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SUMMARY

[. Title

Search and Development of a Control Agent from
Essential oils and Monoterpenes against Insect Pests

II. Contents and the scope of the research

1. Search of activity substances
1) Fumigant toxicity
2) Contact toxicity
3) Repellency

2. Formulation development and field test

[I. Results and their applications

1. Search and development of a control agent from

essential oils

1) Two spotted spider mite (Tetranychus urticae)

These studies were carried out to investigate fumigant and contact
toxicity and repellency effects of 44 essential oils and34 monoterpenoids
against acaricide susceptible the two-spotted spider mite, Tetranychus
urticae. In addition, the efficacy was also tested against two

acaricide-resistant strains. Among the 44 essential oils tested, mustard



oil showed 100% fumigation toxicity against 7. wrticae at 10 ul/4
concentrations. Two monoterpenoids, isosafrole and safrole showed
fumigant toxicity of 98.4%, at 10 ul/# (air) concentration. LDsy values
of these two terpenes were 2.6ul/¢ and 4.3ul/ ¢, respectively. Most
monoterpenoids 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.

2) Greenhouse whitefly(Trialeurodes vaporariorum) and
Western flower thrips(Frankliniella. occidentalis)
7}. Fumigation toxicity

Among the 31 essential oils tested, peppermint, spearmint and
pennyroyal oil showed > 90% fumigation toxicity against T.
vaporariorum adults at 10 /954 ml and 5 /954 ml air
concentrations. In case of F. occidentalis adults, pennyroyal oil
showed 100%, 100% and 72.4% fumigation toxicity at 10 /954 ml,
5 10/954 ml and 1 #0/954 ml air concentration, respectively. Among
the 29 monoterpenoids tested, fenchone, isosafrole, p—cymene, safrole
showed > 90% fumigation toxicity against F. occidentalis adults at 1,

0.5 and 0.1 £0/954 ml air concentrations.

L}, Contact toxicity

In all the essential oils, contact toxicity test showed little or no

insecticidal activity against 7. vaporariorum and F. occidentalis adults.



t}. Chemical analysis

The main constituents of peppermint, spearmint and pennyroyal oil
were analyzed using GC and GC/MS. Through the constituent analysis,
we confirmed the main constituents of peppermint oil were p—cymene
(9.5%), cyclohexanone (8.1%), cyclohexene (4.3%) and menthol (24.5%).
Menthol showed 97.8% fumigation toxicity against 7. vaporariorum
adults at 10 w0/954 ml air concentration. The main constituents of
spearmint oil were 1,8-cineole (14.5%), ¥-terpinene (12.4%), p-cymene
(4.9%), 3-octanol (6.3%) and carvone (36.8%). Carvone showed 100%
fumigation toxicity against 7. vaporariorum adults at 10 /954 ml
air  concentration.  Cyclohexanone  (3.4%), menthone  (6.8%),
iso-menthone (24.5%), iso-pulegone (3.7%) and pulegone (56.5%) were
the main constituents of pennyroyal oil. Pulegone showed also 100%
fumigation toxicity against 7. vaporariorum and F. occidentalis adults

at 10 /954 ml air concentration.

2. Insecticidal activity of essential oil formulation

Peppermint, pennyroyal and spearmint smoke generators showed
935%, 96% and 98% control values, respectively, against 7.
vaporariorum adults under 156 m' greenhouse condition. However, the
color of the host plants, i.e., cucumber and tomato, was changed to
yvellow. Peppermint, pennyroyal and spearmint fog generators showed
95.5%, 90% and 85.2% control values against 7. vaporariorum adults,
respectively, and no phytotoxicity against their host plant. Besides,
both pennyroyal smoke and fog generator showed >95% control value
against 7. vaporariorum and F. occidentalis adults and no
phytotoxicity against cucumber and rose flowers. In field test, Control
effect of spearmint smoke generator showed 77.1% better than
peppermint and pennyroyal. From this result, spearmint smoke generator

are estimated to have of development against F. occidentalis .
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H2& =4 -2 2&EI|z2 & 24

L =Y 71«87

Monoterpenoids& 21 &5 9] essential oilel]l &f50o] & A ELAR

F712e Aot & 48 AEEE del, Auy, Ahv aga §2
HE2 Solth o] AELS SAo xu g, FF 294, RN EA, 181

of S BFA, AAAG, 258 A Hofsts Aow B
Ha gtk A= essential oilol A M2 AFSAo] Buy o2 A3
AA e, Auktu])e],

o, 18]3 Dennettia

_I-{ﬂ

U9 hexaneFEES AGIEGAHY (2=
eSS LY4E AFSEEAE
tripetala®) A& Gl FE3 2L vlautF ] A FFd AF 8
H7F = Aom HuHAn AEAAEFY WAL ES A Fe

oz BEHFE =, benzene- &= A (safrole, isosafrole, eugenol,
methyleugenol, isoeugenol), terpene (cienole, p—cymene, limone, a-piene),
2 gstrs W ERAARCE Urt olE IFES 25 di& gt
FEFES VR dE 59 limone FAnFF e wiA A} HAS A g
t}. a-piene, safrole, isosafrole AR E=EAA S AFH F3 3
A7 9 QS Adgtt. ghd e E AEdidta sAEgY A
A=A HolA  Suura ystorRy  HEdsgEe  dFQl

carvacrols ¥, T3 Hom, AZEHF dF EFads Ruy

g

I, 8 5(1999)2  AFe]  dkFelA EElE cinnamaldehyde,
salicyaldehyde$} eugenole] =EZAH ] e FF531E B3
StA R o]ef3gt shetE e AFEAAATE FE AFHAFT, AT, Al

Aol e Agrras 719 gl
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Aol goli= ofe Az WsE Tt AALA Fo sFeld
(Asda, 1978; Cho et al., 1995, Ho, 2000; Takafuji et al., 2000; Lee et al.,
2003). Fulolgofe] AgHdow A dsi= Ejvet HOAA Zh=ol A
H 1532 (Kono, 1985, Martison et al., 1991; Cho et al., 1995; Song et
al., 1995; Kim et al., 1999), o]o] gt A4S 9lste] B AFAE0]
88 7189 o (Croft et al, 1987; Lee, 1990; Ahn et al, 1996;

tlo

Kim et al., 1999), o} A 7bA] kAl A g2 s AdstA] xakal 3l

2 5o] MAstE 23 thAMAFE 2= terpene (mono-, sesqui-, and di-)¥F,
alkaloid#, polyacetylene¥, flavonoid¥, sugar®7} 1th &3] monoterpene
e 239 A AFEA qAEe ol BalA, 358 7]
A& st7] Wl (Brattsten, 1983), 3% WAA 7wtz @o] AFH I
(Dev et al., 1982; Banthorpe, 1991; Rice and Coats, 1994; Tiberi et al.,

olf
o

b

1999; Byers et al., 2000; Lee et al., 2002; Yoo et al., 2002; Kim et al.,
2003). Rice®} Coats (1994)= pulegone, fenchone %< monoterpene®] 7
ABRCEAA G el 53 TFEHE HYSS HudI L, Byers et
al. (2000)= verbenoneo] Zu--9 UL (Pityogenes bidentatus)oll o] 3l

71FAdAl o] S-S gt} Tiberi et al. (1999)2 limonene®] WH| &
229 A=l Thaumetopoea pityocampa®) HalA A&+ Aafsicta 1w
1289t Yoo et al. (2002)S €©FAH|EEA AFo tsla 25F9

monoterpenes geraniol®] Ate&t7|3 g 37 7 ko Aol §le
=
)

a3kATE o] ¢ Zo] monoterpene 3ol thaEl A4S YERULL

rulo
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el W&l F454de] A gla, B3 sAEvE, ¥R, 294, 9

oo
1o,

21 Z 4| (external analgesic) 18|31 WEAZ A2 ¥ THTempleton,
1969). 2 ¥ & limonene< 7t} arFolo] gk ko] W % (Ctenocephalides
felis)®] ®A °FAlZ EPA (Environmental Protection Agency)dl 52591
ow mgk wpule] dfs] HA4S yetita BaudAti(Taylor and
Viekery, 1974; Collart and Hink, 1986; Hink and Fee, 1986). Terpene® &
o] &3k WAA A= AT FIA AAGE AFATE HEoR T
of gttt ey 3] olEE FAE wHEsel ug A= A

t}.
ofe] <= WAl fAlE Sl AEddA FEHe AE=HE
terpenes 7FA 3L Aol Ak Fubo] G-of o WAAE A s)aL
=

2k @k 34F 9 terpenes ©]-&3to]l Hubol ol thal TFEA, H=E
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7h A5 R 8y

D Al el
Algel A FHEAd dutol o= b st A Ao A i gRbel 1998
5 TAESH AUdA &% 25~28C, ¥57] 16L : 8D,
BUlEE 40-60% 75kl A kAl A g fleo] ol ARSI A ARESES
w, AgAAEE 19989 6¥ TH AFA ArdoA AHP¥ste] Aol A
fenpropathrin?} pyridaben©. = ztz} 4 o] w2 (Zhzh 1503 <))
3l A& fenpropathrin# &4 A% 3} pyridaben A FA A5 o2 31

Fenpropathrin® pyridaben® LCs#® A3dAdrE= vy 2o
Fenpropathrine A48 &3 AZo disiA LCsatel 22t 1.83
ppm, 0.48 ppm, fenpropathrin® 34 Ao thalA 22 >2000 ppml =
Zbzb >1,092.99, >4,166.790 2] A dHE YERH ST Pyridaben& F 7
o AFel disiA &7 glol Leoats 78 5 fldlou, el dig
LCso# 2 A AIS<] 1.19 ppm, pyridabenA &4 Al % o] >2000 ppmo =
>1,680.791 ] A& 8l E YEFH AT

2) AN EsgE

44F ] A =78 fr(essential oi)= (F) ApgtE A ofAfoll Al -9 ake] Al
Fol o] &3t} o, Monoterpenoids= A HEH 1L e AES FYste] A
of o]&3t¥th fFmyrcene (90%), (E)-caryophyllene (100%), borneol
(88%), (E)-cinnamaldehyde (99%), citronellol (95%), eugenol (99%),
geraniol (98%), safrole (97%)E Sigma Co. (St. Louis, MO) A T3+
31, ao-ionone (90%), o-pinene (98%), a-terpineol (90%), ¥-terpinene
(97%), p-cymene (99%), 1l-nonanol (99%), bornylacetate (97%),
camphene (95%), camphor (96%), carvacrol (98%), carveol (97%),
carvone (98%), 1,8-cineole (99%), citral (95%), citronellic acid (98%),
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fenchone (98%), hexanoic acid (99%), isosafrole (97%), limonene (97%),
linalool (97%), menthol (99%), menthone (90%), perillyl alcohol (96%%),
pulegone (85%), thymol (98%), valeric acid (99%)+= Aldrich Chemical
Co. (Milwaukee, WDl A <3} t}.

9] #7119 FY(main stem) Aol HZA(LG-caltex oi)& *lslx, A

ol goff JFS AdET Aol 207 E HES F, FHs 945

71 (9 x 15 cm)ell ¥, 7+ 33E Y AL filter paper (# 55 cm

of A% (10ut / mt) Aeste] dgPobad &7] nieel Fdrh. 3=

o A Ee]l &7 Wwre=E IuHE S W] e AEZYSA (¢ 9

cm)E FASE Abgste] A Re] wrow AA FEE JHIdFow
=

DEsAT AP 24, 48A 3 Fol AbsF(EAolA XF AS 2 AL
=

2) #3353
HEZYSH (# 5 cmol AT ddHA (¢
S 200t HEeh 7 SgES deEd &3AA 100 ppm ¢

triton X-100 AW ZAAFE N3} Egsto] 4o Fo od&3 Addid



FAFAL AFEEG AFNT e e dgon, BE 25E 3

33U 7R AZE 4 enFA B2 2ol Kim et al.(1997)9] A3

—

o #3te T4 &7 el HFA(LG-caltex olDE HPst % oS
2 102 s ZA v F= WelM dx=AzAT A

9 5 A A% v E AFea ve 3% Qe FANT o,

ANEAGe] AHES Gas chromatography (GC, DS 6200)¢} Gas
chromatography-mass spectrometry (GC/MS, Hewlett Packard 5890)2
o]-&3te] EAaATh Add o] &H columne DB-WAX (0.25 mm x 30

m<e} DB-1 (025 mm x 30 mm)S ©] &3} L carrier gas + N» gassS 9]
&3kl e, Oven &% 50C~180C (2C/min)& stk =T FH -9
SREE 20C2 sda HEV] 2EE 210Co] %7 oA Flame
Ionization Detector® &M, o] Z3}= 70 eVellA st Ao
TA TS GC/MSZHE Al59 total ion chromatogram< A2 F,

WILEY138 library®] #& (Hewlett Packard)e} B alo] 2213}l ).
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Hupolgellel HE A =7 F9 monoterpenoid?] FF54d HALS UF

Fotad 871 (954 m)E ol&3sto] Aol A st 4F9 4

gatds W 46.7%° FTEAHS UElA oY UmA ol FFTEIHTT
Aol gl tH(Table 1, 1-1). o2 AdfolA, AEH BFE ol &d &
A S s Fel dg AFARE 18 BA g 1
AR Sl sgtEl e EEgk A Ay vk

34% monoterpenoidell tigt Au|E&A 2 3}EEd wE st Aol E
B A (Table 2). 10 w9 ok g] oAl isosafrole?}t safrole®] B5 98.4%
o Au&E B, vt E carvacrolo] 583% At &7 =W g
T ooRAE THAL RS EFolA AFE] B A3 LDs#t2 isosafrol

26 w/ ¢S JeErW L, safroled 4.3 w/ ¢ S YJEFWCHFig. 1).
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Table 1. Fumigation toxicity of essential oils against acaricide
-susceptible 7. urticae adult females at 24 h after filter paper

application in 954 m¢ fumigation chamber

Essential oil Dose n *6 Mortality
(ul/ 2 ) (Mean=SD)
Anise 10 60 46.7+18.9
Bergamot 10 60 6.7+0.0
Basil 10 60 5.0+7.1
Caraway 10 60 48.4+2.3
Cedarwood 10 60 8.3+7.1
Chamomile (German) 10 60 8.4%2.3
Chamomile (Roman) 10 60 1.7+2.3
Cinnamic aldehyde 10 60 11.7£7.1
Cnnamon 10 60 5.0£7.1
Cnnamon Bark 10 60 33.4+23.5
Citronella 10 60 3.4x4.7
Clary sage 10 60 3.4+4.7
Clove (Bud) 10 60 3.4+4.7
Clove (Leaf) 10 60 16.7£9.4
Coriander 10 60 0.0+0.0
Eucalyptus 10 60 6.7+4.7
Geranium 10 60 1.7£2.3
Ginger 10 60 6.7+4.7
Grapefruit 10 60 1.7£2.3
Hyssop 10 60 50£7.1
Junifer berry 10 60 8.3+7.1
Lavender 10 60 3.4+4.7
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Table 1-1. Fumigation toxicity of essential oils against acaricide
-susceptible 7. urticae adult females at 24 h after filter paper

application in 954 m¢ fumigation chamber

Essential oil Dose n ?6 Mortality
(pb/ 2 ) (Mean=SD)
Lemon 10 60 6.7+4.7
Lemongrass 10 60 50+24
Lime 10 60 1.7+£2.3
Marjoram 10 60 3.4+4.7
Mentha arvensis 10 60 3.4+4.7
Muguet flower 10 60 18.4+2.3
Mustard 10 60 100.0+0.0
Myrrh 10 60 23.3+0.0
Peach lover 10 60 23.3+0.0
Peanut 10 60 38.4+16.5
Peppermint 10 60 6.7£0.0
Petitgrain 10 60 5.0+24
Pine needle 10 60 1.7£2.3
Rosemary 10 60 10.0+4.7
Sage 10 60 13.4£9.4
Spearmint 10 60 8.4+11.8
Strawberry 10 60 50+24
Sweet orange 10 60 13.4+94
Tea tree 10 60 3.4£4.7
Thyme 10 60 3.4+4.7
Thyme white 10 60 6.7£4.7
Ylangylang 10 60 3.320.0
Control - 60 1.7+£2.3
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Table 2. Fumigation toxicity of monoterpenoids

—-susceptible

T urticae adult females at 24 h

application” in 954 m¢ fumigation chamber

against acaricide

after filter paper

% Mortality

9% Mortality

Compound (mean+SD) Compound (mean=SD)
Borneol 3.4+4.7 Menthol 48.4+2.3
Bornyl acetate 0.0+0.0 Menthone 3.4+4.7
Camphene 26.7£28.3 Perillyl alcohol 1.7£2.3
Camphor 0.0+£0.0 Pulegone 8.4+2.3
Carvacrol 58.3+7.1 Safrole 98.4+2.3
Carveol 11.7+2.3 Thymol 11.7+7.1
Carvone 8.4+2.3 (E)-caryophyllene 10.0£9.5
1,8-Cineole 0.0+0.0 (E)-cinnamaldehyde 5.0+2.4
Citral 6.7+9.4 Valeric acid 11.7+7.1
Citronellic acid 5.0+7.1 a-Ionone 6.7+0.0
Citronellol 5.0+2.4 a-Pinene 3.3+0.0
Eugenol 1.7£2.3 ao-Terpineol 10.0+4.7
Fenchone 10.0+4.7 [-Myrcene 1.7£2.3
Geraniol 5.0+24 p—-Cymene 10.0+4.7
Hexanoic acid 10.0+0.0 v—Terpinene 3.4+4.7
Isosafrole 98.4+2.3 1-Nonanol 3.3+0.0
Limonene 0.0+0.0 Control 1.7£2.3
Linalool 1.7£2.3

@ Sixty adult females were exposured to 10 gl fumigant/#¢ air in each

treatment with 3 replications.
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v - Mustard oil
=
2 40 T LDso value : 1.3 #£/
X
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0 | | |

1 5 10
Dose (1£)
Fig. 1. Fumigation toxicity of mustard oil against acaricide-susceptible
T. urticae adult females at 24 h after filter paper application in 954 ml

fumigation chamber.
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o t O

g0 r == Isosafrol
B MW : 162.18
ﬁ 60 CH=CHCH,
™ LD--Iul:!lwl
(=]
= 40 T LOgwlum: 43 ggp
=

n T =~ Safraole

MW : 162.2
0 ! CHLC H=C H,

1 s 10

Dose (#£)

Fig. 2. Fumigation toxicity of isosafrole and safrole against acaricide
-susceptible T. urticae adult females at 24 h after filter paper

application in 954 m¢ fumigation chamber.
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HAEFAE A5 ged dd s B A&s et AE
Aol gk Hutol&of dFo Av&s AR 23 1.000 ppme] A &
oA 20% oldtm FFZAdol 7 flem, o g F3dA &
I 22 AElsEolA mustard oile] 86.7% =2 H3 A wiE UE
WA, chamomile (Roman), chamomile (German), Myrrh, anise oile] 2zt
7} 68.6%, 51.5%, 57.5%, 52.0%9 F-3AA&S HEHI o™, YA oil
MM = HE=Aol ALY glAl vERStH(Table 3, 3-1, 4, 4-1).

AHuro] Lo <o ™3 monoterpenoide] ¥39A &3E 1,000 ppm]
XA menthone®] 95.2%¢] =& AulayE YERNS AL, isosafrole©]
2 Aol 602%= vEtgon, gitEe a3t gle Aew u
El st tH(Table 5). Ao Wald= EE monoterpenoid®] AHH] 9] 35%0]
st2 HE=do] vtal AdH vk (Table 6).
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Table 3. Contact toxicity of essential oils against acaricide-susceptible

T. urticae eggs by leaf-dip and females by spray application

) ) Conc. % Mortality
Essential oil n
(ppm) (Mean+SD)
Anise 1000 60 52.0+10.4
Bergamot 1000 60 45.3+8.0
Basil 1000 60 77+6.2
Caraway 1000 60 44.3+21.0
Cedarwood 1000 60 23.8£11.6
Chamomile (German) 1000 60 51.5+28.0
Chamomile (Roman) 1000 60 68.6+14.1
Cinnamic aldehyde 1000 60 39.0£15.8
Cnnamon 1000 60 23.7£29
Cnnamon Bark 1000 60 22.2%0.8
Citronella 1000 60 13.9£10.6
Clary sage 1000 60 78.6+18.1
Clove (Bud) 1000 60 7.0+5.4
Clove (Leaf) 1000 60 14.4+3.6
Coriander 1000 60 3.4+0.9
Eucalyptus 1000 60 22.9+17.9
Geranium 1000 60 19.446.6
Ginger 1000 60 10.9+£3.7
Grapefruit 1000 60 28.8£13.5
Hyssop 1000 60 8.1+5.3
Junifer berry 1000 60 22.1+16.1
Lavender 1000 60 33.3+24.2
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Table 3-1. Contact toxicity of essential oils against acaricide

-susceptible 7T. urticae eggs by leaf-dip and females by spray

application
) ) Conc. % Mortality
Essential oil n
(ppm) (Mean+SD)
Lemon 1000 60 33.1+13.9
Lemongrass 1000 60 15.0£11.6
Lime 1000 60 45.2+29.5
Marjoram 1000 60 10.4£10.2
Mentha arvensis 1000 60 7.4+11.0
Muguet flower 1000 60 29.6+£9.8
Mustard 1000 60 86.7+12.4
Myrrh 1000 60 57.5+59
Peach lover 1000 60 16.0+8.5
Peanut 1000 60 27.7+37.3
Peppermint 1000 60 54%1.6
Petitgrain 1000 60 6.5+t1.4
Pine needle 1000 60 7.77+5.2
Rosemary 1000 60 42.6+38.0
Sage 1000 60 18.3115.9
Spearmint 1000 60 30.7+10.9
Strawberry 1000 60 9.3+9.3
Sweet orange 1000 60 33.9+29.3
Tea tree 1000 60 13.1+x134
Thyme 1000 60 54.5+54
Thyme white 1000 60 5.2+5.0
Ylangylang 1000 60 9.9+6.5
Control - 60 09+1.5
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Table 4. Contact toxicity of essential oils against acaricide-susceptible

T. urticae adults by leaf-dip and females by spray application

) ) Conc. % Mortality

Essential oil n
(ppm) (Mean+SD)

Anise 1000 60 12.9+£11.7
Bergamot 1000 60 3.5+6.1
Basil 1000 60 10.6£2.6
Caraway 1000 60 17.6£6.7
Cedarwood 1000 60 226134
Chamomile (German) 1000 60 35.0£16.9
Chamomile (Roman) 1000 60 16.4+3.1
Cinnamic aldehyde 1000 60 19.4+11.7
Cnnamon 1000 60 29.1+4.6
Cnnamon Bark 1000 60 11.5%£3.0
Citronella 1000 60 15.7£5.6
Clary sage 1000 60 22.3£13.7
Clove (Bud) 1000 60 20.6+14.3
Clove (Leaf) 1000 60 8.3+7.0
Coriander 1000 60 18.9+8.3
Eucalyptus 1000 60 8.6+7.0
Geranium 1000 60 28.7+17.8
Ginger 1000 60 22.4+3.3
Grapefruit 1000 60 19.9£1.0
Hyssop 1000 60 18.1+4.0
Junifer berry 1000 60 42.8+8.3
Lavender 1000 60 5.6+5.8
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Table 4-1. Contact toxicity of essential oils against acaricide

-susceptible T. urticae adults by leaf-dip and females by spray

application
) ) Conc. % Mortality
Essential oil n
(ppm) (Mean+SD)
Lemon 1000 60 7.7£2.5
Lemongrass 1000 60 14.0+4.8
Lime 1000 60 8.9+4.4
Marjoram 1000 60 20.5£16.0
Mentha arvensis 1000 60 17.1+£84
Muguet flower 1000 60 19.6+2.4
Mustard 1000 60 35.7+10.9
Myrrh 1000 60 15.8+8.6
Peach lover 1000 60 29.0+£11.6
Peanut 1000 60 17.9£11.9
Peppermint 1000 60 11.0£2.2
Petitgrain 1000 60 11.8+8.8
Pine needle 1000 60 7.4+2.1
Rosemary 1000 60 13.8+4.8
Sage 1000 60 12.3t115
Spearmint 1000 60 16.4+12.6
Strawberry 1000 60 15.8+3.8
Sweet orange 1000 60 12.6+3.1
Tea tree 1000 60 9.6+4.1
Thyme 1000 60 8.0£6.0
Thyme white 1000 60 21.2+20.7
Ylangylang 1000 60 22.3£19.6
Control - 60 3.0£1.8
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Table 5. Contact toxicity of monoterpenoids against acaricide-susceptible

T. urticae eggs by leaf—dip application (1,000 ppm)a)

% Mortality

% Mortality

Compound (mean+SD) Compound (mean+SD)
Borneol 9.1+5.9 Menthol 18.3£5.6
Bornyl acetate 23.5%5.8 Menthone 25.7+14.6
Camphene 8.9+12.9 Perillyl alcohol 31.3+114
Camphor 3.242.8 Pulegone 20.4+11.2
Carvacrol 20.8+15.1 Safrole 98.4+2.3
Carveol 17.8+13.0 Thymol 23.4+54
Carvone 38.7+22.2 (E)-caryophyllene 15.7£135
1,8-Cineole 29.7+21.7 (E)-cinnamaldehyde 12.4+2.4
Citral 28.8+24.7 Valeric acid 14.3+114
Citronellic acid 9.5+7.3 a-Ionone 28.2+42.5
Citronellol 46+1.3 ao-Pinene 3519
Eugenol 5.8+4.3 a-Terpineol 6.8+3.6
Fenchone 14.9+10.6 [i-Myrcene 445+31.4
Geraniol 28.6£8.6 p—Cymene 5.8+6.3
Hexanoic acid 23.6+24.7 v—Terpinene 34.2+11.3
Isosafrole 60.2+14.7 1-Nonanol 10.8+3.7
Limonene 20.0+£11.7 Control 3.0+4.1
Linalool 18.3+8.2

a)
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Table 6. Contact toxicity of monoterpenoids against acaricide—susceptible

T. urticae adult females at 48 h by spray application (1,000 ppm)®

9 Mortality

% Mortality

Compound (mean+SD) Compound (mean=SD)
Borneol 26.5+14.7 Menthol 7.7+7.2
Bornyl acetate 0.0£0.0 Menthone 29.3£4.8
Camphene 11.8+5.6 Perillyl alcohol 16.5+5.2
Camphor 7.4+2.3 Pulegone 18.0£13.5
Carvacrol 3.1+2.7 Safrole 4.7+4.6
Carveol 0.0+£0.0 Thymol 11.5+£3.0
Carvone 31.3t74 (E)-caryophyllene 2.9+2.6
1,8-Cineole 19.5£12.0 (E)-cinnamaldehyde 13.2+7.2
Citral 19.5+9.3 Valeric acid 4.8+8.3
Citronellic acid 125421 a-Ionone 12.048.2
Citronellol 20.1+11.1 n-Pinene 10.1+13.2
Eugenol 8.019.8 a0-Terpineol 10.6+5.9
Fenchone 1.5+£2.6 [i-Myrcene 25.8+3.8
Geraniol 6.4+7.3 p-Cymene 6.1+5.3
Hexanoic acid 26.2+16.7 v—Terpinene 11.1+19.2
Isosafrole 34.7+7.2 1-Nonanol 7.8+5.7
Limonene 1.6+2.8 Control 2.9+3.9
Linalool 9.3+8.1

¥ Mean of three replications; sample size, 20 adults per replication.
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3) 719 =2
219 monoterpenoidel] gk Hulo]g-of o] ]I HEEAIH S o]

93}, 779 three choice test®] & E WSS ZALSle] 713838 3l

of

’

ok 440 AEA Aol gk Hutol&of o] ZHukg AP A aniset
caraway oil®] 1,000 ppm<e] =X 242t 92.1%, 922% = =& 7|9 &S
Yel At Chamomile (German), chamomile (Roman), cinnamon,
geranium, peppermint, strawberry oil& 22 FZoA 42 87.0%,
80.0%, 82.2%, 82.2%, 81.1%, 83.9%¢<] 7|39 &S WEFH AT Table 7, 7-1).

359 monoterpenoidel] 3 719 uke A& A} limonene®] 1,000
ppme FZOA 87.8%< 7|¥&E MY =2 7]¥¥reS yElA L, o

™ X monoterpenoid= 713 37} AU gt (Table 8, 8-1).
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Table 7. Repellency of essential oils against acaricide-susceptible

T. urticae adult females in the three choice condition

No. of T. urticae

Essential oil Conc. Treated Untreated Spin— %0 o
(ppm leaf(T)  leaf(U) down(S) Repellency
Anise 1000 7 74 9 92.1£8.6
Bergamot 1000 72 17 1 20.3£9.2
Basil 1000 51 38 0 42.6+15.6
Caraway 1000 7 82 1 92.2+84
Cedarwood 1000 40 46 1 57.8+15.7
Chamomile(German) 1000 11 74 0 87.0+11.8
Chamomile(Roman) 1000 18 58 14 80.0+20.3
Cinnamic aldehyde 1000 46 40 4 489+11.7
Cnnamon 1000 16 72 2 82.2%x13.5
Cnnamon Bark 1000 53 32 5 41.1+84
Citronella 1000 20 61 9 77.7+8.4
Clary sage 1000 30 56 4 66.7+20.3
Clove (Bud) 1000 32 54 4 64.5+5.1
Clove (Leaf) 1000 38 45 7 57.8+23.4
Coriander 1000 29 54 7 67.8+28.4
Eucalyptus 1000 25 55 10 72.2+16.8
Geranium 1000 16 72 2 82.2%12.6
Ginger 1000 29 55 6 67.8+35.6
Grapefruit 1000 40 47 3 55.5+39.7
Hyssop 1000 65 21 4 27.7£11.7
Junifer berry 1000 42 40 8 53.3£8.8
Lavender 1000 44 40 6 51.1+25.3

¥ Repellency (%)=(U+S / U+S+T) x 100
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Table 7-1. Repellency of essential oils against acaricide-susceptible

T. urticae adult females in the three choice condition

No. of T. urticae

Essential oil Conc. Treated Untreated Spin— 70 o
(ppm leaf(T)  leaf(U) down(S) Repellency
Lemon 1000 37 43 5 58.9+13.9
Lemongrass 1000 28 56 6 68.9+25.3
Lime 1000 69 15 6 23.3+8.8
Marjoram 1000 73 15 2 18.9+7.0
Mentha arvensis 1000 45 40 5 50.0+15.3
Muguet flower 1000 50 36 4 33.3x115
Mustard 1000 26 59 5 71.1+10.7
Myrrh 1000 37 45 8 70.0+23.4
Peach lover 1000 49 37 4 45.6*13.5
Peanut 1000 47 37 6 47.8+17.1
Peppermint 1000 17 68 5 81.1+£24.6
Petitgrain 1000 74 12 4 17.8£16.8
Pine needle 1000 39 49 2 56.7+15.3
Rosemary 1000 50 37 3 44.4+8.4
Sage 1000 37 52 1 58.9+18.4
Spearmint 1000 51 34 5 43.3+21.8
Strawberry 1000 11 77 3 88.9+10.7
Sweet orange 1000 30 59 1 66.7+20.8
Tea tree 1000 53 32 5 41.1+84
Thyme 1000 21 66 3 76.7+6.7
Thyme white 1000 24 59 7 73.3+5.8
Ylangylang 1000 36 47 7 60.0£17.6
Control - 37 2 10 3.3+3.3

¥ Repellency (%)=(U+S / U+S+T) x 100
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Table 8. Repellency of monoterpenoids against acaricide—susceptible

T. urticae adult females in the three choice condition

No. of T. urticae

Monoterpenoid Cone. Treated Untreated  Spin- ” 2
(ppm) Repellency
leaf(T)  leaf(U)  down(S)
Borneol 1000 75 12 3 16.7£10.0
Bornyl acetate 1000 41 39 10 54.4+16.5
Camphene 1000 63 24 3 26.5+3.4
Camphor 1000 62 27 1 31.1+84
Carvacrol 1000 30 50 10 70.0+3.3
Carveol 1000 37 47 6 58.9+10.2
Carvone 1000 52 36 5 44.1+3.6
1,8-Cineole 1000 70 14 7 23.1+7.0
Citral 1000 7 12 3 16.7+6.7
Citronellic acid 1000 47 36 7 54.5+29.9
Citronellol 1000 35 42 13 53.3+6.7
Eugenol 1000 49 36 5 45.5+33.4
Fenchone 1000 54 24 12 40.0+16.7
Geraniol 1000 41 43 6 54.4+10.7
Hexanoic acid 1000 29 62 1 79.1+31.0
Isosafrole 1000 42 50 1 54.6+7.2
Limonene 1000 11 73 6 87.8+6.9
Linalool 1000 69 16 5 23.3+15.3

¥ Repellency (%)=(U+S / U+S+T) x 100
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Table 8-1. Repellency of monoterpenoids against acaricide—susceptible

T. urticae adult females in the three choice condition

No. of T. urticae

Monoterpenoid Cone. Treated Untreated Spin- % 0
(ppm) Repellency
leaf(T)  leaf(U) down(S)
Menthol 1000 33 42 5 52.2%21.5
Menthone 1000 57 27 6 36.7+5.8
Perillyl alcohol 1000 45 28 7 38.9+17.1
Pulegone 1000 73 19 0 20.7+16.4
Safrole 1000 63 20 7 30.0+30.0
Thymol 1000 45 42 3 50.0£37.8
(E)-caryophyllene 1000 45 35 9 49.8+30.2
(E)-cinnamaldehyde 1000 79 5 2 7.7+84
Valeric acid 1000 67 16 7 255%5.1
a-lonone 1000 79 5 6 10.24£3.7
a-Pinene 1000 73 13 4 18.9+5.1
a-Terpineol 1000 59 29 2 34.5%13.5
B-Myrcene 1000 74 16 1 18.7+1.8
p-Cymene 1000 70 20 0 20.7+16.4
y—Terpinene 1000 78 7 5 13.4+3.4
1-Nonanol 1000 51 36 3 43.3+18.5
Control 1000 83 0 6 6.645.1

¥ Repellency (%)=(U+S / U+S+T) x 100
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4) shsheA
922%°9 =2 719 &AL YE caraway oild] 7|9 FAAES B35}
71998 GCeF GC/MSE o] €3t (Fig. 3). 413 A3 caraway oil®] F

8742 carvone®} limonene®] $AtH(Table 9). welA] caraway oil2]

1
o

F23 A< carvoned} limonene?] 7]3|WFS-S tF<FA|Ql bifenthrin}
Hladte] A&83 A3 R-(+)-limonene°] 1,000 ppm¢ F=olA 87.8%<]
=2 719 &S YR o carvoned #E AP E oA 441%9 e
719 &S YUEddo Aol gole] Aol disl v Edrt UM
R-(+)-limoneneS 10, 100, 1000 ppm< == A3 ZA3 100, 1000
ppmel A Z+zZF 83.1%, 87.8%< %<& 719 &S YEA oy 1,000 ppm O
A 63.3%= 7| E2H7t A E AT (Table 10). & eFA|Ql bifenthrin
10, 100, 1000 ppmo.= A& e A}, 2tz 59.9%, 73.9%, 81.8%°] 7|9 =&
H}E el o] ZM limonene?] 7] &4 o] bifenthrin® t} &34 ¢
S g T A

=
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Retention time(min)

Fig. 3. Capillary gas chromatogram of caraway oil. DB-WAX capillary
column (ID. 0.25 mm, 30 m long, 0.25 gm film thickness), Temp., 50T
to 180C at 2C/min.
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Table 9. Chemical composition of caraway oil as determined by

combined gas chromatography-mass spectrometry

Peak Retention

» Compound Mass spectral data ) ) Relative(%)”
number time(min)
1 Limonene 68, 93, 39, 27, 53 8.6 26.7
2 Carvone 82, b4, 39, 93, 27 42.6 73.3

¥ The peak numbers correspond to the numbers in Fig. 3.

> Major fragmentation ions

_42_



Table 10. Repellency of constituents of caraway oil against

acaricide-susceptible 7. urticae adult females in the three choice

condition
No. of mite in
Conc. . 05%) Sign
Compound Treated Untreated Spin—down b)
(ppm Repellency —test
side(T)  side(U) (S)
Limonene 1,000 11 73 6 87.8+6.9 P<0.001
100 15 66 8 83.1+0.3 P<0.001
10 33 46 11 63.35.8 P<0.05
Carvone 1,000 52 36 5 44.1+3.6 n.s®
Bifenthrin 1,000 17 12 61 81.1+3.2 P<0.001
100 24 16 52 73949 P<0.001
10 36 12 40 59.945.7 n.s
Control - 84 4 2 6.7+3.4 n.s

¥ Repellency (%6)=(U+S / U+S+T) x 100
" Significant difference were analysed by binominal sign test (Zar, 1996)

? n.s.: not significant.
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Monoterpenoidel] ™3+ Hulo]Lofo] 7)Hykg& A& o] 83t three
choice test® W33} afe] g wkg& FAbsto] 79 EE 5%
44% 9] terpene =4 limonene©] 1,000 ppm< XA 87.8%¢ 7%
=8 79 &S UegWa, t22F hexanoic acid’} 79.1%°]dtt. 1 ¢
monoterpenoid< 70% ©]3&te] 719 &3E yeEl It Table 11, 11-1). A
Fol&oll AFoll thslA 73 &¥7F vkl #vkd limonene¥ hexanoic
acidg& °]&3ld =& Z+zh 10, 100, 500, 1,000 ppmo.= ste] Azt 4
3, 100 ppmol o] soA = F = BT 75-80%°] 7Y ERE W
G o}t 10 ppmol A& limonene®] 63.4%, hexanoic acid’} 42.2% = 719 &
H}7t oM H(Fig. 4). =3 o] F 3FgES A8l fenpropathrin?}
pyridabenA &4 A&l Aol &o AHFol dEd 7Id&s& A

(Table 12).

1z

Fenpropathrin# 84 A% o] a4 hexanoic acide 1,000, 500 ppmell
A 4y 778, 69.2%2 7Y EFHE H Ao limonenes 1,000 ppmol A
178%°] 7191&& Ho 744 Huolgofsts Adoldt AxE Bk =
3t pyridaben# &4 A&l thal A hexanoic acid’} 1,000, 500, 100 ppm®ll
Al ZkzE 83.3%, 66.7%, 61.8%°] 719 &¥E H<Ql WM limonenes 1,000
ppmoll A 495% =2 pyridaben &4 AlFol| tisiA 71H g3t A3 b
wa A #FA s oA AR YERTE ©]= hexanoic acid7b 7 A&43
A&l A 500 ppmZ7bAl 719 35 YERH I oY, limonene & 77}
vrol &-8-2Ql oA wr=A] A A AE Fuko] gl e ofe]

ol tigk AE7E lojokd Aow AZE
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Table 11. Repellency of monoterpenoids against acaricide—susceptible

T. urticae adult females in the three choice condition

No. of mite in N )
Conc. %" Sign

Compound (ppm) Treated Untreated Spin- Repellency  —test”
side (T) side (U) down (S)
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+84 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 5 455+33.4 ns
Fenchone 1,000 54 24 12 40.0+£16.7 ns
Geraniol 1,000 41 43 6 54.4+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

¥ Repellency (%)= (U+S / U+S+T) x 100
Y Significant differences were analysed by binominal sign test (Zar, 1996).

© hs: not significant.
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Table 11-1. Repellency of monoterpenoids against acaricide-susceptible

T. urticae adult females in the three choice condition

No. of mite in

Compound (C . Treated Untreated Spin— o Sigrl)
ppm) b Repellency -test
side (T) side (U) down (S)
Linalool 1,000 69 16 5 23.3+¥15.3 ns”
Menthol 1,000 33 42 5 52.2#215 P<0.01
Menthone 1,000 57 27 6 36.7+5.8 ns
Perillyl alcohol 1,000 45 28 7 38.9+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£8.4 ns
Valeric acid 1,000 67 16 7 25.5+5.1 ns
a-Ionone 1,000 79 5 6 10.2+£3.7 ns
a-Pinene 1,000 73 13 4 18.9+5.1 ns
n-"Terpineol 1,000 59 29 2 34.5+13.5 ns
[f-Myrcene 1,000 74 16 1 18.7+1.8 ns
p-Cymene 1,000 70 20 0 22.2¥165  ns
v—Terpinene 1,000 78 7 5 13.4+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) x 100

P Significant differences were analysed by binominal sign test (Zar, 1996).

© hs: not significant.
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-+ Limonene

100
M.W: 136.23
E‘ 80
% 60 I 1l NcH
S a0 | I
é -o- Hexanoic acid
X 20 M.W: 116.16
0 ] ] ] J /M
10 100 500 1,000 OH

Concentration (ppm)

Fig. 4. Repellency of limonene and hexanoic acid against acaricide

—susceptible T. urticae adult females in the three—choice condition.
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Table 12. Repellency of two compounds against fenpropathrin and
pyridaben resistant 7. urticae adult females in the three choice

condition

No. of mite in .
Conc. 9% Sign
(ppm) Treated Untreated Spin- Repellency —test”
side (T) side (U) down (S)

Fenpropathrin-resistant strain

Compound

Hexanoic acid 1,000 18 70 2 77857 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) x 100
> Significant differences were analysed by binominal sign test (Zar, 1996).

© hs: not significant.
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ATl FRUS B LA At Aol ErtE
FEE oAb stel Adol Agetgith Al ASEAL &% 25-28C,
#57] 16L : 8 D, 4t %= 50-60%= st}

2) AN EsgtE

Algel AFgE 31F9 2 EA fr(essential oil)= (F) AkghR 2] o}l A
TYste]  AlFo|  ALE3FAtH(Table 13). Monoterpenoid 3FgHE<Q ¥
—terpinene (97%), p—cymene (99%), carvone (98%), 1, 8-cineole (99%),
menthol (99%), menthone (90%), pulegone (85%)+= Aldrich Chemical Co.
(Milwaukee, WI)ol| 4] cyclohexanone, 3-octanol Fluka Co. (Switzerland)
oA Fdske] Aol AFE-3td .

2559} terpened o TEEAL IF 55H EUVE FEE 9459
of=d &7] (#9 x 15 cm)ell ¥, 4% 20-30vtg 2 HEd F 7 3¢
5 dAS filter paper (% 55 cr)oll AAZEF 2ol 958 of2E £7]
Hdo] HJaetadrh =] W Aol &7 wroew Idye As 9

71 A8 FEHYS (09 cm)E FAOoE AHEste] JetdFo s Wid)
Atk A 24, 48AZF Foll AMTFE ARSI oM, BE AJYS 3WkEo
2 FPsidnh AgEAe &% 25-28C, #57] 16 L © 8 D, FdlF=

50-60% = s} Tk,
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Table 13. List of essential oils used in this study

Oils Species Oils Species
Angelica root Angelica Muguet flower Convallaria
(23 archangelica (g3} keiskei

Anise Pimpinella Orange Cit . .

_ _ itrus sinensis
(AFe ) anisum (&3}

Basil Cit b . Patchouli Pogostemon
itrus bergamia .

(BE7}) & (ZE3}) cablin

Bergamot . . Pennyroyal .

_ Citrus bergamia Mentha pulegium
(&7} & (2% 3} pries
Caraway Ca . Peach lover G o

_ rum carvi ommiphora
(43 3}) 2242} 3} P
Cardamon FElettaria Peppermint Mentha piveri

en iperita
(A7) Cardamomum (&1 pip
Chamomile Anthemi billi Petitgrain Cit i

] nthemis nobillis _ itrus aurantium
(=r3t3}) ()

Clove leaf Fugenia Pine needle Pi Ioestri

) inus sylvestris
(JgFUH-7) caryophylata (231 Y
Coriander Coriandum Rosemary Rosmarinus
(v 2}) sativum (FZ3 officinalis
Eucalyptus Eucalyptus Sage Salvia
(=54 globulus (FZ3 lavandulaefolia
Grapefruit . . Spearmint .

- Citrus paradisi o Mentha spicata
(&) P (27} v
Lemon Cit i Tea tree Meleleuca

_ itrus limon e
() =% alternifolia
Lime Cit tifoli Thyme Th / .

] itrus aurantifolia mus vulgaris
g (2 %3} Y &
May chang ) Thyme (white) )

Litsea cubeba Thymus vulgaris

(1) (223} Y &
Marjoram Origanum Ylangylang Ca dorat

) nanga odorata
(&3 majorana (o} =1} 3) £
Wild mint Mentha .

en arvensis
(FE
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(2) A=2+

27l AFol Uid HAE5A AEe IF 55 EvE fFHE 3
FES e £31AA 100 ppmel triton X-100 AHEA 4L Ay =

Jfu

=

{0

Foto] 3l4e] Zol olwrew AR seoe] vgo] 1: 97 HE

|

)
o]

A g AN (1,000 ppm)ol 30x7 A JAA 3 EvlE FHE o}
Y AFSA (09 x 15 cm)oll Y31 AF 20-30vkE] S HF3FaL 24, 48437
Zo AMFSFE ZAFSIAY. d ey AWEASEY (100 ppme triton

D97 HEE AR MRS TRl ATl Wd
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. 2% 2 1%

D F5ay

ATl N AEAHFe FSEAE 954 ml TFEVE o] &3
o] AulolA sttt 7t 3=
14-13 2t} 31F9] A EAG R i a7 4712 10 wo] FFA

o

2ol A anise, basil, caraway, chamomile (Roman), marjoram, pennyroyal,
peppermint oil 100%<2] AF&4S YERNAT. 5 w0 A g dA =
anise, mentha arvensis, peppermint oil2 100% 2&3&4& Jeldglon,
pennyroyal, spearmint, litsea cubeba oil'= 90% ©]49] ¥ AZFIAS
YEFW o1} litsea cubeba oil oFalE R Th Tk 1 o] o A gl A
= pennyroyal, peppermint, spearmint oil 40% o]Ate] AE=FAS E
w3l

Tuni et al. (1998)& Adsdhg-2 djTom S3315lE3) HHbo]Sof =

i
o
K

ool thal A cumin, anise, oregano, eucalyptus oile] E=&A]o
Bustgon, I A AR Choi ef al (2003) 53%9] AEAH
5 o R 2A7FFolo & okF A g T84S A=
bay, caraway seed, clove leaf, lemon eucalyptus, lime, pennyroyal,
peppermint, rosewood, spearmint, tea tree oile] &Alo] HL&& HIE}

of ¥ A9l Avbsl w5E A e
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Table 14. Fumigation toxicity of essential oils against 7. vaporariorum

adults at 48 h after filter paper application in 954 ml fumigation

chamber

Essential oil

% Mortality (mean+SD)

Concentration, 0/ml air

a)

n”  105x10° n  53x10°  n  LIx10°
Anise 48 100.0+0.0 51 100.0+0.0 59 11.7+£3.7
Basil 70 100.0+0.0 44 755%14.5 64 33.9%74
Caraway 61 100.0+0.0 48  68.0+8.6 -
(Célj;n;)sﬂe 46 1000+00 54 759439 43 34+47
Coriander 58  98.2+2.5 46 784+14.8 64 6550
Eucalyptus 75 57.2+19.7 - -
Grapefruit 89 35.9+18.0 - -
Lemon 54 64.7x45 - -
Marjoram 67 100.0+0.0 46 66.5+20.5 -
Mentha 56 100.0:0.0 43 100000 53 30.4+12.3
arvensis
Pennyroyal 64 100.0+0.0 58 94.8+2.7 49  40.2£9.8
Peppermint 43 100.0+0.0 56 100.0+0.0 52  439+12.8
Pine needle 62 76.0+1.3 63 259+12.9 -
Rosemary 58  70.0+04 48  41.2+74 -
Sage 63 80.6+11.8 52  42.4+54 -
Spearmint 86 99.1+1.3 61 91.7+11.8 57 41.1£7.2
Tea tree 77 935+2.2 55 62.4+1.3 -
Thyme 65 88.4+6.4 63 821%12.4 52  2.3%3.2
Thyme white 74 96.4+5.2 b3  71.2£24.0 54 19.2£17.6b
Ylangylang 65 54.6+19.6 - -

¥ Number of insects tested.
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Table 14-1. Fumigation toxicity of essential oils against 7. vaporariorum

adults at 48 h after filter paper application in 954 ml fumigation

chamber

9 Mortality (mean+SD)
Essential oil Concentration, u¢/ml air Phy(t(;)t(;(bi)c ity

n” 10.5x10"

Angelica root 89 70.9£20.2 0
Bergamot 95 78.1+13.9 0
Cardamon 76 19.2+13.2 0
Clove leaf 92 52.246.5 0
Lime 86 12.9+2.7 0
Litsea cubeba 87 92.3£13.2 5
Muguet flower 85 85.3+5.2 0
Orange 9 68.0+2.2 0
Patchouli 103 61.9+7.7 0
Peach lover 71 17.545.7 0
Petitgrain 96 32.3£1.0 0

¥ Number of insects tested.

» (0 = normal and 5 = complete death
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1T A=A ol e 24770l AFY HESAHS AE e &
F 30% olstZ LAY it (Table 15, 15-1). whatA A& o

AHEE AEAFE HJEFA 9T AsEAVE AY fle Ao®E YET
Kim et al. (2003)2 Ad™Hd A5l sl A=A Fol g 45548
ZAF3k A3} cinnamon, horseradish, mustard oil2 Az 19 % 100%
43S e o v shgtE wmgk 80% o4 HFedE
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Table 15. Contact toxicity of essential oils against 7. vaporariorum

adults
9% Mortality (mean+SD)
Essential oil Concentration (ppm)
n” 1000
Anise 60 10.7+3.7
Basil 60 2.8£0.5
Caraway 60 0.0+0.0
Chamomile (Roman) 60 0.0+0.0
Coriander oil 60 0.0+0.0
Eucalyptus 60 0.0£0.0
Grapefruit 60 2.8£0.2
Lemon 60 11.3+54
Marjoram 60 0.0+0.0
Mentha arvensis 60 13.9+2.8
Pennyroyal 60 0.0£0.0
Peppermint 60 29.4+12.3
Pine needle 60 3.4+1.2
Rosemary 60 0.0+0.0
Sage 60 16.5+1.7
Spearmint 60 21.1+7.2
Tea tree 60 0.0+0.0
Thyme 60 5.8+1.2
Thyme white 60 1.0£0.5
Ylangylang 60 2.8+1.3

¥ Number of insects tested.
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Table 15-1. Contact toxicity of essential oils against 7T. vaporariorum

adults
9% Mortality (mean+SD)
Essential oil Concentration (ppm)
n” 1000
Angelica root 60 3.4£4.7
Bergamot 60 11.7£3.7
Cardamon 60 0.0+0.0
Clove (leaf) 60 6.5£5.0
Lime 60 11.3£2.8
Litsea cubeba 60 21.1+7.2
Muguet flower 60 0.0+£0.0
Orange 60 0.0+0.0
Patchouli 60 3.4+1.2
Peach lover 60 0.0+0.0
Petitgrain 60 0.0+£0.0

¥ Number of insects tested.
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227 Fole L FTEEAHES HEAJY  spearmint®  peppermint,
pennyroyal oil®] &S EA38H7] $13] GCeF GC/MSE ©]&3t3t). ol &
oill& #A41% ZA3} peppermint= p-cymene (9.5%), cyclohexanone (8.1%),
cyclohexene (4.3%), menthol (24.5%)2] F& TAAES] EAHAon
(Fig. 5, 6), spearmint:= 1,8-cineole (14.5%), %-terpinene (12.4%), p
—cymene (4.9%), 3-octanol (6.3%), carvone (36.8%)% utelyttt (Fig. 7,
8). X3+ pennyroyal® 74-$, cyclohexanone (3.4%), menthone (6.8%),
iso-menthone (24.5%), iso—pulegone (3.7%), pulegone (56.5%)¢] 2] %3]
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T Ay 2271 Folo a4 carvone, menthone, pulegone, ¥-terpenine
o] =& F=3a¥= vyl Singh er al (1989)8 linalool¥ linalyl
acetateZ} Zultwlo] A FF=Ado] kil B iskgl o, Rogeret

Hamraoui (1995)+% Zrd&vtulo] dislA 13F< terpene 3= <
byl
“
olgollZe] AHel Bl FTTEAdol E=UdE AEARFY FAAALRES

linalool, terpinen-4-ol, 1,8-cineole, pulegone 3 T=8Ao] =t

B 139 H(Sarac and Tunc, 1995).
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1. o-cymene

2. Cyclohexanone

5
3. Menthone
4. Cyclohexene
1 s 5. Menthol
3 4
L i rod LL_L]._A__,_‘—
| | | | | |
0 10 20 30 40 50 60(min)

Retention time (min)
Fig. 5. Gas chromatogram of peppermint oil. wax capillary column (I.D.

0.25 mm, 30 m long, 0.25 gm film thickness), temp., 50T to 180T, 4T

/min.
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Fig. 6. GC/MS spectrum of major GC peaks of peppermint oil.
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Table 16. Chemical composition of peppermint oil as determined by

combined gas chromatography and mass spectrometry

Peak , Retention Relative
» Compound Mass spectral data ] .
number time (min) (%)
1 p-cymene 119, 134, 91 10.63 9.5
2 Cyclohexanone 112, 69, 41, 55, 139 23.17 8.1
3 Cyclohexene 95, 81, 138, 123 29.72 4.3
4 Menthol 71, 81, 95 32.08 245

¥ The peak numbers correspond to the numbers in Fig. 5.

» Major fragmentation ions.
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1. 1,8-cineole

5 2. y-terpinene
3. P-cymene
4. 3-octanol
1 5. Carvone
2
3 4
S P J. - .I. - .x_JJ'— 1. J-J-._.l\__ - - |
! T T T T |
0 10 20 30 40 50 60(min)

Retention time (min)

Fig. 7. Gas chromatogram of spearmint oil. wax capillary column (LD.
0.25 mm, 30 m long, 0.25 ¢m film thickness), temp., 50C to 180T, 4T

/min.
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Fig. 8. GC/MS spectrum of major GC peaks of spearmint oil.
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Table 17. Chemical composition of spearmint oil as determined by

combined gas chromatography and mass spectrometry

Peak »  Retention Relative
» Compound Mass spectral data ] ]
number time (min) (%)
1 1,8-cineole 81, 71, 109, 55, 154 10.68 14.5
2 v—-terpinene 93, 77, 136, 121 20.36 12.4
3 p—cymene 119, 91, 134 21.26 49
4 3-octanol 59, 55, 83, 41, 101 27.37 6.3
5 Carvone 82, 54, 93, 108 31.91 36.8

Y The peak numbers correspond to the numbers in Fig. 7.

Y Major fragmentation ions.
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1. Cyclohexanone
5
2. Menthone
3. Isomenthone
4. Isopulegone
2 5. Pulegone
1
3
4
_.J _l_._L__.- l—_.J'—]VN l"-L..u_L[_ B i
T T | I I =|1
0 10 20 30 40 50 60(min)
Retention time (min)

Fig. 9. Gas chromatogram of pennyroyal oil. wax capillary column (I.D.

0.25 mm, 30 m long, 0.25 ¢m film thickness), temp., 50C to 180T, 4T

/min.
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Fig. 10. GC/MS spectrum of major GC peaks of pennyroyal oil.
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Table 18. Chemical composition of pennyroyal oil as determined by

combined gas chromatography and mass spectrometry

Peak , Retention Relative
» Compound Mass spectral data ] ]
number time (min) (%)
1 Cyclohexanone 69, 56, 42, 112 455 34
2 Menthone 112, 139, 41, 69, 154 18.61 245
3 Isomenthone 154, 69, 53, 119 1985 6.8
4 Isopulegone 109, 67, 93, 123 2477 3.7
5 Pulegone 81, 152, 67, 109 27.15 56.5

Y The peak numbers correspond to the numbers in Fig. 9.

Y Major fragmentation ions.
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Table 19. Fumigation toxicity of monoterpenoids against 7.
vaporariorum adults at 48 h after filter paper application in 954 ml

fumigation chamber

9% Mortality (mean+SD)

Monoterpenoid Concentration, uf/ml air

nY  105x10° n 5.3x107° n 1.1x107°

R-(-)-Carvone 62  100.0£0.0 60  100£0.0 56 41.1£7.6
1,8-Cineole 62 31.6+2.8 - -
Cyclohexanone 61 34.3+4.0 - -
[i-cymene 56 65.3+£3.7 - -
Menthol 52 97.8+2.8 58 93.2+49 31 35.4%6.5
(-)-Menthone 63  100.0+0.0 44 95.316.7 53 24.6£3.3
3-octanol 61 26.2+8.8 - -
Pulegone 53  100.0+0.0 52  100.0+0.0 63 27.5+0.7

¥—terpinene 55 100.0+£0.0 58 10.4+4.9 -

¥ Number of insects tested.
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TE 3y EeFAEde g8 WA F7] 24 f8 filter
papers T4 1A ITE A 24A17F Fo A}

E g 3udor Sasarn Agxde 3

ANdo)] ALgHE AEARY HELS gas chromatography (GC, Agilent
Technologies  6890N)2}  gas  chromatography-mass  spectrometry
(GC-MS, hewlett Packard 5890)& ©]&3sto] FAlstdth Age] o] &%
column< DB-WAX (025 mm x 30 mm)E ©]83}% 3 carrier gast® No
gasg ©°]&3tAR e, oven &%+ 35T-180TC (2 C/min)= stAth. %3
FYT] £Ev 200 TR 3 7] 2&E 200 T Z7stelA

flame ionization detector® HAE3R oW, o]23t= 70 eVolA] FasS

ﬁg
2
K

o

o AEAFe FARES GC-MSEHE Al £9 total ion chromatogram

S 9 3 WILEY138 library | #F&(Hewlett Packard)e} vl wsle] &<l
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A=A frol e gAY AF 554 AP 2= Table
21, 229} 2o} 1 ple] oF=F A oA basil, mentha arvensis, pennyroyal,
peppermint oil 100%¢ %<& TS YEMNA LY, coriander,
eucalyptus, spearmint oil F3 90%¢ AE=AS YElyUrt. E3F
pennyroyal oil< 0.5 w09 <FFolA 100%9 AEHAS YEeElAoH, 0.1
o kAR 724%° =2 F554S WERAT Angelica root,
bergamot, cardamon, clove (leaf), lime, litsea cubeba, orange, petitigrain
© 90%0]de dEdds veWley ¢slE R lth(Table 20, 20-1). 35
9] monoterpenoid®] FTF=54 Ald ZI, carveol, carvone, eugenol,
fenchone, isosafrole, linalool, menthone, p-cymene, pulegone, safrole, ¥
—terpinene®] 1 w09 °F=zF XA 100%9 T=AHS Yelldeon #
& okEkol A carvacrol, 1,8-cineole, bornyl acdtate, citral& 85%0°] 49 &
248 Yeldgti(Table 21, 21-1). Fenchone, isosafrole, linalool,
p-cymene, safrolel 05 w09 o Ao %E 100%9 E=84& e
o, Fenchone, isosafrole, safrole= 0.1 x09] <&k Aol %= 100%2]
TsgA S et A e (Table 22).

Regnault-Roger et al (1993)2 22%9 A=AFE o=z FIF

o|\

vlu] AlEo] EEEX4S A3 A3 marjoram¥ thyme oile] &2 4

F24S Yt nuste 5 9Y AFNEel O 4B84Re F
=
e

o w2 EIXYEI HHlo]2-ofEo]o thalA cumin, anise, oregano,
eucalyptus oile] 58] Eu HU3R oW, Lee et al (1997)

S, gurolgol, Watelol talA basilel EFHAHE wus

_4

-
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Table 20. Fumigation toxicity of essential oils against F. occidentalis

adults at 24 h after filter paper application in 80 ml vial

% Mortality (mean+SD)

Essential oil Concentration, ¢/ml air

n’ 125102 n 625x10°  n 1.25x10°

Anise 30 89.3+151 30 54.9+12.3 -
Basil 30 100.0+0.0 30  86.2+8.7 30  10.4+£1.1
Caraway 30 63.8+7.7 24 209459 -
Chamomile

(Roman) 30 68.0+1.8 25 23.8+10.0 -
Coriander 30 93.6+4.7 30  31.7+2.3 -
Eucalyptus 30 96.7+4.7 30 77357 30 1.1+5.0
Grapefruit 30 57.2+181 23  25.8+10.7 -
Lemon 35 69.2+5.9 27 42459 -
Marjoram 37 8.4%4.8 29 5.9£8.3 -
Mentha arvensis 30  100.0£0.0 30 23474 -
Pennyroyal 63 100.0+0.0 69 100.0+0.0 59  72.4%5.6
Peppermint 30 36.9+106 28  20.9+3.7 -
Pine needle 30 7117 29 4.6+6.4 -
Rosemary 30 279+4.1 30 22357 -
Sage 30 49.4+13.3 22  22.5%35 -
Spearmint 30 93.2+2.1 30 20.6+134 -
Tea tree 30 77.8+5.7 28 32.1+1.8 -
Thyme 25 10.7£151 26 7.2+10.1 -
Thyme white 24 16.1+9.9 24 11.6%16.3 -
Ylangylang 27 33.8£175 32 0.0£0.0 -

¥ Number of insects tested.
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Table 20-1. Fumigation toxicity of essential oils against F. occidentalis

adults at 24 h after filter paper application in 80 ml vial

% Mortality (mean+SD)

Essential oil

C((:;;;: n® 1.25%10 Phy(tgfgﬁf "
Angelica root 1 57 100.0+0.0 5
Bergamot 1 70 100.0+£0.0 5
Cardamon 1 52 100.0+£0.0 5
Clove (leaf) 1 45 100.0+0.0 5
Lime 1 48 100.0+0.0 5
Litsea cubeba 1 56 100.0+£0.0 5
Muguet flower 1 47 74.2+12.3 5
Orange 1 51 98.3+2.4 5
Patchouli 1 45 1.9+3.2 0
Peach lover 1 57 39.7+14.2 0
Petitgrain 1 63 95.1+5.2 5

¥ Number of insects tested.

» (0 = normal and 5 = complete death
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Table 21. Fumigation toxicity of monoterpenoids against F. occidentalis

adults at 24 h after filter paper application in 40 ux{ vial

Compound n? C(ZZ? O(Amlg/iirjasthg’
Bornyl acetate 46 1 875+17.7
Camphor 35 1 6.3+8.8
Carvacrol 35 1 94.8+7.4
Carveol 38 1 100.0£0.0
Carvone 24 1 100.0£0.0
1,8-Cineole 39 1 97.8+£3.2
Citral 34 1 87.919.3
Citronellic acid 35 1 5.3+7.4
Citronellol 37 1 18.2+8.0
Eugenol 41 1 100.0+0.0
Fenchone 33 1 100.0+0.0
Geraniol 37 1 8.1+3.5
Hexanoic acid 25 1 0.0+0.0
Isosafrole 44 1 100.0+£0.0
Limonene 35 1 76.2+13.4

¥ Number of insect tested
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Table 21-1. Fumigation toxicity of monoterpenoids against F.

occidentalis adults at 24 h after filter paper application in 40 g{ vial

Compound n® C(ZZ; O(Amlg/;iritgliDt;/
Linalool 41 1 100.0+0.0
Menthone 46 1 100.0+0.0
Perillyl alcohol 29 1 20.2+6.8
Pulegone 31 1 100.0+£0.0
Safrole 38 1 100.0+0.0
(E)-caryophyllene 30 1 12.5+5.9
(E)-cinnamaldehyde 37 1 10.3+5.7
Valeric acid 37 1 11.0£8.1
a-Ionone 37 1 44.4+20.4
o-Pinene 39 1 9.6+4.8
[-Myrcene 36 1 19.4+0.8
p—-Cymene 30 1 100.0+0.0
v—Terpinene 41 1 100.0+0.0
1-Nonanol 27 1 30.0+12.1
Control 26 1 4.2+59

¥ Number of insect tested
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Table 22. Fumigation toxicity of 6 monoterpenoids against F.

occidentalis adults at 24 h after filter paper application in 40 g{ vial

. Conc. 9% Mortality
a) 0
Compound n () (meanSD)

57 05 100.0£0.0
Fenchone

31 0.1 100.0£0.0

54 0.5 100.0£0.0
Isosafrole

54 0.1 100.0+0.0

70 0.5 100.0£0.0
Linalool

41 0.1 72.2+14.1

45 0.5 100.0+0.0
p—-Cymene

48 0.1 91.949.6

43 0.5 100.0+0.0
Safrole

37 0.1 100.0+0.0

54 05 69.846.9
(E)-caryophyllene

41 0.1 13.1+£10.4
Control 38 - 0.0£0.0

¥ Number of insect tested
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2) &a¥

Aol Agd 3159 AEAH LI 20% olate] e AELS e
Wolth(Table 23, 23-1). ol&4# ZwwrEAAdd 5o 3 5542
AE 3gE 25 237 A gle Aoz YeElyt. Keita et al, 2000;
Rice and Coats, 1994; Tiberi et al, 1999 %2 @& AFAE] o8
A AEATE Y A e HAF540] AU ofF v

@ o nustel ¥ Agel A3 v5d FFE et
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Table 23. Contact toxicity of essential oils against F. occidentalis adults

at 24 h application in 45 ml vial

9% Mortality (mean+SD)

Essential oil Concentration (ppm)
n” 1000
Anise 28 17.8+1.5
Basil 29 10.9+6.4
Caraway 24 0.0+0.0
Chamomile (Roman) 23 3.6%5.0
Coriander 21 14.6+7.7
Eucalyptus 25 3.4+4.7
Grapefruit 29 0.0+0.0
Lemon 21 14.1+5.8
Marjoram 25 11.7£3.7
Mentha arvensis 24 16.8+2.0
Pennyroyal 28 10.1£2.3
Peppermint 23 129454
Pine needle 27 10.8+3.5
Rosemary 29 10.5+54
Sage 24 12.2+3.0
Spearmint 23 129454
Tea tree 26 11.2+3.0
Thyme 24 8.4+1.0
Thyme white 22 9.2+1.2
Ylangylang 21 0.0+0.0

¥ Number of insects tested.
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Table 23-1. Contact toxicity of essential oils against F. occidentalis

adults at 24 h application in 45 ml vial

9% Mortality (mean+SD)

Essential oil Concentration (ppm)
n” 1000
Angelica root 60 26.0£2.4
Bergamot 60 19.4+£9.6
Cardamon 60 13.1+£7.1
Clove leaf 60 33.4£19
Lime 60 175457
Litsea cubeba 60 38.7+4.2
Muguet flower 60 16.8+2.0
Orange 60 30.6£7.8
Patchouli 60 0.0£0.0
Peach lover 60 0.0+0.0
Petitgrain 60 11.8+5.3

¥ Number of insects tested.
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FeFgFAQEgd F& E55AL XYW spearmint®t peppermint,
pennyroyal oil®] A& +A418t7] 918 GCF GC/MSE ©o] &3ttt ol &
0il& #2413 A3 peppermintE p-cymene (9.5%), cyclohexanone (8.1%),
cyclohexene (4.3%), menthol (245%)2] FL& TAAES] EAFAor
(Fig. 5, 6), spearmint= 1,8-cineole (14.5%), %-terpinene (12.4%), p
—cymene (4.9%), 3-octanol (6.3%), carvone (36.8%)% utelykth (Fig. 7,
8). &3+ pennyroyal® 7A-$, cyclohexanone (3.4%), menthone (6.8%),
iso-menthone (24.5%), iso—pulegone (3.7%), pulegone (56.5%)°] #4] % $]
tH(Fig. 9, 10). TxFEAd o £ 897 =99 pennyroyal® F24
<l pulegonee 10 w2 Az ekHoA 100%2 F554S YeERAIC
(Table 24). o] A23, Hx=TdFAEdedl hHalA  menthone,
pulegoneo] &7k A vebutth FA- ] dald= A7 vEd A
A, Elisabeth ef al (2000)2 ZFajd# o] w3l geraniol, linalool,
(+)-citronellol, eugenol, (E)-cinnamic aldehyde’} Fd&37F Uctar
AR IR LR =

2 A Ao E 2271 Fo]d tiallA] carvone, menthone, pulegone,
y—terpenine®] ¥ T3 aYE Yo, ZugEFAde o tidA=
menthone, pulegone®] & I7} F=A YUEISTE o224 2A7}Fol9f L
FFAAY ] A WAE A E pennyroyald 1o FAAHES

pulegone¥} menthone®| &dAolgtar & 4 Ut}

bl

_84_



Table 24. Fumigation toxicity of monoterpenoids against F. occidentalis

adults at 24 h after filter paper application in 80 ml vial

9% Mortality (mean+SD)

Monoterpenoid Concentration, uf/ml air

n’ 125102 n 625x10° n 1.25x10°

(-)-Menthone 30 100.0£0.0 30 38.7+4.2 -

Pulegone 36 100.0£0.0 28  100.0£0.0 46  98.1+£2.7

¥ Number of insects tested
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. dHA
AubA] = ALE essential oil @ baby oil = 2 8,3 :7, 4 :69 %A
2 Z2A8AY. A% duAs () ZEEANA T3 duby)
(SS-150F)& o]&3lo] 7|52 & =
2o AIZF Wol| AutA] n PPl Woix o)
2 Rate TAR TR AEEZ TAA e upRIbA R B7F AR

Frelste e AJdshe-2 s o] Aol A et

Ao B3 156 m (5.2 x 23 x 1.3 m9 22N FP3sA
Hg = 200-300mkE] H 3

2AF FAANE FAVE ol gl AL AWF Ak F U=

facs

203t EAANHR W, AdHAl= YIS ol &kl 242 Wil A7t
(3]

Atk Aol APt v F ofH WAzt oks

) E
B a9 By 150 m (10 x 5 x 3 m)e An] 3% F2E QAT o
e f1As H3 10763 m' (50 x 6.15 x 35 m)e] FH| d-F-2oA
gt EvtEed Ao A wAE 2AH7EFo|9p EwE A
=

AAAEE 24 F, 2AR ARAEL #52F AAG F AU F o
g3tol 4 Wl AUk A5 ARS RARFEAG. A A 5]
e g okl Ak kel g 2AbSHe L,
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R E

1) &4

SA7FRoleh g A el teld AFEde]l HUW spearmint,
peppermint, pennyroyal oilS SHAAE A F3}ste] THAV|E o] &35te] A
=4 (52 x 23 x 1.3 m)ellA Al TAAR F thFe o3l AT
Fega g o BA7LE A A3 A3k Table 2594 2t A3l
ARG FAA = 2Tl tElA] 25 go] kR A E|A] 90% o]/l
WAZHE YEHH A oW, pennyroyals A3 LA SHgHEL @olof Evt
E 59 7|FA &l tiaA ol AEAY WA EE ofsl & YERAT 1Y

o
o eRsl ol st EAY] 2AE ARor WAL s 1 fFo] "olHE A

N

lm

B4 Qe AGORA APz 48 A it ES A0R 4ZEn,

) AAulkA

FAA e} whRsA = A
ol s LAl WAIR
G WA7IE ALY TH(Table 26). AukA| o]

1A% BARS 298] d8) 2AT AuAe) e sl AR
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A3}, 156 m' (52 x 23 x 1.3 me A% &2 100 m' (10 x 5 x 2 m)2
EvE 892, 150 m (10 x 5 x 3 m), 10763 m' (50 x 6.15 x 35 m)2|
An) &9l ZtzE 80 ml, 200 m¢, 300 mf, 140 2] ofFS AASA
th 156 mo AP 2Ael 80 me] oFF EAF Al 2ATFFoleh T A
Ao A7l 90% oA wEbsa, 150 m'e ERE ah-9-20

essential oil : baby oil®] H] &S 3 : 72 ZA|3gF 300 me] ok FAF A

o

221 7FFo]o] tste] pennyroyal, peppermint, spearmint %A= 2]
19 F 247} 39.3%, 16.7%, 76.2%°] ¥A7Fe YERHRA AL, A7k A3t
of whe} A gHAiske] 3okA B A 39 § 55% olste] WAE e
ydck 4 69 HEE ZA|3 pennyroyal® spearmint A=A o] HHA| 7}
w5 AZRe] Atel whel HAF FHAste] A 39 $ 47 10.8%, 59.3%
o] WAIZHE e At Table 27). SH st 4o f1xd F3 100
me Hu] 3920l essential oil @ baby oil9 H]|E&S 3 72 XA
200 mle] oFsF EAL Al ZxgExiH g o] i3 pennyroyal, peppermint
AutAle]l WAV A" 19§ 77 73.3%, 27.5%% e oH,
spearmint A=A = 96.9%2] ¥ WAIZIE YERA S A|ZFe] 3}
wpet Hab Zaste] AE 39§ 61.8%° WAZFE YEHAT 4 1 69
v &2 ZA 3 pennyroyal®} spearmint S =A] T3 g 19 = 90%
o’de] F& WAZLE Vb ou AIzFe] Aol whey HAf ghaste] A
39 § 27.5%, 78.5%° WA|7+E HERHATHTable 28).

S QAT ojddel] A% ¥ 1076.3 m' (50 x 615 x 35 m)9|
] 3F9-2e 3 79 HE&ER FAS spearmint AHAE 5Y HAHoZE 2
3] Agste] 13] A 1, 2, 3, 59 5, 23] A 1, 2, 3, 5, 79 Fol %A
7hol okl E FALS AP A2 Table 299 2o} S5 UIEa s 93
gt slg-2molA 7Hd a3t EUW spearmint AYAE 3 ¢ 7Y ZAHE
Z1Zow BAbekdlth 13 AE] 19 F 93.6%° =& WS el
oup Azke] Aol whel FAp gFaste]l Y 59 F 64.2%° LAIVME
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UER AT 23] A2 =3 Y 19 F 954%9 F2 WAZEE YES]
ot Aaf asste] A2l 5§ 73.1%9] WAVFE HE ST
2

AuAL FAAGE 2o 2o, Evhe, v Fo AFAE A
b7k e gt ol EAVishe 2e dule FnT /FEAE
of AWAE RANL F Q= FHOl 9o S TS} LA

A= A7 A2 YA Tuni et al. 1998, Choi et al, 2003), ©]

& Algstete] Aldske-2ol AEEiE o Y ATl 22 ASHE
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Table 25. Control efficacy of essential oil formulations against 7.

vaporariorum and F. occidentalis by smoke generator in greenhouse

condition
. Dose Control efficacy (%) Phytotoxicity

Material . ;
(g/156 m) T, vaporariorum F. occidentalis (0-5)

Pennyroyal 25 96.0 96.0 0

Peppermint 25 93.5 60.0 2

Spearmint 25 98.0 91.0 2

Pulegone 25 97.2 100.0 2

* 0 = normal and 5 = complete death

Table 26. Control efficacy of essential oil formulations against 7.

vaporariorum and F. occidentalis by fog generator in greenhouse

condition
' Dose Control efficacy (%) Phytotoxicity

Material . ,
(g/156 m) 1 vaporariorum F. occidentalis (0-5)

Pennyroyal 80 95.5 97.0 0

Peppermint 80 90.0 72.1 0

Spearmint 80 85.2 80.0 0

Pulegone 80 914 94.2 0

“ 0 = normal and 5 = complete death
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Table 27. Control efficacy of essential oil formulations against 7.

vaporariorum by fog generator in 150 m' greenhouse condition

Control efficacy (%)

) Dose @ Phytotoxicity
Material Ratio Days after treatment b)
(m¢/150 m") (0-5)
1 2 3
3:7 393 15.7 0.9 0
Pennyroyal 300
4.6 427 249 10.8 0
Peppermint 300 37 16.7 9.3 6.7 0
2:8  5L7 49.8 44.1 0
Spearmint 300 3:7 762 54.2 53.6 0
4:6 8.0 69.3 99.3 0

¥ Ratio = essential oil : baby oil

» 0 = normal and 5 = complete death
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Table 28. Control efficacy of essential oil formulations against F.

occidentalis by smoke generator in 100 m' greenhouse condition

Control efficacy (%)

) Dose .2 Phytotoxicity
Material Ratio” Days after treatment b
(me/100 m') (0-5)
1 2 3
3.7 733 46.9 2506 0
Pennyroyal 200
4:6 998 76.1 215 0
Peppermint 200 3:7 215 29.8 31.1 0
2:8 746 54.8 50.2 0
Spearmint 200 3:7 969 62.9 61.8 0
4:6 930 79.4 78.5 0

¥ Ratio = essential oil : baby oil

» 0 = normal and 5 = complete death
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Table 29. Control efficacy of essential oil formulations against F.

occidentalis by smoke generator in 1076.3 m’ greenhouse condition

Control efficacy (%)

) Dose a) . b Phytotoxicity
Material DAT Ratio o
(¢/ 10763 m') (0-5)
3:7
Ist treat.ment
1 93.6 0
2 71.2 0
Spearmint 1.75
3 64.3 0
5 64.2 0
Znd treat.ment
1 95.4 0
2 32.3 0
Spearmint 1.75 3 70.7 0
5 72.2 0
7 73.1 0

¥ DAT : days after treatment
" Ratio = essential oil : baby oil

© 0 = normal and 5 = complete death
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