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Research Title: Study on Mortality and Toxicity Effect of Essential oils from Ma-Khan,
Chinese Star Anise and Cinnamon against Larva and Pupa of Aedes
aegypti Linn. and Culex quinquefasciatus Say

Researcher: Assoc. Prof. Dr.Mayura Soonwera
Plant Production Technology Section
Faculty of Agricultural Technology
King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520,
Thailand.

ABSTRACT

The mortality and toxicity of three herbal essential oils from Zanthoxylum limonelia
(Leech) Alston), filicium verum Hook. and Cinnamomum verum J.S. Presl) were assessed
against Aedes aegypti (Linn.) and Culex quinquefasciatus Say in vitro. The larval mortality
was recorded at §, 10, 15, 30, 60 min_; 6, 12 and 24 hrs. Pupal mortality was also recorded at
1, 6. 12 and 24 hrs. On the mortality and LT, value of all herbal essential oil at 10%
concentrations . showed high toxic to la&ae and pupae of Ae. aegypti and Cx.
quinquefasciatus than all of herbal essential oil at 5% concentrations. The 10% essential oils
from C. verum proved to have the greatest toxicity against larva of both mosquitoes with
100% mortality occurred at 60 min. and LT, value at 1.18 and 9,13 min,, respectively.
Moreover, 10% of Z. limonella oil and C. verum oil exhibited a high level of pupicidal activity
against two species of mosquitoes with 100% mortality occurred at 48 hrs.and LT, values at
0.22 and 2.90 hrs., respectively. On LT, values indicated the order of larvicidal and pupicidal
activity in the herbal essential oils as C. verum oil > Z. limonella oil > I. verum oil. For
morphological abberrations, the toxicity of all herbal essential oil to larva of both mosquitoes
were NL (Normal larvae, death as larvae, death during the larval stage with no evident
initiation of pupation) and DL (Deformed larvae, death in this category has occurred at any
early stage of pupation. For pupal stage were BP (Brown Pupae, with either extended or

curved body and PA {(Adult attached to the'pupal case).

Keywords: Herbal essential oil; larvicidal activity, pupicidal activity, Aedes aegypti, Culex quinquefasciatus
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éhui?”ummmmﬁﬁﬂﬂﬂiﬁ'}ﬁﬁﬁumm:mmﬁnﬁmﬁmﬁm"]mlﬂumiﬂmﬁuﬁﬁm
@Jnﬁﬁ uazsaliarasgeaetitg Lmzqdéwmm&lﬁuwud’l Nath et al. (2006) s UdNa1381AAN
NEWITU (Zanthoxylum limonella) uazwn'ng (Piper nigrum) fiafndasumnasiuaailtnaniy
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YaRBA9U (Ae. Albopictus) Imﬂmmﬁﬂmnmmdu’lﬁuﬂ‘lumiﬁﬁmgnﬁﬂqqé"ﬁmn&l WATENANE
aaulagfiAn LC,, i 0.02 waz 0.01 ppm muadL dauansainannwinlneldiua uaily
miﬁﬁmqnﬁﬁgq%ﬂmm uazenaraglussiusesasnlaefian LC,, Wi 0.65 uaz 056
ppm ANNAHU u@nmnﬁ Rabha et al. (2012) ﬁéflﬂmudflﬁﬂﬁuu@m:mamnu:t,lmfju EN
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an Tuianve sanisdalinaduarmindagnungalaewudninfunauszme [fainfinasanisane

TBIGNINEITIAIY TN Cx. pipiens T9FAT LC,, < 18 mg/L 1913 Yang et al. (2004) 95181911
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faiunenszmeanifann winlny WINUAN (Zanthoxylum  piperitum) wa=ilT1zuau
(Kaempferia galanga) A udNdY 100 ppm URINIINARDS 24 3. ﬁmav‘iﬂﬁ@nﬁmamﬂﬂm
Fo7 4 aner 100% u@nf-nnﬁﬂ’aﬁmmﬁudﬁﬁwﬁuu@mzmmﬁnia"lﬂ%ﬂﬁqﬁmaium?ﬁqmlﬁﬂmrTu
Idudaun ‘l‘ﬁ”l,flumiﬁi@ﬁﬂut%ﬂimﬁmq soiadaiun dilusnsziulszam suaundulddng
(Wang et al., 2011)

dwfuavite (Cinnamomum verum J.S Presl) %@“Luu.a::njﬁﬂnﬁﬁﬁuﬂsznﬂuﬁmﬁﬁﬁu

4 L& <4

ns' ) d‘ . d' o 17 L4
WANTTIMETINANINANALIAD trans-cinnamaldehyde WAz eugenol @@ 1u190u N 72 Temad
Tuneenrelfifluenduan thgesn uida uftandsus ufvesdadle ufsaumas Wuady
= v z (= o5 o :’/ o k74 ] QI v ar 31
wuAnEY eenwTe duangnide sanisdan Musaindugnan auumau wazngn wasdadu
ansindagniineaateiiu (Vincent, 2012) @91 Youssif and Shaalan (2011) T udatLimedy
(C. cassia) unzauite C. glanduliferum iinasianiraneresgnungeatatnudai 4 Tnefa LC,,
AR 58.41 uar 42.98 mg/l ANAIFU SN eI T ueNss e Saina lunnsld
gaaneu uazeIALY (Suwansirisilp ef al., 2012) a1 Govindarajan (2011) $1e AT
v v a - \ ., 4 % = o o ¥
nanszmeaL pxlaitin Ie uazleausd (Rosmarinus officinalis) Wnadun1sindngniings
$1ANY (Cx. tritaeniorhynchus) wazeRAulaa (Anopheles subpictus Grassi) uana Nty
vansziweanluauLe (C. osmophioeum) Iiuailunisfindngniinenanatiau (Cheng et al.,
2004) % Zhy et al. (2006, 2008) WudtTuRaNsEIMLRLITETHARBN AT ATNENANE
LU E9ANEAIU UaTeNSIAEY (Cx. pipiens)
douthndunenszmgainfadugidmenudilgns lunisdidagnin uazaliges
gaanet g uazgIIAnY Aagu duda (Citrus aurantium L) §4AW (C. sinénsis) dzunaela (C.
limon) Tnwgnszgn (Saussurea lappa) InWFAMIAWY (Artemisia-annua L) nuwa mxlafwen
Tszwn gandsa azszuvid wliliulau (Din ef al, 2011 Phasomkusolsil and Soonwera,

2010; 2011; Akram et al., 2010; Giatropoulos et al., 2012; Kumar et al., 201 1)
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41194 200§ ldasnemataAndann 1 onaliessgniniflue e sfiadinfiilsiu
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multivitamin syrup A IdRdw 10% aaniiwlszano 2-3 TuiUANTNARuA VAT TR IEN LA
azaiinazuaniugaliGeadoiuawadislaniznis i@ en drudiumm ud@ntulsano
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3.2 manauthiiunansziveanfgayulng
Nrayulnsiimnlflunmaaesriailil 3 1linfeauims (Cinnamomum verum) Wasn
(llicium verum) unznzwadw (Zanthoxylum limonelia) Ingdan1anirunafaayulnsannumas

[ 2

f1jiuancly Table 1 sanvieiipisanainldds Wi alfidntsfoayuinstlesduidnunaa
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anrunaluladinisudniis anzmalulaiininnems aaa.da9uuniin uasfudusiialipgnsias
o ot :‘/ o ' <4 ' = 1% ’O’ L% ﬁ' 4
msdnEuzaasitayuing antutdousiaaesimagulnsusiazaindrain azann Saauls
wia uausszatiodududn uanudeaiialinduinfuvenssinalngdinag water distillation
4 ueld o = . a v a 8 o = A 5 o
Walihfuneusziaresfitusiazaiaufoasiviniunenszimeldinndan aantusiouriagy

nanssveanNTwAasiaialt lunmaaassauansly Table 1

3.3 m‘mmamﬂsz%w%mwmmfﬁﬁ'i;ﬂﬂﬂa:tﬂﬂqqnﬁmsgu'lwsﬁ'u@‘nﬁ'ﬁ Aalas
PAIENALIY UATEISIADY
3.3.1 mmmamﬁugnfn
2UHUNTINARBIULIL CRD T 8 AwmAaas ﬂi:n'ﬂuﬁqmﬁﬁﬁummzmwmmdu 5,
10% tfunenszimeflafn 5,10% HnfuvenszimeeLTe 5, 10% {@NTaUBaNaaa4a (positive
control) uastnazann (negative control) TuuAasAmnaad 5 41 Tnelunrasioannaes
Usznaudafawatafinauiaidudigudnats 8.0 . g9 6.0 731 31w 5 frasedmanns lu
uiazfarldvinazenn 99.0 us. ldgnﬁﬁqamﬂﬁm W3aEE AT 4 S 1uau 10 Fasiadan uds
14 autopipette MEANS UMM LA AT iR wAazA MY lanSauaanagasd (positive
control) LaZANATAN (negative control) §119% 1 3. aslulsazdaemniuiufinuanimasas
Imﬂmsﬁuémqu@nﬁwﬁmwﬁqm‘mmm 0.5, 1.0, 6.0 uaz 24 13 §ruFininfumesszved
aenamidn u,az“l%m']mu@zﬁm‘lﬁmm?@nﬁﬂuuﬁia:ﬁw LLﬁqﬁuﬁﬁuqu@nﬁﬁﬁmwﬁqmi
NARR4 48 TH. AINTWIANsNAsedAATAALNEN 3 A Lﬁ@Lﬁuiﬂgalunﬁsﬁuﬁuuﬂnq?
NARDY
3.3.2 nMsnAaeIusa g
MAUNUNITNAREILLL CRD i 8 Amnaes Ussnaudae diiumenssmeuzuady 5,
10% vafumenszmalTesn 5. 10% TdusenssaLTe 5, 10% tanfausanadas (positive
control) LLa:ﬁmxmm {negative control) ’Lutwia:ﬁ'dwm@mﬁ 5 %w Ingluusiazuuoananans
UrznaudadoanaraRnuunaduinguedngta 8.0 2u. g4 6.0 7. 41uau 5 Saasiedaaass
uazfionldinazenn 99.0 ua. uda lfuaangasialisgeararing wiasaliegeinan 49uau 10
pia ldacluusiazdne udqld autopipette neatfuenszmewsiazaiin wiazaududy s
WARNBERAR (positive control) Laztngzann (negative control) A U2k 1 Na. ldasluusazdae
mn&uﬁuﬁncmrm‘vumam‘lﬁmmiﬁuﬁﬁuquqnﬁwﬁmwﬁqm‘mm@m 6, 12, 24 URz 48 .

° o 8 o o Lo % -1 o o o g
ﬂ'\ﬂﬁ‘uuqﬂuﬂrﬁ]ﬂ?lﬂﬂﬂm’ﬂ’ﬂﬂqmﬁ 1 LL@zlmLQ@q‘lUﬂ"lﬁ‘Wﬂ@@\iu'}u 1WL@ENW’]IN\TW'E]1U ImﬂuqﬂQﬂ
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naaedldlunsadesunassialy ieAnmuatewiiunenssivaudazaiasennaomulne

falussiall

3.4 msﬁnmn@‘lnmsl,ﬁmﬁwmmfﬁﬁuﬁ@mzmﬂmnﬁﬂmaﬂulwsﬁi@gmf’x WRTAQ

Tsisnasgsanatinu uazgesagy

unasnmaaedluda 3.3.1 uazr 3.3.2 ﬁ’lgﬂﬁ’] viemliefimandinmmanendnm
nalnmafafulagnstingninluusazeiiinmmesadlAnmdndesameile iegianaln
mnAnfisraninTunenssve uiazaiia uiazeaudidy ﬁlﬁmﬂﬁﬂﬁqnﬁﬁ vizasalidamne ns
wtadnEaEnalnnsReRusl (Promsiri, 2003)

nalnnaAafusagiaiia]

a) NL, L = Death as larvae, death during the larval stage

b) DL, L(P) = Deformed larva, death in early stage of pupation

c) PP, L-P = Pre-pupa and pupa not completely out of the larva exoskeleton

d)} WP = White Pupa, the pupa died before hardening and darkening of cuticle

nalnnsiinsstiesalueisd

a) DF, P(A) = Deformed pupa, death during pupal stage

b) BP = Dead normal brown pupa, dead pupae that were brown in color and nomal

in appearance

¢) PA = Adult attached to the pupal case, death after having party emerged

d) NA = Normal adult, the adult that emerged completely with normal appearance,

but cannot escape from the water film

e) A = Normal adult, completely from the pupal stage
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4.1 MRN8

uan1Inaaadly Table 2 Ae Axvestiiunenszmeaanfigayulng 3 1ia acnududu

5% sianisanauazna lnnafiafiusagnuieanatinu (Ae. aegypt) HANNINARBIUTING IR
¥ v ad o e ay ¥

n1Ineaat 0.5 1 wudniunentziveaus lvnanngalunimaaasinaiinanilignun

geanatinuang 14.0£1.51% redasnnmetndunanszweltlonn wazifuvanssveuzuaiulag
= o 2 g e [ - a

finavinligniinmne 5.0£0.53 uar 2.010.42% mINAIAU daunimasenlTauiayluiania

waaneand wazthlifinadanisnigresgnuatsatarion Ineudannamaaes 1 ou. wudinsiu

[l
=

wenszimalflednliuainianae 39.0:2.64% seaaauiAsUNTUMANIIMERLLTY LaziinTues
rewsnzurdy naduainlignuieeaiatinumiy 35.0+2.88 waz 7.040.67% ANAAL MAINT
] ?6, as 2 dAd. = a 2% 3; v

nAaed 6 T U TuvaNszivee U inaangalun masesiasinaiilfgnueaaiatinu
AE 85.0+2.88% sasasnnAeuiunaNssve [enn uazuiniunenssivenzuadulnefinain1i
gnuingeaneuaNe 83.0£0.94 UL 33.0+1.16% AHA1AL #aLUAIMSNAGeT 12 11, sngdn
wiunenszmeallannlinadigalunimasesiinain lfgningesnsinunig 98.0£0.63%
resaanARtlunaNsTMERLLTE wazunTunans sz gy Tailnavinldgniiigeanetiy
A8 93.0£0.82 uax 53.0+1.16% ATHAIAL UAINIINARDY 24 1. HatsNgIniTunanszve
nauralinaangalunisnaaaslneiinaiiltgningaaietinunie 100% sedaanAeti
wanszmelilatn wasihiuveussmensuydy Tefinaviaigningeansiinunie 94.041.26 uax
69.0+0.87% RINAAL uananTigmudinimeassnffauiieulag 1 fiandaueanaaed uazun
UUNAINIITNASES 1, 6, 12 uaz 24 i, hifluasenisaigaasgnintgaanatiiu suviadlednmn
n@lnmmLfluﬁmmﬁwﬁw@m:mmmﬁmauuiwiﬁi@ﬁnwmxmqﬁmgmﬁwmgnﬁflqu
2 i’/ J 27’ o o o ¥ %; 2

tudulsngdn ddunenssivenzisduiiiani 19gningeaatinuaeu DL (Deformed larva)
NG 44.0% F2403N1ABULL NL (Normal Larva) MNAU 25.0% 1anannil 31.0%gningsans
o TN ¥ . A A ¥
thwasyduladludalialng (P) doudniuvenszivelladndunwudinduasianisaavesgniin
geareiunInigauuy DL (Deformed larva) A 50.0% $84a3NTABULL NL (Normal larva)
uaz PP (Pre-Pupa) Taefidnsniviniu 43.0 uay 1.0% mnddu suiedawudngniinesanatiy

amnsnasiRuinduialdsnudng (P) 1winfu 6.0% dwsunaresindfuvanssieaue

P

Usingignireeanatiusmanuy DL (Deformed larva) uniign Ae 67.0% 784a3N71ABLIL NL

]

(Normal larva) way PP (Pre-pupa) TIRSRTUNAAL 32.0 Uaz 1.0% AINAIAL WaNaNTETIWLIA
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nmanasesfTeuauilueniaweanaaed uazin lifinasanismieaasgmingaaiari ins
¥ . o o wa A e el s
gnineanatiusunsaasyFuialinulng uaziiludalidan@idng 100%
a4 = qé’ ar <& a v ¥

HANIMARRdIU Table 3 AeiHrasiduMeNssmaanaayuing 3 aiin Avudnduy
10% san1IAne uazna inninfiafisfegnuigeatatiou sadsngdiidunenssivaanniie
ayulwsynatinanudindu 10% IRwsegnigearadnnndninfumenssmeanitagyulng

a ¥ k3 o a 1 ?; o t3
nnatinAdngu 5% lasudanimaaed 5wk dsingdiiniuvanssaetimaliuanis
dlﬁ' = o 2 i"; v =l ’0, %
naaaanigalunimaasddaeiinaniliigningeanativunig 70.0+2.49% seasnnAetiniunen
sewmelflann uasthifunenssivenzuadu Falinana lignungeaietiiunie 20,0262 uay
18.0£1.48% ANAL d9undIn1snaase 10 wivtunudiniiunenssmeatelinanngnalu
nmnaaslasiinainignungeateiiunie 85.041.78% sedasunntiniuvanssiveNs sy
wazirdunenssiueloingeiinanalignuigeanatiiunig 49.04223  uaz 36.0+3.66%
ANATAD §MFLHANIMAREY 15 Wil Usngdrdaduvensz maeurad diuai lunmaaad
14 v
Inainannligniingeanetunegegn 97.040.48% $898IN1ADMNTUNANTZIMBNZUITY LAS
unfuvenszelladndsiuainlignurgaanaiuang 80.040.47 uas 63.044.40% AUATL
uaan1maaad 30 winnadsngdiiiiuvenssmeeuasd inanngalunmaseslnaiinani
Iignineatsunig 100% saeasnAaridunanssieus uady wasinduneussivieauie
navin ligningaaainunig 92.0+0.79 uaz 86.0+1.71% RINAIAU $INVINAINITNAASY 60
wiiitudiwudniimensswennatadefinainligningaaaiuniagiga 100% dwmiunis
nasesulFauianislueniateanased wazilifinadenisaisunsgningeararinuyninan
wAIMIMAaed d9un1sAnsna lnmsiinisresinfunanssiausiazailn tiazaaududund
rasdN ¥ A I WANEN uasiinavinignigsanetiaunieiu Usnginmnduvansz e
) o Y %’ ¥ ' < % R o o 2 ?;

nzwrduiinanaligningaanetiunisat19saaia luoan du Asiiuanilignungameuiin NL
(Normal Larva) Aefiruasuniunenszmensuaduiinain ligninaraiuilurzazgnin ludnm

91N 93.0% 789N ABAIBULL DL (Deformed Larva) Aefimaaniniunanssimenz sl

1%
o

ﬁwﬁﬂﬁgnﬁmmwﬁmmmmdwﬁ@:Lf«ﬁ?n&lLﬁuimﬂuﬁnué’ walsianansnuddnudls Fegnd
genretiumewuuil 7.0% z‘iwvi‘?uﬁ'}ﬁuuﬂmzmﬂiﬂaﬁnﬁuwudﬁﬁnainmuﬁmﬁwﬁuqmi']
At uiiinain fgeanauneld 3 wuuAe NL (Normal tarva), DL (Deformed larva) uax
DF (Deformed pupa) Tuéne1 46.0, 40.0 uaz 14.0% AINAAL #aasuiiudntnsiumenssimaann
Iﬂm%ﬂﬁmﬂﬁﬂﬁ@nﬁwz_]qmﬂﬁ’mmﬂ‘lui:ﬁunmdﬂ]ﬁ@ﬁm@ﬁﬂﬁqnﬁmdmaﬁmmalm:udw
@Jmiwﬁmm?ryLﬁuim’l,uimzqnﬁwuﬁdi:ﬂzﬁq‘tmimummmmm‘imﬁuimﬁi@iﬂﬁﬁw:ﬁaim

Ifetheanysnl uazmieluiign douinTuvenssmeeumeiunudiriinalnnniAnfiufiugniin
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1%
° t

gearauiinani ligninesaneiunte Idsanisa mwﬂwanmmmﬂmumﬂu,uu NL
(Normal larva) 49ga0le 84.0% ﬂﬂgmmqqmﬂmwmmn‘lm?umﬁumui:ma@umﬂiumm
du] ﬁ@@nﬂmqmaﬁm%malu?“ zqNin TANAINTAR 16.0% gningsaneiuAIs LY DL
(Deformed larva) Anmieluse ﬂvmnmqw 4 fdusirydulaiuliuenaniifondinng
wmﬂ@uﬁﬂumﬂum‘lummmLL@anﬂaﬂa Lmvuﬂumamm?mmm@nmmmamu Imﬂﬂnm '
et ugnsnayFninldaulndeuissrasialiold 100%

ANUANITMAAENIU Table 4 A1 LT, uaz LT, ravinfuveNsseaniaayulng 3
1iln idladindu 5 uaz 10% Aansmerasgmingaaating Unngdufienndn LT, uay LT,
ravihdfunanssausiazaia uwiazadudniy waznimeseslFauidsuieniaueanazes

‘0/ =] o ¥ W :’ [ ?/ 2/ dd‘ A a ° 2
HAZUY WLNTZALAYIINTY 5% Wnlunanssivelilainlduanigalunimaaasdaiinanili

v o & A s ¥
gnungeanetiuaneluszaznatduaeiAl LT, 3.11 7u. sedaaifetiunenssmvea e
uaztmeNITMENZUBTWINE AT LT, A 3.68 Uaz 12.57 Tu.audndu daudn LTy, AANA
m@qmuuuﬂmmuﬂLLm@yﬁumﬁ“mmmmu 5% uwamlmnmmmamuma 90% uuﬂmng
dnituvensrme e fndlinasi m’l,ummmmimﬂum LTy WML 5.77 3. 799890R8
Snifunenszmgatize uaztniunans v e utLTinn LTy 021N 8223 uA% 30.53 .

o o a ar %’ as <5 : = -=lld k4 1%
ATNAIAL AUTUNANITNARBIIBMINUMBNTLIVERINNTANR WIS 3 1Tia AlAdudw 10%

t ?7’ o % dd‘ al ° 2 :’ s
wuhiunenszigeute Winaaigalunismasedaeiinaii ldgnisgaaaatiauniely
srpznaduAaiidn LT, wiiil 1,18 wiil sasaamnAstiaduvensamensuadu uasilesn T

A1 LTy, fivilfie 10,91 wae 15.01 wilmua1siu uenaniilauFediensn LT, udatfmudn

o th

wNUUaNITuteU s [N AR A m’Lumﬁnmmimﬂmam‘luanmmmamumm 90% Twnan

]
2R o

AT LT, Wi 11.17 undl sesannierinfienss menzuady wazivenssimells

©

A
fnlafiAn LTy, WAL 24.35 uaz 42.2 uWiRINa1siu doudn LT, WAz LT,, 184n1Inased
wRauideuicluensaveanesed uasinlinunsndunAils masiianiaueaneaed ua:
‘ﬁﬁvl,u'ﬁm@ﬁiﬂmmemgnﬁwqqmaﬁmm@mmﬁnmm

uan1TMAaasly Table 5 ﬁ@ﬁmmﬁ'}ﬁuu@u?:mmwnﬁmgul‘wa?3 iAo udindu

5% siansene uaznalnnsfinfiwdesaliaietin nanimeaasalnngimdanimenanas 12

)

T, W'u'j'lﬁwﬁuu@m:mai‘ﬂﬂ%ﬁlﬁmﬁﬁqm‘lumﬂnm@mimaﬁNm‘iﬂﬁﬁqiﬁmmwﬁmmw
17.0£1.77% sedaaunAetifuvenszmenzuady wasiiunenstmeeuiy Saiiuanldeli
ge818UAY 16.0£1.51 WAz 8.0:0.42% MINAAL druntsnasesRauifienluienia
ueanages uazi lifiuasionsmavassialisgeaariu duiunanimaaes 24 1u. tsngdn

SnifunesssmeWefnliuania galunnmaneslasiinain s lisgeatatiume 55.0¢3.75%
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3RIANARTNTUMBNITIMENTUTIY WAzt uMeN ST taL e Hnavinlifaliesaeiiuang
42.0+1.48 uax 23.040.48% AuAL daunimassaFeuiiauiaendateanased uazi 1
fuasenmerawialiousednln daunanmaaaclunan 48 u. wudntndumenszvena
anafiafinavin e ligeanatinunig 100% duiunmasefouifeuiaieniaueaneaed
wartinTifinaAennsmaessalia edralsinudiednmdanalnasiufivresinfuuey
izmmmﬁ‘mguiwﬁ?ﬂmmﬁmﬁifaﬁnwmzmaﬁmgmﬁmmﬁiﬂﬁqmmmmﬁ']u ﬂﬁngdﬂfnﬁu
wensTiansuruiinani i liseeaetiumteuuy NA (Normal adult, completely from
pupal stage but can not escape from the water film) mnﬁzgm A8 99.0% TRNAINNABLUL DF

(Deformed pupa) Hémswiniy 1.0% A miviiiunanssmelfadnwudifinani s lidseans

<= 4

Yumsuuy BP (Dead normal brown pupa) NINNEAAD 44.5% TRIAINTABULL DF, NA uaz

Q

PA (adult death during partly emerged from pupal stage) Tudns) 34.0, 18.5 uaz 3.0%
ANRIAL muﬁﬁﬁumm:maﬂuLmﬂ&uﬁNﬂﬁ'}’lﬁﬁqimqmwﬂmmﬂu:uu NA 17niigaie
85.6% FIAINIABLUL DF uaz PA ludnsn 12.4 waz 2.0% AINAAL 49UN1TNAaes
WRenifeuicluievsaueanesed uazin Tdinasansnaevessialaisea iy Asiinan s
DlastnaiaseyivTadlusnwdndelsanysal 100%

Han1ImAaedly Table 6 Aefiwyeviiduvenszivaanaayulng 3 slianouidudu

= '

10% Fian17018 Lazna lnnsifeesess lisgansinu ian1maaessnngdnudanismaass 1

¥ o . v eial - 0§ Yo o . o
1. Wiuvanszivenzwaduinanngalunimaseddesfinaiiluflisenasuaiauinige
AD 63.0£1.77% sesasndetdunenszveaUime Tuandlifalive st 4.060.97%
A nfutdunanssivatlain waznsmasealfoniieunaaynsaueanasas waziin iiuasa

nsAnesedfilisgaantiig daunanimeaseling 6 a1 Urngdiiniunenssvanzuady

P [} v

liualunimasespigariuimaoiundinisnaged 1 gu. nefiuainlidalisegaaatiumne

q

o
ar

QU4 97.0£0.97% seaaarapau i iumensvieeute usstnduvansyivellain Jedinanildso
llagaaneumie 31.043.07 uaz 13.0+0.82% AINAIN IMTUNANITNARAITBINITNARDS

Wrauifsuisluiendsuesnesed uavunlifinasanisanaaassilieegeaietiiu daunanns

4

naaadluan 12 sudulmngdnindunenssmensuatudalinantmasesingalaeiinanily

-

AalHagaNETtUAE 100% fasaunAadunanssiiaaue uazuniuvanszmelflasn dei
uan lvisnTnageaaiume 83.041.89 waz 47.0+3.47% muaiu adslsfinunanimmanaas
lunimaseulFaumeulueniausanages wazunldfinasanismnaaassalisgsararinu ua

N1InAAed 24 T.Nalmngintiunenssienzurduitlinaangalunimasedesiinaiali

&
o«

AaTuamY 100% Fa9adnPatNTuMaNssIMEauEe Lasunuansyvaitladn Suanilssnly
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EANETNUAE 91.0+1.37 WAy 87.0£1.70% ANAAL daunimmaaeBuuauieluensa
uBanaang LL@zf&ﬂﬂﬁNﬂﬁi'amimw@qﬁfﬁmqqmﬂﬁm vananilifenBeufeunrsiufis
TpanTunenszvens 3 1l ﬁiﬂna"l,n@n’m‘ﬁ'w'hmﬂI?T';Tms;mﬁﬂﬁwu&uwudﬁﬁwﬁuu@m:ma
nzuaduiinann i ldameldedamnsalunan 24 10, ndan1Imaaeddsl Aeinlidaliamns
WU BP (Dead normal brown pupa) mﬂ‘f/‘iz‘gﬂﬁ‘ﬂ 71.0% T8989NTABULY DF (Deformed pupa,
death during pupal stage) AasalisAeluszazsalis Inadauinracslisanalvnjades
FreRaFundnEnensane LNl “Elephentoid” 148R31 29.0% @autnsiunes
i:meﬂ:ﬂﬂr%’n&uwudﬂﬁ’maﬁlumw]mﬂmluixﬁuﬂqunmaﬁqﬁummmﬁ’]ﬁumuixmmﬁmﬁ%q
nliiinfnsadalisgeatariuld 4 wwiAe DF, BP, NA (Normal adult, completely from the
pupal stage, but cannot escape from the water film) War PA (adult attached to the pupal
case, death after having partly emerged) Tu8n31 40.0, 40.0, 16.0 4a% 4.0% A1NA1FU AU

undunanszimae ey linalunimasasdaefinedasiaidepanaiulusziusesaiunann

1
1 ¥

dnumenssmenzuady Tawud e Wisaliveanatwilull 4 wuy Aa DF, BP, NA uaz PA
ludmns 50.0, 40.0, 9.0 uAL 1.0% AINAIAY
nnEan1maaedli Table 7 AaA1 LT, value UATAN LTy, value 1a9uidunanssive
< = dl ¥ 13 1 ar 1 v 1 di' °
anigayulng 3 sininamdndu 5 uay 10% sensmsvesdalieareiulsngduiieni
1 r” o 1 = 1 b74 k23 <
AN LTy, uag LT, 2esihfiunanssimsudazaiin udazanudiudy uaznmmesesnlfaudauie
- e e ML N7 > BAC, NN ¥
niauaanagad uast wudifszAuaMdndy 5% tnsfunanszmeilannlinafingalunig
naasalnsilnavinlirnilsgaretumelussazdugdeiian LT, winiu 2226 1. sasasnie
UNTUVaNTEMENTWITY LA TINTUNeNTE LTS TallAn LT, 9Tl 24,52 UaL 28.51 1.
o ar o ar Aﬂl v 1 1 %’ ar U 2% dl:ll
ANAIAL A miunismaaesian Nl 10% wuduiiunenssenzurdulinaangalunig

naanslnefinainliialiseatatiunielusruzuadugdeiian LT, i 0.22 1u. 3898910

=2 a

AeviTunensziveeuie wAsL menszwelTlfn Sadid LTy, 10U 10.14 Uz 14.58 4.
AINATGL FIUAT LT, mmﬁﬁﬁuu@m:mmLwiaz‘nﬁmﬁﬁu@ﬁi@mﬂmmmﬁqimqqmﬂﬁmmﬂ
90% &uﬂi’]ngdﬂmammﬁﬁﬁuu@m:maiﬂﬁ%n daTumeussmeNzuy uazinTumeN s
auweiinadngu 5% ﬁiﬂmimmmﬁq‘imqqmﬂﬁmﬁuﬁm LT,, Winril 32.46, 35.98 uax
39.87 M. AWANIL daunanimaaeresiiueNsveia gy 10% ﬂifmgfhﬁﬂﬁu
vanszmenzurdulinaifigalunimmaasneiia LT,, ¥infiu 3.45 2. PERLRITAC EOy RE e
semeaTe waztuvenszmelein 3aiidn LT, WAL 18.81 WAy 23.27 11, AINATAL
dmFuAn LT, uaz LT,, veanmaseaitBauiiaudng uazsendaueaneaediliamunsounn

% wsziniuazienisuesnases ifinasiensanaunssnliagsaneig
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A o %’ ar =4 o v v
nan1maaeslu Table 8 Rafinvesihiunanssmeainiaaywlng 3 slinannududy
5% slan19ae LL@:na”l,nmnﬁmﬁmifagnﬁﬂqa%wmcy (Culex quinquefasciatus) HANIIVNAARN
Urngiudinimeseds 1 1. wudridunenssveeuas Wnaangalunimaaes Tnafiuann
Tiigniirgeiianyany 16.0:0.97% sasasnnAeiiunensziveeueiinaiiliigningeiiangy
AN 5.0£0.84% ouwtiniunenssimenzuadu namasealTauauvisluleniawasneaed was
U liiluasanismavesgnungaiiany S uiuudinimanes 6 1. Usngintiuvansyive

:1 o V] ?/ 4 dld s v ol s < o 2 %1

auge uazidunanszmaliledn WuanimesesdinluszdulndAesiulnadnanildgniinea
AR 60.0+2.79 UAY 64.0+2.27% ANAIAD douluinTunenssimanzuadutinann 1
aningadiaeymne 19.0:0.88% uazualunimesesFeuiisuiaeniawaanaged uazin il
nasian1seaUeIgningeiAy uAINIINANes 12 1 wudninduvensivaeu s 1ine Afige
lunmaaeslnsiinaiilignuesiiaignig 100% sesaaunAauiunenssvetladin uay
unfunaussivenzuady Juaia lignuigeiniynie 86.041.65 wax 25.060.97% AINAIAL
dmiunmmessuliauiiauiseniaueaneaes uazunldlinasionsanarasgningsiranoy
UAININAREN 24 Tu.HAUINfA T uReNsT s ey waztndurenssmalladnlfualunis

dlel s v or - o 2 ,Ol ° o o
naaasiip luszduinaresiulaaiinanaignuageiiaanmie 100 waz 98.0+0.63% ANANAL
dawhifunenssivanzurduiinanalignungeiiaigang 44.06126%  Inanimaand

k4 2
o =

v £ 4 ]
wheuiauilueniauaaneaed wasunbifluasdanismnaaesgniingeiiainy uanainiliile

q @
1 ¥
o

ﬁnmnalnmmLﬂuﬁmmﬁﬂﬁuu@muuﬂmnﬁm:gu"l,wﬁyﬁ 3 1idn Nieani lignuigeiiaiy
AEl u,@:mﬂﬁmﬁwiﬂﬁnwm:maﬁmﬁﬁu‘ﬁ‘wm{fu ﬂﬂngfhﬁﬁﬁuu@m:mw:LLmduﬁﬁHﬁiﬂ
@unﬁmd%mfylu?:ﬁuﬂmnmﬁqﬁNaﬁw’lﬁ@nﬁmd%mmmﬂ 5 LLLFYL LUL WP (White
pupa, the pupa died before hardening and darkening of cuticle, and was known as “Albino”
ﬁ@qnﬁflmmmm’%mLﬁuimﬁqﬁaixﬂ:ﬁnLuﬁ”l,ﬁ watlianasann liniinansauds uariddn uay
Aeluszozifasi luesindufalidang siedaliuiien) ludnm 16.0% sesadniie PP
(Pre-Pupa, death during pre-pupal stage and pupa not completely out of the larval
exoskeletonﬁ@@nﬁﬂmmmm?cytﬁu‘llmLﬂuﬁaimlﬁl,wi"l,ﬂmmrﬁ wazmeluszezi)) ludnm
12.0% mauuu DL (Deformed larva, death during early stage of pupation ﬁ‘ﬂqnﬁ’}mﬂu%m
G:NLL’J‘ﬂﬁl’%L@?QJULaUIﬂLﬂuﬁfJM\i) Tudmen 10.0% aeuuy NL (Normal larva, death during the
larval stage with no evident initiation of pupation Fi@mm:mqnﬁ’u) Tudn 6.0% wazuuy P
(Normal pupa ﬁ@@mﬁwmmmLﬂ-ﬁ?cyLﬁu‘[mﬂuﬁqimiﬁimmuuﬂanﬁ) ludnm 56.0% dauringiy
u@m:mgiﬂﬂ%nﬂmngdﬂﬁﬁw@;dﬁi@@ﬂﬁwd%mnﬁmﬁmaﬁﬂﬁ@nﬁma%ﬁmfymsmmmm%

uwazaels 3 unudsll uuu NL 1nfigaludms 90.0% sedainnia WP uaz P ludn 8.0 uay

141328
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2.0% MANRAL ﬁm%’miwﬁuu@mzmmumwurjflﬁﬁmﬁiﬂ@nﬁmﬁﬁm{yz};\iL‘ﬁuLﬁmﬁuﬁwﬁu
Wamzmaiﬂﬂ%ﬂimﬂﬁu@ﬁﬂﬁgnﬁ']qﬁﬂmmmwaiﬁ3 WWuAe WL DL wnRigaie 54.0%
1990907A8 NL uaz WP Tudhna1 44.0 uaz 2.0% aus sy dounimmeaesnBeuiianialue
w%mmanﬂa@ﬁLL@:ﬁﬁ”lsJﬁumifam?mwmQﬂﬁqgja%ﬂmty %aﬁﬂﬁgnﬁqmmmm?cyu?mimﬂﬁw
grvasinudanysallél 100%

Table 9 ﬁ'amammﬁwmnﬁﬁﬁuu@m:mmwnﬁmmgu‘lm3 00 Auddy 10% e
mimﬂLL@:nainnmﬁmﬁwifagnﬁﬂqﬁﬁmm Usingdmaanimages 10 wiiafumenszme
'auLﬂnﬂlﬁmaﬁﬁ@m’lummmm‘fmaﬁmaﬁwlﬁgnﬁmq%wmcyrmﬂ 78.0£0.73% ERINABINITL
wauszvelTadn ﬁu@ﬁﬂﬁ@nﬁmq%mmmﬂ 16.04126% dautnfuvenssmenzuadu nns
nasesluisuiendaueaneaad uasiin 1§J§Nﬂﬁi’ﬂﬂﬂiﬁlﬂﬂﬁlﬂd@"ﬂﬁﬁﬂ\ﬁ"]ﬂﬁﬂ&l UAINI7
NAFDY 15 mﬁﬁ'}ﬁuu@m:mmuLﬁﬂ‘lﬁnaﬁﬁqm ‘lumi‘wmamimﬂﬁmﬁﬂﬁgnﬁ'\qq%wmrymtl
94.0£0.52% sevnsmAetisuvanszimans Ly uasTsimensme ey Ineilaavinlsigniin
eNNANTYATE 40.0+1.15 UAY25.0+1.18% AWAINL A9unaniImasesi 30 uAl uaz 60 unTi
ﬂmngfi']ﬁwﬁuuﬂm:mmuL‘nﬂﬁﬂﬁmﬂﬁﬁqm’lumwm@m‘[mﬂﬁmm‘h‘lﬁqnﬁﬂqq%mmmﬂ
100% FE9RINIABLNUNRNIZME LAY LL@:ﬁ’]ﬁuWﬂN‘j‘:LMﬂTﬂﬂ%ﬂﬁNﬂﬁﬁlﬁ@ﬂﬁﬁﬂdg"]ﬂ’m&l
A8 65.0+1.43 UAZ 56.042.2% 1 30 WIRANAISL uaz 87.0+1.63 UAY 73.0+2.06% i 60 wri
AudRL dufunanimmaselum manesnlfauiiiuiceniaueanaaed LAt ugans
MARea 15, 30 uaz 60 W nudt hifinadeniseasgninegeaneting saudadenenares
nalnmafnfsaniniimensvimeis 3 mﬁmﬁimﬁ’wmzmm’mgmﬁvxm‘nmgnﬁmd%’lmnvjﬁu
ﬂmngdﬁﬁﬁﬁuu@m:t,uw:t,muﬁmaﬁﬂﬁgnﬁﬂqﬁﬂmagmwlm:ﬁumunmﬁqﬁm@ﬁﬂﬁ
Qﬂﬁﬂgd%"lﬂ’]ﬂgﬂ’]ﬂiﬁ 5 Ltuuﬁ\‘l'ﬁ uuy NL (Normal larva, death during the larval stage with no
evident initiation of . pupation ﬁ@@mﬁmqmair&’ﬂm:mgnﬁﬁﬁuﬁhjﬁmu‘lmluéwmﬂﬁ@:
Lﬂgﬂutﬂuﬁ‘:ﬂ:ﬁ'ﬂm) Tuding 55.0% sasaanrAeuuy DL (Deformed larva, death during early
stage of pupation ﬁ@@unﬁﬁmﬂ‘lmmzﬁlumnﬁfauﬁmlﬁuimLﬂuﬁqim) ludms 35.0% wuy P
(Normal pupa ﬁﬂgnﬁﬁmmmm?tylﬁuimLﬂuﬁqimlmmmugs@ 1u8n9113.0% Wy PP (Pre-
pupa, death during pre-pupal stage and pupa not completely out of the larval exoskeleton A%
QnﬁwmmmLfﬁfyLi?mimLﬂuﬁqiﬂqiﬁLLﬁiinaug@ni uazmeluszazil) Tudns 1.0% uazuun we
(White pupa, the pupa died before hardening and darkening of cuticle, and was known as
“Albino” Aagminasnsoideyifulaauoraznudls wiliansninlsinidnduds ws
it uazmeluszazifieinTeadiuiusalisdans wieshiafion) lusnm 0.5% dusuiasiy

vanszellain Suainlignigsiangyeialuszaziunanatudasfusuinfunenszive



19

Nzudu Aalinavinldignuneeitanayanele 4 wuudsl wuu DL wnig 4ARD 55% TRNAINIAD
WUy P, NL uaz PP Tudingn 27.0, 13.0 uaz 5.0% ANA1AL doutiiuvenssisau e uayinle
%’ o T G KX o ¥ iol o 9 [v3
gnungsaaeadNaREnan Iigninegesa e ld 2 wiu NL wae DL ludes
88.0 uaT 12.0% MmNy dmiunimaseatFeudaunadun uasiandaueanasadiuliiua
slananaresgnitgaiagavinlgninawn ey inauiugalilfesagysal ()

Tudmsn 100%
HanImaaasiu Table 10 WeiFawfisud LT, uaz LT,, 1aauiumenszimaanniis
aulnsiia 3 silafinonudndu 5 uaz 10% sensmzassgningairaalsnganiisyiuan
k4 1% g’ o £ -=lz=d’ A o o £ %’ o
indu 5% muuuﬂmuuﬂﬂuLmﬂlmammgm’lumimam@mNam‘hﬂ@nuwammcym'm”l,umm

A al

duAailA LT, vty 4.96 gu. sesasunasuniuanszmelfann wazuzuadulneiian LT,
5.01 un 25.59 T AHAINL A MTUAT LT,, Aanaraaifunanssvsainfzayulwsia 3 1iia
frnndndu s%inailfgniingsiaynie 90% ﬁuﬂmngfiﬁﬁ'\ﬁuuﬂm:mmuma’tﬁmam?

nasesnAngalaafen LT, u'aﬂmmﬂ'a 7.76 1. s09pgnAntsiunensvalTlatn uaztingu

R a

VANTTMENZUTINTTAN LT, 11 12.86 402 47.76 9. Randndu wanantisten ey
AN LT, seninduansymeainimayulneis 3 afln fenismiarasgningssianqmudingy

al

vanssinteueilitzgitegningeiinn lnefluainleedomesdnesnids uaziidn LT,

PP

Wit 9.13° w1 revaNAetTuMeNs e E LT wazinTumesstmelTesndaiien LT,
WU 44.52 WAz 47.91 WANRINATAU daven LT, &uﬂifmgmamrnm@mluummuﬁmﬁu
InethaTunensimeetigeliaad ﬁmm‘lumsmmmmum LTy, WL 12.51 w17 fa9897A0
dnfuvenszmelafn WAZTMR R MU LT A LT, (WAL 110:24 WAZ 112.42 w29
ANNAAL dwiid LTy, uax (T, luwammnasdteanimesssdfouieuialuenia
Lmanfaam’u@xﬁwu_lm"l,zimmmrﬁmqmmlmwaﬁzlﬂﬁuaﬁifamimﬂ‘um@nﬁma%ﬁmm
HAN1TNAABYTY Table 11 ﬁ@ﬁwmﬁﬁﬁuwﬂmzmamnﬁmmgu”lm 3 i

5% ran1sae uaznalnnfinfimsasalisgs ity sanismaaeddsngimdinimaaes 6

]
o

1. Wnsfunensvivelefnlined Aqadainainlisnliageinaiyniy 3.040.48% dauriniiy
vaNszmeNzLdY uTunensseeury mMavasauFuudiauiensausanaged uasinlifiug

ansmravasinlivgeinangy Inonimaaes 12 gu. Usingdrindunensaiveauzuaduliug i

b

ar

ngalummaaasdeiinanlidalisnne 33.0£1.55% ssaandeniunenszmealilofnia 1
ldsgeinannyme 3.0:0.48%  doutinuvanszivsaus nsmaseFouiisuisluenia
ueanaaed wasinlilinasienismavessialisgaiiann wan1mease 24 T nudwnuey

srwmzaueliuaaigalunimasesiing i s ltisesiannne 44.041.72%  sasaunie
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drfuvenszvenzuriy uarindmenszmailefn fuain s livgedrayane 38.0+1.34
MAET 6.0£0.51% ANLATL dounanimaaadluogn 48 Tu. wudthdunenssmeetasliiues
‘ﬁ@ﬂluﬂ’]i‘ﬂﬂﬂﬂﬂﬂﬂﬂﬂ@ﬁ’ﬂﬁﬁ'ﬁﬂdﬂd%ﬁﬂ’]Eylmﬁl 100% fedNTABTNT BN TIMENZLTIY
LLﬂzﬁﬂﬁumm:Luﬂiﬂﬂr%nﬁuaﬁﬂﬁﬁqimgmém']mmw 79.0£1.15 UaY 49.0+2.73% AINAIAL
dwsunanimaaedlunmasesnfauifiaueniaueanesed uazinlifiasianisniavesd
Diagedrmnyioluingn 24 waz 48 Tumdanimmases wenanniidlen Feufieufinuaznalons
L%ﬁﬂmaﬁqizjwmﬁﬁﬁumm:mamnﬁngu”lwaﬁ’q 3 aliaslanruialnfineduguingn
SN DISERE TRt wudﬂﬁ'}ﬁumm:mau:wjuﬁN@ﬁﬂﬁﬁfﬂqu%wmnvmw”l,mxﬁuﬂ']u
nan9 aawudndalisegaitaiqyanald 4 wuuAa PA (Adult attached to the pupal case, death
after having partly emerged Aasaldsarunamdaufuimduifinsalsd uadaindunis
it suiadugusliasyanl ueiiitinGesdn 75uiEn slivdedng uezaeluiige)
WUy A (Normal adult, completely from the pupal stage AasialuaiasanRulmiusasingels
anysad) wuy DF (Deformed pupa, death during pupal stage Aafalssnnelussazialie uay
douinaasmalisaeny g ansauzadneiadng AsBanmsmeuunianuuuuiig ey
sinluiariade (M3e Elephantoid) WasiUL BP (Dead normal brown pupa Aasalisnneluszazsi

14
o o =] 0

Tds wazdauriaassnldelifinasaenanailneisdouiauasanmiiduinia) lusnsaseil 62.0,

23
ar =

21.0, 14.0 1Az 3.0% AINATAL ﬁw%uﬁﬂﬁumm:maiﬂﬂnnuu@ﬁﬂﬁﬁqimqqé"qmmmm’l,u
seavtunanRsiinain sl s waaeld 4 uunia A, DF, BP uaz PA ludns 51.0,
30.0, 12 A% 7.0% RIMNANGL muﬁﬁﬁuu@mzmmuL‘nﬂ‘lﬁmaﬁﬁqm’lumiwmmﬁqﬁﬁmﬁ@ﬁq
hisgeirannuniigaiinanilidlilnieuuy PA WNTigARE 74.0% $BI0NABULL BP uaz
DF 31 22.0 WA 4.0% AuAY dufunmaassnfouiauilueviateaneses uay
‘Exﬂu'ﬁmaﬁi@mimmmﬁfﬁﬁﬁqﬁmm‘h‘lﬁﬁq‘[mLfﬁzyL?lu'imﬂuﬁmﬁw?ﬂlé’mumfﬁ 100%
nanaaadlu Table 12 AefiminTuvenssimaannitrasulng 2 siancadudu 10%
fAen1emne uaznalnniniafiwsefaliseiipiguanismeaneslsingdndmaase 1 1u.wudn
{iﬁﬁummzma@m‘na‘lﬁm@ﬁﬁzgﬂlumwmmimﬂﬁuav‘iﬂﬁﬁqimq\i%ﬁmn&mw 15.0£2.01%
‘immmﬁ@ﬁ'\ﬁumui:mau:LLmduﬁmaﬁ’l‘lﬁﬁqTﬂmd%ﬁﬂwfgmﬂ 14.0£1.71% dourinsfuves
suvellen nsmeasafouiiouidlueniaueananed Lmzﬁﬂﬁﬁm@ﬁi@mim'}mmﬁqiﬂmq
FIANTY UAINITNAGDY 3 mu.ﬂmngrjﬁﬁﬁﬂumm:mmuLw’lﬁmﬂﬁﬁzﬁm”l,um‘mmﬂmﬁu@ﬁﬂﬁ
Faliiaei Ay ne 59.042.33% seeasrnARTMeNTE MY LTIy wazinTunesssvee

ar

niluavn TR Tiege1AymIe 38.041.22 Uay 9.0+0.88% AINATAL UAININAREY 6 TH.UA

1%

A
Unrngdniniiunenssiveeugslnanimaaasiindudnlaaiivaii ldf liegeiiagynie
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84.0+0.97% sevawnasifmenszinanzuiy uasthduvenszmelflafn Suainliialisgs
$1A0UATE 78.042.90 UAY 68.0+1.40% AINAIFL ANFLHAUSINITNARET 12 T3 WLT%ATY
wanszmganieayulngia 3 afialinadngalunimasesdaesinlidalianng 100% dounns
nasesufauiiaisluieniaueanaaged uazinlifinasenismaaesinliageirnioyialunan
3, 6 waz 12 1u.udsnimmeaed etelainufladnmnalnnsiiaRyreinfunenssivesia 3
silaiiused i eyawitbid himedulnngdninfunenssveuzurdusesalige
= o 2 as 1 [ 3 3 o v o ) o
Hnambishlilsmeadrarndaluiaat 12 au 3ein i liseeiremesuuy BP (Brown pupa,
= ar 1 o b= or 1 ?’J’ o
dead normal brown pupa Aafalisaneluscuzinuslnedeesialienizduimia) Tusns 94.0%
789891ABULIL DF (Deformed pupa, death during pupal stage Aadaluanneluszazinud s
dauirasialivaens lugadremiadne) Tudmne 6.0% doutiniunenssmaltlafninafanisnie
1am lieeieyld 2 wiufa BP uaz DF ludng 86.0 uaz 14.0% mnansu A wiuningiu
dl L = = a 1 a 1 o =l o 9 ar 1
nanrzimeausTliuaa lunimasedlasifiwsesn bl ianggannfinain il
1 @ 2 o LU o ' ° [ oy o

atwramFARsilirallsgeameld 2 wude BP uaz DF ludns1 48.0 uay 52.0%
muaiy daulunimeasaffauiasuisluaniaueanegas uazin liinasanisaneaaassi
TeAginlvidabisaunsoatoyRuladusindindeldauysal 100%

an1TNnaeslu Table 13 AeA1LT,, uas LT, gewniunanssiveainivaayulng 3
1iia Avdndy 5 uaz 10% sadalisguiannanimasesilsingdiiaouidudu 5% st
wansziveauiagWinanign lunmasedlasiian LT, WAl 24.46 T30 1easandaunsiunes
srieNzuady uaztiiuvenssmaaue Tnafldn LT, Wi 31.02 uaz 49,01 1u.mussy

WenBauiieudn LT, nudwinifunenssmeauiseliuadiiqalunismasesdudulaadal LT,

v ]
R o

Wiy 29.27 1. sewaAsiwuveNTTmenzuadl uas Wlunensymaiflafndalian LT,
WL 52.54 UaT 72.77 4. AL dufunanimmeaeai 10% dsngdnindunenssve

auelinanfigalunimagedlaeiian LT, Wiy 2.90 93, sasaanfetiiunenss e ns uady

o ]
ar <4

uaztilunanszmeliladn definn LT, 011 3.86 A% 521 Tu.A M8 6L venanniitile
SIEEMISETY LTQOWU‘]"]ﬁ’WﬁuWE]N?:LMEIﬂUL‘Hﬂiﬁﬂ@ﬁﬁ@ﬂ 1p9RART RN M LT
waztiiTuvenszmaafnlnesian LT, Fail 6.35, 7.20 uaz 7.24 1. uds

HAN1IAADRIlY Table 14 uay Fig 1 ﬁﬂﬁmmﬁﬁﬁumui:mm'mﬁﬂnguim%q 3 1iin
A Lindiu 10% ﬁiﬂmimmm@nﬁmqmﬂﬁm uareNiIAeY ﬂ‘mngdﬁgnﬁwqmaﬁmﬁ@uu@
seviumensziet 3 mﬁmmnndwQnﬁngq%ﬁmﬁyimﬁu@v‘iﬂﬁ@”nﬁmamaﬁmmw 100%
UANNNTNASEY 60 W uardAl LT, 2ud19 1.18-15.01 W17 ‘Lumm:ﬁ@nﬁma%mmma

TEUIN 73.0£2.06 - 100% URYHAN LT, 121979 9.13 — 47.91 w1l
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nanInaaesly Table 15 uaz Fig 2 Aefiranhiunenssmeanitsayulneia 3 1in
ALY 10% Aentsmiaaessaligaaneri uazepTArngdnsialisegiranydanue
siednfunenszivens 3 afiauanndnfalieanatinleefinainligalienng 100% wganis
NAABY 24 TN. WAiAT LT, luseudng 2.90-5.21 . lurusfidldsesaratiuniassudng
87.0+1.70-100% wazilein LT, 751412 0.22-14.58 1.

A0 N T o Yo ey

mnsmmiwm'm‘luﬂNuf«u:mu’lmflmuuwam:mamnwmgu’[mm 3 alaliuan i

n1anAaeiasagniin uasialiagaseaia 2 Tiadmiummaseslugniniuiniunenssive
=Y 1 ?:/ v d. ) b b <« ° L% %’ 17
sULTENWEgINInAegnuienateiulaeanizi A dudy 10% Nuavinligningeaneinu
AIE 100% luadur e 30 wni [LT,, wiafl 1.18 unil] Sefimaedtinsiuvanssmesinanese
suunisglazesgniin gninasanaluniiu NL (Normal Larva) Tigeiie 84.0% Futiudnaue
I i e s o ¥ 4y N 4 X
Lﬂuwwuumumm:mwu@mauumiumim@mqnmqqlm (Larvicide) F9MaNTITMARD4I
IndiABIALN1IMARI1Y Youssif and Shaalan (2011) PENUINNTUMRNTE MBI NAL IE AW
(Cinnamomurm cassia) WazaLese Cinnamomurmn glanddliferum wanannitlinaRAan TR e
%’ . ar d‘ Y ar 1 ?,’ ar = o t%4 %' IS

QMNENAE Ae. caspius dun 4 uatdwudiiiumenssiveaumalfina i ldgninfiaoam
o au i JEWN= [ A\~ 3 5 ¥
Anundlianunsoaanasuudaiasodivlmiudalicld uazmelusepsi UTBUINGNTNIAINITD
wieyiuTasialidusalaia s slisflianunraasnyduladuindiniei anysolld uasmely
seazll adlafimunanimaaaluafildenadediunimaandeas Govindarajan (2011) #

. ¥lo <4 ) LR
TIENUNWIHUNBNTEIUERINDLLEE (C. verum Yisa C. zeylanicum) azlAfring (Cymbopogon

citratus) 198UT (Rosmarinus officinalis) U84 (Zingiber officinale) Taanlunisianim ARDN

Tugniingedeny (C. titaeniorhynchus) UaseaRulaDs (Anopheles subpictus) $9MTaHANAS

naaasilfelllunuonaianfunmanaesnes Cheng ef &l (2009) finudmnumen=maan
luaway C. osmophioeum binadlunismagasiugmizgeniatin eiiualigeaetume

BLNIIALTY Imﬂﬁqﬁqwudﬁmimnqw“ﬁﬁéﬂﬁm‘luﬁﬁﬁu@uLmﬂiﬁu,n' cinnamaldehyde, cinnamyl

2
ar o

acetate, eugenol Ua¥ anethole %qma*a?'mn;mmuﬁqm%ﬁi'am?mmm@nﬁmdmmﬂﬂuvlﬁzyimﬂ
Vincent (2012) §351897U492UL88A (Cinnamomum cassia) ﬁﬁﬁﬁuu@m:maﬁﬁma‘@@nqw“ﬁ

WanAe cinnamaldehyde (Uszunns 70-88%) d@outinsfumansziued ldannldand iy uasig

&
o or

YAIDULTHAINT VTDAULTLLN A (C. verum) ﬁmm@nqmmnﬂ@ cinnamaldehyde (Uszunns 40-

1 2 4
<8 ar

50%) uaz eugenol (Uszantu 20-30%) TATTWALIBIUI T URAN T IMER Na U TuE e T un g

'
o

faumas uazuftondsuy dounraiihinlflunisilasiuidagaiuwud e fvaduanslass

4 o ar s i 0 o YOI 2/ & o [l = ] =3
viratlaariunisinaade warfafluansldidngnungeraseaaiatinldiiuadneg edaelsfinnu

kil

Zhu et al. (2006; 2008) famreaudninfunensziveeuitaiRusiagningsanatin geataan
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(Ae. albopictus) uazENFIAEY (Cx. pipiens) 199 Youssif and Shaalan (2011) $18M7U9A
1 ar = . . . = '
Winunanszinaaua_uw (Cinnamomum cassia) WazauLtel C. glanduliferum HUAGANITANY
12sgnibgeanetiudui 4 Taaildr LG, Wil 58.41 waz 4298 mg/l uazAn LC,, 1wy
82.36 uaT 55.35 mg/L MINAY uasfallseuiniiuenssweeu el la T aanislu
nsindagaintudaiinalunsdudeninsioiulnresieqdunid des wazdeiigniiidn
#999995UI8R  Mechoris ursulus (Oai et al., 2006; Nguyen et al., 2009; Park et al., 2000)
usnaniiasnuireuseiivanuanssiadwnsmsuwduninaazutieliy 2 nquiesuire
Tnedl 2 99afAa Cinnamomum bejolghota (Buch.Ham) Sweet Wax Cinnamomum iners Reinw.
Ex Blume tnziavienis 2 silalifiasrnaninenfetingaindeuddeunde 11139515 duniaan y!
ids uidle uildduiiueg adueniag uddasvia uazdnnguuilsdesuiaama Usznayl
AOBAUITEIAINN (Cinnamomum’ verum J.S. Presl) BULTEIEYIW (Cinnamomum loureirii Nees)
LT (Cinnamomum  cassia (Nees) Nees ex Blumel) WaZaulg8m9 (Cinnamomum
burmanii  Blume)  laauldandrfiuiiiaiiuinduldindunenszivaifiansddyie
. A o k73 1 a‘ ¥ ]
cinamaldehyde @uinunlflugnavnssuenig Musandugnen auuvany wén 14 lunqsust
NN 1 | o : % So¥l. a¥ .
naunaafugiay uareuatenliludeuln deulmiieiuardutindumes s ve i funa

o«

g Sdo o
?ztﬂﬂﬂuﬂﬁi"ﬂﬂﬂq‘l’lﬁi’lﬁﬁ 0o

ar

=)

A eugenol - (TEUR UAZAME, 2542) AUTUATINAINIENTAY

autrsinAtlTuidawnas uian Mdunasay ataslsfanulunimdetaumeidindldme

' 1
o

4’ =l o ¥ o ° %’ v dﬂl
AULTEILNA C.  verum ﬁﬂtﬂu’ﬂut‘ﬁﬂ‘ﬂuﬁL?lq‘ﬂ'lﬂﬂi‘zmﬂﬂi@\‘]ﬂ’] UITHINAUUTHUNBNTELUELND

b2 : 2
ar o

il lummeaeslinai lunisdndansgminegsaneniiu uazgningsaiy Aamunzluntsd

aziniiuenszwmeanauein 1 lunisidagmingeanathu uazegeiianny mszuenain

1 (%
a o

mmmr‘iﬁmqn‘f&ﬂﬁmmL?‘qLgﬁqﬁdﬁmmﬂmmﬁmmﬂﬁqa wnziarswaniin I iluiaus
nauaIwas waziuerinunlzalunysed dsznasfuiaiuvenssinaeutas fafufinefy
Awrnkensunsaaaefaliioidliin ¥ uarainie daanasiazintumenssgann
@‘umnmﬁ&umLﬂuﬂwﬁﬁmgnﬁﬁqaﬁiﬂiﬂ
éi'mi?”umama‘wmm‘luﬁqimﬁuﬂmngdﬂﬁqimqﬁﬁmmfdﬂmmﬁi@ﬁﬁﬁuu@m:mmwn

Nrayulwsisamsiiaunninsilisgeanariiy WAENLINTUMeNTEMENT LTI R E9ININAY

ar

reslivgaeiu uazeadrany ae 100% Tuaan 24 au. TnailAn LT, windu 0.22 uas 3.86
¥ ar

TU.AVNAGL muﬁqﬁqwudﬁﬁmuu@m:Luﬂummfjuﬁqm“ﬁ IR TNy aisaasrinme uuy BP

El

(Brown pupa) nnfigaan 94.0% AeunTunzusduiiivgededalisesannin inlidalimneg

steraatialusrasinud Tnudauianazaidagessnluedianduiiuimna wassdluinag

wasuulasusiatnale nananimeaasiiganandediy Nath ef al. (2006) $I89IUINRNTEA AN
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Lﬂz‘ﬁfanm@m:Lmdu”l,ﬁmaﬁﬁqm‘lumimmmﬁugnﬁmqmﬂmu(Ae. albopictus) LLazqnﬁmq
FAAey Iﬂﬂﬁﬁiﬂﬁﬂﬁ@ﬂﬁﬂtjd%&ﬂﬂd‘ﬁﬁmEl’]il'r]ii’]di"lm'ﬁ:“] wazilAn LC,, Wiy 0.47 waz 0.73
ppm LL@:N@ma‘mmamluﬂg’dﬁ’lnﬁlﬁmﬁuawuﬁé’wm Rabha et al. (2012) NI
i:msm:mdu'lﬁma“lumiﬁﬁm@nﬁmqmmqu uazgaAcyAign Tnufin LCy, Wiy 11.0

o

WAy 15.5 (%viv) ATNAAL wanani Yang et al. (2004) NTENIUINANTANARNNHANINVAN
(Zanthoxylum piperiturn) ﬁ&'dLﬂuﬁm’luaQmﬁmﬁuumwduﬁu Tunansaaeslunistleaiunign
@Jnﬁ’mqamﬂﬁ’ﬁu uazeiNANY (Cx. pipiens pallens) MtwAfunzurdulasasainainwin
wanANLdNGY 10 ppm ﬁmﬂm"ﬂﬁqnﬁwqamaﬁm LLazgnﬁﬁqﬁ'}mmmﬂ 85.0 uaz 48.0%
RINAAL mu%\iﬁﬁﬁumm:mmﬁnﬁ‘mq@Lﬁmﬁummdu%n‘nﬁwﬁaﬁﬂ Zanthoxylum
armatum €RilRgesagmingeanating uwagemnyinaiA LC,, Wi 54.0 uaz 49.0 ppm
RINANAL (Tiwary et al., 2007) ﬂfj'm"lﬁfﬁmmiﬁﬁuwam:l,uamLmduET\iﬁ?'mmudwmmmﬁ'ﬁm
geaneting wazeaaneauliiiluadned (Das ef al, 2003; Trongtokit et al., 2005) WANAINTEL
wudrigluana Zanthoxylum flagilszanns 250 10in sosianzuaiugon (Negi ef al., 2011) 44
Lﬂuﬁmﬁﬂgﬂmqﬁﬁu (Rutaceae) wazirluana Zanthoxylum sp. SuRla i lunmanedddly
nafleaiuidagdlinarssfindmiilunimeaesiinuenssmensuadulinalunmases
mnlaafiunyinlisahigeaaaiou uazasimamie 100% luaan 24 10 39l eaudningy
u@m:mmmmduﬁmmﬂnqm%ﬁzﬁwﬁ’mﬁa limonene 31.09% terpin-4-ol 13.94% WLAx sabinane
9.13%Ua¥ARNHUa (Itthipanichpong et al., 2002; Somanabandhu et al. 1992) Sanz iy
Frtufesmunlumanamieneuiassmalng udadlug Fesme A1t au
weien wwd sy widesaau wazann Taeszaaunnaniamieiine wasly Magnuazuian
Mifhwueleanagaams vinaung €1 uazunasine inlfarmnsiisafnfew wazfindunanin
Fulszmuanngeiy i"JiJ%xi‘ﬁ']ElIﬁL@?‘fyﬂ’mq?ﬁ'}El (dnqmaul, 2555) atelafmunzuadulails
feannstnlfiflue s saziataamamindy falasswannistiuinuig uluuazua
fanldnendutin uasinmiy (Negi et al., 2011) Galudraumngunung duanzuadwidy
dautlsznavlusningeidla udladimiufiy tngaladin 1ivsn Fuanluniafivenis Wiy
awg widaGeudses fuszgluans uddaldiuansiiaeed uarluszwinalbunyms saasaly

ufuvenszienzuedy WnadresruummBaulain ssuumafuaimg wazszuuwiela dou

9

arsanaveuaInEatiAnantR lunsfuayyaaase (antioxidant) ua =HgMEsunsEaTyiuln

199 daqaunidnelsanataaiia aurradiuninadyininreuiissenludninanes was

annrodudinnaTyiiuinresadaaals (Iaamind, 2555) Aaluuzuadudaiudnit

] v
o

uilsitiidnanmgalunisfiazinunlilumstiesiuindaiagniin dlis uaziafindureageane
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v o [~1 = d’“ <4 o o [ 2 24 ?/ o =
tu uazgaiiay imsziduiriuiiesres neiiianimunldu selanillfgegaiadainon
Uaeasiasdedld &ndiaen uariuliasiuaninuandsumnzifiasfennArafinnrsaaesialéia
Tugananwsssugnm

-] v %’ o 1% :v/ :,/ 1 v = o [ ?’, v

dwiunanmaaasluiiiunenssveludniulsmnginliuafnidagnungeanemig
Taeigniinmne 100% luaan 60 mﬁLwﬂﬁmﬂ'}unmﬂumi‘mmamﬁugnﬁma%qmm‘imﬁﬂﬁ
anime 73.0% a1 60 Wil deilnaniliignungeisassaiiaanadisluwuy DL (Deformed
Larva) wazuuy NL (Normal Larva) T lusasflndiAssiuiununetainiuvenss e il
P <o v H Y a o o - H [ Y, a .
Hgmainligninegaisaestiameuu@aandulaeidagnunlffua sudadaanunsnasadiuln
IfBnszazuildenne gningaisaastinfemeludnudtzazun (early stage of pupation) dau
uarmwmam‘luﬁqimﬁuwudqﬁwﬁuwﬂm:m&mﬂﬁnﬁﬂmmﬂuﬁwi@ﬁfﬁmqa%ﬂmtyzgqndﬂﬁq
Tnisganetiny Seiluani lwFaligaanetnu uazgeiiamaie 87.0 waz 100% Auansu lu
198 24 3. uAHA LT, Wil 10,14 Uas 2.90 94, AUA1FL Tauani1iaaedtilndiusesiu
N19948984 Yang et al. (2004) arsafaainualilain (/. verum) Aoudnd 25, 50, 100 uas
200 ppm Huanligniieaaetinuian 4. A 15.043.5, 51.0+3.5, 100£0 WAL 100£0%
amaiuluant 24 o uazarrannanuatiledndelinan lunimmaaasivesiaagy (Cx.

N o 4 LY y & o0 |
pipiens pallens) Ju¥ 4 Taemudiniaanuidndi 25, 50, 100 waz 200 ppm Hxaninldignuies
$AYANE 35.0£2.7, 1000, 1000 Az 100:0% Ama 16U Tnsaziiiulfdigningeinaney
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Table 1 List of three species of herbs, part used, location and active ingredient of herbal

essential oils in this study

Scientific name, Part used Location Active Ingredient

Common name

Family

Cinnamomum verum J.S. Prel Bark Srilanka 5, 10% (v/v) C. verum oils in
Cinnamon ethylalcohol

Lauraceae

Hlicium verum Hook. Fruit China 5,10% (v/v) I. verum oils in
Chinese Star Anise ethylalcohol

llliciaceae

Zanthoxylum limonella Fruit Nan 5, 10% (v/iv) Z. limonella oils
Ma-Khan Thailand in ethylalcohol

Rutaceae




28

Table 2 Toxicity of three herbal essential oils in 5% concentrations on mortality and

morphological aberration of Aedes aegyptilarva

Herbal Essential

Mortality (%)+ SD/time (hrs)

Morphotogical Aberration

. 0.5 1 6 12 24 N oLt oppY pé

o (%) (%) (%) (%)
Z. limonella 2.0+0420"  7.0:067b  33.0£1.168b 530:1.16b 69.0:0870 | 250 440 O 31.0
I. verum 5.0:053  39.0:264a 83.0:094a 98.0:063a 940:126a | 43.0 500 1.0 6.0
C. verum 14.0:151a  33.0:288a 850:288a 930:082 100a 320 670 1.0 0
Positive control Oc Oc Oc Oc Oc 0 0 0 100
(ethylalcohol)
Negative control Oc Oc Oc Oc Oc 0 0 0 100
(water)
CV(%) 2081 27.35 10.78 8.15 4.38

by DMRT

exoskeleton

P = Normal Pupa

DL = Deformed larva, death during early stage of pupation

means in each column followed by the same letter are not singnificantly different, P<0.05

NL = Normal larva, death during the larval stage with no evident initiation of pupation

PP = Pre-Pupa, death during pre-pupal stage and pupa not completely out of the larval
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Table 3 Toxicity of three herbal essential oils in 10% concentrations on mortality and

morphological aberration of Aedes aegypti larva

Herbal Essential

Mortality (%)+ SD/time (min.)

Morpholegical Aberration

. 5 10 15 30 60 NY bLY DFY P

e (%) (%) (%) (%)
7. limonella 18.0+1480" 49.0:223b 80.0+0.47a 92.0:07%b 100a 93.0 7.0 0 0
l. verum 200£2620  36.0366b 63.0+4400 86.0:£1.71b 100a 41.0 40.0 14.0 0
C. verum 70.0+24%a 85021782 97.0:048a  100a 100a 84.0 16.0 0 0
Positive control Oc Oc Oc Oc Ob 0 0 0 100
(ethylalcohol)
Negative control ~ 0c Oc Oc Oc Ob 0 0 0 100
{(water)
CV(%) 7825 57.34 32,15 20.18 8.13 - - -

by DMRT

DF = Deformed pupa, death during pupal stage

P = Normal Pupa

DL = Deformed larva, death during early stage of pupation

NL = Normal larva, death during the larval stage with no evident initiation of pupation

means in each column followed by the same letter are not singnificantly different, P<0.05
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Table 4 The LT, value and LTy, value of three herbal essential oils in 5 and 10%

concentrations against Aedes aegypti larvae

Herbal Essential oils LT,, value LT, value
Concentrations 5%(hrs.)  10% (min.) 5% (hrs.)  10% (min.)
Z. limonella 12.57 10.91 30.53 24 .35
l. verum 3.11 15.01 5.77 42.2
C. verum 3.68 1.18 8.23 11.17
Positive control (ethylalcohol) Y * * *
Negative control (water) * * * *

none of LT, and LTy,
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Table 5 Toxicity of three herbal essential oils in 5% concentrations on mortality and

morphological aberration of Aedes aegypti pupa

Herbal Essential

Mortality (%) +SD/ time (hrs.)

Morphological Aberration

2!

3

& St

oils 12 24 48 DF* NA~ BP PA™ A~
(%) (%) (%) (%) (%)

Z. limonella 16.04151a" 420t148a  100a 1.0 99.0 0 0 0
[. verum 1701772 55043752 100a 34.0 18.5 445 3.0 0
C. verum 8.010.420 23.0:0480 100a 124 85.6 0 2.0 0
Positive contral Oc Oc 0b 0 0 0 0 100
(ethylalcohol)
Negative control ~ 0c Oc 0b 0 0 0 0 100
(water)
CV(%) 3291 22.84

by DMRT

BP = Dead normal brown pupa

DF = Deformed pupa, death during pupal stage

A = Normal adult, completely from pupal stage

PA = Adult attached to the pupal case, death after having partly emerged

means in each column followed by the same letter are not singnificantly different, P<0.05

NA = Normal adult, completely from pupal stage but cannot escape from the water film
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Table 6 Toxicity of three herbal essential oils in 10% concentrations on mortality and

morphological aberration of Aedes aegypti pupa

. Mortality (%)SD/time(hrs.)
Herbal Essential

Morphological Aberration

. 1 6 12 24 DF? BPY  PA' NAY AY

ol (%) (%) %) (%) (%)
7. limonella 63.0+1.77s0 97.0:095a  100a 100a 29.0 710 0 0 0
I. verum 0b 130:082c 47.0:347b  87.0:1.70ab  40.0 400 4.0 160 0
C. verum 40:0070 3103070 830:1.80a 91.0:137a  50.0 400 1.0 0 0
Positive control Ob 0d Oc Oc 0 0 0 0 100
(ethylalcohol)
Negative control ~ 0b 0d 0c Oc 0 0 0 0 106
(water)
CV(%) 4501 36.45 27.98 18.81

by DMRT
DF = Deformed pupa, death during pupal stage

BP = Dead normal brown pupa

&

¥ A= Normal adult, completely from the pupal stage

PA = Adult attached to the pupal case, death after having partly emerged

means in each column followed by the same letter are not singnificantly different, P<0.05

NA = Normal adult, completely from the pupal stage but cannot escape from the water film
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Table 7 The LT, value and LT, value of three herbal essential oils in 5, 10% concentrations

against Aedes aegypti pupa

Herbal Essential oils LT,, value (hrs.) LTy, value (hrs.)
Concentrations 5% 10% 5% 10%
Z. limonella 2452 0.22 35.98 3.45
I. verum 22.26 14.58 32.46 23.27
C. verum 28.51 10.14 39.87 - 18.81
Control (ethylalcoholwater) ¥ * * *

none of LT, value and LT, value
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Table 8 Toxicity of three herbal essential oils in 5% concentrations on mortality and

morphological aberration of Culex quinquefasciatus tarva

Herbal Essential

Mortality (%)+SD/time(hrs.)

Morphological Aberration

, 1 6 12 24 NLY oY pPY  wp¥ pY

oS (%) (%) (%) (%) (%)
Z. limonella oc” 19010880  250:0970  44.0:1260 | 6.0 100 120 160 56.0
I. verum 16.0:097a 64.0:227a  86.0x165a 98.0:063a | 90.0 0 0 80 20
C. verum 50:084b 60.0:279  100a 100a 440 540 0 20 0
Positive control Oc Oc Oc Oc 0 0 0 0 100
(ethylalcohol)
Negative control Oc Oc Oc Oc 0 0 0 0 100
{(water)
CV(%) 2248 20.73 10.48 7.39

by DMRT

means in each column followed by the same letter are not singnificantly different, P<0.05

NL = Normal larva, death during the larval stage with no evident initiation of pupation

DL = Deformed larva, death during early stage of pupation

exoskeleton

known as "Albino”

P = Normal Pupa

PP = Pre-Pupa, death during pre-pupal stage and pupa not completely out of the larval

WP = White pupa, the pupa died before hardening and darkening of cuticle, and was
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Table 9 Toxicity of three herbal essential ocils in 10% concentrations on mortality and

morphological aberrations of Culex quinquefasciatus larva

Herbal Essential Mortality (%)+SD/time(min.) Morphological Aberration
. 10 15 30 60 NL? pl¥  ppY  wp¥ p¥

ol (%) (%) (%) (%) (%)
Z. limonella oc” 40.0+1150  65.0+143  87.0:163b | 50.0 3550 1.0 05 130
I. verum 16.0:126b 250#1.18c  56.0:227b  73.0:206b | 13.0 550 5.0 0 27.0
C. verum 78.0:073a 94.0:052a  100a 100a 88.0 120 0 0 0
Positive control Oc od Oc Oc 0 0 0 0 100
(ethylalcohol)
Negative control Oc 0d Oc Oc 0 0 0 0 100
(water)
CV(%) 24.80 20.78 18.56 12.48

means in each column followed by the same letter are not singnificantly different, P<0.05
by DMRT

NL = Normal larva, death during the larval stage with no evident initiation of pupation

DL = Deformed larva, death during early stage of pupation

PP = Pre-Pupa, death during pre-pupal stage and pupanot completely out of the larval
exoskeleton

¥ WP = White pupa, the pupa died before hardening and darkening of cuticle, and was

known as “Albino”

P = Normal Pupa
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Table 10 The LT, value and LT, value of three herbal essential oils in 5, 10% concentrations

against Culex quinquefasciatus larva

Herbal Essential oils LT, value LTy, value
Concentrations 5% (hrs.)  10% (min.) | 5% (hrs.)  10% (min.)
Z. limonella 25.59 44.52 47.76 11242
I. verum 5.01 47.91 12.86 110.24
C. verum 4.96 9.13 7.76 12.51

Positive Control{ethylalcohol)

Positive Control (water)

N

*

*

*

none of LT, value and LT, value
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Table 11 Toxicity of three herbal essential oils in 5% concentrations on mortality and

morphological aberrations of Culex quinquefasciatus pupa

Herbal Essential

Mortality (%)+SD/time(hrs.)

Morphological Aberration

oils 6 12 24 48 BP* DFY  pPAY AY
(%) (%) (%) (%)

Z. limonella Ob 300+1555  380:13a  79.0:1.15 | 3.0 140 520 210

I. verum 3.0:048a 3.0:0480 6.0:051b  490:273c | 12.0 300 7.0 51.0

C. verum 0b 0c 440:172a  100a 220 4.0 740 0

Positive control Ob Oc Oc od 0 0 0 100

{ethylalcohol)

Negative control ~ Ob 0c 0c 0d 0 0 0 100

{water)

CV(%) 41.28 24.54 18.08 14.53

by DMRT

BP = Dead normal-brown pupa

DF = Deformed pupa, death during pupal stage

A = Normal adult, completely from the pupal stage

means in each column followed by the same letter are not singnificantly different, P<0.05

PA = Adult attached to the pupal case, death after having partly emerged
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Table 12 Toxicity of three herbal essential oils in 10% concentrations on mortality and

morphological aberrations against Culex quinquefasciatus pupa

Herbal Mortality (%)+SD/time(hrs.) Morphological Aberrations
Essential oils 1 3 6 12 BP? DFY  A*
(%) (%) (%)

Z. limonella 14.0i1.71a’” 38.0+1.22b 78.0£2.90a 100a 94.0 6.0 0
. verum Ob 9.0+0.88¢ £68.0¢140b  100a 86.0 14.0 0
C. verum 15.0£2.01a 59.0:233a 84.0+0.97a 100a 48.0 52.0 0
Positive control Ob 0d Oc Ob 0 0 100
{ethylalcohol)
Negative control ~ 0b 0d Oc Ob 0 0 100
(water)
CV(%) 57.80 24.08 21.32 864

3/

4/

means in each column followed by the same letter are not singnificantly different, P<0.05

by DMRT

BP = Dead normal brown pupa

DF = Deformed pupa, death during pupal stage

A = Normal adult, completely from the pupal stage
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Table 13 The LT,, value and LTy, value of three herbal essential oils in 5, 10% concentrations

against Culex quinquefasciatus pupa

Herbal Essential oils LT,, value (hrs.) LT,, value (hrs.)
Concentrations 5% 10% 5% 10%
Z. limonella 31.02 3.86 52.54 7.20
{. verum 49.01 5.21 7277 7.24
C. verum 24.46 2.90 29.27 6.35
Positive Control(ethylalcohol) * * *
Pasitive Control (water) * X * *

none of LT, value and LT, value
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Table 14 Toxicity of three herbal essential oils in 10% concentrations on mortality of Aedes

aegyptilarva and Culex quinquefasciatus larva at 60 min.

Herbal Essential oils

Mortality (%) + SD

LT,, value (min.)

Ae. aegypti Cx. quinquefasciatus  Ae. aegypli Cx. quinquefasciatus
Z. limonelia 100a” 87.0+1.63b 10.91 44.52
I. verum 100a 73.0+2.06b 15.01 47 .91
C. verum 100a 100a 1.18 9.13
Positive control Ob Oc - -
(ethylalcoholt)
Negative control 0b Oc - -
(water)
CV(%) 8.13 12.48 - -

means in each column followed by the same letter are not singnificantly different, P<0.05

by DMRT



41

Table 15 Toxicity of three herbal essential oils in 10% concentrations on mortality of Aedes

aegypti pupa and Culex quinquefasciatus pupa at 24 hrs.

Mortality (%) + SD

LTy, value (min.)

Herbal Essential oils

Ae. aegypli Cx. quinquefasciatus  Ae. aegypti Cx. quinquefasciatus
Z. limonella 100a" 100a 0.22 3.86
I. verum 87.0+£1.70b 100a 14.58 5.21
C. verum 91.0¢1.37a 100a 10.14 2.90
Positive control Oc Ob - -
(ethylalcohol)
Negative control Oc Ob - -
{water)
CV(%) 18.81 8.64

by DMRT

means in each column followed by the same letter are not singnificantly different, P<0.05
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Fig 1. Effect of three herbal essential -oils' (10% concentrations).against larva of Aedes

aegypti and Culex quinquefasciatus

LT, value

(hrs.)

L L I B B « VR Ce ]

Z. limonella

1. verum

Herbal Essentail Oils

W Aeraegypti
B Cx. quinquefasciatus

—

C. verum

1

Fig 2. Effect of three herbal essential oils (10% concentration) against pupa of Aedes aegypti

and Culex quinquefasciatus
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