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[ Abstract] The objectives of this paper were to evaluate the mosquito larvicidal

activity of leaf essential oils and their constituents from three eucalyptus species
(Eucalyptus camaldulensis, Eucalyptus urophylla and Eucalyptus citriodora) against
two mosquito species, Aedes aegypti and Aedes albopictus. Essential oils were
prepared by water distillation, and the highest oil yield was obtained from E.
urophylla leaves. Among these oils, leaf essential oil of E. camaldulensis had an
excellent inhibitory effect against both A. aegypti and A. albopictus larvae, with LCs
values of 31.0 pg/mL and 55.3 pg/mL, respectively. In addition, the chemical
compositions of the three eucalyptus leaf essential oils were analyzed using Gas
Chromatography-Flame lonization Detection (GC-FID) and Gas
Chromatography-Mass Spectrometry (GC-MS). The 14 pure constituents extracted
from the three eucalyptus leaf essential oils were also tested individually against two
mosquito larvae. According to the results of mosquito larvicidal assays, the effective
constituents in leaf essential oil were a-phellandrene, limonene, p-cymene,
y-terpinene, terpinolene and a-terpinene. The LCs values of these constituents against
two mosquito larvae were below 50 pg/mL. Among the six effective constituents,
a-terpinene exhibits the best larvicidal effect against both A. aegypti and A. albopictus
larvae with LCso of 14.7 pg/mL and 25.2 ug/mL. Results of this study show that the
leaf essential oil of E. camaldulensis and its effective constituents might be

considered as a potent source for the production of fine natural larvicides.

[ Keywords ] Aedes albopictus, Aedes aegypti, Essential oils, Eucalyptus

camaldulensis, Leaf, Mosquito larvicidal activity
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2 HEMNTR > 52402 48 hi#B% (s 3 B Eugenol 2 &1 F > LCso & B 5
753 pg/mL 2 5.57 pg/mL > # =% Bl 5 Thymol (24 h 2. LCsp=33.65 pg/mL > 48 h
2. LCsp=233.31 ug/mL) ¥ Carvacrol (24 h z_ LCsp=235.48 ug/mL > 48 h 2. LCsg
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PHMVZEL LS B I #2824 h 2 2 REPREAFT > BEFR T
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4 a-Terpinene ~ y-Terpinene ~ p-Cymene ~ 3-Carene ~ Terpinolene f= 3-Myrcene 6
i & P i g % H.2. LCs #5143t 50 pg/mL ( Cheng et. al., 2008a ) ; »* ¢*
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dp L R GG o pH E A3 7.6-7.8 - B At E T B AHE > 0
AR 87 & 48 - #4510 & ; | #71 (Eucalyptus citriodora) 2. £+ > 34 p
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AERR Y B AN LR A BT E AR S LN e &8
% maix %5 B (Aedes aegypti larvae) % & #saix 2t @ (Aedes albopictus larvae) -
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1. ez 5B

hiRER AR F R F PR 0 H A 0 K200 gz AR E £
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2. X025 R 2 EE
(1) # Ap & A7 4 47

ZHRAREESIES S A & 28 2 4474 * Thermo Trace GC Ultra
F AR 47 R > ~ 3¢ 1L % DB-5MS (Crosshbond 5% phenyl methylpolysiloxane ) -
R A30mM M 5025 mme A 5025 pme §E F M F F hiniE 5 1mU/min
4yt (Splitting ratio) 3 1:60 ¢ i %43t (Injection port) 8 A& 3 250°C - &k ip| B
5 & Wad % pE (Flame ionization detector, FID) ° = f&{&ftE + 4 #7i& *
e 4B R 5 40°C 0 #FE 2 minté > 12 3°C/ming= Bk & 3 140°C > £ 2 10°C/min
i BE R 1250C o FARRVTRAE R I E A HR L2 T E o

(2) # tp R A7-F 3 A A7

ZERAE S M A A 2 445 %1% Thermo= @ 2 Trace GC Ultra # 4p &
17 ke &£PoLarisQMSDF ¥ k& T8 2 - gL B AR EF Hd ne fhe
FafrfE (1%) % @ikisid » F AR K47 & > #Fi2 * 2 A 4 45 DB-5MS (30 m
x 0.25 mm x 0.25 um) » Y3 F 4§ F ki 3 L mL/min iLs3 R R 5 250°C -
P+ i TELT0 eV T B (Mass range) m/z s 50-650 am.u. > 4 15 if i+ &
rikz AR R AT RAPR o = A Fw + i * National Institute of Standards and



Technology (NIST) 2.0fcWiley 7 F L B e 3 vt 4 > 30 i¢ % R0 538 (7 £ /3 8¢
(Co-injection )7z ®_2_ o #* ¢+ » = & * Kovats indices( Kl ) i& {7 +* ¥+ ( Adams, 2001;

Giamakis et al., 2001; #4#s & & » 2006) - KlE ety o N 4e™ #r3 !

Logt'rx) — LOgt'rn)

KI=100N+100n
Logt'r(n+n) — LOGt'R(N)

troyTe trven) © 5 BN 2 N + n 2 o & cin-Alkanes i & §# PR » & & &
C e X2 FHEPEEFLREANEEN 2 N+n 2 n-Alkanes 2 § #
PERF o

tRy @ & AGTi E4 X2 BT FHBER -

3. #’Iﬁa%—ﬁdv& wE

RES YRR NS B R B S fon Sumix e f o F A aE e &
% 4 1= @ A T (Dimethyl sulfoxide, DMSO ) i3 i » £ 4e » 25 mLz # 4k ¥ >
# % e 8 £ 400 ~ 200 ~ 100 ~ 50 ~ 25 pg/mL ; Fb 41 % A Fe ] 250 - 25~ 125~ 6.25
pg/mLE 2 PR &ER » F - JREAE > S 5 2 mix % f{od Roix s f
108 45 F M@ 2 par» A2 B E DT REERRY A WEERHEES A
24 hig ez = dep > 24 hid s fenm = P A R> 5> 54 3 Fk
B2 b S e 2 B 3 2 B RS R B S 4 h 2 ik R A& (Lethal
concentration, LCsp) > 14 % T Yo dx % AR&AFL0%EFMTE 2N ERKE
(LCy) > #F=E A B 54 -

IV~ &5 2
(1) = fafcE+ 42 5 2

T K EE E AT  BRME S M S AR AR FE
Bh @A e R S 5057% (1041 mkg) s Ek RE S W TS :



2.19% (30.11 mL/Kg) 5 #& H1eE + 4 e 5 2.15% (25.64 mL/kg) » o ¢t & %
Bao HEREFFD RS A ARFRES N a A RREFHDF
PIE B o ARERESFHH AT 5T TL R > 19458 ¢ (19965 1998) ¥
At R EEEELARE R REIFD I o REN A A RES N LF
2.28% (% %)~3.05% (% £ );m deEI HFa s n 51.10% (% £ )~2.82%
(LF) #HH P AR TRANRETE AL TE 7 g Ao

(1) = R + 4 2 Fupdox 4 Jis it

B3R 2 B o 2 PR e 2 R TR Sk AR A
B2 pairfen MEx o G0 24 1S enpupm s Bk 0 R IRR L 2k R
ARETRIFRE S S HS 2 a2 B2 R&>F4oB1lar7 0 @ % kR 5200
ng/mLpF » Lk fifrAfes FEFIHD 7 L 2INBE 2 sk B o0 A BREFRE
o 2 prax2 Kv R 5 97.5% 0 F @& % k& 5 9100 pg/mLpE > £ & fefe
BIFR- BES M0 H5 2 srix s BanR 7 54 B % 1 66%7c45% o i 4 fe 5
FE B R S i B DIV PR AR E S R SR i B
F g ndrdrae o B25 BEk24 his 2 RERZ LA R A RTORIFRE S
Ho A R 5 > @ % kR 5400 pg/mLpF » A RicRIFREFHR 7
TR FRM G B s o (e -kl O RO Romix s Rz KRG
75.0% > @ % & * k&5 5100 ug/mLpE > A R o M0 AR mkx 2 B R & K
BT A T75.0% 0 J 0BT A RE T O H S R AR S B30T 4 B d R
prbe o ¥ b L0 KRB BRHE S F S EHE 2 i Ffod Amirs B2 L
3% 7 )k & ( Median lethal concentration, LCsq) > 14 % 1?5%-&;4&& & 5 90%FF #1
T2 EREE (LCy) I » BB A IR EF B 5 2 saixs B
fro Bprds s J R > F R %3 AT 0 2 T B 2 A R AT
(O,0-diethyl O-3,5,6-trichloro-2-pyridyl phosphorothioate » % ﬁ;ChIorpyrifos) i®
L¥tmae (#%ER 56253125156~ 0.78 ~ 0.39 pg/mL) > # & & bof 147
oo Tk E S 2 six 2 B E% 24 his chlCsofrlCoo i 5 95.5 pg/mLAr
166.3 pg/mL > ¢ Mmsaix 24 B L CopfrlCqo e 5 285.8 pg/mL{f- > 400 pg/mL ; @
F R E S M M 2 sk 2 B3R5k 24 his 9iLCefrLlCoo e 5 31.0 pg/mL4-71.8
ug/mL > $v Apaix % f Ol CsofrLCooE & 55.3 pg/mL{r192.4 ng/mL 5 # & ¥ &



FF M 48 2 mix 2 B #5%k24 his hlCsfrlCo & % 112.8 ug/mL4r252.0
pug/mL > $o Szrdx 2 B Al CsofrLlCoo & 5 103.3 pg/mLAr247.4 ug/mL o d 12+ 4
A ARE SN HE Z sixded Moaix s B3 (FE Btk o P {2
AL % B g Bk W e Romis % G { 4F o

#2145 Dharmagadda % 4 (2005) 3% B~3' %% % (Tagetes patula) #id - 4
2 paix ~ 4 7dx (Culex quinquefaciatus ) % & #x (Anopheles stephensi) = f&
% B FPURSE % AR B R BT IR O B 2 s g Bk
% B5g 0 B LCsofr LCop & 4 %] 5 13.6 v 37.9 ng/mL ; 4 dx 24 & (LCsp f= LCoo
BA B A 12140 57.6 pg/mL) ehd Bk B o d ¥4 ik s B hd otk
gei § 78R4 1 2 3 LCsofr LCoo 4 5] 5 22.3 {7 71.9 pg/mL-Cheng # * (2004)
frElde= (2006) § =% 7 o it &%k 2 p 2 E M0 2 Fupdax e o
Wi kR G 100 pg/mL pF > 42 A FEA o A FE-HA ¢ g3l 2 F HESFH
b SE 240 RS 1S 0 2 sl frd Mptix o F SRSy K07 2 1) 100% ;
I AFER 2 fEE S HE D LCs E A W 5 36.2 fr 40.8 pg/mL > @ 2 A fiE-
AL a2 B RE S M e LCs B A B 5 43340 46.5 ug/mL o ¢ > 3E &
W2 A (2003) FELE Vi EIRHR > THE 22 ARG BEFR
Ed 48 hzskis » @ % kR L 100 ug/mL P » 340 45 2 paixe s B2 k™
F¥E 3 100% > H LCs &

5473 ugmLeSFE %k 0 AREIHFNE

PR FURG S A MIRR OE MR T Irflp e ol £ o

(I0) = Bt F 0 = 42 247
oA E T N RS AR R B kR o ST F

FHM P B PR S AR A A 0 F1 o {1% GC-FID {r GC-MS % A 45 %

CHEREEIHAY PRS2 TR A2 5 AT IS 2 e s EREedp

8 od 228 AREIHFD D GC-MS A5 8715 » B Fw - v 4t
2)r ¢ 3

O BH Figpi L4 (8l41% )5 BH s 5 &% (1255%)~1 B

HAEAE - &4 (050%) 2 S@BBEL{HEF tEF (312%) B H

20 EF R Z R 5 9758% I FHHET UEA S 458 (£

AR @ Y & Fena-Pinene #rikz b B F 0 7 ® 5 22.52% 0 H = £_p-Cymene

(21.69% )4~ a-Phellandrene(20.08% ) » #* & % 2 #3k 2. (1996 )~ Tsiri % + (2003 )

8



gL & A (2006) A trenA e E I EG R A o B RFV AT §
BE AR ETSA RTE e

I TEREI DL GC-MS s {78 ie > B EgT I 2581 &
PoRTEL BTN RICFHHETUTRA G A (£2) 250 BHEY
AL (1380%) 7T BEEEE s F t &4 (77.38%)~5 B3 L fnipa s

‘e

G4 (3.02%) M2 ABRERFLTF LS (158%) B » wHiRHz §
& 1 1,8-Cineole #7ib 2 5l& B > 7 £ 5 58.34% > H = 4_o-Terpinyl acetate
(14.87% )f= a-Pinene(6.25% ) » #* % % 22 #38 & (1998 ) {- Cimanga % + (2002 )
tpf o 222 Singh & 4 (1988) #rAafrend-hbfEF HH 24 2 F 0 B RFV A
ALEEFARCEREISRETE I Brirg o

RBEFRES M 5d GC-MSA 7818 » BB FT ~ W NI5E M &4

7% »9751%- i 5. ‘Lf#“’ MR A AR (£2) ApH FRippa - &
F(1.10%) -8 H jrsg 2 § 1 &4 (92.79% )~ 11 & L jEfgmpta i & 4 (3.20%)
ME2BBLEAEZF &P (040%) H P oo 0 H JEE i & 4 nCitronellal
Arib2 vt BB 0 7B 5 62.36% 0 H =t - neo-lsopulegol (11.33% ) f-Citronellol
(9.75%) » # 2 % 22 Bignell & 4« (1991) -~ Dagne% + (2000) ~Rao% + (2003)

i o #2BrCitronellal 5 2 = & o

(IV) Z BRAHE + i 2 L Fup il s A1

0 PR Z AR O Up S 2 B e B ar s A E S Y &
TR OFUR SR 2 U 0 T AR R E S M Y S GC-MSA 7 EE R 2
12 i+ & # (a-Pinene ~ a-Phellandrene ~ a-Terpinene ~ p-Cymene ~ Limonene ~
y-Terpinene ~ Terpinolene ~ 1,8-Cineole ~ (-)-Terpinen-4-ol ~ a-Terpineol ~ a-Terpinyl
acetate ~ B-Eudesmol )» 2 & ¥ - + # ¢ @ 2 Citronellal{=Citronellol 2% i & 4 >
F AR G PR TR B O MU % ) 2 SR R R

VITE R A S G R AT TS R R xR RS R Aok 3 T o
d % 3% ¥ 5iF 24 h #% {6 > a-Pinene ~ 1,8-Cineole ~ (-)-Terpinen-4-ol -
a-Terpineol ~ a-Terpinyl acetate ~ B-Eudesmol ~ Citronellal §= Citronellol 8 #& i* & #-
Wi 2 padx s 77 B 5 F Bk o B LCy @35+ 50 pg/mL - 2 H 4648
it &P 2 LCso B2 B M8 R & B 5 y-Terpinene (30.7 pg/mL) > Terpinolene (28.4



ug/mL) > p-Cymene (19.2 ug/mL) > Limonene (18.1 ug/mL) > a-Phellandrene (16.6
ug/mL) > a-Terpinene (14.7 ug/mL) » ¥ 57 a-Terpinene sifrd]sc % & 45 » H =X p &
a-Phellandrene ~ Limonene % p-Cymene -

14 fa = & $d Rardx 2 F o LCso fr LCo EAr# 3 #751 > 53 % 24 h 1 >
a-Pinene ~ 1,8-Cineole - (-)-Terpinen-4-ol ~ o-Terpineol - a-Terpinyl acetate -
B-Eudesmol ~ Citronellal 4= Citronellol 8 f&.i & 4= v Mprdx s & # 73 £ 5 F Mok
% 5 H LCso s+ 50 ug/mL e T3 H # 6 1 &4 H LCs B2 B IR 4
p-Cymene (46.7 pg/mL) > a-Phellandrene (39.9 ug/mL) > Terpinolene (35.6 pg/mL)
> Limonene (32.7 pg/mL) > y-Terpinene (29.8 pg/mL) > a-Terpinene (25.2 ug/mL) »

s % Bpom o-Terpinene ¥f o Sza i % f cngir s % bo4F > # =0 R| & y-Terpinene fr
Limonene -

FENM IR E A ARE MW Y AR AP AR Ao
AHARERGE T EF BT AREIHR LG P B IS h2 E

V-~ 5

hAMN LGSR 2L S0 il L]y BB F BT R KA
FI* AR L S R 0 T3 B HIRDEATE o FIUt o ARHR AN R EHE F AT
f TRt ARTrRERESHO > S AR RAHS 00 BEFaoARk
EF M cF 5 057% (1041 mL/kg); &k HEFHdjcF 5 2.19% (30.11
mL/kg) % BiFHE+ H i jcd 5 2.15% (25.64 mLKg) * S5d Fupsfids 2 fiis
MiTeBs @ LEREFIHDHEE 2 saixfre Moader s f2 TR MER
(LCsp) ~ %] 5 95.5 pg/mL 4v 285.8 pg/mL ; 4 &3 F # % ¥ 2 sadxfre M
3% & e LCsp A 5 5 31.0 pg/mL 4 55.3 pg/mL ; & REFHRE S i $5 % o
drfee Morix s B LCs 4 %] 5 112.8 pg/mL 4 103.3 pg/mL > &7 # - +
5 G AR GE M A MR R T LG g 2 s fod s
BB zE o ¥ b ig- g d GC-FID v GC-MS » {744 % # 4> & g+
HadZEER I &5 S HjRMEma 44 (8l41% ) H 4 &4 %5 o-Pinene
(22.52% ) -~ p-Cymene (21.69% ) % a-Phellandrene (20.08% ) ; & & & +
M BRI ESLHE BN E VL (T738%) H 4 &4 % 1,8-Cineole
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(58.34%) s RiFteEF M z 2R Fchi  EF S Hipagz 5  £4 (9279%)
H a4 % Citronellal (62.36% ) = fafeEFMHp P 4B L9246
o ddx 2. 2 % 9 o-Terpinene ¥t % padxz Frd|sc%k 45 (LCso & 5 14.7
ug/mL) - H = RB] % a-Phellandrene (LCso i& % 16.6 ug/mL) ~ Limonene (LCs i&
% 18.1 ug/mL)% p-Cymene (LCsp & % 19.2 ug/mL) ; % >t drd|e MRpadx2 »chk o
P12 o-Terpinene # 4+ (LCsp & 5 25.2 ug/mL) - H = &_y-Terpinene (LCs i 5
29.8 ug/mL ) 4 Limonene (LCsp & % 32.7 pg/mL) > 87 A fE F 4w & 3 7 48 0
PR Bix 4 2 B A Bl ARG T e
PREFEETRAME SRR 2 E S0 LG A bR BEE 0 F
BB 2R e E SR 2 E oS R R FRD R
Apenf| ¥ 2 B AR E M’i*"ufﬁ*“ﬁpén’}’af-ﬁ’%‘%ﬁf%ﬁ#ﬂ~
%%ﬂ?’ﬁiﬁ&rﬁiylﬁiﬂﬂ RN A SIS £ Sk
P AR e doac R JI* 0 FRAET ARER FEE LY ThOm T o B st &
A 2 R o IS PRI ok BB R 2 T E o

VI ~ R3#t

rETRFREL EHAEAREFT ST (97-00-520) 0 Wz SA L E L b
FRELERR B TE? AR SR LA ERAAFIF]
TALFLEFLAFPRABIORT A LA TR LR R

2B Attt o og e R e

VI~ 317 2 g

SRR R R P EL FRAR G B F Mg (2003) S 4R E M
2OH AL 2 PR ES o ¢ EHRE £ 361 73-79 -
Bhd (1996) A EMHM § B2 L E LA o SHHEMS 11(2): 149-157
Hrh R (1998) LA EHM B2 L E X AT o S HRERS 13(4):291-300 -
Fosy Rl 2 F 3 R4 (2006) v fE R E Y B A 2 FE FE
2R o B EFE 21(1) - 49-61 -
Fldr= (2006) = A1 F & 5 2 f REFHdIwE - K F - pids A2 3
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Table 1 Lethal concentrations (ug/mL) of leaf essential oils from E. urophylla, E.

camaldulensis and E. citriodora against fourth-instar larvae of A. aegypti

and A. albopictus in 24 h

Specimens A. aegypti A. albopictus
LCso LCoo LCso LCqo
E. urophylla 95.5 166.3 285.8 > 400.0
E. camaldulensis 31.0 718 55.3 192.4
E. citriodora 112.8 252.0 103.3 247.4
Chlorpyrifos* 1.1 24 1.4 3.6

* Positive control.
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Table 2 Chemical constituents of leaf essential oils from E. urophylla (EULO), E.
camaldulensis (ECaLO) and E. citriodora (ECiLO)

Concentration (%)

NO KI*  Constituents Identification”
ECaLO EULO ECiLO

Monoterpene hydrocarbons 81.41 13.80 1.10

1 939  a-Pinene 22.52 6.25 0.13 MS, KI, ST

2 978  B-Pinene 0.35 0.72 0.55 MS, KI, ST

3 991  B-Myrcene 0.45 0.33 - MS, KI, ST

4 1005 o-Phellandrene 20.08 - - MS, K1, ST

5 1017 o-Terpinene 1.24 - - MS, KI, ST

6 1025 p-Cymene 21.69 0.40 - MS, KI, ST

7 1030 Limonene 4.56 - 0.13 MS, KI, ST

8 1039 cis-Ocimene - 3.55 - MS, KI

9 1050 trans-Ocimene - 0.64 - MS, KI

10 1060 vy-Terpinene 9.36 0.50 0.29 MS, KI, ST

11 1085 Terpinolene 1.16 0.87 - MS, K1, ST

12 1129 allo-Ocimene - 0.54 - MS, KI

Oxygenated monoterpenes 12.55 77.38 92.79

13 1034 1,8-Cineole 9.48 58.34 0.27 MS, KI, ST

14 1099 Linalool - 0.10 0.13 MS, KI, ST

15 1148 neo-lsopulegol - - 11.33 MS, KI

16 1154 Citronellal - - 62.36 MS, KI, ST

17 1158 iso-Isopulegol - - 6.60 MS, KI

18 1171 Borneol 0.34 0.24 - MS, KI, ST

19 1180 (-)-Terpinen-4-ol 1.21 0.60 - MS, KI, ST

20 1194 a-Terpineol 0.99 3.04 0.13 MS, KI, ST
1227 Citronellol - - 9.75 MS, KI, ST

21 1290 Thymol 0.53 - - MS, KI, ST

22 1347 o-Terpinyl acetate - 14.87 - MS, KI, ST

23 1350 Citronellyl acetate - - 2.22 MS, KI

24 1379 Geranyl acetate - 0.19 - MS, KI, ST

Sesquiterpene hydrocarbons 0.50 3.02 3.20

25 1373 a-Copaene - 0.18 - MS, KI

26 1414 p-Caryophyllene - 1.24 3.20 MS, KI, ST

27 1434 B-Gurjunene 0.50 0.19 - MS, KI

28 1518 y-Cadinene - 1.02 - MS, KI

29 1521 4-Cadinene - 0.39 - MS, KI

15



Oxygenated sesquiterpenes 3.12 1.58 0.40

30 1566 E-Nerolidol 0.11 0.33 - MS, K1, ST
31 1577 Spathulenol - 0.23 0.17 MS, KI

32 1584 Globulol 0.91 0.92 0.23 MS, KI

33 1623  10-epi-y-Eudesmol 0.13 0.10 - MS, KI

34 1632 y-Eudesmol 0.78 - - MS, K1, ST
35 1651 pB-Eudesmol 1.19 - - MS, K1, ST
Total (%) 97.58 95.78 97.51

Oil yield (%, w/wt) 0.57 2.19 2.15

#Kovats index relative to n-alkanes (Cy-C17) on a DB-5MS column.

®MS, NIST and Wiley libraries spectra and the literature; KI, Kovats index on a

DB-5MS column in reference (Adams, 2001); ST, co-injection with authentic

standard compounds.
° Not detected.
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Table 3 Lethal concentrations (ug/mL) of 14 compounds from E. urophylla, E.

camaldulensis and E. citriodora leaf essential oils against fourth-instar

larvae of A. aegypti and A. albopictus in 24 h

Compounds A. aegypti A. albopictus
LCso LCoo LCso LCoo
a -Phellandrene 16.6 36.9 39.9 >50.0
1,8-Cineole >50.0 >50.0 >50.0 > 50.0
Limonene 18.1 41.0 32.7 50.0
p-Cymene 19.2 41.3 46.7 >50.0
7 -Terpinene 30.7 >50.0 29.8 475
Terpinolene 28.4 46.0 35.6 >50.0
a -Terpinyl acetate > 50.0 >50.0 >50.0 >50.0
a -Terpinene 14.7 39.3 25.2 >50.0
a -Pinene >50.0 >50.0 >50.0 >50.0
a -Terpineol >50.0 >50.0 >50.0 >50.0
(-)-Terpinen-4-ol > 50.0 >50.0 >50.0 >50.0
pB-Eudesmol >50.0 >50.0 >50.0 >50.0
Citronellal >50.0 >50.0 >50.0 >50.0
Citronellol >50.0 >50.0 >50.0 >50.0
Chlorpyrifos* 1.1 2.4 1.4 3.6

* Positive control.
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Fig. 1 Mosquito larvicidal activities of leaf essential oils from E. urophylla (EULO),
E. camaldulensis (ECaLO) and E. citriodora (ECiLO) at different
concentrations against fourth-instar larvae of A. aegypti in 24 h. Each

experiment was performed four times and the data averaged (n = 4).
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Fig. 2 Mosquito larvicidal activities of leaf essential oils from E. urophylla (EULO),
E. camaldulensis (ECaLO) and E. citriodora (ECiLO) at different

concentrations against fourth-instar larvae of A. albopictus in 24 h. Each
experiment was performed four times and the data averaged (n = 4).
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