 
'VlL'I~'BUt'W1 'BU1'lii?'IL~'IJ LL~:;rhC?l'!n~1'l~'l~ULiJ'IJ 10% 14% 18% vrtf'l~1nU~'ln 1~fu~1:i''W1'\J 

i1 I I II 

~uLiju 48 i'lL~'l LL~:;Lfi~~'l;\!LU'W 14% 18% LL~:; 22% (;112-!~1C?lu vri'l~1nU~'ln1~fu~1:r 
" 

J a ~ .::: J cr cv t.-cv J' 
\!1\!"ll\!LU\! 72 "ll'l t~'~ LL~:;L'W2-l~'l~\!LU\! 24% 22% LL~:; 26% Vl~'l~1ntl~'ln1L'IJ'U~1:i'\!1\!"1l'W 

"' I l 1-' I I 

dJu 96 i'lL2-l'l LL~:;L~'B~\!~i?ln1J''Vli?l~'flUVJL'l~1120 i'lL2-l'l 'WUtJ1 ~1J'~ni?l~tl~ ~12-11J'tl'fl'fln 
q 

~'Vlir1'lUFJ2-IU~'l n 1tll~~~"' u~:;u~'ln~12-11J'tld1f.l'Vl'fl i?l~1J''Vl L'I~'Bu1uu-:Ju~'l n ~'ltu 1tll ~'~~'~ ~~ 
'I.~Ll~'ln[;j''ltu(;J1f.l 30% :i''B'l~'l2-11ill'B ~1:rYJ'l:tiJ'U~ ~1l-.11J'rl'tl'Bn~'Vlir1'lufJ2-IU~'ln1~ 26% ~'lu 
~:;LtN1eD1'l -w1n 1 'Vlf.J ~1:r~L W'W~ffi\! LL~:;1.11:r...J~ L ...Juu'fl n"!:r'Bu ~1~1:i'Cl'flfln ~'Vlir"l'lUfJ2-!U~'l n 1tll 

24, 22, 18 LL~:; 14% (;112-J~1c;jtJ 

~1 n n'l:i''Vl i?l~'fl'l 'WU~1 ~1J'~ n L'l~1n ~tl~~12-11:i'tl r"l'lU r"ll-.!U~'l n 1tJ1~~1~1J''Vl L'I~'BU"llilc;J 
q 

' ' .,. '"' 'I." 4 4 '1. 5 "" .I 'B\!1 LLrflrfi'f1'l "11:r::f.J:;L'l~1'\J1\!L\!'fl'l'"l1n'W"ll \!'l'll"' Piperaceae l-.1~1J'uJ'::n'au piperamide 

~'~ LU\!~1J'~~1~1 :rn l~'l. um J'r"l'lU r1~ LL2-1~'l~u1 c;J L~ n u~:;~1~1:rn ~ "'m:r'rl' oo.J\!1 m :r~1\!'Vl1'WM q 

1~ Ld'BU1LU f.J~~ nu~ 1 :i'L ~~UJ'::~'Vl~ fl'l'W vr1!l f.J ~~ nu~ ')J''gh LLl-.1 ~'l'"l'l nfi:i'J'l-.1"111 ~"11UL'Itu L -rl'W 

1-w1'Vlfl-.l (pyrethrum) (Scott et at., 2008) 
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,..,nn1l'~m~nf"''d'UJ~'UJ1:ttlLt.ln1Hht!'Vl'fl(;lYht~'tl-::JU~'dn C. curvignathus 'V'I'U~1 

u~'dn~1aJ1:ttld1u'Vl'tl"'~':tLf"'ii1uu-::~u~'dnlfi'd~u1 Hi ~-::~~'tl"'r~~'tl-::~nu"JJ'tl~~~'tl-::~ t-::~V1Y~u (2556) 

~nu-::~1'W~1U~'dn-::J1'Wii'J.nJ1~'"''fl'i!l1:taJ1Lfu-::~u~'dn~u11uf-::~ LLrfi~'ltJFI'd1aJ~U~'lnhHJ(;I1 
!11 I I l I "" I 

~-::JU'W U~'dniOl ::1-Du:t::~1'VliaJ er~VIfu n~'WLL~::fu bLNi'W~::L Yi'fl'W ~-::JtpJ-::J'fltiu1L'd ruV!'J.f'J bb~ di'tl-::1 ., 

U~'Jn,..::H%m:l'~'fl~1:i' L(;ltJii'V'I~~n:t:taJL~tl'tl~~'tl-::J'tlti1-::J fi'fl L~t!U1n (stomodeal feeding) 

'l"' u n 1:tL~ u iaJ er~ ri Uf;l~'tl"' L ')~ 1 nu'J 11ru::~u1 9-:J ~' aJ 1 :tbl d 1 u'Yl 'tl (Plfl1 '1!111,..1 n !fi'J'"~-::~1u~ n !fi'd 
' ... ' 

'"11-::~1~ u1-::~ f"''W(jun~1 'V'I~ ~n:t:raJ L~mL[1]U~'dn hlii~u9-.'l~tln'V'I~ ~n:t1aJL;iu U~'dnii~'l'W~'tl-::1 

'"'W'J "'nl'::~'WeJ1tl f;l N4i1aJ LL~ ::L mu1 n lfi'J L 'tl-.'lLUroi'tl~U1 n e:l1u f;l:t-.'l;t 1aJ L ~'tl fu't.l1'"1l',..1 nu1 n~'tl-::1 
q 

~ne:!1u LL~::'V'I'l~n1:ta.Jii'u-.'liit.~~(1]'flu:t1n!Jn1nl.l1u~hu~u~'fl-.'li-.'lr~aJL~'tl~'fl~1:rniJ 

f;I1Tl-3;i 8 bU'tlfL~'W~ntJ'f;l1tJ~'tl-.'lU~'dn C. curvignathus '"i-.'lL~fu~11'VJ(Pl~'fltJ"l!iJI?lr?i1-.'l1 

~rl'd1aJL;taJ4iu[1]1-.'l1 ~L'J~1 24 48 72 96 LL~::120 i'l'la.J-.'lL'W~'fl-.'lUlju1im:t 

0.00±0.00a21 O.OO±O.OOa 

10.00±1.51bc 10.00±1.51bc 

6.00±1.01ab 1 0.00±1.62bc 

4. 00±0. 75ab 6.00±1.01b 

1 0.00±1.62bc 14.00±2.16cd 

12.00±1.85° 18.00±2.75d 

6.00±1.01 ab 10.00±1.51bc 

F-test ** ** 

cv. 1.37 1.23 

,, LutlfL;itJ.~ri1L'U~tJ~1nmTV~!?lMJU 5 .f, 

2.00±0.47a 

14.00±2.16bc 

12.00±2.02b 

1 0.00±1.62ab 

18.00±2.75bc 

22.00±3.35° 

16.00±2.46bc 

** 

1.84 

2.00±0.47a 

24.00±3.75° 

16.00±2.53bc 

12.00±1.9432b 

22.00±3.35bc 

26. 00±3. 96° 

18.00±2.75bc 

** 

2.08 

2.00±0.47a 

26.00±4.QQcd 

18.00±2.81bc 

14.00±2.16b 

24.00±3.66cd 

30.00±4.57d 

22.00±3.35bcd 

** 

1.87 

21 ~') Lft~ 1tJ.~~nl.l.r1~ri,nu~<Ju~'l!im:nuj;)n r;h--ln'W u~~n--l'iliifl'lll-1 lL~?Jnl?ii--ln"Wvn--l~ii~~)'::vfu 95% (P<O .05) 

,1nnt5'LUhJuLYit.JUll?lt.J% DMRT 
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'"l1neJ~m)'~m~n1h:::~'VlimYl"ll'fl~~1Hfutr~mn'"l1'1JL~u1:1?1"1J'fl.;JLb:W~.;J lii'flm)'mu~:w 

i.J~r,m C. curvignathus Lt.'lU1~tJ~<JnL~fu~1J''~hu:w~~n~:w IGRs 5 "DUt.'l Yl'lJ~1 ~1J'~b~'l.!~)''fl'l.! 

bb~::: ~1J'~~b~'l.!'l.!'fln~)''fl'l.! ~1:W1J'~'fl'fln~'Vlif"l'JU~:wi.l~<Jn C. curvignathus 1~~~~t.'l ~,m~1~ 
i.l~<Jnl?l1U 100% O.;Ju:i:J~1~'fl.;J1~;r:::u:::b'J~1'1.!1'1.! 4-5 rJ'I.! ~'J'I.!n1J'~m~ntJ;r:::~'Vlfill1Yl"ll'fl~~1J'~nt.'l 

'"l1 nw"DU1.;J"JliJt.'l tri'f"l m:tl"l'Ju l"l:w tJ ~'J n"DUt.'l ~.;) mi 1'J Lt.'ltJ'Vl t.'l ~'flu l"l'J 1 :w t tl'I.!~"M"Ltuunw•l1 u LL~::: 
q 

., ... 
tLuu~:wef~l?l1tJ"ll'fl~~1)'~nt.'lu'ur'l.! LL~:::~1;r~nt.'l~mu'"l1nw"D"DUt.'ltri1.;J1 u'l.! ~1:t~nt.'l'"l1nVl"D'fl'iln 

~ 'Vl i bb 'lJ 'lJ ~ :W ef ~ 1?1 1 U ~ n ~ 1 Lb 'lJ 'lJ n '!.! 1?1 1 U bb ~ ::: n 1 :i' ~ tl t.'l ~ 'J U (9] ':l'¥1 1 ~ ::: ~ 1 U '!.! 'fl f :W 'il ~ b e1 n b "1! '!.! 

iHil"M"~~ n~1n1:t~nt.'l~':lU~':l'¥11~:::~1t1 b'fl'Vl1'1.!'fl~ bt.'lt1~1:i'~ n t.'l ~tJ~~~ n t.'l~':lt.J !?l':l'¥11~:::~1t .. 
'l.!'flf:w'fl~bflm"ll'l.! 'fl'fln~'Vlil:wc!'~mu1~~~~t.'lbt.'luij'"h LC50~b'1~1 72 .ft'':lt:w~ ~1~t.'l 269.2 pprr 

:t!l~~..:t:w1 UiLLri ~1J'~tlt.'1Yl1n1'Vlu Lb~:::~1:t~nt.'l~:::bt.'l'l~~~ ijrh~..:tn1:'i1':lbvhnu 455.5 bL~::: 731.L: 

ppm l?l'l:wih~u 

~<J'I.!m:t~ n"M"11"l'J1:W~1:w 1 J'~ 1 'l.!n1 nh t.J'Vl'flt.'l~1 ;r~"M"ll'fl~tl~':l n~'l'l.! 1tl~tl~<J n~1'1.![9]':l~t· .. .. ' ' 
U'l.! tJ~<Jn~1'1.!Vi\~fumu!l~"M"lltJ.;J~1:t'Vlt.'l~!lu ~1:W1:i'mht.J'Vl'ilt.'l~1:i'~M1tJtr~tJ~':ln.;J1'1.!tln~1~ 

~b'J~1 120 .ff'':lt:w~ i.l~':ln~1'1.!~L~fub~~'fl~"M'"l1n~'l:t~nt.'l~tJ~ ~1:W1:i'~d1U'Vl'flt.'ll"l'J1:WbU'I.!~~ 

1tJ~tJ~ ':l n..:t1'1.!tln ~1~ ~'I~ t.'l b tltJ.;J'"l1 nYlutl~':l n..:t1'1.!1?11U ~~ ~ t.'lJ''fl~ ~~:w11~ bbri L ~ ~'fl~"M'"l1 n 

~'l:t:WttJ;r\l~ ~1)'~tlt.'l~:::bt.'l'l~1~ ~1)'~tlt.'1Yl1n1'Vlu ~1J'~b~'I.!'I.!J''fl'l.! LL~::: ~1J'~~L~'I.!'I.!!ln".l!J''il'l.! 
qJ 'il 'lJ qJ 

1?11:wih~u 

vl~tT'I.!~~~rtJ1~~1~1)'tl'lJtT~n1J'L'"l1'1)b~'lJbl?l"JJ'fl,m:W~~ 2 "D'i'lt.'ll~LLfi ~'l:i'~b~'IJ~)''fl'IJ bb~::: 
~'l:t~~bW'I.!'I.!!ln".l!:t!l'l.! u~:::~1:t~nt.'l'"l1 n~tJ~ ~'~ijl"l'J'l:WbU'I.!LtJ1~~'"l:::U'l:W1Tif;Jj'IJ11Pi!l 11l L ~'fl H .. .. 

tl:t:::~'Vl fi1l1Yl1 'l.!m)' H1 'I.!~Jl1Yl bbtl~'~'Vl t.'l~'fl~"1J'fl'~ ~ 1 :i'~'~ mi1 ':l b ~'f) bU'I.!bb 'l.!':l'Vl1~ m ;r 1-ii~ 1)'~'~ n 1:'i 1';) 

1 ~bn (9\tJJ>:::tu"Du~-:J~t.'ltri'fl 1tJ1'1.!'fl'l.!1 f"ll?l 
.. q 
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0 ov 1 ... "" "' fl1"'l(Pl. nt-:ll'Vl'Y'l"1. ('fl'fl'U ~'W) ~Ur1'U"'l1n : www.jcc2u.com . . 
(~u~ubrl'fl 12 ~-:IV!11"1~ 2552). 

~~~ 4'u'VlfbL~-:!. 2544. ~'1':1'VltnLL~::fl1J'r1':lUr1~Ll~~-:!~lU'WUn'V!1~1fi1J'CU~"11. 'WU'Vlu1: q Dt;' q q 

"' . 
1~~'flV!fN L~'W~-:~th'J. 2550. ~1nl1-t~'Wfl1J'U'El-:!n'WLL~::ih4'(PIU~'dn. ~1fi1J'ruf~uJ'::"l!1"1lur.iu. 

dJI 

~muu':14't~u~'1m.Jru"Ylflm1-:JL"'l1. 

uuwru tJCUt!::UJ'::Jll"lJ', rel-:Jr1CU1 ~f'1)~1~, ~'Y'l1'Y'lJ' ~J'~tf~J'. 'Y'l"'l'JJ'J'ru fl1rfrutfuJ'::L~1~, ~'JJ'J'CU 

flJ'!:'JJ'oWufi, 'Ell'W"ll1 mit~~l?J..Jti, ';)~tp~1 ~':1'Vlt~1rfl?J..Jti, m-~1 ~'El'UL~n. LU"'l'dnru I"JfiV! q q q .. , 

' ¥' cv .C,.Q,o' 1$" .::1 ..::!1 (V,Q cv 

'Y'll?J..J'U1, n~h'CU1 "ll1tlfl'd(Pl, f"'1'W~ 'U'W'Vl!?l~tl LL~!:'JJ''1)1 LJ''fl-:l~'J~(Pl. 2546. fl1J''Y'll?J..J'W1tn 

rl14'tp~U~'dn"'l1n rJ~t1LVI~'El1-ifv;1n1'VlmU1 (Piper nigrum L.). 'Vj'WT.J(PIV!~'Wn1J'~9m~'fl 
~ l?J..J'U1 LM'r/'~fl'"l LL!:'l :;l-:J I'U.J ~'dtl~'Vl tl1 ra\1 ~ ~fLbfl:; L 'Vl r1 l 'U lfl th 1 mhun-:J1'U r1CU!:nJ'J'~ fl1 J' 

<1.9 

http://www.yangpara.com/disease/Disease_014.htm. 

(~U~'WL~'fl 12 nJ'ni)1r1~ 2553). 

ihu1~.~~u "11. ~1J'U'El~n'WLL~::rh~'~nu~'Jn. ('El'fl'W1flti) ~u~u"'l1n 

http://www.jaichana.com/jai_article_view.php?id_art=26. 
' 4 iJ" 4 cv 1$" 

(~Ur1'WL~'El 27 f1~Jl1'Y'l'Wn 2557). 

U'Vl~1 "llu::~-:Jm1~. 2553. u~'dnYJ1fl1tJ~tm1-:~~~n. '11J'~1J'tl1-:J'Y'l1n 31: 28-31. 

f-:JViv;u ~"11rl1btl(Pl. 2556. l.-~-.U~':ln .. ~t~u1~'l~nt~hl~'fl-:!J'U. ('fl'ElU1~'!!). ~U~'W"'l1n: 

http://tonkidthipdhama. blogspot. com/2013/01/blog-post. html. 

(~u~uLd'fl 19 ~nJ'1r1~ 2556). 

"' • I = = ""!:I "' • I d'l "' d' 1"' b U'Y'l1'Y'lJ' M'W'J~. 2536. n1J''Vltn~'ElUuJ':::~'VlnJl1'W"11'El-:1~1J'bl"l~u'fl-:ln'Uu~'dn'Vl b"ll'Vl1b'U'fl ~Jl1U 'W 
q q 

~'El-:Julj1.MmJ'.L'WL'Eln~1J'UJ':::1~~"1l1n1J'U11i1 u 2536, nJ>~1J11iJ, nt-:~L'Vl'Y'l"1, 

V!u1 229-237. 
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1uLrtln'Cl1J'UJ':::~~'i-n1mJ'th1~ u 2536. m~thW. nt~L'Vl'Vi"1. 

~J'tl'Vlfi 'Vl'El~l"l~. 2552. n1J'~1bb'Wn"l!Ui?l ~m~tru:::"JJ-a~~~tl~'JmL~:::mJ'I"l'JlJI"l~Li?ltJHLVI~-ati-a1u • • 

,Qo I).' .Q, ~ 

~V11'J'Vltl1~tl~~"1!~1'WI"\J''W'Vl~. 

~:i'tl'Vlfi 'Vl'f.l~r~~. M1m L~~l"l1 LL~:::-afru ~1~e.l-a~1'Cl. 2552. tl~'Jn1uJ':::uuUL'JPI~'J'Wm~Yi1:i'1. . . .. 
'J1:i'~1J'~V11tJ'Vlm~m)ni;ru 12: 34-42. 

'Cl.fl1YiJ' U'JLLrb 'f.lL'Wn nru1~:::~ ~"l!f'W'Vlf M1'J1f'W'Vlf LL~:::~~~I.?I~ ~"111'W~1P1. 2549. n1J'e.J~I.?I • • 

' ~ ~ 

'ClL~fi ~~~rufiJ'. 2549. e.J~"l!'f.l~n1J'1ih~1!?i'f.ln1J'I.?I'EllJ'Cl'W'8~'Vl1~~1J'fi'VlmLL~:::e.J~e.J~I.?IU1tl1~"1!'f.l~ • 
m~Yi1J'1"ll'J~~ ~LL~~- ~~"JJ~1 : 'i'VltJ1UYiufi'i'VlmP11-Cli.?I~~'VI1Uruefi 1.11 

~V11fl'Vltl1~tl~~"JJ~1'Wrlf'W'Vlf. 

~iPlu ~uutl:i':::L-Cl'fj. 2535. -nUI?l m~1ru '6fn~ru:::n1n~hv11~1tJ"ll'f.l~Pi'l.?llfi:i'J'~"l!1f?l"JJ'tl~u~'Jn1u 

~'J'Wtl1~Yi1:i'1. D~?Jr~ntl : r~ru:::'i'VlmP11~1.?1fLL~:::L'Vlrl 'lu'L~ti ~V11'i1'Vlmiu~~"1!~1'WI"lf'W'Vlf. 
"' ~:i'Yi~ 'iLP~~MJ>ri". 2548. ~~rw1Yi:i'n1~t91tl~'Jn-nUI?lu1 L'Vl'f.lHhh'fl'f.ltl~. ('f.l-aut~u). ~u~ur.nn : 

' .. " .. www. powerpestgroup. com. ('CllJI"l'Wb~'f.l 2 ~nd11"l~ 2551). 
~ ' 

~.n1ru .w~-w-~~1'\J. 2540. ~1:i'~1bb~~~- .w~-wr~~~Yi 2. w"ln.t:i'~.w~-wr~~~'W1'W1fl'Vlm,"JJ'f.l'Wbbn'W. 
q 

Q./ ~ Q.l !.1 ..Qo Q.o' ..:::=,. Q,.l' 

~ri11J'W'J"itltl1~. 2549. "l!'f.l~~'J"ll1n1:i'tl1~Yi1J'1 2549. nt~L'Vl'Vi"1: 'Clrt11J'W'J"itltl1~ 

~ ~ 

n:i'~'J"l!1mnm~l.?l:i'. n:i':::'Vl:i''J~Lm~l.?lm~:::~V1mru. 

~muu'i~um~. 2555. ~-a~~'i-n1m:i'm~Yi1:i'1 2555. L'Eln'Cl1:i'fl"l!1n1:i'. m~L'Vl'Vi"1: " . 
., 

~1Ufl~1'Wfl'f.l~'Vl'W~~ brl:i'1:::tf fl1:i'vl1'Cl'J'Wtl1~. 2548. LflN ~~1~'ll'f.l~ bU~'8flU1~ bb~:::vi'BU1tl1~ . • 
('f.l'f.l'W1~u). ~1J~'W'"l1n : www.rubberthai.com. (~lJ~'Wbd-a 13 fl'W'J1fl~ 2550). 

L~1'Jutf ri-a'J~n~r~;. 2545. fl1:i'rJ~I.?Im~fi:i'J'~"l!1f?l. DI.?I1.?11U: .n1flfl"l!1b'Vlr1L'Wb~um~LL~::: • • 

Yi'El~ b~'Elf l"lbW:::fl'Vltl1 P11~1.?1hL~:::b'Vll"l L 'W L~U ~V11fl'Vltl1~U~~"1!~1'WI"lf'W'Vlf. 

'flf'kJ ~1~~'8~1~. 2547. ~1HI"lilfl'J1Jfl~P1'1.?1lrl-n. ~~"JJ~1: .n11"lfl"ll1n1J>r.ft91m~P1'1.?1lrl-n 

r~ru:::'VlfYimnJ'n:i':i'~"l!1f?l ~'VI1~'Vlm'6ftJ'Cl~"JJmul"l1u'Vlf. 
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lWlT1~111At:IU'Jn.vi 1 ~ll'flho;ur;lmJ'LintJ"ll'fl'lll~'Jn C. curvignathus 'Vf~'l1~f1J~1J'~'l~U.J~..:J 
I I 

I ~ I ..::::11 il i,/ I ~ 

n~~ IGRs "..!'W£91(;11..:11 'Vlf'l'J1~~"ll~"ll'Wm'l1 'Vl~'J~'l 24 48 72 96 ~~~:; 120 

.ft'<J'G.J..:~1u~'fl..:Jlllj~mJ' 
tl.-a.- t1 t 'rl-:i'L"ll'LI~m'1~18'!1'8~ ft'ln (%) 

"ll~'Yif!S'eltJ A'l1~Li~oiu (ppm) . 
24"11~. 48"11~. 72"JJR 96"11~. 120"11~. 

'h.t'l1'a'i'el'LI 50 4 7 14 17 24 .. 
100 5 8 16 19 24 

500 5 11 22 28 35 

1000 5 13 26 37 46 

1500 6 12 24 39 48 

2000 10 15 30 41 52 

2500 9 11 22 28 41 

3000 9 17 34 45 57 

4000 16 23 46 60 74 

5000 17 27 54 66 92 

"llflA'ltJfl~ 0 0 0 0 0 • . 
tJ t '"'iL '":au 50 4 10 20 27 .. 

100 2 9 17 25 33 

500 2 6 13 22 34 

1000 3 10 24 35 43 

1500 3 9 25 35 53 

2000 5 13 23 37 57 

2500 7 17 30 43 55 

3000 9 20 38 51 69 

4000 11 21 38 53 67 

5000 12 24 47 63 85 

"ll ~ fl'ltJ fl ~ 0 0 0 0 0 • • 
~~1!JL~fl "JlC?lfl'Jlll'l:W; J'1Ltl~1 • 
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...\ ' 
1.911"11.:1Jl1FIJ:JU'Jfl'VI 1 (l?l'tl) 

tJ"a" tJ 
'i1Vlf1Vl'll'8'l..l fl'l1)JL<U'3J<U''IJ (ppm) L '8'iL'ii'I.IV~n1'iV~1!1"ll'8.:J a'ln (%) 
• 

24 'iJ)J. 48 'iJ)J. 72 'iJ)J. 96 'iJ)J. 120 'iJ)J. 

a L ~uu-a'Eiu 50 0 2 7 16 23 .. .. 
100 0 9 16 32 

500 7 18 29 42 

1000 2 10 26 44 63 

1500 5 18 34 56 73 

2000 2 16 41 66 78 

2500 5 23 45 72 88 

3000 10 33 57 84 97 

4000 12 43 73 92 98 

5000 18 84 98 100 100 

'il VI fl'l'l..l fl ~ 0 0 0 0 0 . . 
<WaL .Wuu'Ein'il'i'EI'I.I 50 2 10 16 24 .. .. 

100 2 6 13 19 29 

500 2 6 14 21 31 

1000 3 10 17 26 38 

1500 5 16 27 41 56 

2000 5 21 31 48 64 

2500 9 32 44 64 83 

3000 10 37 52 81 94 

4000 11 44 62 91 100 

5000 13 52 75 98 100 

'iiVlfl'l'l..Jfl:JJ 0 0 0 0 0 . • ., 
'IUJ1!1 L \.tV! . 'llvH'l'lUAJ.J; U.lLD~l 

' ' 



.c1 ' 
j;~1rJ..'lll1fHJ'U'Jfl'VI 1 (!?ltl) 

U .. a.. U L 'a~L'ii'Uj;in1~j;i1!J"ll'el.:l 'il'Jn (%) 
"li,.'VIIil'i'l'a'U fl'J1~Li~iu (ppm) • 

24 "li~. 48"11~. 72"11~. 96"ll~. 120"11~. 

fla'Elm'il'El1"li~'au 50 0 5 10 16 ... ... 

100 2 3 10 13 22 

500 2 3 11 18 28 

1000 3 5 15 23 36 

1500 5 9 19 30 44 

2000 5 14 26 39 55 

2500 11 19 32 45 63 

3000 11 21 36 51 68 

4000 12 25 42 59 76 

5000 19 36 58 79 95 

"li 191 fl'J'U fl ~ 0 0 0 0 0 . • 
,_, 

'VI~1!1t'VIj;! • 'Jlr;Jfl'JUA:I-J; 'W1LD~1 
' q 

j;J1rJ..'lll1fH~J'U'Jn~ 2 rh LC50 '1l'fl~~'1:i'~'1LLl-l~·m~l-J IGRs l9itJn'1:i'l?l'1U'1l'fl~U~'JnL'W 

~'fl~U~~m:i'~L'J~'1 24 i'Jbl-l'l 

LC50 

'fR'rl~HftlU Fiducial limit 
Concentrations (ppm) 

Lower Upper 

1'1-.Dl~"H'lll 4176194.000 246147.300 46072150000.000 

1Jhhn-l<iu 520573.500 79924.084 109198800.000 

g!'t-llllJ'Ulll 21919.760 12040.920 82002.560 

1-lgt't-IU Utltl'f'Hlll 36801050.000 622423.000 1.168114E 

flila-ll-lgBl"!~au 66180.660 24812.340 581886.100 

62 



63 

611'31..:!ll1fi~'U'Jn;i 3 Fi1 LC50 "ll'tl..:!~'1~~'1LIJJ~..:!n~l-l IGRs IPi'tlm~l'l'ltl"ll'tl..:!U~'dnL'U 

~'tl..:Ju~jU~m~~L'd~'148 i'dLl-l-:1 

LCSO 

'f~YI~i:Jfl'U Fiducial limit 
Concentrations (ppm) 

Lower Upper 

Ttnlt~'lau 846144.200 104770.700 218042700.000 
" 

vhht~tfu 307771.200 63393.250 11352420.000 

\)t~U'IJ'lfl'U 4018.772 3545.720 4694.657 

~ilt~UUflO'f'lflU 
" " 

6992.175 5275.748 10409.050 

flilt>i~gal"J'l6U 17022.260 10485.100 38451.010 

j;J1'3'l..:ill1fi~'U'Jn;i 4 Fi1 LC50 "ll'tl-:!~'1~~'1LIJJ~..:Jn~l-l IGRs IPi'tlm~l'l'ltl"ll'tl..:IU~'dnlw. 

~'tl..:~ulj~m~~L'd~'l 72 i'd'll.l..:~ 
LCSO 

'f~YI~i:Jtl'U Fiducial limit 
Concentrations (ppm) 

Lower Upper 

1u11\J'lflU 16522.390 8316.836 54065.680 

u1~'lt~tfu 19048.290 9611.387 61207.980 
" 
tU~UU'ltlU 
" " 

1920.506 1645.367 2258.999 

~\)t~U'Utl0'!'l6U 2447.530 2012.093 3059.858 

t'lil6~~\)6l"J'lfl'U 8053.807 5625.953 13460.340 

611'31..:ill1fi~'U'Jn;i 5 Fi1 LC50 "ll'tl..:!~'1~1.hLUJ~-:Jn~l-l IGRs !Pi'tlm~l'l'ltl"ll'tl..:!U~'dnL'W 

~'tl..:~ulju~m~~L'l~'l 96 i'd Ll-l'~ 
LCSO 

'f~YI~i:JflU Fiducial limit 
Concentrations (ppm) 

Lower Upper 

1u1lfJ'l6U 3767.694 2608.641 6221.318 

v1~'lt~tfu 4137.237 2715.366 7576.435 

\Jl~U'IJ'ltl'U 718.855 602.351 845.132 

~\)t~UU60"J'ltl'U 1057.217 887.401 1249.875 

t'lilt>i~fjfll"J'lflU 2738.305 2203.834 3536.125 
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Vl,"n~ll,FUJ'LI';ln;\ 6 R'l LC50 "ll'il\l~'l:i'~'lLIJ.J~,:Jn~l.l IGRs !9i!ln'l:i'~'ltl"ll'il\!U~'mlw 

~'il\lul)-mlm:i'~L'l~'l 120 i'lhl\1 

LCSO 

lVIl'IVItUl'IJ Fiducial limit 
Concentrations(ppm) 

Lower Upper 

hnlg'lBU 1113.609 853.139 1451.766 

1Jhht~~u 830.582 608.841 1108.379 

g!~lfiJ'lBU 323.722 260.440 391.964 

~9l~UUtlO'f'l8U 534.933 428.984 652.943 

fltlfl~~9tll'f'l8U 1054.312 861.227 1282.184 

Source df ss MS F Prob. of> F 

Treatment 4 11.651 2.913 6.876 0.000** 

Error 220 93.200 0.424 

Total 275 764.000 

cv = 0.237% 

** iifl"Jil-ILLI?Inl?il..:~'flih'li:hrm~-w1qJ 

Source df ss MS F Prob. of> F 

Treatment 4 197.913 49.478 41.547 0.000** 

Error 220 262.000 1.191 

Total 275 5,609.000 

cv = 0.397% 

** ii 1'1')12-1 Ul?ln l?ii..:J'fltli..:Jii'!XtJ~Irlt)J 
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Source df ss MS F Prob. of> F 

Treatment 4 506.015 126.504 75.056 0.000** 

Error 220 370.800 1.685 

Total 275 13,734.000 

cv = 0.472% 
-l I I ......... 0 -

** :J.J A'JI:J.J U.ffln lWN!ltn--l:J.J'Wtl~1 Rt)J 

~b'l~' 96 i'l 'l:a.J~ 
Source df ss MS F Prob. of> F 

Treatment 4 852.422 213.105 136.606 0.000** 

Error 220 343.200 1.560 

Total 275 24,516.000 

cv = 0,454% 

Source df ss MS F Prob. of> F 

Treatment 4 883.585 220.896 124.993 0.000** 

Error 220 388.800 1.767 

Total 275 36,843.000 

cv = 0.483% 
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CPl1'i'l.:lll1fleJ'LI'ln-f112 bU~fL;'LI!9lmJ'I?I1tl'n'fFlU~'Jn c. curvignathus VJi-:~1~fu~1J'~nl?lJ1lX'LI 

"llU~?~l111..:~1 "'l1nmJ>'Vll?l~~urJ'J1l-J bth.l'rhtbbuull-l~~l?l1tt ~ rJ')1l-J 

L~l-l~'Lilfl1..:~1 ~L'J~1 24 48 72 96 u~:; 120 i') 'G.J..:~ L'LI~~..:~tlfilliimJ> 
tJ.-a.- tJ ... ... L 'a'aL'ii'Uflln1'afll1fi'Jl'a.:J a'Jn (%) 

"llfllflfllft'a1J fi'J1)-JL"JJ)J"JJU (ppm) • 24"11).1. 48'if)J. 72"11).1. 96"11).1. 120 "Ji)J . 
... 

'&'I!:Lfll1".ii1.:J "lifllfl'l1Jfi)J 0 2 2 2 2 . • 
50 4 10 24 30 42 

100 6 16 32 38 50 

500 10 26 42 52 70 

1000 6 26 42 64 78 

1500 14 30 46 66 82 

2000 16 34 58 74 92 

2500 16 32 56 78 98 

3000 18 38 62 84 100 

4000 24 48 76 92 100 

5000 28 66 90 100 100 

10000 36 86 100 100 100 

lvta "lffllfl'l1Jfla.l 0 0 0 2 2 • • 
50 0 8 12 22 26 

100 2 12 16 24 30 

500 4 14 22 32 38 

1000 4 16 26 36 48 

1500 6 16 28 44 56 

2000 8 22 34 50 58 

2500 8 26 40 56 66 

3000 10 34 54 62 74 

4000 16 38 62 72 84 

5000 24 52 68 80 94 

10000 34 54 80 88 100 

~a.J19L~~~~ 'll~fl'".l'Url:IJ; J-mhh . ' ' 
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.d • 
t;~1~~Jl1A~'U';In't'l 12 (IWtl) 

tl .. ..,.. tl L ~'l"L'JI'IJj;t01'illl1fl"11~~ ~10 (%) 
'Jij;tflj;iil~'l.J R11~L<U'~oD'U (ppm) • 

24"if~. 48"if~. 72"ifR 96"if~. 120'll~. 

q 

O'i::flil "lliiiR11JR~ 0 0 0 0 0 • • 

50 0 2 6 10 14 

100 2 4 10 14 16 

500 4 8 12 16 20 

1000 6 8 14 20 24 

1500 6 12 16 24 28 

2000 10 18 22 28 34 

2500 14 20 26 34 36 

3000 18 24 28 36 46 

4000 16 24 36 44 50 

5000 22 30 46 54 62 

10000 28 44 60 68 74 

n'i::"ll1fl "lliiiR1'l.JR~ 0 0 2 2 2 • • 

50 0 2 4 4 8 

100 2 4 4 10 14 

500 2 4 8 14 16 

1000 4 8 14 20 24 

1500 6 10 16 26 32 

2000 6 14 22 32 40 

2500 10 18 26 36 46 

3000 14 24 30 42 52 
." 

4000 14 26 34 46 56 

5000 18 34 40 58 68 

10000 28 48 62 74 84 
... 

'"~1tiL'"III "llrM'I'JUFllJ; thLth=h . ' ' 
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j;i1~~1l1f1eJ't.l1n;'i 12 (,;ira) 

tJ"a" tJ L 'el-:!L'ii'IJ6lfl1'i6l1fl'll'el.:S 'ii'Jfl {%) ... ... 
'il6l'r16l"''el'U A'J1~L'II~'II'U (ppm) • 

24'li~. 48'il~. 72'il~ . 96'il~. 120'li~. 

... 
'!I .:I 'li6lA'l'UFl~ 0 0 2 2 2 . . 

50 0 0 4 8 12 

100 0 2 6 14 18 

500 2 6 12 16 22 

1000 0 10 14 20 26 

1500 4 12 14 34 44 

2000 2 12 20 36 52 

2500 2 14 28 52 64 

3000 4 20 30 54 76 

4000 6 22 46 72 92 

5000 8 26 50 80 94 

10000 10 44 82 100 100 

"li1 'li6lfl'l'UFl~ 0 0 2 2 2 • . 
50 0 0 0 2 6 

100 0 2 2 4 10 

500 2 4 6 8 14 

1000 4 6 8 10 16 

1500 4 8 12 12 20 

2000 4 10 18 16 26 

2500 6 12 22 24 30 

3000 8 16 24 28 36 

4000 10 20 28 32 38 

5000 12 24 34 36 44 

10000 16 30 40 48 56 

"~1flL"6l 'llf?lfl'JUfll-1; J1LUft1 . ' ' 
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li'l1rl.:tll1Fir.J'U'lnYi 12 (~'fl) 

tJ"a" tJ L '!l'iL'IIU~O'l'i~'lS'!I'El-3 il'ln (%) 

"ll~YI~14'21tl ~'l'l:JJLi:J.Jiu (ppm) . 
24"ll:JJ. 48 'II:JJ. 72"ll:JJ. 96'11:JJ. 120 'II:JJ. 

<nmLYIS "ll~~'ltl~:JJ 0 2 2 2 4 • . 
50 4 10 24 30 38 

100 6 16 32 38 48 

500 10 26 40 52 68 

1000 6 26 48 64 76 

1500 14 30 54 68 92 

2000 16 34 60 74 96 

2500 16 36 74 88 100 

3000 22 56 94 100 100 

4000 30 62 100 100 100 

5000 38 82 100 100 100 

10000 42 94 100 100 100 

~tJii 'll~~'ltl~:JJ 0 2 2 4 4 • . 
50 4 20 26 34 40 

100 10 32 38 48 54 

500 16 36 46 52 58 

1000 30 50 56 62 68 

1500 44 60 74 84 94 

2000 58 74 88 94 100 

2500 66 80 94 100 100 

3000 70 86 96 100 100 

4000 76 92 100 100 100 

5000 84 100 100 100 100 

10000 94 100 100 100 100 

" \-t:JJISL,..~ 'jj(flf'l'JUfl~; U1LU~'I . ' ' 
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~ ' 
~1'i'l-3l11Fie.i'U'Jn'Vl 12 (lfi'B) 

tJ .. a.- tJ L '!I~L"IIU191m~l911e'll'8.:J a'ln (%) 
11f!YIIiolt'l'rl1.J A'l1~Li~iu (ppm) . 

2411~. 4811~. 7211~. 9611R 120 11~. 

n~'l1U 1119lfl'l1.Jfl~ 0 0 0 0 0 . . 
50 0 0 0 2 4 

100 0 0 2 4 6 

500 0 2 4 6 10 

1000 2 2 4 8 14 

1500 2 4 8 12 16 

2000 2 8 10 18 22 

2500 4 6 14 20 24 

3000 2 8 14 22 28 

4000 6 10 16 26 30 

5000 4 12 22 30 38 

10000 8 16 26 38 46 

mu-.,a 11 "'fl'l\J fl ~ 0 0 0 2 2 .. . • 

50 4 4 6 8 12 

100 4 6 10 14 18 

500 8 10 14 18 26 

1000 10 14 20 26 30 

1500 14 18 26 30 38 

2000 14 20 26 32 40 

2500 18 24 30 36 46 

3000 20 28 34 46 54 

4000 24 34 46 54 66 

5000 26 40 52 62 76 

10000 36 60 80 90 100 

" '111~1eL'IIII91 "llt'lfl')1H'1~; '111LU~1 . ' ' 
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., 
1l'l21''W~~L(;l'l1D1'1 ~'tln1~1'11tl"ll'tl'IU~'dn C. curvignathus L'W~'tl'IUl)u~mJ' 

~L'd~1 24 48 72 96 LL~~ 120 i'd'G-J'I 

LC
50 Fiducial limit 

of'ltJJ~ Concentrations(ppm) Lower Upper 

24 63,701.460 22,370.020 622,621.300 

48 3,590.376 1,959.113 9,777.292 

72 731.217 280.966 1,446.552 

96 282.079 129.480 475.289 

120 110.803 46.693 193.926 

j;t,rl.:ill,Fie.I'U'Jnft 14 rh LC50 "11'tl'ln1J'Vl(;l~'tl1Jrl'd1:1JLU'W~MLL1J1Jff:IJ~~L'l1tl"ll'tl'l~'l~~n(;l 
"' 1l121''WL'Yi~ ~'tln1~1'11tl"ll'tl'IU~'dn C. curvignathus L'W~'tl'IUl)u~mJ' 

~L'd~124 48 72 96 LL~:; 120 i'd'G-J'I 

LC50 Fiducial limit 

of'ltJJ~ Concentrations (ppm) Lower Upper 

24 31,923.220 15,822.840 138,376.500 

48 12,603.820 7,172.351 32,631.820 

72 2,801.979 2,074.792 3.998.247 

96 1,151.698 657.016 1,936.463 

120 566.798 247.927 1.009.395 

., 
'l1121''Wn:t::VI'tl ~'tln1:i'~1tl"ll'tl'IU~'dn C. curvignathus L'W~'tl'lul)illim~ 

~L'd~124 48 72 96 LL~:; 120 i'dL:IJ'I 

LC50 Fiducial limit 

of':ltJJ~ Concentrations(ppm) Lower Upper 

24 41,644.590 18,439.160 235,443.600 

48 22,192.950 11,863.500 60,707.790 

72 11.855.120 7.136.668 27,237.070 

96 7,333.733 4,551.609 15,387.030 

120 4,198.780 2,880.993 6,997.288 
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911'n~lnflt:JU';ln~ 16 fi1 LC50 ,'fl,:m1:rn~M1Url'l1l-JLthJ~"MLLuulfl-Je4~1?11tl,'il'l~1:i'~n~?J 

u"1af'Wm:;,1t1 l?i'fln1~1?11tl"11'il'IUfl'ln C. curvignathus 

L'W'"'il'lu!ju~m~~L'lfl1 24 48 72 96 LLfl:; 120 .f'l'U.J'I 

24 

48 

72 

96 

120 

LCSO 

Concentrauons(ppm) 

45,231.920 

16,731.970 

7,522.990 

4,808.057 

3.558.130 

Fiducial limit 

Lower Upper 

19.514.750 298.859.900 

9,982.885 41,385.090 

5,705.834 11,705.440 

3,940.620 6,283.853 

3,049.377 4,252.525 

911'i1~ll1fll:JU';}O~ 17 fl1 LC50 ,'il'ln1:i''Vl~~'ilUrl'l1l-JLU'W~'MLLUUifl-leJ~I?l1tl,'il'l~1~~nl?l 

u"1af'W~'I l?irem1:i'l?l1tl,'il'IUfl'ln C. curvignathus L'W'"'il'IU!ju~m~ 
~L'lfl124 48 72 96 Lbfl:; 120 i'lUJ'I 

LCSO Fiducial limit 

.t'lt:IJ~ Concentrations (ppm) Lower Upper 

24 264,278.500 43.002.920 2,393,064,000.000 

48 19.459.390 11,243.890 52,976.670 

72 5,702.976 3.379.820 15.695.977 

96 2,767.036 2,497.859 3,079.277 

120 1,931.458 1,732.283 2,143.080 

(;11'i1~ll1fll:.IU';l0;118 fl1 LC50 "11'il'ln1~'Vll?l~'ilUrl'l1:J.JLU'W~MLLUUifl-JeJ~I?l1t1"11'il-:!~1~~nl?l 

u"1ar'W"1h l?i'ilm:i'l?l1tl"ll'il'1Ufl'ln c. curvignathus L'W'"'fl-:~U!Jmim~ 
~L'lfl124 48 72 96 LLfl:; 120 .j"'lUJ'I 

LCSO Fiducial limit 

.t'lt:IJ~ Concentrations (ppm) Lower Upper 

24 103,710.558 30.413.651 3,713,872.371 

48 34,133.498 16,406.854 151,137.462 

72 14,696.941 9,199.179 32,805.614 

96 14,104.132 8,717.229 31,259.055 

120 10,604.928 6,441.243 23,510.259 

72 



~1'11..:tlnfUJ'LI";)fl;i 19 rh LC50 "llt'l·m1J''VIc;J~t'JUfi'1'd'UJ Lth.!'rhtLLUUl:wt:r~!n1tl"lltl-1~1J'~tlc;J 

J'1l1't.rri~nL'VIt1 [;]t~m:r~n1tl"llt'l..:JU~'dn C. curvignathus 

L'l.l~!NiJBu1imJilL'd~1 24 4872 96 LL~:: 120 i'J'U.I-1 

24 

48 

72 

96 

120 

i''lL~H 

24 

48 

72 

96 

120 

LC50 Fiducial limit 

Concentrations (ppm) Lower Upper 

26,762.444 13,236.430 97,298.284 

2,150.946 1,143.075 4,740.448 

455.513 139.762 922.590 

252.216 90.113 471.568 

121.869 57.556 202.836 

"' iblf'IJ~ufl ~t~n1:rln1tl"llt'l-1U~'Jn c. curvignathus L'W~t~~un~m:r 

~L'J~1 24 48 72 96 LL~:; 120 i'J UJ-1 

LC50 Fiducial limit 

Concentrations (ppm) Lower Upper 

1,432.854 1,073.943 1,869.302 

460.497 220.729 772.029 

269.253 110.921 478.338 

170.174 50.447 339.177 

120.188 28.870 254.097 

911'11..:Jll1FI~'U";ln.vi 21 rh LC50 "lltl~n1J''VIc;J~t'JUfi'1'J1:WLiJ'IJ'W'M"LLUUl:wt:r~ln1tl"lltl-1~1:i'~tlf?l 

,f1lf'Wm::'d1'U ~tln1:i'ln1tl"llt'l..:JU~'dn C. curvignathus 

1'W~t~-lun~m:r~L'J~1 24 48 72 96 u~:: 120 i'Jt:w~ 

24 

48 

72 

96 

120 

LC50 

Concentrations (ppm) 

341,653.549 

92.987.024 

48,317.671 

26,122.964 

18.021.441 

Fiducial limit 

Lower Upper 

46,994.645 4,668,403,0047.530 

28,687.449 2,670,520.927 

20.269.605 319.062.960 

13.316.506 90,899.909 

9,862.506 51.343.590 

73 
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... 
'll11Yumu~~ [;]'f1n1J'l?l1tl"ll'fl-:JU'i:'l')fi c. curvignathus 1u-H't1-:Jul)u'1imJ' 

~L')f:'l1 24 48 72 96 LL'i:'l~120 .ff'') 'U.J-:J 

LC50 Fiducial limit 

i'1t~.~J Concentrations (ppm) Lower Upper 

24 51,413.209 20,043.034 358,859.959 

48 11,212.884 7,138.871 22,849.027 

72 5,282.395 3,215.059 12,106.965 

96 3,159.260 1,914.046 6,479.196 

120 1,743.011 959.927 3,344.128 

!;n'a1-31llfUJ'U'J nc¥1 23 n1J''Yll?l~'a1J f'1')1l-J LU'I..!VhiLLUU-ll-1 er~ 1?11tl"ll'fl\l~1 J'~ n t?nf1lY'W"ll'a-:J-rl"ll"llUI?I 

~1\!1 pJ'f1fi1J'l?l1tl"ll'a-:JU'i:'l')fi C. curvignathus ~L'd'i:'l1 24 .ff''d'U.l-:J 

Source df ss MS F Prob. of> F 

Treatment 9 846.207 94.023 264.233 0.000** 

Error 480 170.800 0.356 

Total 600 3,070.000 

cv = 0.099% 

q I I .... IV 0 CV 

** :Wfl'l1:W u.l?ln!1n'lt~m'l:w'Wt.Jt'l1 fl'lJ 

~1'i1-31l1 Fl !:!'U'Jnc¥1 24 m J''Yll?l~'aU rl'd1l-J LU'I..!YhtLLUU-ll-1 er~ 1?11tl"ll'fl\l~1J'~ n l?ltf1lY'W"ll'a-:J-rl"ll"llUI?I 

~1\!1 ~'an1J'i?l1tl"ll'a-:JU'i:'l')n C. curvignathus ~L')'i:'l1 48 .ff'')Ll-J-:J 

Source df ss MS F Prob. of> F 

Treatment 9 1,472.993 163.666 357.089 0.000** 

Error 480 220.000 0.458 

Total 600 7,284.000 

cv = 0.113% 

...,j t ,...,.cvocv 

** :Wfl'l1:WLLiflnl?l1'1tl£11'1:W'WtJ~1fl'lJ 
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~1rl..:lll1 A rJ\I'ln;1 25 n1rvl (;J~!JU r1'J'1:W Lih.!~MLLUU~:W ej~ !Pl'1£1"1l!l'l~'1~~ n (;l,f'1lJ'\J"l!!l'IW"l!"l!U(;l 

trl'1'11 trl!ln'1~1Pl'1£!"1l!l'IU~'J n C. curvignathus ~ L 'J~'1 72 .f'J 'U.J-:~ 

Source df ss MS F Prob. of> F 

Treatment 9 2,096.235 232.915 455.951 0.000** 

Error 480 245.200 0.511 

Total 600 12,485.000 

cv = 0.119% 
.o::::.i I I .,.,..., 0 CV 

** l-lr1'J1l-JU.I?Invn-.ltlm,:jl-J'IJU~1r1bJd 

~1rl..:lll1 A rJ\I'ln;1 26 n1~'Vl (;l~!JU r1'J'1:W LlJ'W~MUUU~:W ej~ IPI'1£1"1l!l'l~'1~~n (;l,f'1lJ'W"1l!l'IW"l!"l!U(;l 

trl'1'11 trl!ln1J'I?l'1£1"1l!l-lU~'Jn C. curvignathus ~L'J~'1 96 i'JL:W-:1 

Source df ss MS F Prob. of> F 

Treatment 9 2,290.207 254.467 534.783 0.000** 

Error 480 228.400 0.476 

Total 600 16,798.000 

cv = 0.115% 

** iifl'J1l-JU.I?Int1i1-.ltlU1--lii'IImh•Tb].! 

~1rl..:!ll1 A rJ\I'Jnvi 27 n1rvl (;l~!JU r1'J'1:W LU'\J~MLLUU~:W er ~ 1?1'1£!"1l!l'l~'1J'~ n (;l,f'1lJ'\J"1l!l'IW"ll"l!U(;l 

trl'1-l1 trl'fln1J'I?l'1£!"1l!l'IU~'Jn C.curvignathus ~L'Jm 120 .f'J 'U.l-:~ 

Source df ss MS F Prob. of> F 

Treatment 9 2,511.115 279.013 650.127 0.000** 

Error 480 206.000 0.429 

Total 600 21,393.000 

cv = 0.109% 
~ I 1 ...... CV 0 CV 

** l-Jfl'J1:1JLLI?Int?mtl£11-:jl-J'IJU~1rlb].! 
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911rl.:!l11fUJU'ln-Yl 28 LU-eJfL~ur;lm)'r;J1tJ"li'B-lU~'Jn c. curvignathus ~~-l1~ru~1)'~ncn~mu 

"l!Ucn (;j1-l1 '"l1 n n!)''Yl cn~-eJUrl'd1l-l djuwM-LLUU~l-l eT~ [;]1t1~ rl'd1l-l 

L;)l-J.Ji'U(;j1~1 ~L'd~1 48 -i'd'U.J~ l'U~'B~Uljmlm)' 
tl.-a.- t1 

... ... L 'fl'iL'li'Utolfl1'itol1tJ'lt'fl~ ~'ln (%} 
'll6l'VItol'a'fl'U fl'l1~L'lt~"JJ'U (ppm) 
• 24 "lflJ. 48 "lflJ. 72 "lfl-1 . 96 "lfl-1. 120 "lflJ. 

... 
'a::Lr;~1'll1.:1 'lir;lfi1'Ufl~ 0 0 0 2 2 . • 

50 0 0 2 2 4 

100 0 0 2 4 8 

500 0 2 4 8 12 

1000 0 2 6 10 14 

1500 2 4 8 14 18 

2000 4 8 12 16 22 

2500 4 8 10 16 24 

3000 6 12 16 20 30 

4000 6 14 18 24 34 

5000 8 18 26 34 44 

10000 14 24 36 46 60 

t .... ~ 'lir;lfl'l'Ufl~ 0 0 0 2 2 • • 
50 0 0 0 0 2 

100 0 0 2 2 2 

500 0 2 4 4 4 

1000 2 2 2 4 6 

1500 4 4 6 8 10 

2000 2 6 6 10 14 

2500 4 4 8 12 18 

3000 6 6 10 16 20 
--

4000 4 8 16 22 26 

5000 8 12 20 26 30 

10000 12 18 28 34 42 

~~1!1L~I'I "l!(Pli'J')i.Jfll.J; U1lU~1 . ' ' 
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j;n":if.:J111f'I~U'Jn;1 28 (l?i!l) 

tl .. ".. tl 
fi'JI~Li~iu (ppm) 

L 'El'iL"ll1.119lnt'il9liS"ll'El.:J ~'ln (%) 
"lll9l'V119lft'El'IJ • 

24"ll~ . 48"ll~. 72"11~. 96"11~. 120 "li3J. 
... 

n~'VI'El "li191A'l'IJA~ 0 0 0 0 0 . . 
50 0 0 0 2 2 

100 0 0 2 2 2 

500 0 0 2 4 6 

1000 0 2 4 6 10 

1500 0 2 8 10 14 

2000 2 6 12 14 20 

2500 2 4 10 12 18 

3000 0 6 14 18 22 

4000 4 10 16 22 28 

5000 6 12 20 26 30 

10000 10 18 26 34 38 

n~"li1e "li191A'l'IJA~ 0 2 2 2 2 • . 
50 0 0 0 0 0 

100 0 0 0 2 4 

500 0 0 2 6 6 

1000 0 2 4 6 6 

1500 2 2 4 8 10 

2000 2 4 6 10 12 

2500 0 6 10 14 18 

3000 4 6 8 14 16 

4000 2 4 10 18 20 

5000 4 8 14 22 30 

10000 8 12 22 32 38 

VI~1SLVI(;l 'l!i?lFI'JtH''ll-.1; UILU~I . ' ' 
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~ ' 
9l1'i1~.fl1fUJU'ln'Vl 28 (~!l) 

tJ.-a.. tJ L 'a':iL'liUV!n'l':ifl1f.l'!l'a-1 il'ln (%) 
'lifl'r!&;l\'l'a'U fl'l'UJLiJJ<iu (ppm) • 

24 'ill!. 48 'ill!. 72 '!111. 96 'ill!. 120 'ill!. 

;-1 "liflfl'l'Uflll 0 0 0 0 0 • • 

50 0 0 0 0 0 

100 0 0 0 2 2 

500 0 0 2 2 4 

1000 2 2 4 4 8 

1500 0 2 2 6 10 

2000 2 4 6 10 14 

2500 2 6 8 14 18 

3000 4 8 10 16 20 

4000 4 10 14 18 24 

5000 8 14 16 22 28 

10000 12 18 24 34 38 

'li1 'liflfl'l'Uflll 0 0 0 0 0 . • 

50 0 0 0 0 2 

100 0 0 2 4 6 

500 0 2 2 6 8 

1000 2 2 6 8 12 

1500 0 6 8 12 16 

2000 4 8 10 14 16 

2500 4 10 12 18 20 

3000 4 8 12 16 18 
:-

4000 6 12 16 20 24 

5000 10 14 20 26 30 

10000 12 20 24 30 36 

'\11111f.IL'\IIfl "l!L'lf'l'l'I.JI'l:l-l; J .. m.J~1 . . . 
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' ... ' 
~1'n-31l1fli:.I'LI'JO\'I 28 (l?l'fl) 

tl .. a.- tl L 'il'iL'ii'U1.91n1'i1.911!1"11'rHI 'a'JO (%) 

"lll.il'V11.91tf'il'U fi'J1~L'Ii~-Du (ppm) 
• 

24"11~. 48"11~. 72"11~. 96'11~. 120"11~. 

YCWl'VI!! "ll 1.91 fi'J'U fl ~ 0 0 0 2 2 • • 

50 0 0 0 0 0 

100 0 0 0 2 4 

500 0 2 2 4 8 

1000 2 2 4 6 10 

1500 2 2 6 6 14 

2000 4 4 6 10 20 

2500 2 6 10 16 26 

3000 6 6 14 22 28 

4000 4 10 22 28 36 

5000 8 16 24 34 50 

10000 14 22 34 48 58 

6itli "ll j;l fi'J'U fl ~ 0 0 0 2 2 . • 

50 0 0 0 2 4 

100 0 0 2 4 6 

500 0 2 4 6 10 

1000 2 4 4 6 14 

1500 0 2 6 10 16 

2000 2 6 10 14 22 

2500 4 8 12 20 30 

3000 4 8 14 26 36 

'" 
4000 6 12 22 32 42 

5000 12 16 30 38 50 

10000 16 26 38 54 68 
... 

111~1!1L1111.91 'llM'llJri:J.J; U1lU~1 . ' ' 
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... ' 
l?l'l'i'HIIl'lfli:J'U'Jn'VI 28 (~Tl) 

tl .. .,; .. tl L 'il'iL'ii'UI'In1'i1911!l'll'tl.:J ft'Jfl (%) 

"ll191\1191'a'EI'l.l fl'l1:JJLoU:J.IoU'U (ppm) 
• 

24 "ll:JJ. 48"ll:JJ. 72"ll:JJ. 96"ll:JJ. 120 "ll:JJ. 

'Wmlfle "ll191fl'U.Ifl:JJ 0 0 0 2 2 • • 

50 0 0 0 0 0 

100 0 0 0 2 4 

500 0 2 2 4 8 

1000 2 2 4 6 10 

1500 2 2 6 6 14 

2000 4 4 6 10 20 

2500 2 6 10 16 26 

3000 6 6 14 22 28 

4000 4 10 22 28 36 

5000 8 16 24 34 50 

10000 14 22 34 48 58 

~tlil "ll191fl'l'l.lfl:JJ 0 0 0 2 2 . . 
50 0 0 0 2 4 

100 0 0 2 4 6 

500 0 2 4 6 10 

1000 2 4 4 6 14 

1500 0 2 6 10 16 

2000 2 6 10 14 22 

2500 4 8 12 20 30 

3000 4 8 14 26 36 

'" 
4000 6 12 22 32 42 

5000 12 16 30 38 50 

10000 16 26 38 54 68 

" 
111:JJ18L111191 'l!!?lfl'lUFil-J; ll1LU~1 . ' ' 
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... ' 
(;111'1~111fli:J'U'Jn'VI 28 (l?ltl) 

tl .. a.. tJ L '21':i'L'ii'UL91n1'i1P11e'll'a~ 'il'Jn (%) 
"' "' 'ill91'YIL91'lt'211.J A'l1:1.JL'II:I.J'II'U (ppm) • 

24'ii:I.J. 48'ii:I.J. 72 'ii:I.J. 96"ll:I.J. 120 'ii:I.J. 

n-a::'l1'U "lll91A'l1.JA:I.J 0 0 0 2 2 • • 

50 0 0 0 0 0 

100 0 0 0 0 2 

500 0 0 2 2 2 

1000 0 0 0 2 4 

1500 2 2 2 4 8 

2000 0 2 4 6 10 

2500 2 4 6 8 12 

3000 2 6 8 12 16 

4000 4 4 8 14 20 

5000 4 6 12 18 26 

10000 8 14 24 28 40 

n1U'W'il "lll91A'l1.JA:I.J 0 0 2 2 2 .. . • 

50 0 0 0 0 0 

100 0 0 0 2 2 

500 0 0 2 2 4 

1000 2 4 4 6 8 

1500 0 4 6 8 10 

2000 2 6 8 10 14 

2500 0 4 8 12 14 

3000 0 6 10 12 16 
!" 

4000 2 10 12 14 18 

5000 4 10 14 18 24 

10000 8 16 20 26 34 

" 14:1.J1!1L14191 '!!M')UflJ.J; UILU~I 
• q q 
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l911~.:tll1Ar.i'U'Jn~ 29 rh LC50 ~'fl.:Jn1~'Vl!?l~'El'lJri'J'1l-lLU'IJYhmuuil-lej~rn'lU~'fl.:J~1J''Mlrn~uTU 

~::L!?l1~1.:Jvl'fln1~rn'1U"ll'fl.:JU~'Jn C. curvignathus L'IJ~'fl.:JU~'lJ~n1J' 

~L'J~1 24 48 72 96 LL~:; 120 i'J 'G.J.:J 

LCSO Fiducial limit 

-i''l1~~ Concentrations(ppm) Lower Upper 

24 102.551.582 28,555.235 11 ,418,693.896 

48 32,602.332 16,207.026 151,985.664 

72 36,907.553 17,282.407 166,273.944 

96 16,348.198 11,338.779 28,027.276 

120 10,354.147 6,678.290 20,933.597 

g}'l~.~Jil'lA~:J'U'Jn~ 30 rh LC50 "ll'fl·:Jn1~'Vlrn'Ml'lJri'J1l-lLU'Wth~nLuull-ler~rn1u"11oeh'l~'1J'~nrn~mu 

1~~vl'fln1~!?1'1U"ll'fl'IU~'Jn C. curvignathus L'W~'El'IU~'lJ~n1J' 

~L')~') 24 48 72 96 LL~:: 120 i') Ll-J.:J 

LCSO Fiducial limit 

-i''l1~-~~ Concentrations {ppm) Lower Upper 

24 136,108.329 33,124.703 27,380,200.648 

48 78,980.070 26,387.864 1 ,740,101.207 

72 46,855.964 20,243.834 295,817.748 

96 17,768.337 12,449.027 30,870.389 

120 12,815.492 9,652.817 19,366.974 

gJ'l~.:Jil'lAI:J'U'Jn~ 31 rh LC50 ~'fl\ln1J''Vl j?l~'EJ'lJrl')1l-J LU'IJYhtLL'lJ'lJil-Jer~ ln1U"ll'El'1~'1J'~n rn~mu 

m-::Vi'Ell'i'fln1J'!n1U~'El\IU~'Jn C. curvignathus L'\J~'fl'IU~mimJ' 

~L'J~'I 24 48 72 96 LL~:; 120 i') bJ\1 

LCSO Fiducial limit 

-i''l1~~ Concentrations(ppm) Lower Upper 

24 55,657.497 21,311.974 1,878,322.016 

48 44,418.099 19,400.260 373,569.217 

72 46,977.476 20,000.065 304,054.800 

96 34,723.340 16,462.248 150,413.979 

120 22,021.936 11,912.930 67,058.524 
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6'11Tl~.n1Rr..~u'ln;1 32 f'i1 LC50 "11'tl·m1J>'Vlrn~'tlur~'d1l-.nih.~.WMLLuu~2-J~~mu"11'il'l~'J'~n!?lVIu1u 

m>:::"l!ltil'i'ilmJ'I?lltl"ll'tl'ltl~'dn C. cuNignathus L'W'"'il'lUD~nJJ' 

~L'd~l 24 48 72 96 Lb~::: 120 i') 'G.J'l 

LC50 Fiducial limit 

.t~t~.:a Concentrations (ppm) Lower Upper 

24 154,197.192 32,127.586 1 ,362,526,173.136 

48 84,457.622 31,687.841 1 '158, 798.024 

72 38,774.766 21,333.292 118,830.552 

96 28,358.913 17,102.045 66,152.262 

120 23,172.682 14,708.498 47,794.103 

6'11Tl~.fl1Rr..I'U'ln;1 33 rll LC50 "11'il'ln1J''Vlr;t~'tl1Jrl'd12-JLU't.l'WMLLUU~2-Jcf~l?l1t1"11'il'l~1J'~ni'IVIt111J 

:n'll'i'iln!J'I?lltl"ll'tl'ltl~'dn C. curvignathus L'W'"'il'lUD'lJ~nJJ' 

~ b'd~l 24 48 72 96 bL~:; 120 -i') 'G.J'l 

LC50 Fiducial limit 

.t~t~.:a Concentrations (ppm) Lower Upper 

24 73,297.69 24,594.64 3,127,563.01 

48 39,649.36 18,235.53 271,708.56 

72 36,260.18 17,304.16 193,088.82 

96 25,896.10 13,962.35 86,528.35 

120 19,302.38 11,240.90 51,499.99 

IVI1Tl~.n1Flr..~u'ln;1 34 f'i1 LC50 "ll'il'l mJ''Vl rn~'tlu r~'dll.J Lilu.WMLLuu~l.J ~~ l?lltl"ll'il'l~,J'~n rn'VImu 

•Jhl?i'tlnJJ'I?l'ltl"ll'tl'ltl~'dn c. curvignathus 1u'"'tl'ltlnu~mJ' 

~L'd~'l24 48 72 96 LL~:; 120 i'd'G.J'l 

LC50 Fiducial limit 

.t~t~.:a Concentrations(ppm) Lower Upper 

24 77,842.132 25,405.187 3,097,649.385 

48 57,919.117 22,370.218 626,330.164 

72 58,162.871 22,614.605 494,413.428 

96 44,428.308 18,819.899 261,397.627 

120 41,597.888 17,433.791 238,170.715 
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L9l1'i'l~ll1Ftt:~'U'ln-¥1 35 fi1 LC50 "ll'fl..:Jn'lJ''Yl~~TlU~'J'l~ Lth.rthtuuu~iJ tr~L9l'ltt"ll'fl..:J~'lJ'f:Hi ~m.nu 

Yi;-n1'Yltt~'Eln'lJ'L9l'ltl"ll'fl..:JU~'m C. curvignathus L'Wi4Tl..:JUlju1imJ' 

~L'J~'l24 48 72 96u~:; 120 i'J'G.J..:~ 
-i''J LJJ.:~ LC50 

Fiducial limit 

Concentrations(ppm} Lower Upper 

24 202,605.444 38,825.026 350,643,942.894 

48 38,736.601 18,146.619 231,883.158 

72 17,459.285 10,996.767 41,252.024 

96 10,038.477 8,099.546 13,506.807 

120 7,552.287 5,653.726 11,718.622 

L9l1~1~ll1flt:I'U'ln.v1 36 fi1 LC50 '-t'El-3n'lJ''Yl~~fl1Jfl'J'l:I-.ILU'l.!'YhtLLUUl~tr~!fl'lt1"11fl-3~1J'~n~'l.m1u 

~u~~'ElnJJ'r;J'ltf"ll'fl-3U~'Jn C. curvignathus lwt'4'tl-3ul)u1imJ' 

~L'J~'l 24 48 72 96 LL~:; 120 -i'J L~..:J 
LCSO Fiducial limit 

-i''J LJJ.:~ Concentrations (ppm} Lower Upper 

24 54,049.389 21,439.649 822,855.049 

48 34,088.758 16,769.200 165,739.129 

72 19,659.900 11,682.111 50,987.481 

96 9,733.654 6,560.643 19,943.695 

120 6,478.019 4,584.488 10,995.347 

L9l1'i'l~ll1Ft t:I'U'ln-¥1 37 fi1 LC50 "11'tl-3n'lJ''Yl ~~'tlUfl'J'l~ LU'W~'liLLUUl~ tr~ r;J'ltf"ll'tl..:J~'lJ'~ tirn~mu 

m::'J1'W~'Eln1J'r;J1tf"ll'tl..:JU~'Jn C. curvignathus 1ut'4'tl-3ul)tNimJ' 

~L'J~'l 24 48 72 96 LL~:; 120 i'J 'G.J-3 

LC50 Fiducial limit 

oi''J'i:~.:~ Concentrations (ppm) Lower Upper 

24 112,100.384 28,249.440 28,151,582.628 

48 60,474.394 22,489.115 378,898.321 

72 34,124.161 17.002.501 170,307.132 

96 19,726.579 13,823.457 35,003.459 

120 13,451.600 10.265.810 20,023.128 
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1.911TI-3ll1fll1J'U'lnc¥1 38 Fl'l LC50 "ll'fl-::Jn'lJ''Vll?l~!lUrl'J'l~ Lth.Jfl~LLUU~~ eJ~ (;J'lt.J"ll'tl-::J~'lJ''Mll?l'VIt.J'lU 

n'l'WYi~(;]!lmJ'(;J'lt.J"ll!l-::JU~':ln C. curvignathus L'W~tl-::JUlj'UiimJ' 

~L'J~'l24 48 72 96 LL~~ 120 i'JUJ-::J 

LC
50 

Fiducial limit 

-t'l b:IJ-3 Concentrations(ppm) Lower Upper 

24 175,968.305 33,563.848 12,273,237,887.190 

48 84,170.660 26,984.066 2,385,533.552 

72 51,207.503 24,929.974 215,535.375 

96 34,396.384 19,575.405 93,031.450 

120 23,457.638 14,900.596 49,152.713 

1.911TI-3ll1fll1J'U'lnc¥1 39 n1J"Vll?l~!lUf"l':l1~LU'WYl~LLUUi~eJ~(;J'lt.J"11!l-::J~1J'~tll?l'VIt.J'lUtiij'lnYh 

"lllll?l(;]'l-::J1 (;]'fln1J'(;J'lt.J"11'fl-::JU~'Jn C. curvignathus ~L'H'l'l 24 -i'J L~-::J 

Source df ss MS F Prob. of> F 

Treatment 9 4.493 0.499 2.628 0.006** 

Error 480 91.200 0.190 

Total 600 218.000 

cv = 0.073% 
,od I I ~ ...... 0 <V 

** 2-.lr!'lla.JLLI?lnl?n·Ultn--12-.I"W£Jfl1flblJ 

1.911TI-3ll1fll1J'U'lnc¥1 40 n1J''Vll?l~!lUf01'J1:J.JLU'UYl~LLUUi:J.JeJ~(;J'lt.J"11'fl-::J~'lJ'~tl(;l'Vft.J'lUtiij'ln~"l! 

"llll(;')(;]'l-::J1 (;]'fln1J'(;J'lt.J"11tl-::JU~'Jn C. curvignathus ~L':l~1 48 -i'J L~-::J 

Source df ss MS F Prob. of> F 

Treatment 9 10.615 1.179 3.942 0.000** 

Error 480 143.600 0.299 

Total 600 537.000 

cv = 0.091% 

** iJfl'li2-JLLI?lnl?il--l'tlUI--liJUmhrfb1J 
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IPI1'al~ll1 fl r.JU'J n;1 41 n'l :i''Vl !?l~'tl'l.J f'l'd'UJ LU'WYhtLL'lJ'lJ~iJ ~~ (?l'JU"ll'tl~~'l:i'~ n (?l'lift.J'I'l.J,'I nfi"ll 

"l!tl!?l~h~1 (;]'tlfl'l:i'l?l'IU"ll'tl~iJ~'dn C. curvignathus ~L'd~'l 72 {'d'GJ~ 

85 

Source df ss MS F Prob. of> F 

Treatment 9 24.140 2.682 6.997 0.000** 

Error 480 184.000 0.383 

Total 600 1,102.000 

cv = 0.103% 

Q I I ..o::!ICV 0 0V 

** a-Jfl'd12-ILLI?lnl?l1'ltltrl·U.J'UU~1flt1J 

IPI1'al~ll1 fl r.JU'Jn;1 42 n'l:i''Vl (?l~'tl'l.J f'l'd'll.J LU'WYhtbb'lJ'l.Jil-l ~~ (?l'JU''ll'tl~ ~'l:i'~n !?l'VIU'I'l.J,'I nw"l! 

"lltl!?ll?i1~1l?i'tln'l:i'l?l1U"ll'fl~iJ~'dn C. curvignathus ~L'd~1 96 i'JLl.l~ 

Source df ss MS F Prob. of> F 

Treatment 9 50.882 5.654 11.965 0.000** 

Error 480 226.800 0.472 

Total 600 1,955.000 

cv = 0.115% 

** iiflr.J1a-J LLI?lnl'h..:JtJti1..:Ji1t!'mh•i't1J 

IPI1'al.:lll1 fl r.JU'Jn.v1 43 n'l:i"Vl !?l~'tl'l.J f'l'd'll.J LU'WYhtbb'lJ'l.Jil.J ~~ (?! ')U"ll'fl~~'l:i'~ n !?l'VIU'I'l.J,'I nw"l! 

"lltl!?ll?i'l~1l?i'tln'l:i'l?l1U"ll'f:l~iJ~'dn C. curvignathus ~L'd~1120 i'dLl.l~ 

Source df ss MS F Prob. of> F 

Treatment 9 116.748 12.972 23.408 0.000** 

Error 480 266.000 0.554 

Total 600 3,169.000 

cv = 0.124% 

** ii m1a-~ LLI?lnl'i1..:Jtlti1.:Jiit!'uihr1'1) 
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1911'31.:Sil1AtJU'Jn;i 44 LU'f1fL~u[;}mJ>!W1tl"11'f1~Uf'l'Jn c. curvignathus Vli~1~~u~1J'~nt'lu"11Tu 

"ll~t'lL"h-:)1 '"l1nn1J''VlC9!\MlUf'l'J1lJLUUlhtLLU1JnUI711U~f'll)1lJ 

Liid-Jii'W~1.:)1 ~L'J~1 24 48 72 96 Ul:'l:; 120 of'JUJ~ LU~'f1~UlJU~n1J' 

., ... 
'!~'YIIII~'atl f\11~L"ll~"ll'U (ppm) 

24"11~. 48"11~. 72"ll~. 96"ll~. 120"ll~. 

"ll~fl1tlfl~ 0 0 0 2 2 • • 
50 0 0 0 2 6 

100 0 0 2 4 8 

500 0 2 4 8 12 

1000 2 6 8 14 18 

1500 0 6 10 14 22 

2000 4 10 14 18 26 

2500 8 14 18 24 32 

3000 12 22 24 30 40 

4000 16 26 34 40 50 

5000 22 32 42 50 56 

10000 26 36 46 54 66 

"JJr;Jfl1tlfl~ 0 0 2 2 2 • • 

50 0 0 0 2 4 

100 0 0 2 4 6 

500 0 2 4 8 10 

1000 2 4 8 12 14 

1500 4 8 8 12 18 

2000 6 8 12 14 20 

2500 4 10 14 18 24 

3000 8 14 16 24 30 

4000 10 16 20 30 36 

5000 14 18 26 34 46 

10000 18 32 42 50 60 
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... ' 
j;l1'n.:Jil1fle.JU'Jn'VI 44 (twa) 

tJ .. a.. tJ 
.... "' L 'El'iL<JI'UIPin1'iiPI1fl"ll'El.:J 'i11n (%) 

'lllfl'VII'li'Elil ~11m"11~"ll'U (ppm) • 
24'JIR 48"if~. 72"11~ . 96'11~. 120'JIR .. 

'JII'lfl1il~~ 0 0 0 0 0 n'i::'VI'El • . 
50 0 0 0 2 4 

100 0 0 2 4 6 

500 0 2 4 4 8 

1000 2 2 2 6 12 

1500 2 4 6 8 12 

2000 0 4 12 14 16 

2500 4 10 14 14 18 

3000 6 10 14 16 20 

4000 4 12 16 18 24 

5000 6 10 16 24 34 

10000 10 16 24 36 44 

n'i::'ll1fl "lll'lfi1U~~ 0 0 0 2 2 • • . 50 0 0 0 0 4 

100 0 0 2 6 8 

500 2 2 4 4 6 

1000 0 2 2 6 10 

1500 2 2 4 4 10 

2000 0 2 4 6 12 

2500 0 4 6 8 14 

3000 2 4 8 12 18 

4000 4 10 14 16 26 

5000 8 14 18 26 32 

10000 14 20 26 32 38 

'111~1fJL'IIIIPI '!!Vlfl')Ufi:W; tl--mJ~i . ' ' 
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..I ' 
£9l'l'i'l.:Jll'lfi~'U'lflVI 44 (Vltl) 

'!J "' a ... '!J L 'iil'iL"ii'Uiiln1'ilil1fl"ll'EH ~'ln (%) 
"' "' "lllii'VIIil~'iil'l.l fl'l1~L"ll~"ll'U (ppm) . 

24"11~. 48 "iiJJ. 72"llR 96"11~. 120"11~. 

;i.:~ "llj;tfi'J'I.lfl~ 0 0 0 2 2 . • 

50 0 0 0 0 2 

100 0 2 2 4 4 

500 0 0 2 2 4 

1000 2 0 4 6 8 

1500 0 2 4 8 12 

2000 2 4 8 12 14 

2500 0 6 10 14 18 

3000 2 8 16 20 26 

4000 4 10 18 24 32 

5000 6 14 26 32 40 . 
10000 10 22 34 42 50 

"'i1 "llj;tfi'J'I.lfl~ 0 0 0 2 2 . • 

50 0 0 0 2 4 

100 0 2 2 4 6 

500 2 4 4 4 8 

1000 2 2 4 6 8 

1500 4 4 6 8 12 

2000 0 4 4 8 12 

2500 2 6 8 12 16 

3000 2 8 12 14 18 

4000 4 8 12 18 24 

5000 6 12 16 22 30 

10000 10 16 22 28 36 

" ~~1fiL~j;t "l!~fl'lUfla.J; 'I11LU~1 . ' ' 
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.... ' 
911'n.:Jil1Fle.I'LI'Jfl'¥1 44 (f;l'fl) 

'l.J .. a .. 'l.J L 'El-:IL"liUj;jn1'.Jf;l'l!l"ll'El~ 'CI'ln {%) 
"lij;j'VJj;J~'fl'IJ fl'J'l)!Li)liU (ppm) . 

24 "li)l. 48 "li)l. 72 "li)l. 96 "li)l. 120 "li)l. 

'W~1'VIe "li j;J fl'l'IJ fl)! 0 0 2 2 2 • • 

50 0 0 4 4 6 

100 2 4 6 10 14 

500 4 6 8 10 12 

1000 4 6 8 12 14 

1500 6 8 12 16 20 

2000 6 8 14 20 26 

2500 8 12 18 24 30 

3000 10 14 22 30 36 

4000 14 16 24 34 40 

5000 16 24 34 44 50 . 
10000 24 32 48 62 70 

;j'l.Ji "li j;J fl'l'IJ fl)! 0 0 0 2 2 . . 
50 0 2 4 6 10 

100 0 4 8 10 14 

500 2 4 10 14 16 

1000 0 6 10 14 18 

1500 0 4 14 18 22 

2000 0 8 18 24 30 

2500 2 10 20 30 38 

3000 6 14 26 36 42 

4000 10 18 32 40 50 

5000 18 24 40 54 62 

10000 26 42 58 70 78 
.. 

'VI)l'l!JL'VIj;j 'll~f'l'l1Jfll-l; 'I11LU~1 . ' ' 
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.... ' 
j;~1'n-31l1fUJU'JO'VI 44 (!Wtl) 

tl"a.- t1 L 'el'1L'l1UIIIn1'11111!1"ll'fl~ ~'Jn (%) 
'lllll'rllll~'el'U fl'l1~Li~iu (ppm) . 

24'll~. 48'll~. 72'll~. 96'll~. 120'liR 

n-r.:'J1u "JJIIIfi1'Ufl~ 0 0 0 0 0 • • 

50 0 0 0 2 2 

100 0 0 0 2 4 

500 0 0 2 2 4 

1000 0 2 2 4 8 

1500 0 2 4 8 12 

2000 2 4 6 8 12 

2500 4 6 8 12 16 

3000 4 8 10 14 20 

4000 4 6 10 14 18 

5000 4 6 12 16 24 . 
10000 6 8 16 20 28 

n1U'Yf~ "JJ(;Ifi'J'Ufl~ 8 14 20 26 34 .. • • 

50 0 0 0 2 4 

100 2 2 4 6 10 

500 2 4 6 10 14 

1000 4 6 6 12 16 

1500 2 4 6 10 16 

2000 6 6 10 14 18 

2500 6 8 12 18 24 

3000 10 12 16 22 26 

4000 12 16 22 28 36 

- 5000 16 24 30 38 46 

10000 22 28 36 42 52 

,.~1!1L,.III 'llfni'YlUflJ..J; J-m.J~1 . . . 
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-

r;J1'n-li.fl1Fir.I'U':In;145 rh LC50 ~'tl~ntTVI~~'tl1Jrt'YllJLU'UYhtLL111JfltJI'l1tl~'tl'I~1J'~n~ 

tf1l!'u~:::L~1~1'1 P!'tlntJ'I'l1tl~'tl'IU~'dn C. curvignathus 

1-tti4'tl-lUl}111int~l'l~1 24 48 72 96 LL~::: 120 of'd'UJ~ 

24 

48 

72 

96 

120 

LC50 

Concentrations(ppm) 

11,867.208 

9,829.197 

8,256.173 

7,140.777 

5,658.974 

Fiducial limit 

Lower Upper 

9,081.549 18,948.931 

7,473.258 15,741.840 

6,404.469 12,338.198 

5,586.532 10,280.358 

4,453.254 7,807.456 

f911'n-li.fl1Fir.I'U':Jn;146 fl\1 LC50 ~'tl~n1TVJ~~'tl1Jrt'd1l-JLU'U~'fi'LL1111n'UI'l1ml'tl'I~1J'~n~ 
"' U1l!'u1Y~~ P!'tlntJ'f911tl~'tl~U~'Jn C. curvignathus 1u'i4't1'1Ulj11~n1J' 

~ L'J~1 24 48 72 96 Ll~::: 120 of'J L:J.J'I 

LC50 Fiducial limit 

-i'11~.:~ Concentrations (ppm) Lower Upper 

24 14,886.573 11,762.867 21,452.117 

48 11,795.613 9,060.010 18,303.338 

72 9,989.687 8,468.195 12,438.751 

96 8,506.791 7,281.525 10,389.580 

120 6,941.108 5,723.269 8,979.617 

91 

r;J1'n-li.fl1Fir.I'U-:Jn;147 fll1 LC50 ~'tl-m1J''Vl~~'tl11rt'J1:J.JLU'U~'fi'LL111Jn'Uf911tl"ll'tl'1~1J'~n~ 

tf1l!'um-:::Vi't! P!'tlntJ'f911tl".ll'tl'IU~'Jn c. curvignathus 1u'i4'tl~ul)mimJ> 
~b'J~124 48 72 96 LL~::: 120 ~'JUJ'I 

LC50 Fiducial limit 

-i'1'L~.:~ Concentrations (ppm) Lower Upper 

24 19,396.940 14,030.266 35,738.460 

48 16,409.228 12,441.747 26,003.195 

72 13,698.285 10,004.188 24,561.547 

96 11,046.256 9,141.341 14,370.003 

120 9,453.335 7,925.098 11,979.145 



. 

611it~n•FuJu'ln-vi 48 rh LC50 ~'fl\lmJ"'Vl"'~'flur~'d1mthJ~'ltu.uunu~?nt~~'e:l'~~~:i'~n~ 

,f,,Yum::"l!1tl i?l'fln1:i'l?l1tl~'e:l\IU~'dn C. curvignathus 

l'IJ~'e:l\1Ufl'l.J~n1:i'~L'd~1 24 48 72 96 LL~:; 120 .j''d llJ\1 

24 

48 

72 

96 

120 

LCSO 

Concentrations (ppm) 

16,157.086 

14,185.977 

12,942.439 

11,794.883 

10,444.382 

Fiducial limit 

Lower Upper 

12,705.351 23,958.327 

11,471.695 19,498.243 

10,588.759 17,284.486 

9,720.295 15,481.030 

8,606.021 13,675.010 

611il~ll1FII:.I'U'Jn.vi 49 rh LC50 ~'fl\ln1:i''Vl~~'e:l'l.Jrl'd12-ILU'IJ~'ltbb'l.JUfl'IJI?I1tl"ii'e:l\1~1:i'~rl~ 
"' 1J1,Y'W~\I l?i'e:ln1:i'l?l1tl~'e:l\IU~'dn C. curvignathus 1u~'e:l\1Ufltmn1:i' 

~L'd~124 48 72 96 bL~:; 120 i'dllJ\1 

LCSO Fiducial limit 

.t'l1JJ-:J Concentrations (ppm) Lower Upper 

24 18,220.190 13,633.712 30,864.989 

48 13,666.144 11 '129.955 18,484.629 

72 10,795.864 8,635.126 15,170.140 

96 9,482.895 7,662.000 12,962.780 

120 8,117.017 6,553.660 11,039.253 

611il~ll1FII:.I'U'Jn.vi 50 rh LC50 "ii'e:l\lnl:i"Vl~~'e:!Url'd1:1-JLU'IJ~M-LLUUfl'IJI?I1tl~'fl\1~1:i'~n~ 

,f1,Yu,)1 l?i'e:ln1:i'l?l1tl~'fl\IU~'dn C. curvignathus 1u~'e:l\1Ufltmn1:i' 
~L'J~1 24 48 72 96 LL~:; 120 i'd llJ\1 

LCSO Fiducial limit 

.t'l1JJ-:J Concentrations (ppm) Lower Upper 

24 20,532.034 14,505.356 40,819.351 

48 17,265.626 12,879.040 28,518.347 

72 14,479.029 11,368.823 21,044.934 

96 12,888.637 10,272.398 18,079.920 

120 10,905.318 8,890.106 14,580.686 
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·-

24 

48 

72 

96 

120 

-i''lt~~ 

24 

48 

72 

96 

120 

24 

48 

72 

96 

120 

... 
tmJ'WYl1n1'Vlu ~'tln1J'f;m.J"ll'fl~U~':ln C. curvignathus 

L'W~'tl~tliJ~mJ'~L':l~124 48 72 96Lb~~ 120 -i'J'U.J~ 
LC50 Fiducial limit 

Concentrations (ppm) Lower Upper 

13,880.026 11,035.726 19,625.522 

11,808.596 9,673.250 15,674.496 

8,987.347 7,627.486 11,141.388 

6,950.802 6,037.053 8,259.267 

5,907.308 5,156.815 6,936.270 

... 
oW1~'W~U~ ~'tln1J'1?11tl"ll'tl~U~':ln C. curvignathus L'W~'tl~tl{ju~mJ' 

~ b'J~1 24 48 72 96 bb~~ 120 -i'J 'U.J~ 
LC50 Fiducial limit 

Concentrations(ppm) Lower 

12,173.143 9,793.126 

10,228.486 8,709.226 

7,528.024 6,522.516 

5,831.501 4,861.038 

4,758.831 3,917.198 

"' U1~'WnJ'~'Yl'W ~'fln1J'I?l1ti"JJ'fl~U~'Jn C. curvignathus 

L'W~'tl~tl{ju'im~L'J~1 24 48 72 96 Lb~~ 120 -i':l 'U.J~ 
LC50 

Concentrations (ppm) 

21,163.946 

18,494.689 

15,072.080 

13,685.096 

11,354.599 

Lower 

14,675.239 

13,483.869 

11,652.844 

10,676.959 

9,099.921 

Fiducial limit 

Upper 

17,192.006 

12,647.395 

8,995.541 

7,328.313 

6,001.491 

Upper 

45,159.463 

32,672.883 

22,696.278 

20,112.564 

15,714.497 
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l9ll'i1~1l1At.IU'Jn;i 54 rh LC50 "11'f1'ln1J"Yl~~'f11Jf'l'l1l-lbU'U~M~~lJ1JnUIWWJ"!l'f1'1~1)'~tl~ 

J'1~umu'Yi~ t9i'f1n1)'!?11tl"ll'f1'lU~':ln C. curvignathus 1ui4'e1-:~tlljtmm)' 
~~')~1 24 48 72 96 ~L~:; 120 i'l UJ'I 

LC50 Fiducial limit 

-i''l1~~ Concentrations (ppm) Lower Upper 

24 14,067.322 11.225.334 19,775.358 

48 12,202.794 10,024.336 16,138.608 

72 10.488.528 8,806.496 13,289.721 

96 9,293.079 7,266.413 13,633.517 

120 7,724.669 6,154.978 10,741.301 

l9ll'i1~1l1At.IU'Jn;i 55 Wi)''Vl~~'f11Jf'l':l1a.JLU'U~MLL1J1JnU!?l1tl"!l'f1'l~1)'~tl~,f1~U,1nfl"'l"'lU~ 

t9i1'l1 t9i'f1n1)'[;)1tl"ll'f1'1U~':ln C. curvignathus ~L':l~1 24 -i''JUJ'l 

Source df ss MS F Prob. of> F 

Treatment 9 27.435 3.048 13.018 0.000** 

Error 480 112.400 0.234 

Total 600 465.000 

cv = 0,080% 

** iJ'"Y.n~LLI?lnt?h"ltJ~.h.:~iJ.Ju~'ri'C1J 

. " 
l9l1rl~ll1Flt.IU'Jn;i 56 Wi)''Vl~~'f11Jf'l':l1l-l~UU~ML~lJ1Jn1)'numt1"1l'f1'1~1)'~n~u1~U,1nfl"'l"!lU~ 

1?11'11 t9i'f1n1)'!?11tl"ll'f1'lU~':ln C. curvignathus ~~':l~1 48 -i''lba.J'l 

Source df ss MS F Prob. of> F 

Treatment 9 49.282 5.476 16.224 0.000** 

Error 480 162.000 0.337 

Total 600 1,003.000 

cv = 0.097% 

** i1fl':ll~LLI?lnl1i1.:~mh'li1uu~'ri'1! 
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~R1'n~ll1fleJ'U'Jn~ 57 m:i"VlcPJ~'flUf'l':l'UJLtlu1hmuurh.l(;l1£J"ll'fl-:J~1~~ncPJ,f1~ul0!1n~"D"llilcPJ 

trl1-:l1 trl'fln1~(;11£1"11'fl-:Jtl~'Jn C. curvignathus ~L'J~1 72 -i'JUJ'l 

95 

Source df ss MS F Prob. of> F 

Treatment 9 109.802 12.200 37.252 0.000** 

Error 480 157.200 0.328 

Total 600 1,877.000 

cv = 0.095% 
..::t I 1 q CV 0 Q..o" 

** l-l A'J'll-l u.~nn 1?11-\ltlt.n'll-l'Wt:J~'H'l ClJ 

. .. 
~R1'n~ll1fleJ'U'Jn;i 58 m~'Vlr;)~'flUfi'J1:wd1u1hmuunu(;l1£1"11'fl'l~1~~ncPJ111~'WIOJ1n~"l!"llilcPJ 

trl1'l1 trl'fln1J'(;l1£1"11'fl'ltl~'Jn C. curvignathus ~L'J~1 96 -i'JL:W'l 

Source df ss MS F Prob. of> F 

Treatment 9 177.107 19.679 49.402 0.000** 

Error 480 191.200 0.398 

Total 600 3,034.000 

cv = 0.105% 

** ~A'J'll-llb!nnl?i'l-\ltltl1'l~Ut1~1rl(]J 

. " 
IR1'n~ll1 fl e.I'U'J n;i 59 nl~'Vl cPJ~'flU fi'J1:1J d1uvh!LLUUfi'IJ(;l1£1"11'fl'l~1 J'~ n C91111~'\JIOJ1 n~"ll"llilcPJ 

trl1'l1 trl'fln1~(;11£1"11'fl'ltl~'Jn C. curvignathus ~L'J~1 120 -i'J b:w'l 

Source df ss MS F Prob. of> F 

Treatment 9 207.348 23.039 51.870 0.000** 

Error 480 213.200 0.444 

Total 600 4,545.000 

cv = 0.111 % 
Q I I q a.' 0 Q.1" 

•• t.Jfl'J'll-1 u.~nn 1?11-\ltlt.n'll-l'Wt:J~'l ACJJ 
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911rl-3111fUJ'U'Jn-¥t 60 LU'tlfL~'WI'lmJ'l9l'ltl"11'il~U~N'Jn C. curvignathus ~i'l~t~fu~'l~~nl'l~mu 

"11Ul'll?i'l~1 ron n m J''Vll'l~'il'U l"l'J'l:W LU'WYi'M Ll'ltl mJ'n'WW1tl~ l"l'J'l:W 

L;t:w;t'Wt;h~1 ~L'J~N'l 24 48 12 96 LL~N~ 120 i'J ~::w~ 1'W~'tl~u5~mJ' 
tl .. a.. t1 ... ... L '!l"a'L'if'UI'IO'l1'1'11811'2l.:! fl'Jn (%) 

'lfA't'll'l'li'81J A113JL'!13J'!I'U (ppm) . 
24 "ll3J. 48 "ll3J . 72 "ll3J. 96 "ll3J. 120 "ll3J. 

... 
'li::LA1"ll1.:! "llAA11JR3J 0 0 2 2 2 • • 

50 0 0 0 0 2 

100 0 0 2 2 4 

500 0 2 2 2 4 

1000 0 0 4 6 8 

1500 2 2 4 8 12 

2000 0 4 6 12 16 

2500 4 6 8 14 22 

3000 6 8 12 18 26 

. 4000 4 8 14 20 28 . 
5000 4 10 16 28 36 

10000 8 18 26 36 46 

1.vu~ "llAA11Jfi3J 0 0 0 2 2 . . 
50 0 0 0 0 0 

100 0 0 0 0 2 

500 0 0 0 2 4 

1000 0 2 2 2 6 

1500 0 0 2 4 6 

2000 2 2 2 6 10 

2500 2 4 4 10 14 

3000 4 4 6 12 18 

4000 4 6 10 16 24 

• 5000 6 10 14 20 30 

10000 10 14 20 28 38 

" 
'VI3J1SL'VII'l 'll~Fl'lUI'Il-l; U!Lllrh . ' ' 
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~ ' 
t;t1"a'HIJnAr.I'U'JnYJ 60 (111!1) 

,j .. .,; .. ,j 

fl'l1~Li~iu (ppm) 
L 'll~L'liU191n1~1911!l"ll'll~ jl'ln (%) 

"ll191fl191'6'f'll'U . 
24"ll~. 48 'il:l.l. 72"ll~. 96"JJR 120'11~. 

... 
'l!IOI fl'l'U fl ~ 0 0 0 2 2 n~fl'rl • • 

50 0 0 0 0 0 

100 0 0 0 0 2 

500 0 0 0 0 0 

1000 0 0 2 2 2 

1500 0 0 0 2 4 

2000 2 2 2 4 4 

2500 0 2 4 4 6 

3000 2 4 4 6 10 

4000 4 6 6 8 12 

5000 2 6 8 12 16 

10000 6 10 12 18 24 

n~"ll1!1 '!fiOlfl'l'l.lfl~ 0 0 0 2 4 • • 
50 0 0 0 0 0 

100 0 0 0 0 2 

500 0 0 0 2 2 

1000 0 0 2 2 4 

1500 2 2 4 6 6 

2000 0 2 4 4 6 

2500 2 2 2 6 8 

3000 4 4 6 10 14 

4000 2 4 8 12 18 

5000 6 8 12 16 20 

10000 8 12 16 22 26 

" '"~1!1L\11191 'll!PH"l'lUfll-.1; 'I11LU~1 . ' ' 
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""' ' (;11'i'l~ll1fU.I'U'JflVI 60 (IPI!l) 

tl"'""' tl L '8'iL"llUiill01'ilill1fl'li'!H a"Jn (%) 

"lllillfllillft'!l1.J fl'l1:JJLi:~.~iu (ppm) • 
24"11:1.1. 48"11:1.1. 72"11:1.1. 96"11:1.1. 120 "ii:JJ . 

.. 
'II~ "lllillft11.Jfi:JJ 0 0 0 2 2 • • 

50 0 0 0 0 0 

100 0 0 0 0 2 

500 0 0 2 2 4 

1000 0 0 0 4 6 

1500 0 2 2 8 10 

2000 2 2 6 6 12 

2500 0 4 6 8 14 

3000 2 4 10 14 18 

4000 2 6 12 16 22 

5000 4 8 14 20 26 
. 

10000 6 14 20 28 34 

' '111 "ll191ft1tlfi:IJ 0 0 2 2 2 . . 
50 0 0 0 0 0 

100 0 0 0 0 0 

500 0 0 0 2 4 

1000 2 2 4 4 6 

1500 0 2 4 6 10 

2000 2 4 5 8 14 

2500 4 6 8 8 12 

3000 2 4 6 10 12 

4000 4 6 10 14 18 

5000 6 8 12 16 22 

10000 6 10 16 22 28 

"' 
'":1.11flL \1191 'lHM'l'JUfla.J; U1LU~1 . ' . 
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~ . 
j;'l1'i'HIIl1fU.I'U'Jfl'VI 60 (l?l!l) 

tJ.-a.- tJ L 'El'iL"liUIJlfl1'ij;t1!J"ll'!HI fi'dn (%) 
'!ij;IYJj;l~'i)tl R'd1~L.U~.Uu (ppm) • 

24'!1~. 48"ll~. 72'!1~. 96'!1~. 120'!1~. 

w~n1't'l!l '!ij;tft';}tlft~ 0 0 0 0 0 • • 

50 0 0 0 0 0 

100 0 0 0 0 2 

500 0 0 0 2 2 

1000 0 0 2 2 4 

1500 0 0 0 0 4 

2000 2 2 2 4 8 

2500 0 2 4 6 12 

3000 4 6 8 14 18 

4000 2 4 10 18 24 

5000 4 6 14 24 34 

10000 10 16 24 34 46 

~tJa '!1191R'dtlft~ 0 0 0 2 2 . • 

50 0 0 2 2 2 

100 0 0 0 2 4 

500 0 2 2 4 8 

1000 0 0 2 6 10 

1500 2 2 6 10 14 

2000 0 4 8 12 16 

2500 2 6 10 16 24 

3000 4 6 14 18 28 

4000 4 8 16 22 30 

5000 6 8 20 28 38 

10000 8 14 32 40 54 

.. 
'V1~1!JL'VIj;t 'Jl!?ll'l'JUfllJ; tJ1LU~1 . ' 
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. .... ' 
a;t1'n~111AI:.IU'Jn'VI 60 (Vltl) 

ti4'CJ4' tl L 'fl'iL'ii'Ufiiln1"ilil11!1'1'fl~ il'ln {%) 
'ilfiilflfiil~'ei'U fl'l1~Li~i'U (ppm) • 

24'11~. 48"1~. 72'11~. 96"11~. 120"1~. 

n'i!:'l1'U 'llfiilfl'l'Ufl~ 0 • • 0 0 0 0 

50 0 0 0 0 0 

100 0 0 0 0 0 

500 0 0 0 2 2 

1000 0 0 2 2 2 

1500 0 2 2 2 4 

2000 0 0 0 2 6 

2500 2 2 4 4 8 

3000 0 0 2 4 12 

4000 2 4 6 8 14 

5000 4 6 8 12 16 

10000 8 12 16 22 28 

n1'U'W'it "II Iii fl'l'U fl ~ 0 0 0 0 0 .. . • 

50 0 0 0 0 0 

100 0 0 0 0 2 

500 0 0 2 2 2 

1000 0 2 2 4 6 

1500 0 0 4 6 8 

2000 2 2 6 10 12 

2500 2 4 10 12 14 

3000 2 6 8 12 18 

4000 4 8 10 14 20 

5000 4 8 12 18 24 

10000 6 10 18 26 30 
... 

'VI~11!1L'VIfiil '!lr?lfl')Ufl~; U1Ltl~1 . . . 
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J;11'i1..:Jll1 fl~'U'l n;1 61 rh LC50 "'l'fFlfl'l:i'i'l ~~'tlUFI'J'll-1 Lth.rrh~muunu1111tJ"ll'tl-:J~'l:i'~H1 ~~tJTl.J 

~::L~'lifi'l-:J~'tln'l:i'1111tl"ll'tl.:Jti~'Jn C. curvignathus L'W~'tl.:Jtllj!.Wim:i' 

~L'J~124 48 72 96 LL~:: 120 .ft''JLlJ-.1 

24 

48 

72 

96 

120 

LC50 

Concentrations (ppm) 

156,602.041 

71,773.178 

25.741.373 

15,423.807 

11,968.752 

Fiducial limit 

Lower Upper 

33.068.969 18,378,093.167 

24,926.277 1,511,942.036 

16.479.468 54.809.612 

11,206.735 25,057.374 

8,995.287 17,944.855 

J;t1'i1..:Jll1fl~'U'ln;1 62 rh LC50 "'l'tl-.1 n'l:i'i'l ~~'tlUFI'J'l:W LU'IJYhtLLUUn'W1111tl"'l'tl-.1~1:i''ZHi' ~VIt.nU 

l'Y'l~~'tlfl'l:i'1111tt"'l'tl.:Jti~'Jn C. curvignathus L'W~'tl.:Jtlljlliim:i' 

24 

48 

72 

96 

120 

d • 
i'lL'J~'l 24 48 72 96 LL~:: 120 -ft''JLlJ-.1 

LC50 

Concentrations (ppm) Lower 

65,381.375 22,908.069 

54,049.389 21,439.649 

31,824.966 16,356.209 

18,873.371 13,346.323 

14,377.379 10,642.797 

Fiducial limit 

Upper 

3,139,505.998 

822,855.049 

151,095.126 

32,825.519 

22,503.880 

J;t1'i1..:Jll1fl~U'ln;1 63 rll LC50 "'l'tl-.1 n'l:i'i'l~~'tlU FI'J'llJLU'IJYh~tLI.UUn'W1111tt"'l'tl-:!~1:i'~n :;,v:J"':.. 

n:i':::VJ'tl~'tln'l:i'1111tt"ll'tl.:Jtlmn C. curvignathus 1'W~'tl.:Jtllj1.W .... ~~ 

~L'Jm24 48 72 96 LL~:: 120 i'J Ll-1-:J 

LC50 Fiducial limit 

-t'Jt~.:s Concentrations (ppm) Lower ~'XI€!' 

24 135,583.415 28.971.983 12- -.!: -=·=~~ :11:. 

48 63,360.110 22,624.892 =·= ~= :J:: ·.::: --

72 75.867.165 25.021.767 : .. :t: .::. " 
.. 

- *I,_ 

96 30,643.904 18,612.748 -. - ·----

120 24.353.097 15,900.956 : ~-



£ 
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li'l111~ll1 fltJU'Jn~ 64 Fi1 LC50 "ll'il..:J n'l~'Vl C?l~'il'IJ rl'J1a.J Lth.l'W'M'I.L'lJ'!JfhJI'I1£1"11'il..:!~1~~ n (;)~£J1'1J 

m::"l!1£J[;}'flm~I'I1£J"ll'il..:JU~'Jn C. curvignathus 1u~'il..:JUij~m~ 

~L'l~124 48 72 96 LL~:; 120 i'JUJ..:J 

LC50 
Fiducial limit 

oi''l'i:~.:~ Concentrations (ppm) Lower Upper 

24 111 '1 05.178 28,353.553 82,365,211.779 

48 62,125.375 22,688.882 1,751,030.031 

72 57,614.289 22,186.236 832,071.062 

96 28,830.333 17,803.121 67,537.134 

120 21,663.319 14,597.412 42.506.427 

li'l111~ll1fltJU"Jn~ 65 Fi1 LC50 "11'il..:Jn1J''VlC?l~'il'lJFl'l1a.JLU'WY4MLL'lJ'!Jfl'WI'I1U"ll'fl..:!~1:i'~n(;l~£n'lJ 

~..:J[;}'ilm:i'I'I1£J"11'il..:JU~'ln C. curvignathus 1u~'il..:JUiju1imr 

~L'Jm 24 48 72 96 LL~:::120 i'JUJ..:J 

LC50 
Fiducial limit 

oi''l'i:~.:~ Concentrations (ppm) Lower Upper 

24 116,810.832 27,481.200 623,864,450.306 

48 51,796.763 20,921.588 769,435.175 

72 39,964.921 18,337.973 258,859.305 

96 23,429.842 15,267.858 47,870.799 

120 19,206.917 12,991.988 35,581.133 

li'l111.:!111fltJU'Jn~ 66 Fi1 LC50 "11'il..:Jn1~'Vl(;)~'fl'!Jrl'J1a.JLU'W~'M'LL'lJ'!JflU1'11£J"ll'il..:J~1~~nC?l~m'lJ 

"lh[;}!Jm~I'I1£J"11'fl..:JU~'Jn C. curvignathus 1u~'il..:JUiju1im~ 

~L'l~1 24 48 72 96 LL~::: 120 i'J UJ..:! 

LC50 
Fiducial limit 

oi''l'i:~.:~ Concentrations (ppm) Lower Upper 

24 364,824.910 46,447.565 5,730, 180,888.727 

48 166,748.573 36,191.731 ,824,640.541 

72 95,059.016 33,356.610 481,395.233 

96 38,057.255 20,875.271 116,570.789 

120 35,369.482 19,205.727 109,355.763 



~ 
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j;11'i1.:Jll1fteJ'IJ'Jn~ 67 ri1 LC50 ~'tl..:J m~'VII?l~'tl1Jf'l'l12-J Lilu-thtLL'l.J'l.Jfh..!rn1tJ~'tl'l~1~lM117l't1tJ1'l.J 

-n1nL'VItl~'tlm~rn1tJ~'tl'liJ~'ln C. curvignathus 1uil'tl'liJlj-mlm~ 

~L'l~1 24 48 72 96 LL~~ 120 oF'lUJ'I 

LC50 
Fiducial limit 

-i''lt)J,/l Concentrations (ppm) Lower Upper 

24 62,248.025 22,278.988 3,692,864.398 

48 37,001.027 17,856.407 270,788.889 

72 23,405.585 13,839.524 71.126.105 

96 15,493.374 10,480.107 31,260.267 

120 12,630.709 6,967.583 68,476.474 

j;i1'i1-:tll1AU'LI'ln;i 68 rh LC50 "1J'fl,ln1J''VII?l~'fl'l.Jf'l'l12-JLU'IJW'rt'LL'l.J'l.Jn'Wrn1tl"ll'tl'l~1:r~nl?l't1t11'l.J 

~iJ~~'flm~mtJ~'fl..:JiJ~'ln C. curvignathus 1uil'tl'liJlj-mlmJ' 

~L'l~1 24 48 72 96 LL~~120 oF'l UJ'I 

LC50 Fiducial limit 

-i''lt)J,/l Concentrations (ppm) Lower Upper 

24 105,013.105 27,849.269 44,426,071.780 

48 104,822.856 29,925.828 6,100,714.195 

72 34,645.059 13,124.168 831 ,832.956 

96 35,369.482 19,205.727 109,355.763 

120 10,173.531 7,828.999 14,594.841 

j;11'i1-:tll1AU'IJ'Jn~ 69 ri1 LC50 "li'fl'ln1J''VII?l~'fl'l.Jf'l'l12-JLU'IJW'rtLL'l.J'l.Jn'IJrn1tJ~'tl'l~1:r~nl?l't1tl1'l.J 

m'~'l1'W~!Jn1J'rn1tJ"li'tl..:JiJ~'ln C. curvignathus tuil'fl'lllljmm~ 

~L'l~124 48 72 96 LL~:; 120 oF'lL'-J'I 

LC50 
Fiducial limit 

-i''lt)J,/l Concentrations(ppm) Lower Upper 

24 81,499.732 24,075.623 117,167,509.640 

48 49,890.817 20,525.822 954,334.568 

72 51,207.348 21,024.808 666,845.615 

96 43,589.960 19,532.073 317,908.923 

120 27,229.742 14,664.441 100,411.157 



II' 

(;11'i'l.!Jll1fUJ'U'lncVi 70 rh LC50 "ll'fl,:m'l:i''Vl~~'f.lUfl'l'l~L1h,dhmuurhJ~1~"Jl'fl..:J~'l:i''iMi'~V!mu 

n'l'l.l'Yl~j;)'fln'l:i'~'l~"ll'fl..:JU~'dn C. curvignathus L'l.l~'fl..:Jtllju~n'l:i' 

~ L 'd~'l 24 48 72 96 LL~!: 120 -i'J 'G.Fl 

LCSO Fiducial limit 

-t'J'i:JJ.:~ Concentrations (ppm) Lower Upper 

24 150.395.116 30,959.166 4,604,691 '126.177 

48 96,872.883 27,926.248 8,483,545.432 

72 72,731.278 25,264.149 1 ,250,434.206 

96 34,020.120 16,475.003 164,731.445 

120 29,288.783 14,900.469 112,163.016 

f;l1'i'l.!Jll1fl~'U'ln;i 71 n1J''Vl~~'fltlrl'J'll-JLU'l.l~'MLLUUfl'l.l~1~"11'fl..:J~1J'~rl~V!mU'"l'lnYi"D 

"llil~j;]1~1 j;]'fln'l:i'~'l~"ll'fl~U~'ln C. curvignathus ~L'J~'l 24 -i'JUJ..:J 

104 

Source df ss MS F Prob. of> F 

Treatment 9 0.915 0.102 0.744 0.669 

Error 480 65.600 0.137 

Total 600 123.000 

cv = 0.062% 
.ci I I .col V 0 V 

** ~ m1~ LLl?ln ~Yn·l'tli'J1'l~'WU~1 r~ n.J 

(;11'i1-!Jll1 fl ~'U'l neVi 72 n'l:i''Vl ~~'flU rl'l1l-J LU'l.l~'MLLtltlfl'l.l~1~"ll'fl~lil1J'lil n ~V!mU'"l1 nYl"l! 

"l!il~j;)1..:J1 j;)'fln'l:i'~'l~"ll'fl~U~'Jn C. curvignathus ~L'J~1 48 -i'l bl-.1-.:J 

Source df ss MS F Prob. of> F 

Treatment 9 3.248 0.361 1.812 0.064 

Error 480 95.600 0.199 

Total 600 261.000 

cv = 0.074% 

** iim1~ LLl?ln~rh-:JTlrh-:JiJ'Wu~1 rln.J 



• -

. 

"' 

j;l1'i'l~ll1RfJU'W;1 73 n1J''Vlt1l~'tl'lJrl'd1~Hi}wYhtLL'lJ'lJfl'IJ(P11tJ~'tl'l~1J'~rlt11VItl1'lJ'"l1n.ri"Jl 

"l!Ut11r;i1-:~1 r;i'f)n1J'(PJ1tl~'tl'IU~'dn C. curvignathus ~L'd~1 72 .f'd'GJ-:~ 

105 

Source df ss MS F Prob. of> F 

Treatment 9 19.627 2.181 8.361 0.000 

Error 480 125.200 0.261 

Total 600 566.000 

cv = 0.085% 
~ ' ' .ci<V 0 (V 

** l-!Fl'J1l-! u.lJ!n~n'l!ltn'll-!'Wt.J~IFltlJ 

IPI1'i'l~ll1 R rJU'Jn;1 7 4 n1 rv1 t11~'tl'lJrl'd1l.l dJ'IJYh~muu fl'IJ(PJ1tl~'tl'l~1 :i'~ n t11VIt11'lJ'"l1 noW"ll 

"l!Ul?lr;i'l-:~1 r;i'f)n1J'(PJ1t.J~'tl'IU~'dn C. curvignathus ~b'd~1 96 -i'dL:W'I 

Source df ss MS F Prob. of> F 

Treatment 9 42.215 4.691 15.295 0.000** 

Error 480 147.200 0.307 

Total 600 1,057.000 

cv = 0.092% 

** i1m1l-!lll?ln~1'1!ltl1'1i1'Wmh'1t1J 

911 'i'l~ll1 R fJU'J n.v1 7 5 n1 :i''Vl t11 ~'tl 'lJ f'l 'd 1l.l dJ'IJYhtLL'lJ'lJ fl'IJ (PJ1 tl"l!'tl'l ~ 1 :i'~ n t11VIt11 'lJ'"l1 n~"l! 

"l!Ul?lr;i1'11r;i'tlm:i'(PJ1tl"11'tl'IU~'dn C. curvignathus ~b'd~1 120 i'dUJ'l 

Source df ss MS F Prob. of>= 

Treatment 9 81.248 9.028 24.961 O.OD~ .. 

Error 480 173.600 0.362 

Total 600 1,855.000 

cv = 0.100% 

** i:JrJ'J1l-!UI?ln~1'1!ltll'liJUt.J~IrltlJ 
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1Jl1n-11.n1Re.Jt.l';ln;1 76 ~~m~!?l'ltJ"ll'tl~tJ~'Jn C. curvignathus 'VIi~t~f'LI~'I~'Vl!Yl~'tl'LI"Jli!c;wh~1 ~m'I).JL~3-J~'-JI'h~1 ~L'J~'I 24 48 72 96 LL~~ 120 .f'JL3-J~ 
I ~1'\.!1'\.!fll"lVIlti'Ufl~'lhnn (91'1) I 

I 

48 t1hH 
I I 

120 tlltJ~ tTl"lnmm'lJ 24 oH1ltJ~ 72 oH1ltJ~ 96 oH1ltJ~ 

R 
R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R2 R3 R4 R5 R1 R2 R3 R4 R5 

1 

~ fl 'fl1 'U fJ ll 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 

YlhhiJn 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 2 3 2 4 2 2 3 2 4 

~rvh.J ~ 'HJ'U 1 0 0 1 1 2 0 1 1 1 3 0 1 1 1 3 1 2 1 1 3 1 2 2 1 

.W~!.W'U'U Ofl"lf'HJ'U 0 1 1 0 0 1 1 1 0 0 1 1 1 0 2 1 1 2 0 2 1 1 2 1 2 

~ 
ff:i::lf'll'lfN 1 2 0 1 1 1 2 1 1 2 2 2 2 1 2 2 2 3 2 2 2 2 3 2 3 

~llil 1 1 2 1 1 2 1 2 2 2 2 3 2 2 2 2 3 3 2 3 2 3 3 3 4 

vi~nhw 0 1 1 0 1 1 1 'I 1 1 1 2 2 1 2 2 2 2 1 2 2 3 2 2 2 
- ~ ~-~--- 1.--

'VI3J1!1b'VIIJJ ~M'J1Jf"jl-J: ~-Hl.J~i 



f;l1'i'l~ll1Fit:.IU'Jn;1 77 btlt~hiu£91mJ>tWltJ"D'tl,nJ~'dn C. curvignathus ~i.:J1~fu~1J>'Ylrn~'tl'l.J 

"lli1rnt;l1-:J1 ~f'l'd'll.lbi!l.lilut;l'l.:J1 ~L'd~'l 24 48 72 96 LL~:; 120-i'J tl.l.:J 

'1.1 .. a .. tl L 'tl'it.'ii'UIJIO'l'i~J~'l!l"'l'tl-!1 a'm (%) 
~'l'i't'IIJI~'tl'I.J 

24 48 72 96 120 

"l! (;lf'l'J'l.Jf'll.J 
q q 

0 0 2 2 2 

WttlJ>U~ 10 10 14 24 26 

m ~ u u J>'tl u 6 10 12 16 18 ., ., 

~~ L~'t!U'tln"llffi't! 4 6 10 12 14 .. ., 

~:;Lr;J'l 10 14 18 22 24 

.,.tl.,. 
(;) ~ 12 18 22 26 30 

-w1n1'Ylt~ 6 10 16 18 22 

'1112-l'l!lt.'IIIIJI "llf?lrl'lUfll-J; U1LU~1 . ' ' 

f;l1'i'l-.31l1Fit:.IU'Jn;1 78 n1J'In1tl"ll'tl.:Jtl~'dn C. curvignathus ~i.:J1~Wu~1J''Yll?l~'tl'l.J"lli1rnt;l1-:J1 

~b')~'l 24 i'dtl.J.:J 

107 

Source df ss MS F Prob. of> F 

Treatment 

Error 

Total 

cv = 1.368% 

6 

28 

35 

** i1 r1'l1l-l LL!'In t1h-:~m.h-:JiJ'\Ju~1ri' CJJ 

5.143 

6.400 

28.000 

0.857 

0.229 

3.750 0.007** 

f;l1'i'l-.31l1Fit:.IU'Jn;1 79 n1J'In1tl"ll'fl.:Jtl~'dn C. curvignathus ~i.:J1~fu~1J''Ylrn~'tl'l.J"lltJrnt;l1-:J1 
.J ' 
'Ylb'J~'l 48 i'J tl.J.:J 

Source df ss MS F Prob. of> F 

Treatment 6 9.771 1.629 8.769 0.000** 

Error 28 5.200 0.186 

Total 35 48.000 

CV = 1.232% 

..::.6 I I ~- 0 Q.o' 

** l-JFl'l1l-JLL!'Inl?l1'1flt.l1'll-J'Ut.l~1r1C)J 



ii'"--;-:..""-: F!~\nn~ 80 :ll~fWWJ"!!'tl..:JiJ~'Jn c. curvignathu s'VIi..:J1~ru~1~ 'Vlrl~'t!U"!!Utnf;}1'l1 

~~'J~I 72 i'Jt:W..:J 

108 

--- ...... ~ ...... df ss MS F Prob. of> F 

Total 

cv = 1.838% 

6 

28 

35 

12.286 

11.600 

87.000 

2.048 4.943 0.001** 

0.414 

l?l'l"iii-.3ll'lfi~U'Jn.vi 81 m~~1tl"!!'il..:JiJ~'Jn C. curvignathus Vli'l1~fu~1~ 'Vl~~'ilU"!!Ur~f;}1'l1 

~~'J~1 96 i'Jt:W..:J 

Source df ss MS F Prob. of> F 

Treatment 6 20.343 3.390 6.414 0.000** 

Error 28 14.800 0.529 

Total 35 138.000 

CV= 2.078% 

** il~'11l-JLL!;ln~h..:J'flth..:Jilu£.J~'rit11 

l?l'l"iii.:Jll'lfi~U'Jn.vi 82 n1~11l1tl"!!'il..:JiJ~'Jn C. curvignathu sVIi'l1~fu~1~rl~'ilU"!!U~f;}1-.:J1 

~ b'J~1 120 i'J tJ.J..:J 

Source df ss MS F Prob. of> F 

Treatment 6 25.886 4.314 10.067 0.000** 

Error 28 12.000 0.429 

Total 35 170.000 

cv = 1.871% 
d I I .o:::oicv 0 IV 

** l-lmll-lLL!;lnl?li..:J'flm..:Jl-J'W£.J~1r1t1J 
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~~'i1~ll1fleJU'Jn;i 80 n1J'I?l1~'fl'El'IU~'Jn c. curvignathu s~i'l1~rufl1J' 'Vl~fl'E!U'flil~l111'11 

~b'J~1 72 i'Jt~'~ 

Source df ss MS F Prob. of> F 

Treatment 6 12.286 2.048 4.943 0.001** 

Error 28 11.600 0.414 

Total 35 87.000 

cv = 1.838% 
4 I I .<::111 Go" 0 a,.; 

** ~rl'l1~ LLI;JnJ?ll'ltltn'I~'Wtl~1rl'1J 

!Pl'l'i'l~ll'lfleJU'Jn.vi 81 n1J'I?l'l~'fl'a'IU~'Jn C. curvignathus Vli'l1~fufl1J' 'Vl~fl'E!U'flil~l111'11 

~b'J~' 96 i'Jt~'~ 

Source df ss MS F Prob. of> F 

Treatment 6 20.343 3.390 6.414 0.000** 

Error 28 14.800 0.529 

Total 35 138.000 

CV= 2.078% 

** ilfl'l1~LLI;Jnl?i1.:~t1ti1.:~ilwmh•i'1J 

!Pl'l'i1~ll1fleJU'Jn;i 82 n1J'I?l'l~'fl'El'IU~'Jn C. curvignathu s'VI~'l1~fufl1J''Vl~fl'E!U'JJU!?ll1!1'11 

~b'J~1 120 ir.J t~'~ 

Source df ss MS F Prob. of> F 

Treatment 6 25.886 4.314 10.067 0.000** 

Error 28 12.000 0.429 

Total 35 170.000 

cv = 1.871% 

.c:i 1 I """' CV 0 G.' 

** ~ rl'l1~ LLI;Jn 1;]1'1tltn'I~'Wtl~1rl'1J 



~'f) 

-a'"~th~41lPl'Tun~nH1 

';)VJmP11~f?l)'uruenf?l 

(bm~tf?l~Pl1~f?lf) 

'Vl'U n1~~nH1 • 

5310620046 

ti~~1L~~n1~AnH1 

2552 

- Vlu~'t!u~t.l'tJIOj1n~u)'1t11~t~'t-n'i)VJm~u~-.1"11~1'Wrt1uVlf •th::~1iJ--1uth'::t~1'W 2554-, ' 

2555 

.Q.Q, d" I 

fi1"alnVU.I'WbtJ!JLL'W~tJ~.!J1'U 

nun :J..JVl1~f?lu 'tl~ru --11t~~'fl--11~ bb~::M1m b~:J..J~1. 2556. niJ'Vlt?l~'tlU~'MLr?itlni)'fl'W"ll'tl-.1~1~ 
~ . 
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tTutT--1 n 1 )"' bl0j1b1J L~ u Lf?l"ll 'tl--1 Lb:J..J ~~u 1~"l1Ut?l [;J'tl n1 )'f?l'ltl "ll'tl-.1 u ~ '.l n Coptotermes 

cwvignathus (lsoptera:Rhinotermitidae). -.11'WU~::-.q:w':l"ll1nl)')':;(?]u"ll'l~t!Vl'l'i)Vlu1~tl 
" I 

'i'lnM-ru rt~~Vi 23 ru Pl'W~U)'::"llt~'W'l'W1"ll1~'U~'tl--1ih1"ll~:wu~rt~u 60 u ., ' 
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