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Abstract: To find the essential oils with high insecticidal activity and promote the development of
hygienic insecticides, essential oils from 41 plants belonging to 17 families were evaluated for adulticidal
activity against female adults of Culex pipiens pallens by airtight fumigation in conical flask and hermetic
round canister method. The results showed that 26 essential oils (12 wL/L) including spearmint oil,
lavender oil and Litsea cubeba oil were very toxic to the mosquito ( KTs, <15 min) by airtight fumigation
in conical flask. Further assay using hermetic round canister method indicated that 5 essential oils
(wintergreen oil, blumea oil, peppermint oil, Eucalyptus robusta oil and E. globulus oil) had high
fumigation toxicity at the concentration of 10 wL/L, and their KTy, values were 16.91, 21.20, 22.57,
18. 43 and 19. 48 min, respectively. The results demonstrate that wintergreen oil, blumea oil,
peppermint oil, E. robusta oil and E. globulus oil all have high fumigation activity against C. pipiens
pallens , with the potential to be developed as hygienic insecticides.
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SRR RN AR AR B A — € #1E (Wang et al.,
2009) . Hik, FFRFIFRER . KRHFE TAE R
BRI M B ATE . AP IR,

FE I (essential oil ) J&— AW IR UK AR ARG
YR, o FRB/D, JHKESEL, VER—E
FERPERMRB AR BT, BARIE . R
REFFLA, SRAERAGHREIYE, LHZ
HAWREAN. R, EEETENTAEFRK
Bite. HAET, RTHEMX TAEF RpEER PR
PERRBLR, . JF3R Apium graveolens, B2k ¥
Carum carvi, 3§ AR Curcuma zedoaria. BE 7% Piper
longum F)\f8 Ilicium verum ZEF8 %) #1 8} Hp 3R B
KX R AP Aedes aegypri JR ¥ BA B ARG 1
(Chaiyasit et al., 2006) ; RAAE. B EEMH. &
ZORETH . RRIETORG MRS T [ Anopheles stephensi
R K i B BE L Culex pipiens quinquefasciatus
WABRBARIEYE, PR 3 fi iy BA
BRI IR EEE ] (Veena et al., 2005) 5 LT
Litsea cubeba FIREUH LG T (L. cubeba oil) %R
B AP SORBURS PSR R AT IREESOR , HXTR K
BHISOME B 7 5P S 8k /E A 1B 2 (Lalko and Api,
2006 ; Tawatsin et al., 2006 ) ; JvE faf 7 3= 2 0K
FRITT N TRRT I SUB B Aedes albopictus FIHR £ 8 R,
BKGEEFE FH (R348 55, 2006) 5 5 i FEABUR S I &
BUAR A 2-—, X SRR E R P O &)
B EA RIFREZERFERYOR (K5, 2009),
SR, E AT LUK A& H i T AR 3 BB 428500 7= i
4>, H 4 UK, 40 Termimx® ALLCLEAR®
Sidekick , Super Band™ %, XJEEFEFINITT & SIEARE

Foh, REENSNE TR T YR X iR 5
06T RO % TAE (404, 2004 ; Trongtokit et al.,
2005; Lee et al., 2006 ; Zhu et al., 2006) , {Hif%TE
EIAIR, BRI D EAFITRE BRI
%, REHAEFEWEYEMEIR, S 500
RMFEHEY T IZ 0T 20 ZHEH, BRELS
B, LTI, ABEFELIR 6 2 SOl U e,
X BAREEBAFE W ILH 17 B 41 FrEY
BT T ARBOEHEVEAN, JoBiF B BUE YR b2k TR
F PR SR LR PR

1 #MR5ETE

1.1 fhiEim
PEF 17 BH22 J& 41 FAEMAEI (R 1), #92RA

IKZERFRIBERG, T 2012 425 A 20 5 ILE
A KEIKEE BB AR R ) .
1.2 #hilEH

REEBL C. pipiens pallens WAL F 2 R #F}
SFBEGIF, EPTILRMBHIR TR FER BT
FHLIRERENGERE 26 £ 1°C, MR E 65% =+
5% , JGJE 121 12D) fRl 3%, B 57 —BUR R 3
H B HE IS
1.3 =ZAmBEFHFEENRE

SR8 0 = MR ZEE (VLA %, 2002) %)
AARE 41 FAE YR MR IR € P R ZR TR, ETR
I A b, e WA SR E R 12 pl/L, 5
B BARERAE D SB1E 330 mL =AM A 20 kit
iy, 7ERR R ZE b B 2 — R UEAR K (1 em x 3
em) , FHEINE BRI (BARWE Dy 12 wl/L), &
BT B I, FFITIE, hE 30 s iCR—IRPGE
AR, BAHLHER 3K, FRRE BN E,
MRS IRBE 26 £1°C, FAXHBEE 65% 5%
1.4 FHAEGHEFZEMRE

ET=MMBEZREEMEL R, X KTs, <15 min
9 26 ks 2 — 25 SR P 2% P IR R R0 (R OIL 78
REKERT, 2009, 55 2 For) I EAERCR, LK
FF BB RRR L, (UK B & W]
BHE 5 (9AE 20 om, 15 43 om), BEZEWKE Jy 10
wL/Lg
1.5 BEGHSSH

R SPSS16. 0 K 4 i Bl R AH 7 A 5 3 &
KTy, . #1078, RITH. 95% BIfFER,

2 HBRE5HH

2.1 41 FhAEYDAE it X5 2 B dprE B i B AR TR

K= AMBEZR LN E T 41 Foks xR @ %
BB, SRR 2, MR 2 ATA, 41 FitE
YRE T BIX IR 0 B O R B AN [R) 2 B ) TR 2R 0
Hrp: ByisFIm. 208 FPEEED . AT, ¥
U I i N o I 3 v e N = -2 AN ¢
HIE . LS. TR ZRUB R Il . D5
H 22l A 3SCHIMEE 17 Rk xR €6 i
E\-ﬁ?ﬁﬁﬂgi?ﬁﬁ'ﬁ, KTsoigE 10 min I«JV\], jl‘:l«‘l
AHFMEZIGEERL, KTy N 4.01 min; 1
T ZATEE . BRI AR 14 RO IR € FE iU B
FEMFRL—M, KTs,7E 10 ~20 min Z[H]; T MM
10 FREME R TE M2, KTs7E 20 min D) |,
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Table 1 List of test essential oils from plants

A} Family J& Genus fif' Species Ml Essential oil
257 P} Rutaceae %8 Citrus ¥ C. sinensis FE I Petitgrain oil
& C. reticulata Y WEAE Tl Cold squeeze mandarin oil
ZEBRE FIh Steam distillation mandarin oil
21 4% Tangerine oil
WAL C. aurantiuvm HCIRAE M Dai-dai flower oil
I Dai-dai leaf oil
#H C. limon K FrETl Winter lemon oil
FFPEEI Lime oil
AZPB} Gramineae 5@ Cymbopogon T/ C. schoenanthus & Citronella oil
PR C. citratus FrEE B Lemongrass oil
JEIE B} Labiatae T B Mentha AT M. haplocalyx 777l Peppermint ol
227 M. spicata B4 2% 79 Spearmint oil
W@ Ocimum THBH 0. gratissimum T 7% ¥ Eugenol type basil oil
FEAHE Lavandula A L pedunculata F A K Lavender oil
I8 Perilla I P, frutescens SESRIH P. frutescens leaf oil
P57 I8 Rosmarinus YT R, officinalis Pk 7L Rosemary oil
\FAF} Miciaceae NHIJB llicium N L verum J\A I Star anise leaf oil
J\SHTHF Star anise oil
FiB} Lauraceae ¥iJ& Cinamomum WA C. cassia AT Cinnamon oil

AR} Pinaceae

B4 P Liliaceae
B4 I Bl Myrtaceae

A BB} Oleaceae

¥ Bl Valerianaceae
1158} Theaceae

74 4%%} Annonaceae
A 228} Magnoliaceae

A 5 5B} Myristicaceae
KB} Aquiffoiaceae

2%} Compositae

AJE R Umbelliferae

KZEFIE Litsea

VI )& Abies
)@ Allium
)@ Eucalyptus

T8 Syringa

25 )& Valeriana
IL24)8 Camellia
#k22J8 Cananga
%)@ Michelia

P L8 Myristica
)8 llex

58 Artemisia

HEAE Ligusticum

F54% C. camphora

BT L. cubeba

Kii A, sativum
et E. robusta
HAM-#e E. tereticornis
¥R E. citriodora
Wik E. globules

T3 S. aromaticum

BB V. officinalis
M C. sinensis
#K2% C. odorata
2% M. alba
W5 M. fragrans
&35 I. purpurea
5 A annua
YA argyi

JIIE L. chuanxiong

143 White camphor oil
F5#3 Linaloe wood oil
F#l Hosho oil

W3S Fih L. cubeba oil
FA59l Turpentine oil
YA Fir needle oil
K Garlic oil

FeM E. robusta oil

A -H E.  tereticornis ol
FrigAil Lemon eucalyptus oil
Vel E. globulus oil

T EFM Clove leaf oil
TFAEHH Clove bud oil
4% Valerian oil
ZEHH Tea tree oil
#2231 Ylang ylang oil

EI 2209 M. alba leaf oil
A 5% Nutmeg oil
A3 Wintergreen oil
FHEh A, annua oil
3514 Blumea oil
JIEh L. chuanxiong oil
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Table 2 Fumigation activity of 41 essential oils against female adults of Culex pipiens pallens ( airtight fumigation in conical flask)

i B (95% B AEHE) (min) 1 e
Essential oils KTy, (95% fiducial limit) Regression equation Chi-square value

4751 Wintergreen oil 4.01 (3.85-4.16) y=—0.8122 +9. 6422% 2.96
HelH-H Eucalyptus robusta oil 6.17 (5.85-6.49) y=—0.7626 +7.2939x 1.24
3£ 141l Blumea oil 6.32 (5.94-6.71) y=—0.9188 +7.3924x 5.96
WEFFH Peppermint oil 6.57 (6.12-7.03) y=0.0444 +6. 06365 1.17
\S4THIF M Star anise ofl 6.85 (6.45-7.27) y=—1.0638 +7. 2544 1.16
Wk Eucalyptus globulus oil 6.97 (6.57-7.39) y= —3.0082 +9. 49445 1.68
1453 White camphor oil 7.11 (6.87 -7.35) y= —6.0746 +12. 9988x 0.06
4 23 Lemongrass oil 7.14 (6.80 -7.49) y==3.1779 +9. 579%x 0.68
AHkE T Cold squeeze mandarin ol 7.52 (7.02-8.06) y= —1.1003 +6. 9609 0.68
#1443 Tangerine oil 7.63 (7.30 -7.97) y= —4.2452 +10. 4749 0.39
FEIBIKE T3l Steam distillation mandarin oil 7.68 (7.29 -8.07) y= =2.7035 +8.7033% 0.25
A5 Fir needle oil 8.18 (7.45-8.97) y=1.2681 +4. 0896x 0.85
YN Perilla frutescens leaf oil 8.25 (7.88 -8.63) y=—2.4071 +8.0822% 0.34
PIEF T Rosemary oil 9.01 (8.62-9.41) y= —4.3065 +9. 7468% 0.07
F4%3H Linaloe wood oil 9.29 (8.87-9.71) y= —5.3043 +10. 6464 0.95
422 M3 Michelia alba leaf oil 9.54 (9.07 -10.01) y= —3.7429 +8.9265% 0.17
W3 T Litsea cubeba oil 9.95 (9.25-10.68) y= —2.1408 +7. 1580% 0.15
#2213 Ylang ylang oil 10.4 (9.78 —11.05) y==2.3520 +7. 2282 0.16
Z 3 Hosho oil 10.48 (10.08 -10.90) y= —4.4759 +9. 2849 0.37
B4 2% 7 Spearmint oil 10.67 (10.06 -11.30) y= —1.6016 +6.4210% 0.32
J\Sf 3l Star anise leaf oil 10.86 (10.41 -11.33) y=—7.5917 +12. 1542 3.1

A 23 Lavender oil 11.37 (10.95 -11.81) y= —5.6207 +10. 0584x 3.21
FeE Garlic oil 12.28 (10.65 -14.15) y=1.0782 +3. 60045 0.37
- Petitgrain oil 12.49 (11.38 -13.69) y= —0.8395 +5.3255% 0.34
ZHA7 1M Winter lemon oil 12.75 (12.19 -13.32) y= —6.8877 +10.7538 3.25
4K Lemon eucalyptus ol 14.39 (13.69 -15.12) y= —5.4231 +9. 0005% 0.11
P4 2 Nutmeg oil 15.03 (14.38 -15.70) y= —6.0299 +9.3715% 0.34
SEMHH Tea tree oil 15.04 (14.52 -15.56) y= —9.2845 +12. 1350% 0.39
HCHC B Dai-dai flower oil 16.8 (15.64 —18.05) y= —2.3796 +6.0220x 0.05
AR Eucalyptus tereticornis oil 18.83 (17.98 -19.70) y=—10. 1138 +11. 8558 0.46
HCHR 3 Dai-dai leaf oil 19.27 (18.54 -20.01) y=-9.2232 +11.0701x 0.24
T AL Clove bud oil 20.31 (19.29 -21.38) y= —6.3321 +8.6650% 0.01
JI|E 3 Ligusticum chuaniong oil 20.97 (19.15 -22.96) y=—1.0259 +4.5592x% 0.24
A5 Turpentine oil 26.81 (25.24 -28.47) y = —10. 7080 +10. 9980 0.03
25 Artemisia annua oil 27.72 (25.98 -29.56) y==9.2367 +9. 8677x 0.46
454 Lime oil 30.01 (28.70 -31.36) y= —8.5456 +9. 1697x 0.13
T 7 % )7 Eugenol type basil oil 30.2 (27.98 -32.59) y= —15. 4608 +13. 8246 0.14
PHETH Cinnamon ol 33.11 (31.23 -35.09) y= —7.8877 +8.4792x 1.43
3 Citronella oil 40.42 (36.52 -44.72) y= —0.4935 +3. 4194 0.49
523 Valerian oil 43.75 (41.38 -46.24) y= —12.3293 +10. 5605x 0.64
T M Clove leaf oil 54.24 (47.61 -61.79) y= —6.7477 +6.7736x 0.09

FEMAEAEE R 12 pl/L; FAHH R ESR 3 K, BEK 20 kil H; Xg.05,3 =7.815, The concentration of essential oil was 12 pL/L; each

treatment had 3 replicates, with 20 mosquitoes for each replicate; x5 g5.5 =7.815.
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2.2 FHABERE 26 FEWHRERZIRITN
&R

TE A BB HGH = M IF R, Wi, RF
IS, BARNCRIOVRYY bR B0 PR ) R T2
HEhE BTH-PITROER, RIE2. 15
R, PR KTy 78 15 min Y 26 Fi I, R A E R
% CE PR B R 2Rk ) ik — 25 PR T 3R 40 3 B0

G (R 3)RY, LF M. L HATH . AR
I AT AR T AE 5 FoRg T X IR £ R i LA R ) B
FRIEPE, KT, 7E 25 min DAYy, Hir, &FHEERN
RS, KTs, 20 16.91 min; BT, FEMH. 55
RV SR AT R F A AR 7
FRE I KTy 7€ 25 ~35 min Z [H], BCR—M; 18
M. APEE M. KR EE 14 Rk Th ) KTy, 78
35 min DA |, RHEREZE,

®3 26 MR REERHRFFE(FARGE)
Table 3 Fumigation activity of 26 essential oils against female adults of Culex pipiens pallens

(hermetic round canister method)

K

Essential oils

8 A (95% EAEKR) (min)

KTy, (95% fiducial limit)

EnlEpp e

Regression equation

X

Chi-square value

471l Wintergreen oil

K3 Eucalyptus robusta oil
Wikell Eucalyptus globulus oil
3513l Blumea oil

7T Peppermint oil

%% 7 Rosemary oil

F1#%3H White camphor oil

F5HiH Linaloe wood oil

FH4l Hosho oil

FA¥5 3l Turpentine oil

FAK HIH Lavender oil

EF M Perilla frutescens leaf oil
B4 22 7 {H Spearmint oil

%223 Ylang ylang oil

[ 22 il Michelia alba leaf oil
21 4% Tangerine oil

4 Fi Litsea cubeba oil
K Garlic oil

Y HERE T Cold squeeze mandarin oil
FEIBRE T Steam distillation mandarin oil
J\AATH & Star anise oil

A 74 Winter lemon oil

J\Sfi - Star anise leaf oil
Frigiil Lemon eucalyptus oil
FrigE Rl Lemongrass oil

¥ -3 Petitgrain oil

16.91 (15.62 -18.29)
18.43 (17.78 -19.10)
19.48 (18.95-20.01)
21.20 (20.40 -22.02)
22.57 (21.85-23.29)
27.44 (26.32 -28.60)
29.40 (28.45-30.38)
29.41 (28.10-30.78)
30.71 (29.88 -31.55)
32.72 (31.10 -34.41)
33.38 (32.27 -34.51)
33.79 (32.49 -35.13)
43.89 (41.79 -46.08)
45.05 (42.64 -47.57)
45.20 (43.04 -47.45)
47.36 (45.85-48.91)
52.02 (50.58 -53.48)
55.88 (54.80 -56.98)
57.32 (53.94-60.91)
58.85 (56.18 -61.64)
59.95 (52.36 -68.61)
60.73 (57.90 -63.69)
62.03 (59.19 -65.00)
64.83 (62.43 -67.30)
79.04 (52.45-119.11)
81.33 (71.93 -91.95)

y= —5.3251 +8. 4072« 0.28
y= -8.0012 +10. 2730x 0.67
y= —18.4081 +18. 1518 5.14
y= —10.3939 +11. 6070x 0.67
y= —10.5459 +11.4862x 0.33
y= —12.1875 +11.9492x 0.39
y= —10.3861 +10. 4782 0.86
y= —7.9469 +8. 8160x 0.25
y= —14.7405 +13. 2726 1.40
y= —5.3412 +6. 8269x 0.06
y= —10.8351 +10. 3943x 0.95
y= —15. 1344 +13. 1706x 0.39
y= —12.9391 +10. 9226x 0.69
y= —9.0994 +8. 5262 0.64
y= =7.1617 +7. 3480x 0.35
y= —12.2899 +10.3199x 0.17
y= -20.2071 +14. 6880x 0.31
y= —27.2493 +18. 4568 1.6

y= —4.9764 +5. 6738 0.86
y= —9.7835 +8.3533x 0.01
y= —9.8769 +8.3683x 0.52
y= -10.6170 +8.7569x 1.17
y= —11.0635 +8. 9609x 0.15
y= -16.8918 +12.0832x 0.27
y= —0.4555 +2. 8745x 0.11
y= —8.6760 +7. 1592 0.34

KM AR X 12 wl/L; FA BB ER 3 K, BEK 20 3Kk H; x5 05,3 =7. 815, The concentration of essential oil was 12 wL/L; each

treatment had 3 replicates, with 20 mosquitoes for each replicate; x3 g5 5 =7.815.
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ABFFEIE T 17 B 41 FAEYDRE X R £ 2R
MIREZEIEE, B = AR AR I E R I IR
5 26 FiOKE I B KTso /N T 15 min; 7 55 ] (B £ 325 2k
—BHIA T AF M O WA f k., 1R
R AE 5 TR R 2 PR BRI IR . 23T
BRE D, RILE AP AR BOEHEIRGEARZ, 20
HIRBER, e SO A E R e B SR O 5
WA B R 1, 8-k R AR BRI KRR
(Ding and Sun, 1983; Amer and Mehlhom, 2006;
Erler et al., 2006) ; W F % #582 K i 4h i B B
ANETE(Park er al., 2011) , XF3R R APise, i R i
FUEUHE PEC R BB 9K 56 /E F ( Amer and Mehlhom ,
2006)

FER PR FEENE T, 5 Mok i B8 BOR K
T E AR i N 2RO B ARHE (KT, <
8.0 min) (R ERAR 2545 € i, 2009, %5 5 #4),
WART KF N ENABATFN B BARHE (KT, <5.0
min) , (HXEHFERY, WhEREEEAHEBUIE
A, AP RREDN . FEARGH AN R A B A B
BOBHAE (Kim e al., 2012) , HER KRG HFELK
W™ L 2 25 RS B B SR, ®
ALLCLEAR® Sidekick /& 10. 5% B, 13% T &
B\ 21% F L 5. 3% WA 2. 6% Fr R M H IR
#; Super Band™ i) FELRLST 7 15% FEAEEEF M
5% ENJRATREL A 2% 3. KTk, B
— I RAF M WA SO AR AR
T Z 18] B B AT 5 At A 40 0 i ) Y P 49 % 1 L F
7, A REIEEENETAE, R ENA
B ARG 2E T A 3 s B 0], PR AR 5 T i A9
TAEIRH,
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