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Application of Essential oil and Herbal Incense for Controlling .

House Fly and Domestic Mosquito
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wuaedutiau uazeeTang wavidiuvessvineganaUAa&n1uya (No 19) uasudunauszive
nuya&du (No 18) Tinadnigalunisvnaes lneidufiwiuynszaynisiadgifiulngawuainaaas
Magasriin

rnanisnaaadluglasulng madsingan gnunldnaniigalunaslamaifudauaasiutig
wazFaAndegesagylilunatsnda Tnelinalunaslals 94£2.70% uaz100% lunan 1.90£0.18

WAL 0.67+0.21 1H AANAIAL

Abstract

The efficacy of herbal essential oils from clove, citronella grass, eucalyptus and citrus
and herbal incense from holy basil, clove, coffee, wild ginger, lotus, turmeric, phak khayaeng,
citronella grass, eucalyptus and citrus were evaluated under entomology and environment
laboratory condition for insecticidal effect and repellency activity against house fly (Musca
* domestica L.: Muscidae; Diptera) and ddmestic” mosquito (Culex quinquefasciatus Say
:Culicidae :Diptera). . A

The mortality and median lethal time (LTSO) values result revealed that all herbal essential
oils affected house fly and domestic mosquito mortality and development in all stage and
eucalyptus & clove oil (No 19) and clove & citrus oil (No 18) proved to have the most toxic to all
stage of both species.

In herbal incense.test, the coffee incense is the most of repellency activity against house
fly and domestic mosquito of 94+2.70% and 100% at 1.90+0.18 and 0.67+0.21 min.,

respectively.
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1.

Effect of essential oil from herbs on mortality of house fly larvae by topical

application occurred at 1, 5, 10 and 20 min

Effect of herbal essential oil in ethyl alcohol on mortality of house fly larvae

occurred at 1, 5, 10 and 20 min. by topical appiioation

Effect of essential oil from herbs on mortality of house fly pupae occurred

at 5days

. Effect of herbal essential oil in ethyl alcohol on mortality of house fly pupae

occurred at 5 days

Effect of herbal essential oil on mortality of house fly adult occurred at

10, 30, 60, 120 and 240 sec.

Effect of herbal essential oil in ethyl alcohol on mortality of house fly adult

occurred at 10, 30, 60 and 120 sec.

Effect of herbal essential oil on mortality of 3", 4" instar larvae of domestic

mosquito occurred at 1, 5, 10 and 20 min.

Effect of herbal essential oil in ethyl alcohol on mortality of 3", 4" instar

larva of domestic mosquito occurred at 1, 5, 10 and 20 min.

Effect of herbal essential oil on mortality of domestic mosquito pupae

occurred at 1, 5 10 and 20 min.

10.Effect of herbal essential oil in ethyl alcohol on mortality of domestic

mosquito pupae occurréd at 1,5, 10, 20 and 30 min.
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11. Effect of herbal essential oil on mortality of domestic mosquito adult

occurred at 5, 10, 15 and 30 sec.

12. Effect of herbal essential oil in ethyl alcohol on mortality of domestic

Mosquito adult occurred at 5, 10, 15, 30 and 60 sec.
13. Effect of herbal incense on repeliency and mortality of house fly adult

14. Effect of herbal incense on mortality and repellency of domestic

mosquito adult
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1. faindagesnanaynag (Culex quinquefasciatus Say)

2. fafindenuasdutiuundiile (Musca domestica L.)

3. aaNNUYA (Syzygium aromaticum Merr. et Perry)

4. gwunzla¥tinu (Cymbopogon citratus (De ex Nees) Staff.)
5. asiumezlafuey (Cymbopogon nardus (Linn.) Rendle)

6. lugan@wlsia (Eucalyptus globulus Labill)

7. Waendudeonau (Citrus sinensis)
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Application of Essential Qil and Herbal Incense for Controlling House Fly

and Domestic Mosquito
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Lm:ﬁqﬁwamzmﬂqmaﬂﬁm (No 36) Hnannlfuuaunasiutinuaie 64% wasiian LT, = 0.87

14
o o

WAz 0.72 Wil MNAIAY saeRNTRRIiuaNsEInag AR LR a/Ks (No 33) srdunaussivedud

oY

(No 35) ﬁqﬁw@mzmﬂmumm (No34) ﬁﬁﬁm@m:mﬂmﬂﬂ?u@u (No 26) SnfunasszIne
nelafnand (No 27) fhifunenszmenslafuess (No 28) @lﬁwamm,uﬂnquw”as (No 31) TaeiRl
aan linuauuuasduitumie 60, 34, 30, 30, 26, 24 uay 10% AINATAU KIUFLNTNARD
uheFen ethyl alcohol, 1dvana wag untreated wusn1smAsEBeLTLRIE ethyl alcohol 3

o [ ) IJ g :I' 1
e i wauiussutiuane 2.0% daunismaaasiFeunie i lduiazain was untreated wilal

o/

y 1 iol Q
AAFDNIANLLDINUBULNAITULIIU NRIN1INARDS 5 mﬁwama‘_wmmﬂmngfm UTHUNBNITLNRE

P

ANaUAE3 (No 36) Liinanismasasnnan tnefinani Wnueuunaduinemie 90% 8989812

1

Zov @@

unansznadu3 (No 32) 5ﬁﬁuu@uﬁzmﬂqmﬁﬂﬁa/ﬁu (No 33) ﬁﬂﬁwﬂmzmﬂmﬂﬂé’mu (No
26) nsTumenssnansla¥uand (No 27) ﬁ’]ﬁummzmﬂmumm (No 34) ¥nfuneusumanylak-
naus5 (No 28) waztnsiunansvnadud (No 35) uaznisnaaasiseaufie (ethyl alcohol) Tuana
Iwuauunasiutiunte 88, 88, 78, 72, 72, 64, 64 WA 5% AIUAIAL daun1mAsauLTaLLReL
(thazann) uaznnsmasesiBetndiay (untreated) Baifinasianisners e uuNa IS uTg ufanas
waaes 10 winallsngintiunesstnganiigayulnsalassdai ifuseuuuaciui
AntunaulnetnTunessveanylaiuaus (No 26) ﬁqﬁwﬂua‘zmﬂgmﬁﬂﬁalﬁu (No 33) et

l

wausznegAALfa3 (No 36) l¥uantsunaesnnan Inadinavinlinueuusssdutiunie 96%
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sﬂammﬁ@ﬁﬂﬁummzmﬂmz‘lﬂ%’ﬁ@u4 (No 27) ﬁﬂﬁuﬁ@mzmﬂm‘lﬂ%’mus (No 28) fiﬁﬁuuﬂu
sznedad (No 35) 5'1:J"ummzmﬂn’qua4 (No 34) ua:ﬁﬁﬁuﬁﬂm:mﬂn'\wga3 (No31) Tneding
Anlduuaunaasiutinunng 92, 86, 76, 74 UaY 34% ANATAU daunsnasauLFaLLfiay (ethyl
alcohol) “Hrainlduuauuuasduiunteg 10% waznsmaseiBauiieudldinazenn waznas
maaﬂﬂ?‘ﬂﬁlﬂﬂﬂ untreated ‘lifinasianisanaresnueuLuasiuliiu #iin1mases 20 AT
HANTINARasLngdn tniunesszmanzlaiuens (No 26) tnfuvenssnedus (No 32) g
waNsemegPaUFa/gN (No 33) LLa:ﬁqﬁ’uﬁ@mzmﬂq ABLla3 (No 36) Hratinlsimueuusasdutiau
AE 100% seqanAeTnsunaszvEnrlainend (No 27) induvnensunenzlafness (No 28)
dndunanssiuedud (No 35) ﬁﬂﬁummzmﬂmqum (No 34) Lmzﬁ'\ﬁummzmﬂmu'qm (No
31) fAnantlduueunuasiutinuane 96, 94, 82, 80 War 80% AINAYAU &1nFun1IMAAEY
WRenfeufild ethyl alcohol tadinasinlinuauuasiume 10.5% daunimasaafeuiiauiild
finavans waz untreated Tlifinaranismeemueuusasutiy danfaudiauan LT, (Lethal

°© as

Time) wudnindfunasszinagadlsias (No 36) Wnadnigalunisnasaslneiinn LT, = 0.72 w1

saenuARUN T unaNsTinadud (No 32) usiunanssivagadadia/du (No 33) diNunansive

lafnaus (No 26) unsiuvanssmenylafuans (No 27) Wilunauszmeaniunad (No 34) 1u1sly

v v d

wouszvedud (No 35) wslunanssmanylaineus (No 28) uaviaduvassuinaniuyad (No 31)

Faflein LT, /a3 0.87, 3.26, 3.48, 3.58, 4.01, 4.21 WA 16.34 W17l ANNAIGL
& LY < & 8 o
nannsnaaasly Table 3 Aanaresindunanssinaainirayulnsasuidunanssive

nzlafnant (No 9) indunansuvansladuau2 (No 10) iidunanseisadut (No 11) wrdunas

14
Cl

suimagAnalAal (No 14) WdunanssegaIalfa2 (No 15) dfuvenszineniuyat (No 16)

o

o

vnuveusvnadu2 (No 17) ﬁ'\ﬂ'uwam:mﬂquaz (No 18) ihdluvenssinagaatfa/niuya
(No 19) ﬁqﬁw@m%zmﬂqm?\ﬂﬁmlm‘lﬂ’éﬁﬂu (No 20) warnisnasasitiFauiiiey (untreated)
FanisangTesdnuALNaiuTing ufan1smaans 5 5 HanNNINAaedlsIngdn vnunansvine
gaasiat (No 14) ﬁﬂﬁwﬂumuﬂqmaﬂﬁﬁz (No 15) thifuvasssineda2 (No 17) indunax
UMENURA2 (No 18) ﬁﬁﬁ’wﬂmzmﬂqmz‘iﬂﬁa/nmm (No 19) mzﬁqﬁw@mzmﬂgmaﬂﬁal
arla¥van (No 20) HuamanisA1ea09anus 100% DT RTTaT 0L A0\ AR TRPRAISE oYY (No11) v
wansmnenglaues2 (No 10) uazindfunanssmenylafuan (No 9) Tuavinl¥dnudunaciuriu
ANl 96, 80 WAL 78% AMNAAL daunnnasaLFeuidie (untréated) Lifluasenisaneaasnnud
wHNAITU ‘
HAN1INARBYLY Table 4 ﬁfammmﬁﬂ:J"wwa*::mm'}nﬁﬁmu‘l,wa*lutﬂvn%aLLﬂanaaﬂz{ﬁ@

ﬁﬂﬁuﬂ@ﬂﬁuﬁﬁlm%lﬂ%{ﬁﬂu'& + lanfauaanagag (No 26) ﬁﬁﬁuﬁ’ﬂuinﬁﬂﬂtlﬂ!?’ﬁﬂu4 + LaNga-
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' ¥, - ¥ .
waanagas (No 27) wisiunaussiuenzlnivaus + wndauaanages (No 28) UNNUNRNILINE
NURA3 + lantauaaneaed (No 31) dsiuvauszivedus = landauaanases (No 32) usiuvex
suvegaALAg/du + levasueanasad (No 33) hdunenssmaniuma + landauaanagzad (No
34) Wniunausuivedud + lavdauasnazad (No 35) ﬁqﬁwamzmﬂqm'ﬁﬂﬁas + LaNn5a-
uaanagas (No 36) nsnaaaviiFauiiiey (ethyl alcohol) n1snAaeulSuuie (ﬁ'mzmm)
waznINAsasFaufiEy (untreated) ABNTTANEILRIANUALNRIIUTNUNAININAREL 5 T3 HANIS
naaesllsngdninfunenszivaganddias (No 36) Wnadfigalunismaaadinainlfsnug
wuaadutiumg 100% immmﬁ@ﬁﬁﬁumm:maquazi (No 34) rlunanszivedns (No 35)
ddunanszivenslaiuaus (No 28) ununanszivadus (No 32) indunaussnanzlainasd (No
27) uasshduvenszinaniuyas (No 31) laadnannlifnudiauasfutiunng 98, 96, 96, 92, 90

-] as 1 = = 1 o’ 2 o LY Y
WaY 88% MuA1AY dqunisnasesdTeuiisuldiinadanisniea s nuAlNaIT Ui nLiunng
nagaFaLdiey ethyl alcohol HnatinlFfnuduaaI Tt uAne 20%
< %’ o < = 90/ o
Hansnaaadle Table 5 AanRIRLIUeNTTMEAINATaNulne Raundunausuve
nzla¥nant (No 9) undunauszmenzlainan2 (No 10) idunassvadut (No 11) Brduney

o

sumegandUlial (No 14) shilunanszvegatduaa2 (No 15) Widunanszinentuyat (No 16)

Cl

difunasszmeda (No 17) 5ﬂﬁuﬁ@u?zmﬂmuwﬂaz (No 18) WdunauszinegARUAs/N1Uya
(No 19) ﬁqﬁwamzmﬂqmaﬂﬁa/m‘tﬂ’éﬁ@u (No 20) uaznnmaaauldeuiiel (untreated) fia
namnageiaLAndaLLasiuliuang 2 4 ndainnsmaaed 10 Auni N@ﬂ?’]ﬂ{]'ﬁ’]‘iﬁ’\ﬁuﬁ@u%m&l
gaRliaimzlaiven (No 20) Wikaditgnlunimmnaasinefuaidiafuseusasfutimme 90%

spsaaanpniiunaNstvagA BRI/ uRa (No 19) unfumanstmega@diat (No 14) s

v
° o

wanszmeN1uya2 (No 18) nilunanszinaniuyal (No 16) udunanszwmenzlaivant (No 9)

1 4 v
o

5qﬁuvﬂmzma5uz (No 17) Whilunanszinadut (No 11) dsunausuvsnslafvan2 (No 10)
meﬁqﬁ’ﬁmmzmﬂgmaﬂﬁaz (No 15) Heainliausindeusasiuriaunne 80, 70, 65, 60, 54, 45,
40 way 20% mﬁuéqﬁ"u FelunemasesBauileylsinasenismerasiafafauas g
niIN1TMAREs 30 AT Namswmmﬂmngdquﬁummzmﬂgmaﬂﬁamﬁuma (No 19) sinsu

= o A Qo o/ as s
wanszmegAdUia/melainay (No 20) Inanfignluntamnanslaeiinafrlidasfudawunduiiu

14
o o

v v
ANEl 98% a‘mmmﬁ@mﬁw@mzmﬂgﬂﬁaﬂﬁa1 (No 14) shalunanszimaniunat (No 16) i

¥
Q

wansuuanzla¥uant (No 9) trifuvauszmadut (No 11) dnsfunenszineniuya2 (No 18) s
naussimegAalAa2 (No 15) wilunaussinanslaivan2 (No 10) uaztindfunaussinadn2 (No
17) TnafinavinldmamRudanuasiutiuniasiail 96, 90, 86, 80, 70, 60, 52 uas 50% AINASU

o o = 4 = |> g % P a «a Q L
NAINITNARAY 60 UM Y198 1 U Nmﬂﬁngmmuwamzmﬂmnw*zimgu‘lwwmmmﬁuuamlﬁ
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v
Cl

Faiufunsutiume 100% Aetndunessznenylainent (No 9) WduneNssvegARLAR 1
(No 14) ﬁﬂﬁuﬂ@mzmamuqm (No 16) ﬁqﬁwamzmﬂmu‘qw (No 18) thifumensziue
gAalAs/n1una (No 19) Lmzﬁﬂﬁu'ﬁﬂu?zmﬂqm‘ﬁﬂﬁa/mﬂﬂ?mu (No 20) Hnsfunanszve
Fuansnnanslusrdusasaiunidunintunaussinedu (No 11) ﬁﬂﬁw'ﬂmzmﬂqmﬁﬂﬁaz
(No 15) thslunaussinenylafnas? (No 10) waztnsiumansuimedu2 (No 17) Heavnlddasiusa
wuadUTINUANE 92, 90, 80 UAY 70% ATHAAL ULRTHAINIINAREY 120 FuIHl Naﬂmngd'\ﬁﬁﬁu
Wﬂui‘xmtlLﬁ'ﬂﬂ"/}ﬂ?ﬁﬁmﬂﬂL%uﬁﬁﬁuﬂﬂmﬁmﬂ%%NZ (No 17) Huanlddasiudenyasdusiusne
100% Tagvirdfunanszmeda2 (No 17) Sufluainlidaufufauuassutiume 75% §mdunas
naaaBadeudulugngniemaaedlifinssenismreresuassuriu sadlenBeu e
LT, (Lethal Time) udawudn fnﬁw'amzmagmaﬂﬁa/ﬂmma (No 19) lurafigalunismagey
Tnedlen LT, ﬁ@ﬁﬁqmﬁ@ 3.07 Fud 3@@mmﬁ@ﬁqﬁw@mzmﬂgmaﬂﬁm/mﬂﬂ%’mu (No 20)
5ﬁﬁuu@mzmﬂgm§ﬂﬁm (No 14) ﬁﬁﬁummxmamum@ (No 18) ﬁﬁﬁ%ﬁ@ﬂ?&ﬁﬂﬂ’]%ﬂﬂM (No
16) vsumansuvanslainau 1 (No 9) nffunaNssmed (No 11) ﬁﬂﬁwamumgmﬁﬂﬁw
(No 15) wazinfunesszivenslanan (No 10) Tagild LT, #a%i 3.53, 3.75, 6.54, 8.53, 8.73,
12.41, 15.76 uaz 29.82 AWNTMINSIAL
nan1snAaed L Table 6 ?mwmlmﬁqﬁwfemsxmﬂmnﬁmgu‘lwﬂm@m%aLLfrJanfaafaﬁﬁﬂ
indmenszenylaians + \anBaLaanaged (No 26) snsumanszivenylaineud + 1v3a-
waanagad (No 27) ﬁﬁﬁummzmﬂmﬂﬂ’év@% + langauaanagag (No 28) 5’1ﬁwﬂmzmﬂ
NUNA3 + Llavidaueanaaad (No 31) SunenssnEdus + lanaaLaanasgad (No 32) tnsfunay
smegAdlia/du + landauaanages (No 33) 5ﬁﬁwﬂu@;mﬂmuwﬂ4 + lansalaanages (No
34) shifunensvwadud + lavdaueanazed (No 35) ﬁﬁﬁummzmﬂqmaﬂﬁas + lavaa-
waanagas (No 36) ANsAaasLLFaufa (ethyl alcohol) n1snAaaLLFauTie (ﬂimzmm) Hay
nsvasaLFaLTEL (untreated) AamsmaTasiaiudautaiutiuans 2 fu nfsnimagas 10
Fu Naﬂﬁ"]ﬂ{]’j’l5’13§Tuﬁﬂuﬁ‘&ﬁﬂﬁl$1ﬂ7§ﬁﬂu3 (No 26) lﬁ’maﬁﬁqﬂlunq?ﬂmm‘ﬂmﬂﬁmﬁﬂﬁﬁqLﬁu

SraasunasTutitunne 15% sasatanpaindunenssnenslafvand (No 27) srduvenssine

v
o o/

gandusia/da (No 33) sfunansamenlaiuans (No 28) wraunaxssnen1uyas (No 31) shnay
nausznedu 3 (No 32) ﬁﬁﬁummzmﬂmuwum (No 34) 13'1ﬁwamzmﬂ§u4 (No 35) ﬁqﬁwfau
stga1dlias (No 36) Taeinamlddausiudauussdutirunte 10, 10, 8, 5, 5, 5, 5 Uaz 5%
FINGAU daunsnaaslFemiiaulifinasenismnarasiasindasuasiutiiu udinsmaans 30
A namemanesangdnifuresssaneazlainens (No 26) Wnaafigalunmasasiaeiing

MldmaAndanasdutinume 60% sadainnmetndunanssivanslafuand (No 27) tslu
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wansuntgAaLlaa/dy (No 33) indunausunadus (No 35) ﬁ’]ﬁuu@mzmaqﬂﬁﬁﬁms (No 36)
Wdunansuvanslninaus (No 28) undfunenszineniuya3 (No 31) indunansTnenIuyas
(No 34) wazunsiunauszmadu3 (No 32) Huanalddaufudauuasiutiumnie 40, 40, 30, 30, 20,
20, 20 ua 10% Aua1AY dauntaaaeudFauiieulilinasentsmieaasmafussuuaesutiiu
nian1smases 60 W Han1smanasilsngdnniunessuivagaalias (No 36) Wnanfigalu
= Qo ¥ o [ o/ e v < '6' o %4
nsnAaeIliNani IR N e asTutinuang 90% sasasnnpeuniunansvenslaiand (No
26) iduvenszvanslainand (No 27) Walneuszimagardliadu (No 33) siaduvanszive

L

arla¥uans (No 28) drlunansvineaniuwad (No 34) wefuvausunadud (No 35) wdunas

v
o

szmenIuyas (No 31) Wrlunanszmeadus (No 32) lnafuanaldfafindauuaadusiuang 82,
80, 80, 60, 50, 50, 30 UAY 30% ANUANRL FansnaaetRELLTEY ethyl alcohol Heani 1A
faane 1% dauntsnasaaieufiaunacen uas untreated lifinarenasneTasFafade
WNAULIY MAINNINARRY 120 3mﬁn@ﬂmngdwﬁﬁﬁuﬁﬂmwmﬂqmaﬂﬁa/éfu (No 33) uaztinstu
wausznegadlREs (No 36) Iirenngnluntmmases Tnafinaiddafusaunasdutiume
05% sasnunAatndunanssenzlauexa (No 26) Tiuneussinensladnand (No 27) Haly
mmzmmm:‘lm’émus (No 28) TiTumanssanedad (No 35) 5ﬁﬁwfamzmﬂmuwma3 (No 31)
sfumeaszmedas (No 32) 5’13;Tuwamzmﬂmwﬁa4 (No 34) TnaifinavinldsaAasausasdutiy
A1l 90, 90, 85, 60, 60 WAY 60% ATNAAL dauntsnaraTaLfey ethyl alcohol Hrasnle
Fusutauuasiuinume 5% dwiunimaseutBeufautingzenn waznismasasiFemdiay
untreated laifinasianasaraaesiafindaunasiutinu udenimaans 240 Junil Nan TMAS9
ﬂmngdqﬁq:Tummzmmﬁﬂuum;ﬁmﬂnLf’nfuﬁ'\ﬁumuszmamuwum (No 34) fiuavinl#saiAude
wuaIurume 100% muﬁqﬁw@mzmﬂmumm (No 34) finavnlimauiudaunasdunis 0%
anfunisnaaaadfauiiey ethyl alcohol Huann ot uuasdunie 5% daun1snaans
uBsuifiersihazenn uaz untreated Taifinasenismearesiafniaunaciutinudlan Bauiteus
LTy, memﬂgdﬂ{i’]ﬁuﬁ@ui:Lﬁﬂm31ﬂ%’ﬁ®u3 (No 26) 1ﬁmaﬁﬁqm1unwwmamimaﬁm LT,, Hoe
fiqaia 20.33 3unfl sesnunAaridunensnneganailias (No 36) TnsunenstmagaaUa/ia

]

(No 33) fsunenssnenylafaend (No 27) Shifunanssnadud (No 35) sfunanssadul
(No 32) ﬁﬁﬁﬂﬂﬂ&?&ﬁﬁlﬂ’]ﬂﬁ@4 (No 34) Lmzﬁﬁﬁuu@mxmﬂmum@s (No 31) Tneifidn LT,, Faid
39.47, 40.31, 45.18, 68.47, 60.24, 63.43 wax 70.38 3T AINRIAL |

uannsnaaasly Table 7 . Aanstasinsunanszveanniaayulnslduiidunensmne
azlafvaut (No 9) ﬁﬁﬁummzmﬂm‘lﬂ%‘mw (No 10) ﬁqﬁuu@mzmaé’u (No 11) ﬁﬁﬁumm

svegaddsat (No 14) ddiuvansamagaddia2 (No 15) widuvasszineniuyal (No 16)
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Tnsfumausedan (No 17) ﬁqﬁummzmﬂmm‘gaz (No 18) ﬁqﬁuu@mzmﬂgmaﬂﬁa/nwnga
(No 19) ﬁ'\ﬁwamzmﬂﬂmﬁﬂﬁ@/ﬂﬂﬂ"a‘mu (No 20) si@n'wmwman'iiwahmmé’ﬂ 3-4 panng
MARA4LITINGIMRINTNARDR 1 WA m@ﬂmngq'\muw@mymﬂmumz (No 18) Iiundliigalu
mswmamimﬂumamimnmmmmmma 90% sasavnAevinuvansy weanuyat (No 16)
-'muummzmﬂgﬂlmaﬂma/muma (No 19) mﬁw@m:mﬂqmﬁﬂﬁaz (No 15) ¥sfuvesszive
ala¥vant (No 9) 5ﬂﬁuuﬂu?muﬂgm§ﬁﬁm (No 14) e nsme e (No 17) waLindunay
sumegandliameladuan (No 20) Suavinligningsinamymne 80, 80, 60, 54, 20, 20 ua 20%
AudRy dawindunenstmenzlainas2 (No 10) shsumesszmedit (No 11) uaznismaaas
WReuifiey (iavets) 1ﬂﬁm@ﬁi@m?mwmqm§qqa VAINENANE 5 U HANITVARBINLAN
ﬁ’uﬁw@mzmﬂmwm (No 16) ﬁﬁﬁw@mmammaz (No 18) ﬁﬂﬁwﬂmzmaqmﬁﬂﬁa/nmm
(No 19) ’Lﬁmaﬁﬁamhmawmamimﬂﬁmﬁﬂﬁ’gnﬁmﬁqmmma 100% $R9R9ARtTUNEN
sumanzla¥nant (No 9) Tniluvassuvenylatvas? (No 10) ﬁﬁﬁummzmmgmaﬂﬁaz (No 15)
Tnsfunaussmedu (No 11) SnsfumaNsmme g2 (No 17) Imﬂﬁmaﬁqlﬁgnﬁ'\qﬂé’lmzﬁuL?wmﬁ’u
Fa 90% dawinsTuneusuvagaalia/melasen (No 20) unziTunesssagABURE1 (No 14)
funinligninesiienaymne 80 uaz 50% Audndy daunmnseatemiteylifnadanisne
m@qqnﬁ']qa%’v\mmﬁﬁqmmmm 10 w@ Nam?wmamﬂmngdﬁﬁﬁﬁwﬂmxmmﬁ@unnﬁmﬁm

o

vinldgniingsirangyme 100% endutindunanssmedut (No 11) uasidunesszimagp1ALlNa

1ad

(No 14) Huavinlignungediancymne 90 uaz 70% muatiy dauntmmasasi e ldilnase
-1 = 1 ¥ C%
N1TAMETBIGNUILITIANEY UAINITNAADBY 20 WIT HANNTNAREINUFINTuRaNszIMEa N AT

ayulnaynadaiinafinlignungsiiaaymne 100% - gountsnaasaiBauiiauldinasanisane

v
C)

1239gnNgITIATGY WanBaudieuan LT, (Lethal Time) wud'\ﬁﬂﬁw@mzmﬂmuwuaz (No 18)

9

lﬁwaﬁﬁzgm“l,umswmam‘imﬁﬁNaﬁﬁiﬁgﬂﬁﬂqq%‘qmcymﬂmﬁlummguﬁzgmﬁ@ 0.22 U7 58989
ﬁ@ﬁqﬁwfamzmagm%ﬂﬁa/mum (No 19) ﬁﬂﬁwfamxmﬂmuw“m (No 16) tnsfuneuszne
gAdLRa2 (No 15) tnsfunenssenylaiuau (No 9) fnffunensTnadan (No 17) tnsfunay
sunegaddiamyla¥nan (No 20) Tnsfuvensumenylafvan? (No 10) Snsunansumada (No
11) LLa:ﬁﬁﬂ'wamzmaquﬂﬁm (No 14) TneifAn LT, Faid 0.32, 0.34, 0.52, 0.68, 2.67, 3.01,
3.56, 3.68 uaz 8.36 W¥ AMNANAL

nan1smaaasly Table 8 Aenaresindunauszmaainitsaylnslueriaueanased Ae
Tiumensnvenylafueus (No 26) snsfumensvinamnglainand (No 27) snifumenszimenyla-
naus (No 28) 5ﬁﬁuu@mzmamuw“@3 (No 31) tinffunensznedu3d (No 32) Hnsuvanszine

gARUsR/&N (No 33) Widlunensuinaniuyad (No 34) wrdunanszivadus (No 35) idunay
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zmﬂqm‘ﬁﬂﬁms (No 36) nsnasaale ey (ethyl alcohol) AYINARadLLTe UL (Uazann)

siansaaTesgningeAyde 3-4 uanismasestlaingdn wdannmaaes 1 und tdunansze
- 1 1 %" o ¥ g L% ?," o
wanzaiinbifinasiansanasasgnungeinang enduindunaussivadag (No 35) uazinsfunay
szimen1uyad (No 31) fuavinldgnungeitaigymie 60 uay 40% musnfir&miunismanas
wlreuiiausia ethyl alcohol uaziavanalifinasenisnieessgningedrangy wianismaaas 5
% v
w1 wan1snasestlinginindunassziveniuyad (No 31) uazindunaussimadag (No 35) 1
nanngalunisnans lngfnainldgningsiiangymie 100% sesasunAetinfunansunenslaf
v ' 1'%
#ad4 (No 27) wdunaNviven1uyad (No 34) dnunansunanslainaus (No 26) unsiumnay
sumega@Lldia/du (No 33) idunensznanlainans (No 28) indunansvinagadlsfias (No
% 5 =
36) lnailnanaligningeiiaieymie 90, 80, 50, 50, 20 WA 20% MANATAU §AUNIINAREN
I=] :4, as! = 1 g ] Qs = ] %, .w
\Wirnieuis 2 3msmslifinasadasgningediann udnamaaas 10 undl HaLsangdn sy
: ¥ . ¥ .
wausunenelaiuans (No 26) dsTunansensnslainand (No 27) Wrnunanszinein1uyal (No
31) Wilunansuveniuad (No 34) uayiduneusunedud (No 35) Winanigalunisnasasine
finailfgnungsiaityane 100% sesaennauiuneussmvagaialfa/da (No 33) usfuvay
174 t73
suinsgAaUR®3 (No 36) Wdunaussmanslaiuaus (No 28) uazindfunanssinadus (No 32)
Tnafiuavinldigningsdrancyene 70, 60, 40 Uaz 40% aaAl dwmiunismaaesiFeuiiay ethyl
. = o v ‘a’ o 1 = ‘°/ rad ]
alcohol Hirannliigniingssnaneynne 2% daunnmmaaasfFauiiauinazaialiiinasanisnnaaes
gnigaiiangy udintemaand 20 Wi astlsingdnindunenssmananesininatiildgnin
gesIANEYANY 100% ISuAunTunenszimenzlaivend (No 26) wiTunanssmeanslafnand (No
27) unanszineniuya3d (No 31) urdunasszmedns (No 32) sdunenszinegaasia/du
v v v

(No 33) mﬁwﬂmxmﬂmumm (No 34) uazinsiusnauszinadusd (No 35) aususndunansyime

1%
o o

gAnALFA3 (No 36) wasisTumeszvanslainans (No 28) finasinldgningedianaane 90 uae
88% ANNRIAL daunsnasasilTaLLfiay ethyl alcohol ﬁmaﬁﬂﬁgnﬁqqq%qmmmﬂ 2% warns
wmamLﬂ?‘tmLﬁﬂuﬁflmmm‘lﬁﬁmﬁ@m?mmmqnﬁﬁqa%ﬁmm wazidleueudleuan LT, (Lethal
Time) nudnsfunenssnedad (No 35) lﬁmaﬁﬁqmlumswmamimﬂﬁmaﬁﬂﬁgngﬂqq%ﬂmmmﬂ
uehanilelinasmnisa Lm:guﬁzgmﬁ@ 0.26 wn# sesasnARtTumeNszveanzlaiuand (No 27)
ﬁﬁﬁummmﬂmuw“m (No 31) ﬁﬁﬁummsmamuﬁm (No 34) ﬁﬁﬁummzmﬂmﬂﬂ%’mus
(No 26) ﬁﬂﬁuu@mzmémuw“m (No 31) ﬁﬁﬁummzmamumm (No 34) dnuvesiv
gaaLAa/du (No 33) 1§qﬁuu@umuﬂgm§ﬂﬁa3 (No 36) ﬁﬁﬁummzlmﬂz’ms (No 32) ezt
nenstinanlaiuans (No 28) eiian LTg, fail 0.28, 1.87, 4.01, 5.43, 6.23, 10.98, 14.11 UaY

14.36 W1 ATURIGL
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NAN1INARD9 1Y Table 9 ?1@Nmmﬁqﬁwﬂmzmﬂmnﬁmgu‘lwﬂé’uﬁ Snsuvanssve
neladuan1 (No 9) ﬁqﬁuuﬂmzmﬂm“‘lﬁ’ﬁ‘mw (No 10) 5133’141&@:4@&%5341 (No 11) Tiuney
svmﬂﬂmaﬂmm (No 14) u’mummvmﬂﬂmaﬂmw (No 15) muuwaummnmwm (No 16)
sfumaussineda (No 17) uww@mvmamuwm (No 18) Snsfumassy wegAaLRa/NuYa
(No 19) muw@mvmﬂﬂmaﬂmmviﬂswau (No 20) waznsnanauieuiiey (untreated) Aia
NIAETBIANUALIEIANEY NTINTNARRS 1 uAT Hatlsngan ﬁqﬁw@mzmagmaﬂﬁm (No 14)
meﬁqﬂ’wmsxmﬂmuw‘laz (No 18) lﬁmamswﬁ]@mﬁﬁqmimﬂﬁwaﬁﬂﬁﬁnLLﬁqaé’*ﬁmtym'm 98%
?femmmﬁ@ﬁqﬁwamzmaqm?\ﬂﬁmmmwﬂ@ (No 19) shsfunenszivedu (No 17) vinfumey
FTMENIUNAT (No 16) ﬁﬁﬁwﬂmzmagmﬁﬂﬁaz (No 15) 1§1ﬁwfamzmaé’m (No 11) finst
wansuvenelafuant (No 9) ﬁﬁﬁuu@u?zt,ﬂﬂmx‘lﬂ%uﬂmz (No 10) Lmzﬁqﬁuu@uwmﬂgmﬁﬂﬁa/
nzlafuay (No 20) Tnadluavinlddnud (Falss) gadrmngyseil o6, 86. 78, 56, 52, 40, 36 La¥ 30%
AL wRIMsAaas 5 WiinansmaaaLng st uneNstine 6 ﬁﬁmﬁﬁmaﬁﬂﬁﬁqimqq
P1AEUANE 100% lﬁLLﬁﬁﬂﬁw'amzLuﬂqmﬁﬂﬁa1 (No 14) ﬁwﬁw@mzmﬂgmaﬂﬁm (No 15)
13’1ﬁwfamzmﬂmuxgm (No 16) ﬁqﬁummzmﬂﬁuz (No 17) 13’1:‘4’1&»1@34?&.1&%'11&1;«@2 (No 18)
LL@:{iﬁﬁuu@mmﬂgﬁﬁﬂﬁalnﬁuw“a (No 19) nuFutisTunassnentlaie (No 10) ndlunay
suvansla¥uaut (No 9) VTN ssmeda (No 11) uazﬁqﬁw@u?zmﬂgmﬁﬂﬁa/mﬂﬂﬁw
(No 20) fuasinlvisalaleme 96, 84, 70 uag 70% ANAIRL HEIN1INARET 10 UIT HAASTAGES
dsnganiiindunansving 8 1in Mgl hisgeiannyme 100% - dudsndumeussne
nelaf1 (No 9) 5ﬂﬁuﬁ'ﬂM?$LﬂﬁﬁlZ1ﬂ§2 (No 10) ﬁﬂﬁuﬁ@uszlmﬂgmﬁﬂﬁM (No 14) snsfunay
suivggAaLRa2 (No 15) ﬁqﬁw@mzmﬂmuw”m (No 16) inunanszmeda (No 17) s
WaNITUENIUYA2 (No 18) LLazﬁﬁﬁummzmﬂgmaﬂﬁ'&mwwﬁ (No 19) zﬁmi"uﬁ']ﬁuu@mzmﬂ
&u1 (No 11) Lm:ﬁqﬁ’uu@mzmﬂﬂm‘ﬁﬂﬁa/mziﬂ’éu@u (No 20) i lisalaisgeipneynne 96
WaT 86% MINRVAL UAINTTNARDY 20 WIH N@mswm@aﬂmngmmuw@uevmmn@uwnmmu
a1 liRe g esAnyme 100% eniurinuman sy dan (No 11) Lmvmuw@mvmaﬂm-

alsa/melafuau (No 20) fiuavin ARl seadancymne 96 waz 90% mummummnnwmam

q
e ' o '

a :// 1 ° A ={ 1
wreuigutunui lugnmsvaseslifinasientsmasasialisgeiangilen Faudeandn LTs,

(Lethal Time) wudnindunansziwenuna2 (No 18) ¥nuananlaeian LTsouﬂﬂmmﬂﬂ 0.19

<

4

Cl

wl sasnsunAaiunensnagadfa/niuya (No 19) WilunaussinagAaLAa1 (No 14)
wdunanszvad2 (No 17) wunansziveniuyat (No 16) lunanssinagaailfa2 (No 15)

dfunanszmedut (No 11) dhfunaussivenzlaivan? (No 10) wsiunaussnanlianen
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(No9) Lmzﬂiflﬁummxmﬂgm'ﬁﬂﬁa/m:’lﬂ?uﬂu (No 20) Taifien LT, Fai 0.32, 0.50, 0.61, 1.13,
1.18, 1.26 URY 1.28 WATIRINAAL
nan1snAaasly Table 11 ﬁ@Nmlmfms]’uu@mzl,uﬂmnﬁﬂnmgulwsluva'ﬂ%aLLﬂanﬂafazﬁ'
Lo ﬁqﬁwﬂmzmﬂmﬂﬁ%’mus (No 26) 5’1ﬁ’wﬂmzmﬂm1ﬂ'§4 (No 27) ﬁﬁﬁuwamzmﬂmz'lﬂfé
#au5 (No 28) ﬁﬁﬁunéﬁ'sﬁztﬂﬂn'\uw,a3 (No 31) ﬁﬂﬁw@mzmﬂé’us (No 32) ﬁqﬁummzmﬂgm—
Audsa/du (No 33) ﬁqﬁumu?xmﬂmuw‘lm (No 34) ﬁqﬁummsmﬂﬁm (No 35) ﬁﬂﬁwfamzmﬂ
gAaUAE3 (No 36) nsnmnesiifzauiiey ethyl alcohol uazn1smaaeFauifiey (untreated) fa
NN9AE1R9Ma l989eNFIATEY HAIN1TNAGDRY 1 1T Naﬂsflngmmuw@umuﬂfv’u4 No 35) 1%
Namwmimﬂmamiﬁmimma 50% LLaymuummvmﬂmuwm (No 34) finannldsaldemne
4% z«iqumuumusxmﬂmnw’mgu‘twmumuq warnisvaaalTauiieyliinasanisaneaes
FalaagadiAny waan1INases 5 unil ﬁaﬂ‘mngﬁﬁ'\ﬁummzmﬂmnﬁmgu‘lwa‘ 5 1ilafiluana
msmmmﬁqiﬂqqaéqmrﬁﬁﬁqﬁuu@msmaé’m (No 35) lﬁmaﬁ?{zgmlum?wmm Tnefinanaly
Rolalegerancyane 80% a@qmmﬁ@ﬂiﬂﬁw@mzmﬂqmaﬂﬁas (No 36) ﬁﬁﬁuuﬂmzmamumm
(No 34) siTumenszimenylnfvens (No 26) LL@zﬁ’lﬁuWﬂﬁJﬁ‘zmﬁlﬂ’]u“{ﬂ@3 (No 31) Failuasilisa
Talage31mnsymne 65, 20, 12 WAL 6% MINAIRL LLaznd?wmamuﬁéﬂuLﬁau‘lﬂﬁwaﬁi@m‘a‘mwm
sialaldgediangy wdIN1ImAaed 10 WIT Havsngdn shdfuneuszvedus (No 35) uaiiign
"Lumsm@@aimﬂﬁmaﬁﬂﬁqnﬁﬁqﬁﬁmmmﬂ 100% smmmﬁ@ﬁﬁﬁw@msmﬂgm?\ﬂ[;Tas (No
36) 13'1ﬁ’wfﬂmzmﬂmum@4 (No 34) ﬁqﬁuu@m:mﬂmuw“@s (No 31) thffwnensmmenslainena
(No 26) ﬁﬁﬁummzmﬂqmﬁﬂﬁ@/é’u (No 33) ﬁﬁﬁuﬁﬂui‘:mﬂﬂﬂﬂ;‘ﬁﬂu4 (No 27) Laztnsuney
znenzladnaus (No 28) aedlnainlidalslsgedmneynng 80, 35, 30, 20, 20, 10 waz 5%
maa1AY dmiunismaseaifFauiian ethyl alcohol finavnlifalisgirriyane 2% wdanns
vaaas 20 Wil Hasngdninduiesssuedus (No 35) Wundiigalunisuasasinaiilifalis
eNFIANEYANE 100% ?faqmmﬁ@ﬁﬂﬁumm:mﬂqmaﬂﬁaa (No 36) ﬁqﬁ’wﬂmzmamlﬂ?mm
(No 26) ﬁqﬁw@mzmﬂmumm (No 34) ﬁqﬁummzmﬂ:mquas (No 31) ﬁqﬁw@mzmagm-
Ausa/du (No 33) Imﬂﬁwﬂﬁqlﬁﬁﬁmqa§’1mnyma 90, 50, 50, 30 WAL 30% ANAIRL AUty
wanszmadus (No 32) lidiinasianisnnesassialisegsiianny dwdunismaassdaudieu ethyl
alcohol finavinlialiigeinnrynne 2 % uaznismaaasnBauilay untreated Lifinasianismne
12959l egF ATy MAINIINARES 30 WT Namsﬂmamﬂmngdqﬁﬁﬁwaua‘::mﬂm'lﬂ?waus (No
26) tnfuvensTedad (No 35) 5qﬁwﬂmvmsmm§ﬂﬁa3 (No 36) Iﬁwanqswmamﬁﬁm‘fmﬂﬁ
HafialiFaldsgesacymne 100% smmmﬂ@muuﬁ@mmamuwas (No 31) muw@mvmﬂ

nuna4d (No 34) muwﬂm‘vmﬂﬂmaﬂma/ﬁm (No 33) muummvmﬂﬂﬂﬂmﬂm (No 27) u’mu
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wansmenglaiuans (No 28) uazindfuvesszmedus (No 32) fnavinldsaldagedancyme 60,
60, 50, 40, 40 uaz 10% muaau TnentsnaaeatlFauiiey ethyl alcohol Huasinldmaliis
gedmnymne 2% gaunisnasesiiauifiey untreated lilnasanismnasasialisgeirnngy
denReundivuen LT, (Lethal Time) wudnsinsfmenszmedas (No 35) Winadfigalunimmasas
nefuafnlifalisgeagaeliafiiicuaduiigaie 1.84 il sesasunie trdfunax
sinegANaLAa3 (No 36) dnfuneuszvanzlaiuens (No 26) ﬁqﬁwﬂmzmamuwﬂm (No 31)
%ﬁw@mzmﬂmumm (No 34) 5ﬁﬁuﬁ@umuﬂqm'§ﬂﬁa/ﬁu (No 33) ﬁqﬁumﬁszmﬂﬁus (No
32) Tnadlan LT, éﬁﬁ 4.15,22.31,29.75, 30.14, 35.56, 48.78, 50.14 uae 1180.31 1fl maua sy
uannsnanadly Table 11 Aenavasindfumanszmeanfizayulnsldun ddunasszne
arla¥naut (No 9) tnsuneussnenzlainan2 (No 10) Hnsfunasssinadan (No 11) snsfuvay
s:magm‘z‘iﬂﬁm (No 14) ﬁqﬂ’w@mzmﬂgm%ﬂﬁaz (No 15) 5ﬁﬁumusz|manﬁsw“a1 (No 16)
fnsfunansvinada2 (No 17) ﬁﬂﬁ’w@mzmﬂmuwﬁz (No 18) ﬁﬁﬁuu@mzmﬂqmaﬂﬁa/muma
(No 19) ﬁqﬁ’w@mzmﬂqm%ﬂﬁa/m‘lﬂ’év@u (No 20) uaznisnaaadteauiiley (untreated) Fa
NNIANEIBIAALANTHENTIATGY NAININARDL 5 TuIT w@ﬂmngdﬁﬁqﬁuu@m:mﬂ%m (No 11)
Ltaxﬁqﬁwamzmamumm (No 16) Weuaitiigm Tumsnasaslaaiinadinlifaiudagedianynie
60% uazvindunessauzepRLTA1 (No 14) Travinlifaiadagaaneyne 30% daunnsunas

o’ o

sumeaniasyulnsdu uarnasmasssifauieuldsanisanaaasiausudaginang wdsnas

q

< °

nAaed 10 Auriinanisnaassdaangdrundunansavaniunat (No 16) uannldfafiudues
v 9

$1ANTUANE 85% fadadnAauneNsmadN1 (No 11) wislunanssvegaaliat (No 14)

dnunenszimagadliamelainen (No 22) widuwanssmenzlainen2 (No 10) wlunau

& s o

szmegA1aisa2 (No 15) waziadunanszivanylafnaut (No 9) Zefluanldfafudagsdrangy

] o
v

mngl 80, 55, 25, 20, 20 WAY 10% MANAFL dousnifume s snada2 (No 17) Hrduunanssinsg
nua2 (No 18) 5'133’1@%mzmﬂ%maﬂﬁa/muw“a (No 19) waznnsnaaaaiFaiiay tufnasa
mimwmﬁmﬁw‘fﬂqq%ﬁmm_ﬁﬁanﬂiwmam 15 Uil cmmi*nm@@qﬂﬁngdw{i’lai’uu@mzmﬂé’u1
(No 11) ’Lﬁmaﬁﬁqmlum?‘wm@m‘lﬁmﬂﬁmﬁﬂﬁﬁfnﬁuiﬂﬂqa%ﬁmmma 90% sasasanARtinTumax

vineigaaLsat (No 14) snsTunasszvadu (No 17) ﬁﬂﬁuu@mzmﬂgmaﬂﬁaz (No 15) st
wansziegrdda/mela¥uan (No 20) shifunenstivanylaivan? (No 10) Tsluneustive
nuya2 (No 18) LL@;’&’];&’W@mzmﬂgmaﬂﬁammﬁa (No 19) uszinfunansunanzlainent
(No 9) TnefinailiisauAndegesatgyaie 80, 80, 50, 50, 30, 30, 30 kAT 20% Aua AU Tnanis
nasetfauisvbifinadanisaierecaesiaindageiiang vdinsnasas 30 3uf uans

nAaeiLIng3 dduvanssivadut (No 11) dhduvansavegrialsat (No 14) dnduvansave
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!
= ]

nunat (No 16) THnanfigalunisuaaaslaeinainlifaududesedraignie 100% 2R9A9HAD
Shfunensavedu? (No 17) ﬁqsi'w@mzmﬂﬂ“ﬂq‘éﬂﬁa/mxlﬂ%'ﬁﬂu (No 20) ﬁ'xﬁummzmﬂqm-
Ama2 (No 15) Ssfuvensnmangladnay (No 9) Ssfumansumenzlaiuan? (No 10) snshuman

snegARUAR/N1UYA (No 19) LLazﬁqﬁuu@mzmﬂmuwum (No 18) Hnaninl#AaiAndaegdinncy
el 95, 85, 80, 70, 70, 70 WAz 60% FNNAAU waznisnaaauleudeauldifinasantsanerasda
\Audegaiann nAIN1sMAses 60 T nanmmaastliingdn 5ﬁﬁuu@ua‘mﬂmnﬁ°ﬁmu’lws
LﬁﬂuﬁhﬂjﬁﬂﬂﬂLguﬁ’lﬁuﬂﬂui‘zmﬂﬁlﬂﬂ%ﬁﬂ@ﬂ1 (No 9) Anainliiasiudagadianymaneg 100%
fmurntunessavenslaiuast (No 9) Suavinlifaiudageiraigmie 0% uszluntmmaaes

o o

wWReuiteylifinasanmeresdafiudageiiang uasllanBuuiiauan LT, (Lethal Time) w9

9
1

tnfuneusznedut (No 11) Winadfigalunisvansslneinainldfufiudagdnngnelyl
ﬂ?dﬁﬁﬁmmﬁ&%mﬁﬂ 218 AuN¥ $29841NAR ﬁﬂﬁwﬂmzmﬂmmﬁm (No 16) Shifunay
susutigAnalRat (No 14) ﬁﬁﬁw@mzmﬂqmaﬂﬁaz (No 15) 13'1ﬁuﬁ@mszmﬂgﬂﬁﬂﬁa/miﬂ’éﬁ
1ad (No 20) ﬁﬁﬁumu?mmﬁuz (No 17) 13’13‘Iwﬂmzme1m:1ﬂ’§mu2 (No 10) ‘iﬂﬁwamzma

gadlda/niuna (No 19) irdiuvauszineniuys2 (No 18) wazundunausmvanslafuaut (No

oy L A

9) WA LTy, §4id 2.25,5.34, 12.58, 14.17, 20.42, 25.10, 25.23 uaz 25.31 T AURIAL
rannanasedly Table 12 Aeraresindunensvneanfaayuinsliuaviausanaaed
Lwn Shuvenszmenglaivens (No 26) 5qﬁumm$mﬂmlﬂ’§mu4 (No 27) Snsfumanszive
nelanens (No 28) wluvenssneniuad (No 31) fnfumeuszmadad (No 32) fhifunax
sumegAaLfa/du (No 33) snsunan e uRad (No 34) faffunasszmeadag (No 35) sl
vausTvegANaLfa3 (No 36) uaznisvaaasiFatifiusanismaressadindageiiaigy udinis
nAae 5 317 HaLlsngdn fafumanszmenzlaiuens (No 36) Wnadiiga Tuatilidafuiag
sNANEYREl 75% spsntunAetnTumesssnenslaiuass (No 28) ﬁﬁﬁw@mxmﬂqmaﬂﬁa/ﬁu
(No 33) fuavnl¥fafndagdimgyane 15, 5 war 5% ANady dautniuvenssneainii
agﬁi‘wmﬁmﬁluq wavnienasa Faudauldinasanimmiaresiaiudaegainiaigy ndinmases
10 3w nannamnaemuinttunensnenylainens (No 26) fradfigalunimasedineiina
A liFasndeegs1atyane 100% sadaeanfe fhiumanssnedas (No 32) dnfumanstinagan-
ara/du (No 33) Thifumansuvensla¥ans (No 28) Shiunenssvedaa (No 35) LazansTuvay
anegandlias (No 36) fnadinldfaiadagedratymne 30, 27, 26, 20 uaz 13% AINGAL
gautniiunanssmeaniirasdlnesiingu uazmenases Beudtaubiflnasiomsmereaiaiade
eNFIANTY NAINNINARAY 15 Funfinudntrdumeussnenslainens (No 26) 1Wnafiigelunis

) v
naaadlnedinanaldfasindegasinigyang 100% sasnnnARt Tuanss e gL Ra/dN (No
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v
4

33) wrffunanszimedud (No 35) sialunausainedud (No 32) ndfunessznega@ddias (No 36)

¢

©

uazinfuvenstmenzla¥nens (No 28) Tefiuanl¥iusiusugsimicymnn 85, 75, 60, 45 uay
30% AaARY dautnsuvansanenslainas (No 27) 1§ﬂﬁummzsmﬂn'1uw“a3 (No 31) e
weuszMEN1UMad (No 34) uwaznasmasenFauiey lifluasanismeesiafiusegsiangy
wianennaes 30 I lsingdn shuvewstvengla¥uasa (No 26) vnsunenszvegaBURa/
&1 (No 33) Ssfumaszmedad (No 35) LLazﬁqﬁuu@mzmﬂqmﬁﬂﬁm (No 36) finannldiasiude
gaiIAaANE 100% sasaINAe ilunassuvedul (No 32) tnsiunanszmenslaiuess (No
28) Wnduvessvinanzlainaus (No 27) ﬁﬂﬁummzmﬂmwﬁm (No 31) uasinsTunanszne
nuyas (No 34) Headilidasindageiinisymie 95, 85, 45, 20 uaz 12% AMNAIRL AUy

o 4 o

¥
nsneaeFeuiiauliinadanisaaeasiaifndaaedinnn waanimasas 60 3und wudn st

1

=4 a o Yo & o Q 2 E’ ar
‘WﬂN?:,’WIﬂ@ﬂﬂW‘ﬁ@S{u‘LW?ﬂﬂ’]ﬂ‘ﬁuﬂﬂJN@Wﬁlﬁﬂqmwﬁlﬂﬁ’mqmﬂﬁﬂ 100% &NLAUUNNUABNTLNE

< as o

-4 .
N1uYa3 (No 31) wazinfunanszineniunas (No 34) Anamldiifindaasiiagaie 65 uaz

9

o ° o 1F p 1 P ‘ v & o o p
45% FAHATIAL azNIsnAKUseIUNeY HUNARABNITATETAIAIANTHENTIATE LN@L‘].E‘TEIULVI?JU

9
[l

FILT,, (Lethal Time) nudn shlumanssiuanyla¥uans (No 26) Winanngalunisnaaeslaaing
ﬁﬂﬁﬁqLm“m"ﬂgm5"1mcymﬂ'lﬂﬂ?iwﬁﬂumméwﬁ'qmﬁﬂ 431 il sasasnBerntunessvine
gARLAa/du (No 33) nshunaussmedus (No 32) ﬁqﬁw@mzmﬂgmaﬂﬁas (No 36) Shifunay
suinanzladuans (No 28) nsuneusinadud (No 35) fnshunansvanylaiveud (No 27)
fnsTunenssnaniugad (No 31) uastnsfunanszmenunes (No 34) Tneiien LT, datl 13.48,
14.56, 18.43, 20.32, 20.56, 40.76 wag 50.48 Aunimuaay

uananaaasly Table 13 Ae navasgayulnsldun guniuya gunzine guniuw
gingia gultianans gﬂﬂlﬁvuﬁ'u gﬂﬂlﬁwgm'ﬁﬂﬁa gildnuaes gunzlafvan uavginslaivan+du
siennsnne uasnslasaiusausasiuing wudagUniud wazginuwsnelfnasnigalunismaaes
Tnafinalunisladafindawuasiuliinulg 94.062.70 uar 92.0£1.95% mua1fy uazdausala
ﬁqLﬁm"ﬂLLum'j”uﬁﬂulé"LuLfamgu’]ﬁ@ 1.90£0.18 4az 1.80:0.45 W AINAIAY 98983UTAD
silnzlaivan gunzlaiewdu gnue guaiiudu gnzie gutlavass gatudweaiddda
wavglinuaes Tnefiualuntslafaufinfeuuneiuriugel 8506201, 84.30£1.35, 84.0+1.50,
50.02.60, 58.040.86, 36.0£0.55, 34.0+1.43 ua¥ 30.60+1.58 ALl uazdiszaziaanlunsld
ﬁ\‘i‘ﬁ 2.05£1.01, 1.81x0.54, 3.40+0.54, 1.56+1.05, 4.20+0.54, 1.20+0.44, 1.60iOA.45
uaT 4.5142.32 wiilsnudndy uesienBeuifeumasesgilaylnesiemsmegasiauiusauansditing
funudnfigayulnadias 6 slavinduiitnasenisaesesiafiuseauussuindldun guniuya

sinzne guUnud gulsglafuesvdy gunslafuss ussgulaiiudy lasfinannlddaAndawuasinlinu
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AeRal 16.0£0.10, 8.0£0.21, 6.02.0, 5.3040.1, 2.00.9 UAY 2.0£0.1% ANNGAL dufugy
ayulnsiug WWungiineiie giltanans gilaiiuiwgeanauia wasgufnuees Sralunisls usilidua
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Table 1 Effect of essential oil from herbs on mortality of house fly larvae by topical application

occurred at 1, 5, 10 and 20 min.

Herbal essential oil :':' & % mortality/time (min.) LT,(min.)?
| 1 5 10 20 min

Citronella grass oil 1 (No.9) 40.0¢cd" 84.0bc 100a 100a 1.26
Citronella grass oil 2 (No.1Q) 36.0d 96.0a 100a 100a 1.18
Citrus oil 1 (No.11) 52.0c 70.0c 96.0ab  96.0a 1.13

| Eucalyptus oil 1 (No.14) 98.0a 100a 100.a 100a 0.50
Eucalyptus oil 2 (No.15) 56.0c ' 100a 100a 100a 0.98
Clove oil 1 (No.16) 78.0b 100a 100a 100a 0.90
Citrus oil 2 (No.17) 86.0ab  100a  100a 1002 061
Clove oil 2 (N0.18) 98.0a 100a 100a 100a 0.19
Eucalyptus/ Clove oil (No.19) 96.0a 100a 100a 100a - 0.32
Eucalyptus/ Citronella grass oil (N0.20) - 30.0a 70.0c 86.0b  90.0a 1.28
Control Oe 0d Oe Oc -
CV. (%) 26.68 21.06 8.36 225

¥ Mean percentage within a column followed by the same letter are not significantly different (P>

0.05) by DMRT

?|T,,= Lethal Time for 50% mortality
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Table 2 Effect of herbal essential oil in ethyl alcohol on mortality of house fly larvae occurred at

1, 5, 10 and 20 min. by topical application.

Herbal ééséntial oil in ethyl alcohol % moﬁality/time (min.) LTSO(min.)Z/

1 5 10 20 min
Citronella”grass oil 3 (No.26) 300d”  780b  96.0a  100a 3.26
Citronella grass oil 4 (N0.27) 26.0b 72.0b 92.0a 96.0a 3.48
Citronella grass oil 5 (No.28) 24.0b 64.0bc 86.0ab 94.0a 4.21
Clove 0il 3 (No.31) 10.0c 24.0d 34.0c 80.0b 16.34
Citrus oil 3 (No.32) 64.0a 88.0a 100a 100a 0.87
Eucalyptus/citrus oil (N0.33) 60.0a 88.0a 96.0a 100a 0.93
Clove oil 4 (No.34) 30.0b 72.0b 740b  80.0a 3.58
Citrus oil 4 (No.35) 34.0b 640bc  76.0b  82.0ab 4.01
Eucalyptus oil 3 (N0.36) '64.0a 90.0a 96.0a 100a 0.72
Control (ethyl alcohol 70%) 2.0d 5.0e 10.0d 10.50¢c -
Control (tap water) 0d Oe 0d Oc -
Control (untreated) 0d Oe 0d Oc -
CV. (%) 33.32 30.26 28.38 20.14

" Mean percentage within a column followed by the same letter are not significantly different (P>

0.05) by DMRT

? T4, = Lethal Time for 50% mortality
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Table 3 Effect of essential oil from herbs on mortality of house fly pupae occurred 5 days

Herbal essential oil % mortality
Citronella grass oil 1 (N0.9) | 78.0b"
Citronella grass oil 2 (No.10) 80.0b
Citrus oil 1 (No.11) | 96.0a
Eucalyptus oil 1 (No.14) 100a
Eucalyptus oil 2 (No.15) 100a
Clove oil 1 (No.18) 92.0a
Citrus oil 2 (No.17) 100a
Clove 0il 2 (N0.18) - ; 100a
Eucalyptus/ Clove oil (N0.19) 100a
Eucalyptus/ Citronella grass oil (No.20) 100a
Control ' \ Oc
CV. (%) 9.87

¥ Mean percentage within a column followed by the same letter are not significantly different (P>

0.05) by DMRT
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Table 4 Effect of herbal essential oil in ethyl alcohol on mortality of house fly pupae occurred at -

5 days

Herbal essential ail % mortality
Citronélla grass oil 3 (No.26) 92.0a"
Citronella grass oil 4 (No.27) 90.0a
Citronella grass oil 5 (No.28) 96.0a
Clove oil 3 (No.31) 88.0a
Citrus oil 3 (N0.32) 92.0a
Eucalyptus/citrus oil 1 (No.33) 100a
Clove oil 4 (N0.34) 98.0a
Citrus oil 4 (N0.35) 96.0a
Eucalyptus oil 3 (N0.36) 100a
Control (ethyl alcohol 70%) 20.0b
Control (tap water) Oc
Control (untreated) Oc
CV. (%) 12.56

" Mean percentage within a column followed by the same letter are not significantly different (P>

0.05) by DMRT
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Table 6 Effect of herbal essential oil on mortality of house fly adult occurred at 10, 30, 60 and

120 sec.

Herbal essential % mortality/time (min.) LTso(min.)Z/
10 30 60 120 min

Citronella grass cil 1 (No.9) 540c”  86.0ab 100a  100a 8.73
Citronella grasé oil 2 (N0.10) 30.0d 52.0c 80.0ab  100a 29.82
Citrus oil 1 (No.11) 40.0d 80.0ab 92.0a 100a 12.41
Eucalyptus oil 1 (No.14) 70.0b 96.0a 100a 100a 3.75
Eucalyptus oil 2 (No.15) 20.0e 60.0cb 90.0a 100a 15.76
Clove oil 1 (No.16) 60.0c 90.0a 100a 100a 8.53
Citrus oil 2 (N0.17) 48.0cd 50.00 70.0b 75.0b 32.48
Clove oil 2 (N0.18) 65.0bc 70.0b 100a 100a 6.54
Eucalyptus/ Clove oil (N0.19) 80.0ab 98.0a 100a 100a 3.07
Eucalyptus/ Citronella grass oil (No.20) 90.0a 98.0a 100a 100a 3.53
Control of 0d Oc Oc -
CV. (%) 40.20 2021 1047, 325

" Mean Percentage within a column followed by the same letter are not significantly different (P>
0.05) by DMRT
?T,, = Lethal Time for 50% mortality
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Table 6 Effect of herbal essential oil in ethyl alcohol on mortality of house fly adult occurred at

10, 30, 60, 120 and 240 sec.

Herbal essential oil % mortality/time {min.) LTso(min.)z
10 30 60 120 240
Citronella grass oil 3 (N0.26) 15.0a" 60.0a 820a 90.0a 100a 20.33
Citronella grass oil 4 (N0.27) 10.0a 40.0b 80.0a 90.0a 100a 45,18
Citronella grass oil 5 (N0.28) 8.0ab 20.0c 60.0b 850a 100a 55.83
Ciove oil 3 (N0.31) 5.0b 20.0c 30.0c . 60.0b 100a 70.38
Citrus oil 3 (N0.32) 5.0b 10.0d 30.0c 60.0b 100a 60.24
Eucalyptus/citrus oil (No.33) 10.0a  40.0b 80.0a 95.0a 100a 40.31
Clove oil 4 (No.34) ' 5.0b 20.0c  50.0b 60.0b 90.0a 63.43
Clove ail 4 (No.35) 5.0b 30.0bc 50.0b  80.0b 100a 58.47
Eucalyptus oil 3 (No.36) 5.0b 30.0bc  90.0a 95.0a 100a 39.47
Control (ethyl alcohol 70%) Ob Oe 1.0d 50c 5.0b -
Control (tap water) Ob Oe 0d 0c Ob -
Control (untreated) ' Ob Oe 0d Oc Ob -
CV. (%) 3893 2522 1633 845 241

" Mean Percentage within a column followed by the same letter are not significantly different (P>
0.05) by DMRT
LT, = Lethal Time for 50% mortality



Table 7 Effect of herbal essential oil on mortality of 3"-4" instar larvae of domestic mosquito

occurred at 1, 5, 10 and 20 min.

39

Herbal essential oil

% mortality/time (min.) LT.,(min.)”
1 5 10 20 min

Citronella grass oil 1 (No.9) 54.0b" 90.0a 100a 100a 0.68
Citronella grass oil 2 (N0.10) Oe 90.0a 100a 100a 3.56
Citrus cil 1 (No.11) Oe 90.0c 90.0a  100a 3.68
Eucalyptus oil 1 (No.14) . 20.0d 50.0a 70.0b 100a 8.36
Eucalyptus oil 2 (No.15) 60.0b 90.0a 100a 100a 0.52
Clove oil 1 (No.16) 80.0a 100a 100a 100a 0.34
Citrus ail 2 (N0.17) 200d ~ 90.0a  100a  100a 267
Clove oil 2 (N0.18) ' 90.0a 100a 100a 100a 0.22
Eucalyptus/ Clove oil (N0.19) 80.0a 100a 100a 100a 0.32
Eucalyptus/ Citronella grass oil (No.20)  20.0d 80.0b 100a 100a 3.01
Control Oe
CV. (%) 34.30 1843 1057 437

¥ Mean Percentage within a column followed by the same letter are not significantly different (P>

0.05) by DMRT

2/

LT, = Lethal Time for 50% mortality
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Table 8 Effect of herbal essential ail in ethyi alcohol on mortality of 3™-4™ instar larvae of domestic

mosquito occurred at 1, 5, 10 and 20 min.

Herbal essential oil % mortalitytime (min.) LTso(min.)Z
15 10 20 min
Citroneila grass oil 3 (N0.26) oc" 50.0c 100a 100a 5.43
Citronella grass oil 4 (N0.27) Oc 90.0ab 100a 100a 0.28
Citronella grass oil 5 (N0.28) Oc 20.0d 40.0d 88.0b 14.36
Clove oil 3 (N0.31) 40.0b 100d 100a 100a  1.87
Citrus oil 3 (N0.32) Oc Oe 40.0d 1002  14.11
Eucalyptus/citrus oil (N0.33) Oc 50.0c 70.0b 100a 6.23
Clove oil 4 (No.34) Oc 80.0b 100a 100a  4.01
Citrus oil 4 (No.35) ' 60.0a 100a 100a 100a 0.26
Eucalyptus oil 3 (N6.36) Oc 20.0d 60.0c 90.0ab 10.98
Control (ethyl alcohol 70%) Oc . Oe 2.0e 20c -
Control (tap water) ' Oc Oe Oeo Oc 3
CV. (%) 54.72 20.63 8.94 4.34

¥ Mean Percen'fage within a column followed by the same letter are not significantly different (P>
0.05) by DMRT
T, = Lethal Time for 50% mortality
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Table 9 Effect of herbal essential oil on mortality. of domestic mosquito pupae occurred at 1, 5, 10

and 20 min.
Herbal essential oil % mortality/time (min.) LT(min.)”
- 1 5 10 20min
Citronella grass oil 1 (No.9) 4.00c”  84.0bc 100a 100a 1.26
Citronella grass oil 2 (No.10) 36.0d  96.0a 100a 100a  1.18
Citrus oil 1 (No.11) - 52.0c 70.0c ‘ 96.0ab  96.0a 1.13
Eucalyptus oil 1 (No.14) 98.0a 100a 100a 100a  0.50
Eucalyptus oil 2 (No.15) ~ 56.0c 100a 100a 100a 0.98
Clove oil 1 (No.16) 78.0b 100a 100a 100a  0.90
Citrus oil 2 (No.17) 86.0ab  100a 100a 100a  0.61
Clove 0il 2 (N0.18) 98.0a 100a 100a 100a  0.19
Eucalyptus/ Clove oil (No.19) 96.0a 100a 100a 100a  0.32

Eucalyptus/ Citronella grass oil (No.20) 30.0d 70..00 86.0b 90.0a 1.28
Control Oe 0d Oc Oc

CV. (%) 26.68 21.06 8.36 2.25

" Mean Percentage within a column followed by the same letter are not significantly different (P>
0.05) by DMRT
2/LTSO = Lethal Time for 50% mortality
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Table 10 Effect of herbal essential oif in ethyl alcohol on mortality of domestic mosquito pupae

occurred at 1, 5, 10, 20 and 30 min.

_."*_’_-'::'Herbal essential oil % mortality/time (min.) LTSO(min.)Z/

1 5 10 20 30

1

Citronella grass oil 3 (N0.26) Ob 12.0¢c 20.0d 50.0b 100a 22.31

Citronella grass oil 4 (No. 27) Ob od ~ 10.0e 10.0d 40.0c 48.78
Citronella grass oil 5 (N0.28) Ob od 5.0ef 10.0d 40.0c 50.14
Clove oil 3 (No.31) 0b 6.0cd 30.0c 30.0c 60.0b 29.75
Citrus oil 3 (N.o.32) Ob 0d of 0d 10.0d  1180.31
Eucalyptus/citrus oil (N0.33) Ob 0d 20.0d 30.0¢c 50.0bc 35.56
Clove oil 4 (N0.34) 400 - 20.0c 35.0c 50.0b 60.0b 30.14
Citrus oil 4 {N0.35) 50.0a 80.0a 100c 100a 100a 1.48
Eucalyptus oil 3 (N0.36) Ob 65.0b 80.0b 90.0a 100a | 4.15
Control (ethyl alcohol 70%) ; 0b 0d 2.0d 2.0d 2.0e -
Control (untreated) 0b 0d 0d 0d Oe -

CV. (%) 112.56 54.12 31.21 30.67 22.75

" Mean Percentage within a column followed by the same letter are not significantly different (P>
0.05) by DMRT
Z LT, = Lethal Time for 50% mortality
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Table 11 Effect of herbal essential oil on mortality of domestic mosquito adult occurred at 5,

10, 15, 30 and 60 sec.

Herbal essential oil % mortality/time (min.) LT,,(min.)”
5 10 15 30 60
Citronella grass oil 1 (No.9) oc’  100e  20.0d 700d  90.0a 2531
Citronella grass oil 2 (N0.10) Oc 20.0d 36.0d 70.0d 100a 2042
Citrus oil 1 (No.11) 60.0a 80.0d 90.0ab 100a 100a 2.18
Eucalyptus oil 1 (No.14) 30.0b 55.0c 80.0b 100a 100a 5.34
Eucalyptus oil 2 (No.15) Oc 20.0d 50.0c 80.0b 100a  12.58
Clove oil 1 (No.16) 60.0a 85.0a 100a 100a 100a 2.25
Citrus oii 2 (No.17) 0c of 80.0b 95.0a 100a 14.71
Ciove oil 2 (N0.18) Oc of 30.0d 60.0c 90.0a 25.23
Eucalyptus/Clove oil (No.19) Oc of 30.0d 70.0d 100a  25.10
Eucalyptus/Citronella grass oil (N0.20) Oc 25.0d  50.0c 8500 1002  14.17
Control (untreated) Oc of of Of 0b 1
CV. (%) 38.11  30.27 20.83 8.43 5.97

" Mean Percentage within a column followed by the same letter are not significantly different (P>

0.05) by DMRT

2/LTSO = Lethal Time for 50% mortality
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Table 12 Effect of herbal essential oil in ethy! alcohol on mortality of domestic mosquito adult

occurred at 5, 10, 15, 30 and 60 min.

Herbal essential oil % mortality/time (min.) LTso(min.)Q/
5 10 15 30 60

Citronella grass oil 3 (N0.26) 75.0a” 100a 100a 100a 100a 4.31

Citronella grass oil 4 (N0.27) . Oc 0d Oe 45.0c 100a  40.76

Citronella grass oil 5 (No.28) 15.0b 26.0b 32.0d 85.0b 100a  20.32
Clove oil 3 (N0.31) Oc 0d Oe 20.0d 65.0b  50.48
Citrus oil 3 (No.32) 5.0c 38.0b 60.0c 95.0a 100a  14.56
Eucalyptus/citrus oil (N0.32) 5.0c 27.0b 85.0a 100a 100a 13.48

Clove oil 4 (No.34) 0c 0d Oe 120d  450c 80.43
Citrus oil 4 (N0.35) 0c 20.0bc  75.0b 100a 100a 2056
Eucalyptus oil 3 (N0.36) Oc 15.0c 45.0c 100a 100a  18.43
Control (untreated) 0c 0d Oe \/ =/ De 0d -

CV. (%) 4012 3875  30.68 20.36  12.46

¥ Mean Percentage within a column followed by the same letter are not significantly different (P>

0.05) by DMRT

2/

LT, = Lethal Time for 50% mortality



Table 13 Effect of herbal incense on repellency and mortality of house fly adult

Herbal Incense Mean of repellency %mortality Yrepellency
in min. (xSD) (iSD) (+SD) |
Clove incense ~ 3.40+0.54 16.020.10 84.0+1.50
Holy basil incense 1.80+0.45 8.0£0.21 92.0£1.95
Co.ffee incense 1.90£0.18 6.0+0.21 94.0+2.70
Wild ginger incense 4.20+£0.54 0 58.0+0.86
Lotus incense 1.20£0.44 0 36.0£0.55
Turmeric incense 1.56+1.05 2.0£0.1 59.0+2.60
Turmeric& Eucalyptus incense  1.60+0.45 0 34.0£1.43
Phak Khayaeng incense 4514232 0 30.60+1.58
Citronella grass incense 2.05+£1.01 2.0t0.9. 85.0£2.01
Citronella grass & Tangerine
orange incense 1.8120.54 5.300.1 84.30+1.35




Table 14 Effect of herbal incense on mortality and repellency of domestic mosquito adult

46

Herbal Incense Mean of repellency %mortality %repellency
in min. (£SD) (+5D) (+SD)

Clove incense 0.66+0.28 100+0 0

Holy basil incense 0.8310.29 40.0+0 60.0+0

Coffee incense 0.67+0.21 100+0 0

Wild ginger incense 4.16+0.98 52.40£0.92 47.60+0.96

Lotus incense 1.67£0.58 81.0£0.86 19.0+0.86

Turmeric incense 2.30+0.58 66.80+2.54 33.20+2.24

Turmeric& Eucalyptus incense  2.67+1.97 55.90£1.93 44.10+£1.25

Phak Khayaeng ihoense 3.50+1.87 74.30+2.47 25.7011.47

Citronella grass incense 0.83£0.28 1000 0

Citronella grass & Tangerine

orange incense 1.10+0.1 93.0+1.15

7.0+0.15
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Abstract

The herbal essential oils from lemon grass (Cymbopogen citratus), citronella grass
(Cymbopogon winterianus), mandarin orange (Citrus reticulate) and eucalyptus (Eucalyptus
globolus) were tested against larvae, pupae and adults of house fly (Musca domerstica) under
laboratory condition. The mortality and LTsy value results revealed that adults were
susceptible to all herbal essential oils more than larvae and pupae. Furthermore, all tested
herbal essential oils proved to have the insecticidal effect to all stages of house fly, but
eucalyptus oil showed the most toxicity to larval and adult stage of house fly with LTso at 0.5
min and 3.75 sec, respectively.

Keywords: house fly, herbal essential oil

Introduction

The common house fly, Musca domestica L. (Diptera, Muscidae) is a major domestic
insect pest, particularly in tropical countries. They feed and breed on decaying matter, human
waste and food, and therefore considered to be mechanical vectors of pathogens (bacteria,
protozoa and viruses) to mankind and livestock (Olsen et al., 2001; Sangmaneedet et al., 2005).
These pathogenic transmissions from house fly canse many contagious diseases such as
diarrhea, dysentery (shigellosis), cholera, typhoid and paratyphoid (salmonellosis) and
anthrax. Some may also be the vectors of variety eggs of worm parasites (Wattanachai ef al.,
1996; Ugbogu et al., 2006).

House fly management should use several mtegrated methods to control house fly
. populations. Because, chemical insecticides have given many problems such as insect
resistance, toxic side effects to human or non-target organism, and long lived residues in
environment (Samarasckera ef al., 2006). Consequently, plant products are another alternative
that become more interesting. Crude extracts and/or essential oils from plants have been
reported about their potential insecticidal effects on larvae, pupae and adults of house flies.
(Samarasekera ef al., 2006; Sripongpun, 2008; Bisselleua ef al., 2008; Mee ef al., 2009;
Palacios et al., 2009). Thailand is tropical country having diverse plant species. Thus, the -
objective of this study was to examine effect of four herbal essential oils, that easier to be
found in Thailand, against larvae, pupae and adults of house fly.

Materials and Methods
Rearing of M. domestica colony:

House fly adults were collected at Huatakae market, Ladkrabang. They were reared in
gauzier cotton cages (30x30x30 cm), at room temperature (32-35°C), at the laboratory of
Entomology and Environmental Programme, Plant Production Technology Section, Faculty
of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang (KMITL),
Bangkok, Thailand. They were fed with 5% syrup and 5% mixture of powdered milk, which
soaked into cotton wool. Then, 100 g of mackerel fish were placed on plastic tray (18x25x9
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cm), that lined with sterile coconut husk, for house flied fed and laid their eggs. Second instar
larval, pupal and adult stage, were reared continuously for study.

Plant materials:

Four essential oils, lemon grass oil (Cymbopogon citratus), citronella grass oil
(Cymbopogon winterianus), mandarin orange il (Citrus reticulate), eucalyptus oil
(Eucalyptus globules) were tested in this study. They were extracted by steam distillation at
laboratory of KMITL. All essential oils were kept at room temperature before testing,

Bioassay:

Ten house files of each stage, 2™ instar larval, pupal and adult stage, were
randomized for each treatment. Second instar larvae and pupae were placed in each plastic
box (7.5x10x7.5 cm). Then, 1 ml of essential oil was tested by topical application. The larval
mortality was checked by small paint brush at 1, 5, 10 and 20 min, if they showed no
response, they would be considered dead. The pupal mortality was checked by countering the
number of unemerged at 3 day after treatment. While, house fly adults were placed in the
same plastic box with covered lids. Each lids had square opening covered with gauzier cotton.
Then, 1 ml. of essential oil was sprayed into the box. The mortality of adult was checked by
softy knocking at 10, 30, 60 and 120 sec, if they showed no response or morbid behavior,
they would be considered knockdown. Regarding, five replicates were set up per treatment at
room temperature. For the control, 2™ instar larvae, pupae and adults of house fly, were
obtained pure water in the same tests.

Data from each treatment of larvae and adults were statistically analyzed using one-
way ANOVA and means were compared by Duncan’s Multiple Range Test. Significant
difference was considered at P<0.05. The mean mortality data of the five rephcates per
treatment were used to calculate the LTs, values.

Results and Discussion

As shown in Table 1, herbal essential oils are effective against the 2* instar larvae at
1, 5, 10 and 20 min. The results showed that eucalyptus oil No.14 (E. globules) exhibited the
highest toxicity against 2" instar larvae of house fly which 100% mortality at 5 min. and
LTs, value was 0.50 min. In the other hand, lowest toxicity was exhibited by lemon grass oil
No.9 (C. citratus) with LTsy at 1.26 min. The result disagreed with the report from
Samarasekera (2006) which indicated that lemon grass (C. citratus) in Sri Lanka could be
used as potential protective agents against house fly (M. domestica). Probably, the bioactivity
of plants depended on varied of location, season, climate, soil type, age of plants, the method
used for drying the plant material, and the method of oil extraction (Batish et al., 2008).

Table 2 showed that four essential oils proved to be highly effective against house fly
pupae with 100 % mortality at 3 day. Herbal essential oils exhibited against adults at 10, 30,
60 and 120 sec. The results showed that eucalyptus oil No.14 (E. globules) exhibited highest
toxicity against adults with 100% mortality at 60 sec and LTso at 3.75 sec. However,. the
lowest toxicity was exhibited by citronella grass oil No.10 (C. winferianus) with LTso at
29.82 sec, as shown in Table 3. '
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Table 1 Effect of herbal essential oils against the 2™ instar larvae of M. domestica.

.y % Mortality : LTs

Essential oils Imin___ 5min__ 10min__ 20min___(min)

No.9 lemon grass oil . 40.0bc  84.0ab 100 a 100 a 1.26

No.10 citronella grass oil 36.0c 96.0a 100 a 100 a 1.18

No.11 mandarin orange oil 52.0b 70.0b 96.0 a 100 a 1.13

No.14 eucalyptus oil - 98.0a 100 a 100 a 100 a 0.50
Control ‘ 0d Oc 0b 0b -
CV (%) 2668  21.06 8.36 - -

" Means of each column followed by the same letter are not significantly different by DMRT (P > 0.05).
¥ LTso= Lethal Time for 50 % mortality.

Table 2 Effect of herbal essential oils against pupae of M. domestica.

Essential oils % Mortality at 3 days
No.9 lemon grass oil 100
No. 10 citronella grass oil ’ 100
No.11 mandarin orange oil 100
No.14 eucalyptus oil 100
Control 0

Table 3 Effect of herbal essential oils against adult of M. domestica.

. AN % Mortality
Essentig pilg 10 sec 30 sec 60 sec 120 sec LTso (sec)

No.9 lemon grass oil 5400 86.0b 100 a 100 a 8.73
No.10 citronella grass oil - 30.0¢ 520¢ 80.0 ab 100 a 29.82
No.11 mandarin orange oil ~ 40.0 bc 80.0b 920a 100 a 12.41
No.14 eucalyptus oil 700a 96.0 a 100 a 100 a 3.75
Control 0d 0d Oc Oc -

CV (%) 49.20 20.21 10.17 - -

" Means of each column followed by the same letter are not significantly different by DMRT (P > 0.03).
¥ LT, = Lethal Time for 50 % mortality.

The mortality and LTso values revealed that adult stage was susceptible to all herbal
essential oils more than larval and pupal stage. The result showed that eucalyptus oil was the
most toxic to the larvae, pupae and adults of house fly. In addition, Sokontason (2004) proved
that small amount of eucalyptol could be toxic against house fly (M. domestica) with LDs at
118 ug/fly. The insecticidal activity of eucalyptus oils has been due to the components such
as 1,8-cineole, citronellal, citronellol, citronellayl acetate, p-cymene, eucamallol, limonene,
linalool, c-pinene, y-terpinene, o-terpineol, alloocimene, and aromadedrene (Batish at el.,
2008). However, the laboratory results might be different from those in the field. Therefore,
eucalyptus oil should be further studied for application in the field.

Conclusion
This study indicated that tested of four herbal essential oils proved.to have the
insecticidal effect to all stages of house fly, but the eucalyptus oil was the most toxicity.
Therefore, the formulation of eucalyptus oil would be developed for alternative method to
control house fly.
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Abstract
Five essential oils extracted from herbs species; lemongrass (Cymbopogon citrates),
citronella grass (Cymbopogon winterianus), mandarin orange (Citrus reticulatus), eucalyptus
(Eucalyptus globulus) and clove (Syzygium aromaticunt) were tested against larvae and pupae
of Aedes aegypti and Culex quinquefasciatus under laboratory condition. The mortality and
LTs, value result revealed that larva and pupa of Ae. aegypti were susceptible to all essential
oils than larva and pupa of Cx. quinquefasciatus. Lemon grass oil showed the most toxic to
larva of Ae. aegypti and Cx. quinquefasciatus with the LTso value of 0.52 and 0.68 min.,
respectively, while eucalyptus oil showed the most toxic to pupa of both species with the
LTso value of 0.30 and 0.54 min., respectively. All tested essential oils were proved to have

insecticidal effect to larva and pupa of both species.

Keywords: Aedes aegypti, Culex quinquefasciatus, mosquito control, herbal essential oils

Introduction

Mosquito is a common insect in the Family Culicidae. It is the most important smgle
group of insects in terms of public health importance in tropical, subtropical and temperate
regions of the world (Ponlawat et al., 2005 and Das ef al., 2007). It transmits diseases such as
denque fever, yellow fever, malaria, filariasis and encephalitis of different types including
Japanese encephalitis (Michaelakis et al., 2007). Aedes aegypti and Culex quinquefasciatus
are major urban vectors of denque and lymphatic filariasis. The approach to prevent these
diseases is largely through spraying of stagnant water breeding sites or by killing adult using
insecticides (Tiwary ef al., 2007).

To control mosquito, any types of control should involve careful consideration of the
biology and based on scientific surveillance (Al-Mehmadi er al,, 2010). A response to control
nuisance mosquitoes may differ from the control of disease vector. Larval control should be
considered as the first potion for protect (Nour et al., 2009). By controlling the adults may
never become a problem. Larva has the greatest target control because they are concentrated
and immobile (Promsiri et al., 2006). Mosquitoes in the larval stage are attractive targets for
pesticides because they breed in water and thus, it is easy to deal with them in this habitat.
The use of synthetic organic insecticides has resulted in the development of resistance
(Elangovan et al., 2009) and effect on environmental, non-target organisms and human health
concerns (Makhaik et al., 2005). These problems have highlighted the need for new strategies
for mosquito control. Aromatic plants and essential oils are very important sources of
mosquito control agents. They included bioactive compounds and nontoxic products for use
in the management programs (Cheng et al., 2009 and Elbanna et al., 2006). In this paper, we
reported the effect of herbal essential oils against larvae and pupae of Aedes aegypti and
Culex quinquefasciatus. The purpose of the study would be useful in promoting research at
the development of new product for mosquito control based on medical plant source.
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Materials and Methods

Rearing method

Larvae of Aedes aegypti and Culex quinquefasciatus were collected from the surface
of water in habitation at Prawet canal, Landkrabang, Bangkok. They were reared in plastic
trays in the laboratory and fed on fish food. Pupae were collected daily and transferred to
'small bowls containing tap water. The bowls were placed in cage 30 x 30 x 30 cm. covered
with mosquito net for adult emergence. From the day of emergence, adults were fed with
cotton soaked with a 5% sucrose solution: Females were allowed to feed through a membrane
by artificial membrane methods and reared at 26+2°C and 70-80% RH. Under these
conditions, the full development from egg to adult lasted about 3-5 weeks. Immature stages,
third instar larva and pupal stage were used in the tested.

Plant extract and treatment.

The essential oils obtained from stems of lemongrass (Cymbopogon citrates) and
citronella grass (Cymbopogon winterianus), peels of mandarin orange (Citrus reticulatus),
leaves of eucalyptus (Eucalyptus globulus), and flowers of clove (Syzygium aromaticum), by
steam distillation were evaluated for larvicidal and pupicidal test as described.

For the larvicidal and pupicidal tests, one ml of essential oils was added into 99 ml of
distilled water in plastic glasses (& 6 cm x5 cm height) with either 10 larvae or 10 pupae. No
food has been provided during the treatment. Each treatment was performed in five replicates
and one replicate of control (with 1 ml 70% ethanol in 99 ml water). All treatments were
~ performed at room temperature at Entomology and Environmental Programme, Department
of Plant Production Technology, Faculty of Agricultural Technology, KMITL. Mortality was
recorded after 1, 5, 10 and 20 min. Data were evaluated using Duncan’s Multiple Range Test
via SPSS program and Lethal Time for 50% moltality (LTs).

Result and Discussion

The results showed that the effect of herbal essential against larva and pupa of Aedes
aegypti and Cx. quinquefasciatus varied according to essential oils. Lemongrass oil (No.9)
showed the most effective against larvae of de. aegypti and Cx. quinquefasciatus of 100%
mortality at 10 min. and LTso value were 0.52 and 0.68 min., respectively. And eucalyptus oil
. (No.14) showed the most effective against pupa of Ae. aegypti and Cx. quinquefasciatus of
100% mortality at 5 min. and LTso value were 0.30 and 0.54 min., respectively (Table 1, 2).

Herbs could be an alternative source for mosquito insecticide because they constitute
a potential source of biochemicals and generally free from harmful effects: Use of these
medicinal plants instead of synthetic insecticides for controlling the mosquitoes could reduce
the cost and environmental pollution.

16t AAS and 15t ISAT August 25-27, 2010

Page 644



60

Table1 Effect of herbal essential oils on mortality of larvae and pupae of Aedes aegypii.

Mortality (%) / Time (min.)
Essential oils 1 5 10 20 LTso (min.)
Larvac Pupae | Larvae Pupae | Larvae  Pupag | Larvac  Pupae | Larvae  Pupae
Lemongrass oil
No.9) . 56.0aY 46.0a | 90.0a 100® | 100a  100™ 100 100™ | 0.52 0.80
Citronella grass
oil (No.10) 0b 40.0c | 96.0a 100 100a 100 100 100 3.40 1.50
Citrus oil
4 (No.11) 0b 80.0b| 94.0a 100 100a 100 100 100 3.52 0.60
Eucalyptus oil
(No.14) 0b 96.0a | 52.0a 100 720b 100 100 100 7.40 0.30
Clove oil
(No.15) 440a 86.0a § 90.0a 100 100a 100 100 100 0.54 0.50
Control Oc 0d Oc 0 Oc 0 0 0 - -
CV. (%) 393  30.11 ) 15.18 - 591 - - - - -

Means of each column followed by the same letter are not significantly different by DMRT (P = 0.05).
LTso = Lethal Time for 50% moltality.

ns =non significant.

Table2 Effect of herbal essential oils on mortality of larvae and pupae of Culex

quinquefasciatus.
Mortality (%) / Time (min.)
Essential oils 1 ' 5 10 20 LT, (min.)
Larvac Pupae | Larvae Pupae | Larvac Pupae | Larvae  Pupae | Larvae  Pupae

Lemongrass oil '
No.9) 52.0a" 50 90.0a 100™ | 100a  100™ j 100™ 100 { 0.68 0.96
Citronella grass
oil (No.10) 0a 40 90.0a 100 100a 100 100 100 3.56 1.62
Citrus oil _
(No.11) Oa 80 | 90.0a 100 100a 100° 100 - 100 3.68 0.74
Eucalyptus oil
(No.14) .| 20.0b 90 50.0b 100 | 90.0a 100 100 100 836 054
Clove oil s N s
(No.15) 50.0a 80 90.0a 100 90.0a 100 100 100 0.7 0.63
Control 0Oc 0 Oc 0 0b 0 0 0 - -
CV. (%) 343 32,12 | 18.43 - 6.43 - - - - -

T Means of each column followed by the same letter are not significantly different by DMRT (P = 0.05).
LTsy = Lethal Time for 50% moltality.
ns =non significant.

. Conclusion

The larva and pupa of Ae. aegypti were susceptible to all herbal than larva and pupa
of Cx. quinquefasciatus. All herbal essential oils were proved to have insecticidal effect to
immature stage of both species. Furthermore, lemon grass oil and eucalyptus oil showed the
most toxic to immature stage of both species.
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