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Fumigant and Repellency Effects of Terpenes against the Two-Spotted Spider Mite,
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ABSTRACT : These studies were carried out to investigate fumigant, contact toxicity and repellency
effects of 34 terpenes against acaricide susceptible the two-spotted spider mite, Tetranychus urticae. In
addition, the efficacy was also tested against two acaricide-resistant strains. Two terpenes, isosafrole
and safrole showed fumigant toxicity of 98.4%, at 101/l (air) concentration. LDso values of these two
terpenes were 2.6 W/l and 4.3 ul/l, respectively. Most terpenes showed low or no contact toxicity,
except isosafrole showing 60.2% mortality against eggs. Hexanoic acid and limonene showed
repellency effects of 79.1%, 87.8%, respectively, to the susceptible strain at concentration of 1,000
ppm in the lab conditions. Hexanoic acid (1,000 ppm) showed repellency effectd of 77.8% and 83.3%
to fenpropathrin and pyridaben resistant strains, respectively. However, limonene showed no
repellency to the two resistant strains.

KEY WORDS : Tetranychus urticae, Terpene, Fumigant effect, Repellency

X B : Anlol Lo (Tetranychus urticae)ell H3Z 34%F terpened] FEEA4, AESA 9 79&
F2 AT E2EA1L 10ul (F7)9] Fxo|A isosafrole, safroleol T 98.4%2) A&
2 et o] = 33189 LDt 27t 2.6, 43 ul/lo| gk &=L 1sosafrole‘ﬂ-°] otol|
A 60.2%2) AREAAE Bl A Yol HREE terpenecil A Aol WA gldeh AIZRA
AZol gt 7|FuteS AL A7 hexanoic acid®} limonencol 1,000 ppmelA 22k 79.1%}
87.8%2) 7|5 &7}& Jehlsic). 3 fenprothionH 344 A5 pyridaben® A3 Al Foll A
hexanoic acid= Z}7} 77.8%3} 83.3%%) 7|9 &a=s Jehioel a8 FAEA Z 3t
limonene (1,000 ppm)®] 7|3} &7 zhzt 17.8%2F 10.0%2A A A Fol A3t 7|savfe} A
vhe A vep e

ZHAHO] : Auto) Lo, Bz, T2&7, 7|9 as)

*Corresponding author. E-mail: khkim @trut.chungbuk.ac kr

— 249 —



250 Korean J. Appl. Entomol.

Hurol el oJ2) satEol Tahg F= AAH
F 2 sl Zo|tHAsda, 1978; Cho et al., 1995; Ho, 2000;
Takafuji er al., 2000; Lee et al., 2003). Z1u}to]Lofjo] #]
Foz < ssie seldel 9 AALTIA W
%91 32(Kono, 1985; Martison et al., 1991; Cho er al.,
1995; Song et al., 1995; Kim er al., 1999), ¢]¢)] &} 3
AL 9sted Be AFATO] =FE 78] gor)
(Croft er al., 1987; Lee, 1990; Ahn et al., 1996; Kim et
al., 1999), oPA7R] oAl A3 sfhAsA] Balx
Ut

2| Zo] A sl= 2aF tjALAFE-E= terpene (mono-,
sesqui-, and di-)§f-, alkaloid¥, polyacetylene¥,
flavonoid, sugari7} 9o} 53] monoterpened =
32 7184 Askshe dap nt opvzl, Ee]A, ¥
TFHA 7152 A 8] ool (Brattsten, 1983), 3
Z WhAlA Atz we] AFETHDeyv e al., 1982;
Banthorpe, 1991; Rice and Coats, 1994; Tiberi er al.,
1999; Byers et al., 2000; Lee et al., 2002; Yoo et al.,
2002; Kim et al., 2003). Rice and Coats (1994)x=
pulegone, fenchone 5-2] monoterpeneo] A& =%+
Mol e 53 F2EHE BSS Busy
I, Byers et al. (2000)% verbenoneo} ZAudi-e] 1}
ZE(Pityogenes bidentatus)oll W 7)|FFAAd o] QL
2 &l o} Tiberi er al. (1999)-2 limonene o] +}u)=-
229 A=l Thaumetopoea pityocampadl| v 3]A
Abere Asghe s Byslgde)h Yoo er al. (2002)2 €
FAvsHeA A3l HelA 25%2] monoterpene %
geraniole] AWH7|3] &7} M} kot ZhEA o
RS B3 o] e} ZHe] monoterpene- 3 Zoll
s 54 el ZR5-58 w8 FA4EA
79z, =8 FHzug, ¥=, 294, 949 A
EA|(external analgesic) 18]z HWFEA|E A3}
(Templeton, 1969). A3 2 limonene-2- 7§} F1ko]q)
&t 2ok ¥ Z(Crenocephalides felis)®] vFA] kA =
EPA (Environmental Protection Agency)el] S-Z5 gl o
o ma wppl] s S4¢ deiga waEg
H(Taylor and Viekery, 1974; Collart and Hink, 1986;
Hink and Fee, 1986). Terpene 53 o] 43+ x| Al A
T AT FA AA e A FE dides 5
o] gt ey T2 o #AE 4
Zol Azt 97 A9 ok

| 2 A7 dA R E HE A EA &
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She Aubo| ol o) A A& BHUsl AL g} 3459
terpene-g o]-g-3te] Zubo]Gofoll whs] FFEA, A
F54% AT, AFel 7198 Rele tempene
< st gl golell WAlel 7| 2AlR T A|Es}
37 e st

M2 %

A Sl

Aol A8 ZFA Aol Soll: el T
ol A Feopitol 19983 HE FEHew A&
Ao x] &% 25-28°C, 33%7] 16L: 8D, A& =
40-60% zA1stoll A FAIAE] glo] o AR RS
Mgt o, PAAF-S 199849 64 FH HFA
oAl A A 8ted AollA] fenpropathrin®} pyrid-
abeno 2 747} 43 o]} Fol (A7} 1503 o))
8t 71§ fenpropathrin® 34 Al €3} pyridaben] 814
Asoz st

Fenpropathrin3} pyridaben®] LCsoZt3t #3Adn) =
o123 7t} Fenpropathrin® Z35AJ A 29 <43t A
Zo]| A LCsoke] ZH2t 1.83 ppm, 0.48 ppm, fen-
propathrin® &t Al 5] e A z}2z+ >2,000 ppme
2 47 >1,092.94, >4,166.74 2 #*3}Adu|E e}t
Wlet Pyridabene = A1 52 AlZell WA &7}
ol LCso%re 78 o glgdon), ool o3t LCsoZh>
7}y A A Zo] 1.19 ppm, pyridaben®| &3 A Eo] >
2,000 ppmo.z > 1,680.7u1¢] M&FAu el
o}

NEEEE

Terpene i AAE T 9l AES T3l A
of o]8-3lgd}. B-myrcene (90%), (E)-caryophyllene
(100%), (E)-cinnamaldehyde (99%), borneol (88%),
citronellol (95%), eugenol (99%), geraniol (98%),
safrole (97%)+x Sigma Co. (St. Louis, MO)ol|A] ¢]
8l 31, o-ionone (90%), o-pinene (98%), a-terpineol
(90%), y-terpinene (97%), p-cymene (99%), 1-nonanol
(99%), bornylacetate (97%), camphene (95%), camphor
(96%), carvacrol (98%), carveol (97%), carvone (98%),
1, 8-cineole (99%), citral (95%), citronellic acid (98%),
fenchone (98%), hexanoic acid (99%), isosafrole (97%),
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limonene (97%), linalool (97%), menthol (99%),
menthone (90%), perillyl alcohol (96%), pulegone
(85%), thymol (98%), valeric acid (99%)+= Aldrich
Chemical Co. (Milwaukee, WI)el| A} 91 &}t

Fd 7o 2719 F<Hmain stem) Afhell 32
ANLG-caltex oil)E X 2}3}i, o] -g-of AFE& 7
ZYell 20v}e] 5 HE3 F, £HE A5 o= 4]
(OP9x 15cm)ol] Y, 7+ 3atE Yol-2 filter paper
(P5.5cm/2)el AA=H10 ul) Helsts] A5 etz
7] wpol it o] Aol 4] wro
2 3Ee AL U7 A8 AEHHA@Iem)E F
Rog Abg3ste] FUARo] vtoz A d=F I
g goz UiAeh Ay 2447 Foll ARR(EA
o]z] &3 AL H2 Aoz IhE 2ABIHLH,
EE AEe ubsg 209t 3ubEo 2 skt AR
278 &E 25-28°C, F37] 16L:8D, Ad&% 50-
60% = slgv}t. A3} 24-2 Tukey’s studentized range
test (SAS Institute, 1991)2 o|-&-3}g -

a5y #EY

e A(@S5 cmel| T ARA(@2L5cm)E
$3 ool ol AEE 20914 HESAS 74 3%
B2 of|ekgo] 43 A]A 100 ppme| triton X-100 A
wFALA T Este] MY Fof skt AW
gALEA] HEo] 1:97) H=s 2AF IHY
(1,000 ppm)& EFHo2 o] 383 2e A=e
Helste] 48217 Foll AFFEH A £ A& F
e Hoz BHE Absdon, nE AP WaT
20m}e) 4 3o Feln

ol AT HEHH APE 99 e AFAE =
Aol 3417k ot AT Ga AW HgE
AL 4F AERA 9T S Yol AR
QAL 302 U AFE JHYe] YAY £
2 7o} wlmete] REeiAEE FASI ZE AY
& wbETy 20744 3tgo e sk 2Eg % Y &
= 20e FE5Y A¥s $Us Aok A 24

Tukey’s studentized range test (SAS Institute, 1991)

£ ol43i5ie

AL AETA AU 2 ez o
o, 3% 27 9 393U bz A2 domI
713 #Zgre) Kim et al. (1997)8) AR 14 F3)o
Zot 27) Abedoll HAA(LG-caltex oi)E A 2]s}aL
2% e ofale] Yoz 102 B AAsislet
7 F=deld SN A2 F 2 4% 300}
& A3em e 3% 9 TAYE Sgow, A
2 247 F nAel A% o)Fa g wAMA 2
sehe 9% 2eln AR vlelez Fesel Wk
ey, RE AP WA vy ez Sy
t}. A3} EA)L binominal sign test (Zar, 1996)F o]-&

seleh.

2% 4 %

=4

Ao
ol

Hulo]Sofel] W EFZF AN UFHot=A L7
(954 mD)Z o] &3l AujA 3. 34F
terpene] W3k A EA]L 3gHEC] ulel #2Q A
o] & Rgt(Table 1). 10ple] of=Fa{]el|A] isosafrol
7} safrole] REF 98.4%2] AM])EE By Loz
carvacrole] 58.3%9wt &347F 29w ¢ T AlS
FWA 3 ofgkg oA Algs] & ZHI LDsodhkd
isosafrol& 2.6 ul/1E el 31, safrol-2 4.3 W/is
bl ch(Fig. 1). Lee ef al. (2002)2 1232] monoterpene
Zo) A} 1, 8-cineolo] ARARA=EARA B (Tribolium
castaneum)ol] W3 A, Kim and Ahn (2001)-2 (+)-fen-
choneo] A Faf|Zql Anp7u|e} Pupu] a=jw 4
Aol w)a|A], L8] Rice and Coats (1994)2 ¥
3871904 ArZAIQl DDVP2} v]w3led pulegoneo]
AR =S AR H EF55AHE Jelden 3t
of o]EEA o] I Fo] wiAlel o]4E £ 3lx 7t
=8 AAslgE v} =3 Ngoh et al. (1998)-2 922
A 3EE & isosafrol#} safrole] o] Zv}F(Peri-
planeta americana)dl WA FZa537} 2%,
Roger and Hamraoui (1995)% 7hd3w}u)el] thaiA
13%2) monoterpenoid = linaloole] F&Z==A]o] 713
¥gchn wusgch o4 Adeld nE uhg 7
o] terpeneF-F o|-43 A ML F= AF
£ oz GFEe] ghov) e S HEt o
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Table 1. Fumigant toxicity of terpenes against acaricide-suscep-
tible 7. urticae adult females at 24 h after filter paper applicationa)
in 954 m! fumigation chamber

% Mortality” % Mortality”

Compound (mean+ S]%/) Compound (mean= Sl%/)
Borneol 34+4.7de Menthol 48.4+2.3bc
Borny! acetate 0.0£0.0e Menthone 3.4+4.7de
Camphene 26.7128.3cd Perillyl aicohol 1.7£2.3de
Camphor 0.0+0.0e Pulegone 8.4+23de
Carvacrol 58.3+7.1b  Safrole 98.4+23a
Carveol 11.7+£2.3de Thymol 11.7x7.1de
Carvone 84+%23de (E)-caryophyllene 10.0£9.5de
1.8-Cineole  0.0:£0.0e (E)'C};;‘ggmalde‘ 5.0+2.4de
Citral 6.719.4de Valeric acid 11.7+7.1de
Citronellic acid  5.0x7.1de  o-lonone 6.7+0.0de
Citronellol 5.0x2.4de o-Pinene 3.3+0.0de
Eugenol 1.7+2.3de  o-Terpineol 10.0x£4.7de
Fenchone 10.0+4.7de  PB-Myrcene 1.742.3de
Geraniol 5.0+2.4de p-Cymene 10.0+4.7de
Hexanoic acid  10.0£0.0de  y-Terpinene 3.4x4.7de
Isosafrole 98.4+23a 1-Nonanol 3.34+0.0de
Limonene 0.0+0.0e Control 1.7+2.3de
Linalool 1.742.3de

¥Sixty adult females were exposured to 10 ul fumigant/l air in each
treatment with 3 replications.

® Means followed by the same letter are not significantly different P<0.05
by Tukey’s studentized range test (SAS Institute, 1999).

AT A9 ek ol AZAFH 2 NS
& AR F7e] 7] WE Aoz AAHH, 5
F 2 QT Qelz] AAE AAsHEs Aol s
of upAlel HgAIHo] olFolAck & Aoz AZH
o}

B

AESAAL &5} AFoz F¥3te REgAE3t
Aul &5 Fetsdot Aubolgol obell tf§ terpeneft
9 B34 &= 1,000 ppme} &= A] isosafrol
o} 60.2%=. 71 ¥4 depger dFE2 &z}
i Aoz vepgthi(Table 2). AZel HME =&
terpene®] AHH]Eo] 35% olstz AHEFA ] vk
A= ¢Jci(Table 3). &Y} Lee et al. (1997)0] B3l
ol 2)3}= 34%2] monoterpenocidel W3] YFHXHo
2 Aufo]gofjoll didt AFLAE 2ARE 23, carvo-
menthenol¥} terpinon-4-olo] =2 AbR23HA-S- el
¢332 Kim and Ahn (2001)-& (+)-fenchonee] &u}-
vsh gupelel el RS0l ohu wwse
of T B A A9} Fro] B2 =iellA
monoterpenoid 33H8-o] HEEA o] A, ok A
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Fig. 1. Fumigant toxicity of isosafrol and safrol against acaricide-

susceptible T. urticae adult females at 24 h after filterpaper appli-
cation in 954 ml fumigation chamber.

Table 2. Contact toxicity of terpenes against acaricide-susceptible
T. urticae eggs by leaf-dip application (1,000 ppm)®

% Mortality® % Mortality”

Compound (mean+ SI%,) Compound (mean+ S]%,)
Borneol 9.1+£59b  Menthol 18.3+5.6b
Bornyl acetate  23.51+5.8ab  Menthone 25.7%14.6b
Camphene 8.9+12.9b Perillyl alcohol  31.3+11.4ab
Camphor 32+2.8b  Pulegone 204+ 11.2ab
Carvacrol 20.8+15.1ab Safrole 98.4+23a
Carveol 17.8+13.0b  Thymol 23.4%5.4ab
Carvone 38.7+22.2ab (E)-caryophyllene 15.7113.5b
1.8-Cineole  29.7+21.7ab (E)'ﬁ;%gamalde' 12.442.4b
Citral 28.8+24.7ab Valeric acid 143+ 11.4b
Citronellic acid 9.5x7.3b  o-Ionone 28.2+42 5ab
Citronellol 4.6%1.3b o-Pinene 35+19
Eugenol 58+43b  a-Terpineol 6.8+3.6b
Fenchone 14.91+10.6b B-Myrcene 44.5+31.4ab
Geraniol 28.618.6ab p-Cymene 5.8+6.3b
Hexanoic acid  23.6+24.7ab y-Terpinene 342+11.3ab
Isosafrole 60.2+14.7a  1-Nonanol 10.8£3.7b
Limonene 20.0+11.7ab Control 3.0+4.1b
Linalool 18.3+£8.2b

“'Mean of three replications; sample size, 20-31 eggs per replication.
™ Means followed by the same letter are not significantly different P<0.05
by Tukey’s studentized range test (SAS Institute, 1999).

u]st Aoz wyE ¥} ¢)vhkRice and Coats, 1994;
Tiberi et al., 1999; Keita et al., 2000; Yoo et al., 2002).
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Table 3. Contact toxicity of terpenes against acaricide-susceptible
T. urticae adult females at 48 h by spray application (1,000 ppm)®”

% Mortality” % Mortality"
Compound (mean =+ Sg) Compound (mean S];)
Borneol 26.5+14.7a-d Menthol 7.7x7.2ad
Bornyl acetate  0.0+0.0d Menthone 29.3+t4.8a-c
Camphene 11.8£5.6a-d Perillyl alcohol ~ 16.5%5.2a-d
Camphor 7.4£2.3b-d Pulegone 18.0£13.5a-d
Carvacrol 3.1£27cd  Safrole 4.7x£4.6b-d
Carveol 0.0+0.0d Thymol 11.5+3.0a-d
Carvone 31.3£74ab  (E)-caryophyllene 2.9+2.6¢cd
1,8-Cineole  19.5+12.0a-d (E)‘fl‘yfg;amalde‘ 13.2+7.2ad
Citral 19.5+£9.3a-d Valeric acid 4.8+8.3b-d
Citronellic acid 12.5%2.1a-d  o-lonone 12.0+8.2a-d
Citronellol 20.1+11.1a-d o-Pinene 10.1£13.2ad
Eugenol 8.0+9.8a-d o-Terpineol 10.6+5.9a-d
Fenchone 1.5+2.6d B-Myrcene 25.8+3.8a-d
Geraniol 6.4+73cd p-Cymene 6.1 +5.3b-d
Hexanoic acid 26.2+16.7a-d y-Terpinene 11.1£19.2a-d
Isosafrole 3474+7.2a 1-Nonanol 7.8+5.7a-d
Limonene 1.6+2.8d Control 2.943.9cd
Linalool 9.3+8.1ad

¥ Mean of three replications; sample size, 20 adults per replication.
® Means followed by the same letter are not significantly different £<0.05
by Tukey’s studentized range test (SAS Institute, 1999).

7|=gts

Terpenestel] o Aol gole] FEL e
o]8-5}e] three choice test2 B3]} Falol] 23t uk-3-
& zAVER 7B &S T8 4459 terpene F
o]l 4] limonene¢] 1,000 ppme] ==o|A 87.8%% 7}
A} =2 73)8-% el 3, vh& 0 2 hexanoic acid”}
79.1%0)gic}. 19] terpene-2- 70% o|3}] 7|u]|&IE
el glek(Table 4). ute]g-of A3l daix] 7]7]
&7} 9ok 2= limonene} hexanoic acidg ]
23t 52 77} 10, 100, 500, 1,000 ppm o2 3}od
Helg Ash 100ppm o4} FxeldE T B2
BF 75-89%2] 7)¥&dE Hglent 10 ppmelA
limonene®] 63.4%, hexanoic acid7} 42.2%2. 7|3 &
7} Wiz chFig. 2). =8 o] ¥ 3FEE ARl
fenpropathrin®} pyridaben#] 34 Al E-2] ZHulo]-S-of
A 2ol W3t 7)9]&S ZA}SIIeKTable 5). Fenpro-
pathrinx] 34 A& h3§A] hexanoic acidi= 1,000,
500 ppmell A ZH2F 77.8, 69.2%2] 7|3 &dE Hele
1}, limonene-2 1,000 ppmoll A 17.8%¢) 715 && B
of a4 Aetelgelshe ole A nslch =
3l pyridaben* 34 Al Eo] s A] hexanoic acid7}
1,000, 500, 100 ppmel| A 247} 83.3%, 66.7%, 61.8%2]
718 &35 1®<Ql 4bd limonened 1,000 ppmeil A

CGHs

_E_ _._
Limonene Hexanoic acid
M.W : 136.23 MW :116.16 o
N AAA
HsC C.H OH
100 [~
80
&
& 60
©
[« 8
® 40
R
20 -
4] ] 1 | ]
10 100 500 1,000

Concentration (ppm)

Fig. 2. Repellency of limonene and hexanoic acid against acari-
cide-susceptible T. urticae adult females in the three-choice con-
dition. ’

49.5% = pyridaben*]3}A] A X d#A 73] &7}
g vimiA 88 deldx Aoz ekt
t}. )= hexanoic acid7} ¥ A A A B fsiA 500
ppm7HA] 719 &35 vepfgl o), limonene &3}
7 kol Bg4 WelA wheA] Al ARHAE
Aol el m oks] Aol T HEsb slolokt
Aoz Azr=Elt), Tiberi et al. (1999)-2- Thaumetopoea
pityocampa (A F3ahel] B3] A limonene2- AHEH7]
&7t et Busga, 53] Avhgela AN
= (S)-(—)-limonene Bt} (R)-(+4)-limoneneo] AkgH7)
Hxh o 2 Aoz nusgch = Age Az
A= limenoneo] 7]F|¥H-Sol oJ3g F Aoz o}
bt Yoo er al. (2002)2 EF ARz e F
Z+A (Y-tube olfactometer)E ©]£-3F 25%2] monoter-
penoid % bornylacetate, carvacrol, 1, 8-cineole, men-
thole), 78] 3 Ngoh et al. (1998)% o]&u}F] 3o
)& 9%9] monoterpenoid & safroleo| 7]¥]uF-2-o]
3 Biraigdch o}7e terpenesirt B Fe] s
Al BolsA 2H4E 4 stk AS AARIG o=
9] A= 7|9AIE AdER A Hibe] gl 2
ol o] && 4 =% AL A7) o]FiH
of & Zloz At
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Table 4. Repellency of terpenes against acaricide-susceptible 7. urticae adult females in the three choice condition

c q c No. of mite in ) s .
omponn o ) ed side (T) Untreated side (U)  Spindown (S) Repellency et
Borneol 1,000 75 12 3 16.7+10.0 ns®
Bornyl acetate 1,000 41 39 10 54.4+16.5 ns
Camphene 1,000 63 24 3 26.5+3.4 ns
Camphor 1,000 62 27 1 31.1+8.4 ns
Carvacrol 1,000 30 50 10 70.0%+3.3 P<0.001
Carveol 1,000 37 47 6 58.9+10.2 ns
Carvone 1,000 52 36 5 44.1+3.6 ns
1, 8-Cineole 1,000 70 14 7 23.1+7.0 ns
Citral 1,000 75 12 3 16.7+6.7 ns
Citronellic acid 1,000 47 36 7 54.5+29.9 ns
Citronellol 1,000 35 42 13 53.3+6.7 P<0.05
Eugenol 1,000 49 36 5 4551334 ns
Fenchone 1,000 54 24 12 40.0x16.7 ns
Geraniol 1,000 41 43 6 54.44+10.7 ns
Hexanoic acid 1,000 29 62 1 79.1+31.0 p<0.001
Isosafrole 1,000 42 50 1 54.6+7.2 ns
Limonene 1,000 11 73 6 87.8+6.9 p<0.001
Linalool 1,000 69 16 5 233£153 ns
Menthol 1,000 33 42 5 5224215 P<0.01
Menthone 1,000 57 27 6 36.7+5.8 ns
Perillyl alcohol 1,000 45 28 7 389+17.1 ns
Pulegone 1,000 73 19 0 20.7x16.4 ns
Safrole : 1,000 63 20 7 30.0+30.0 ns
Thymol 1,000 45 42 3 50.0+37.8 ns
(E)-caryophyllene 1,000 45 35 9 49.8+30.2 ns
(E)-cinnamaldehyde 1,000 79 5 2 7.7+84 ns
Valeric acid 1,000 67 16 7 25.5+5.1 ns
o-Ionone 1,000 79 5 6 10.2+3.7 ns
o-Pinene 1,000 73 13 4 18.9x5.1 ns
o-Terpineol 1,000 59 29 2 345+135 ns
B-Myrcene 1,000 74 16 1 18.7+1.8 ns
p-Cymene 1,000 70 20 0 22.2+16.5 ns
v-Terpinene 1,000 78 7 5 134+34 ns
1-Nonanol 1,000 51 36 3 43.3+18.5 ns
Control 1,000 83 0 6 6.6£5.1 ns
¥ Repellency (%) = (U+S / U+S+T)*100. ® Significant differences were analysed by binominal sign test (Zar, 1996).  ns: not significant.

Table 5. Repellency of two compounds against fenpropathrin and pyridaben resistant 7. urticae adult females in the three choice condition

c g c ( No. of mite in A Si o
ompoun onc. (ppm) ign test
PP Treated side (T) Untreated side (U)  Spindown (S) Repellency
Fenpropathrin-resistant strain
Hexanoic acid 1,000 18 70 2 77.8+5.7 p<0.001
500 25 63 3 69.2+8.8 p<0.001
100 42 31 6 46.8+11.7 ns”
Limonene 1,000 74 13 3 17.8+5.1 ns
Pyridaben-resistant strain
Hexanoic acid 1,000 15 70 5 83.3%£5.7 p<0.001
500 30 58 2 66.7+£8.8 p<0.001
100 34 52 3 61.8+11.7 P<0.05
Limonene 1,000 46 35 10 495+5.1 ns
Control - 71 7 2 10.0+8.8 ns

¥ Repellency (%) = (U+S / U+S+T)*100. ® Significant differences were analysed by binominal sign test (Zar, 1996). ¢) ns: not significant.
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