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Insecticidal Activity and Ovipositional Repellency of Monoterpenoids against
Moechotypa diphysis Adults (Coleoptera: Cerambycidae)
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ABSTRACT : These studies were carried out to investigate the fumigant toxicity, the contact toxicity
and the ovipositional repellency of 25 monoterpenoids against oak longicorn beetle adults,
Moechotypa diphysis. Monoterpenoids with 100% of fumigant toxicity were 1, 8-cineole, fenchone,
pulegone and y-terpinene at 20 pul/954 ml (air) concentration, pulegone and y-terpinen at 10 ul/954 ml
(air) concentration, pulegone at 5 11/954 ml (air) concentration. Most monoterpenoids showed low or
no contact toxicity but only pulegone showed about 70% mortality. Some monoterpenoids which had
repellency to female adults with Y-tube olfactometer were bornylacetate, carvacrol, 1, 8-cineole and
menthol at 1 pl dose, while citronellol showed attractant response. Carveol, geraniol and perillyl
alcohol of 25 monoterpenoids showed ovipoistional repellency of 82.1%, 78.3%, 87.5%, respectively,
at the concentration of 1,000 ppm in the laboratory condition. In the field, the result tested with three
monoterpenoids indicated that geraniol was the most effective one at the concentration of 10,000 ppm
and 1,000 ppm, but residual effect wasn’t found.

KEY WORDS : Moechotypa diphysis, Monoterpenoid, Fumigant toxicity, Ovipositional repellency,
Olfactometer
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H =78 8l 2(Moechotypa diphysis)y F11922]
WslE skl zuel BAAR AN 2 AE
iz ols] I E F= FosFolvk(Lee, 1987;
Kim and Hwang, 1996; Kim ef al., 2000). ] %37
vsheA A Al 2 551 AL glovt, 2 aAulE
7He-2 87194419l %] 2.3 A(endosulfan) 53| E AF
FE3lo] ubA| 3t ¢) = (Pesticide handbook, 2000), F-
N2 oAl A 54 A2 Algol B3 A
Qe m ql7) el 94 bl kel Bed Aol
o} 2 Yoo er al. (2001)2 AW e} zZA A EHEA
B8l =4 AZol| W3t benfuracarb®} A-cyhalothrin®]
S 2AS] 2 v 3o,

Monoterpenoid¥E Z -4 33E-A o]} (Rice and
Coats, 1994). o] AL AAIA 23 s A -
Q3G SN F4 BAT Aol At
(Brattsten, 1983). A 742 Bag w@e =FofA
monoterpenoidel] HE EZFFAo} 7|FHUAAY H
71Ze] Wik Al2lr|E So] B 3H ¢)vH(Rice and
Coats, 1994; Byers et al., 2000; Tiberi et al., 1999).
Rice$#} Coats (1994)= pulegone, fenchone 52| mo-
noterpencidz} AR BEEAA ] e S5 EF
545 HYLE X519 T, Byers ef al. (2000)=
verbenoneo] A9l WEZF(Pityogenes bidentatus)
o A3 7]FfHdAdel ASS A Tiberi ef al.
(1999)-2 limonene©| Thaumetopoea pityocampa (W8]
Eyoll ey AreHE As| vty R sl of et 7
o] monoterpenoidsy 3 Zell 3] HAS Jepx
e}, ZHFE A3 FASAe] glvk = mono-
terpenoidst= IFEP| B2 AMGF™ w54 F2] kA
o 2}s) erAde] <A WFIel(Templetion, 1969). Al
2 limonene2 7N} 19kolell &t roko]w]E(Cre-
nocephalides felis)®] YA <¥A]2 EPA (Environmen-
tal Protection Agency)oll S-25¢lom w3l ulFu|d|
A3 S4<e Jepdvky B 1% ¢jekCollart and Hink,
1986; Hink and Fee, 1986; Taylor and Viekery, 1974).

ool 2 A3 diA A S8 A BN FEH
X 3kEal9l monoterpenocidE 7FA 1 wIA| A& &
A stk g}t 25%2] monoterpenoid & ©]-£-3fe] €
FA A Hel E55A4, AESAE Hsk
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Monoterpenoidi= Al#E3 e AHEE FY3H
Al&el o]8-3}9it}. Citronellol (95%), eugenol (99%),
geraniol (98%), safrole (97%), B-myrcene (90%)+
Sigmadll A F%)8}9] 37, bornylacetate (97%), camphor
(96%), carvacrol (98%), carveol (97%), carvone (98%),
1, 8-cineole (99%), citral (95%), citronellic acid (98%),
P-cymene (99%), fenchone (98%), isosafrole (97%),
limonene (97%), linalool (97%), menthol (99%), men-
thone (90%), o-pinene (98%), B-pinene (99%), pule-
gone (85%), perillyl alcohol (96%), y-terpinene (97%)
£ Aldrichel 4] 48}

55 NY

HTAH]| 8540 o8 monoterpenoid®] FZ==A
S A2 F ANY Axd PHFEHEE 55113
cm)E FHE A5 ol=HL7|(PI X 15cm)ol| ¥,
e oA ety HE3dvh Algedl AHS-gE mo-
noterpenoid® HA}o 2 filter paper (P5.5 cm/)el| d
AJ2K(5, 10, 20 ul/954 ml F71)8] A& Asted
E3 ol £7] vl %3 monoterpenoid7} §-7149}
o2 FiEE= AL W) A8 HEHHHA(PI cm)E
Fo = ARSEM AE 3,6, 12, 24X 7F Fof] AL
5 ARG oH, BB AJFS 4UHE- o]ifo g d)gl
o}l A8 =AL &% 25-28°C, #37] 16L: 8D, At
%% 50-60%= Ik A3 B4 Tukey’'s studen-
tized range test (SAS Institute, 1991)Z o] &-s}gic}.

HESH A

AHE2=2 A2 monoterpenoidS ol gb-&ol LA
7] 100 ppm&] triton X-100 AH A 5LH a2} E3ls}
of Bl ol oetz AHEALLM B Eo
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2.5:7.57F H=2 2AF 314 H4(10,000 ppm)el] AH-S
F 409 A=5(20029 2846 GA) HF-EEH T
@5.5% 13cmyo] 283 =S 3% T AR F
eAEt, B olaHLI(PI X 15em)el| ¥, AZF
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. FZoz QF kS FHasslr] S Aol
2 g FeEddi(@IomE FHoR AN
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Hl-go] 2.5:7.57} HxE A3 3N FFEAY|
i AAEe) AESo od3ke] gt BE A
4upro g slglom, ANPxe 55 AEH #
A oy Az} BA-L Tukey’s studentized range test
(SAS Institute, 1991)& o] &-3}3v}
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ter (ID 6 cm; stem 24 cm; arm 22 cm angle to the stem
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HEAusFeA G AE Hhge] ez Q7 &
AL wiAEr) fsiA AAFEAl o) Sl A EAel
A AFslged, g Ao e Fde=y
3 BE(FPL27TEX-N)oll A4 M2aAs FHA
A3t 129 2 (THOMAS MEDI PUMP®)2 Y-
tube olfactometer®] W&ol T2+ F7]e] &< 100
ml/min®] Aoz ¢t 7 am& T8 Sy
7] activated charcoal, silica gel blueZ. o] 7}5}oq
A 77t BEES Jlon, %2 arm W]

A ake] monoterpenoidE 2]8]%H0.25, 1, 5ub)
filter paperS ¥4, of 3&EFS Tl filter
paperZ ¥3it} Steme] o] HEAuEEL o
2 A& 3, 43Ul arme] TR HEI &
2 AEL s Aoz R o) 3 gl s
Al 30mtely A|Estel o, Feloll gt 23F Fol
7] 213 Y-tube olfactometer?] X5 ubEujct M=
uhare] Fgich 2 <AlE AlFSE7] Aol Y-tube
olfactometer:= oljel&3} ZF43 A, 100°CelA]
Aol 2X7F o] A} ARAIAM AHg-shder. A3} 4
£ binominal sign test (Zar, 1996)& o]4-3}3c}
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or > o4

Abety|sE| Al

HE7n]sls 40 9 monoterpenoid2] AbEH7] 3]
AP-E AEHA olmPAAHTIE 26 X412 30x 3¢

o] 30cm)ell A Saigich FAiREt> 4 8L A
(200233 296l HaAel AP A& ARt A
el A Adgkehs Y2713 FdaA P FHrE
ot SatEA e WS ASSAAAEAA H2AE %
W3t £dahA stgler, AgHA okmPAA = F
F2o| Aelg F}FrEgd Tz FrETSE
7 Qolr "HEAusL 47 AFel FAF A
2Rl 4] AR ARt 2K H3HE
A2 B3 FA2 Fo] e ot AR HFAH|s)
4 A PR Y ulEE 1112 sk 2084
Azt oekeat AwHaA]=49(100 ppme]  tri-
ton X-100)¢] H]&9] 2.5:7.57} H== 2A|3 MY
10,000 ppm)-& BFAu 4 A F] Aldtel <
e xR @3ttt BE AP 3WtEoz 93]
o}, A7} BA-2 binominal sign test (Zar, 1996)Z <] &
kAt

ZR0A ME7IE Al

A3 Age FEdstm W) opakell A&
137k 100X A2 100X o] 80cm)yg AX|3}

i

o )
, 1,000, 10,000ppm ez M3 33ed ST ¥
b bR B EAA 15X o] 120cm)F FA
29 FITYES Y1, GFAuEReA AEF 0
=1:1)¢ e F 0,3, 647 22 3044 A
Fe13, 3¢ Fol ARFHE AT BE ARS
g oz 2ol Algd] AHEd ZE b 95
+ dubprlel M AMEEE AR 453 e 24
9] #& Algsldch A3k £A-2 binominal sign test
(Zar, 1996)% o431t}
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g7 nlsls 4 A3l )3 monoterpenocid®] &5
542 Aol $aPeKTable 1). 2 Al A
TERAL FAY ol vEhich 200954 ml (F
7N w=olA e BgES 24477 AF
Fo] 0-40%E ‘}ehj v} cineole, fenchone, pule-
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Fig. 1. Fumigant toxicity of four monoterpenoids against M. diphysis adults in 954 ml fumigation chamber.

AN FEFsMor A% A2EE zAEYY
(Fig. 1). 20 u1/954 ml (F71E A )5)lgd-& wiol:= 49
A 2R 1247 o el 0% ) A AEES BRAT,
10 ul/954 ml (Z71)E #2]899& djoll= pulegoneo)
6 A1 MR H-E] y-terpinene-> 34] 2 €] 24z} 100%2}
AEEE vERi spiosdml (F7DE Mg o
& pulegonedtel 12A1ZRARE] 100%2) AFES
veblich. b oA el niel 354 46 %
o]7} 2lele™, pulegoneo] 5 /954 mi (Z7))742] 8
FEofA] 100%2] A4EEE Hod FE2S5A d&iA
£ 7P¢ B3t 348 Aoz Uehdeh Neoh e al.
(1998)-> o]Aulgle) oj&t 922] monoterpencid
sarfrole?} isosarfroleo] FE& X7} 3317, Rogers}
Hamraoui (1995)= 7}d3mpule] oiaia] 1339
monoterpenoid 3= linaloole] 7F&F wgicln ¥ ashyd
o} Rices} Coats (1994)2 AABx AT, casta-
neum)l] g FZE=AJA FAF7IQA AEAQ
DDVP2}l vl wd}e] pulegone?] LCso3te] ¥ w7 o
ebd 11, fenchone-&- DDVPS} 8413} LCso3tS Balv)
3. 3ledr} =8 Prates er al. (1998)2 712/ 23R
dominica)®l) W&} 1,8-cineole?] EZa 77} Heolyto
=}, Kim2} Ahn (2001)& (+)-fenchoneo] A&l

Table 1. Fumigant toxicity of monoterpenoids against Moecho-
typa diphysis adults at 24 h after filterpaper application in 954 m)
fumigation chamber

o
Monoterpenoid n¥ C(ﬁ?)c ' Z/;dg(gig%)
Borny! acetate 20 20 20+0c
Camphor 20 20 0x0d
Carvacrol 20 20 0+0d
Carveol 20 20 0x0d
Carvone 20 20 40+0b
1, 8-Cineole 20 20 100%0a
Citral 20 20 0+0d
Citronellic acid 20 20 0x0d
Citronellol 20 20 0+0d
Eugenol 20 20 040d
Fenchone 20 20 1003-0a
Geranio) 20 20 030d
Isosafrole 20 20 10+ 11.5¢cd
Limonene 20 20 40 16.3b
Linalool 20 20 03-0d
Menthol 20 20 0+0d
Menthone 20 20 0x0d
P-cymene 20 20 253-10.0bc
Perillyl alcohol 20 20 03-0d
Pulegone 20 20 1004:0a
y-Terpinene 20 20 1004-0a
Safrole 20 20 0+0d
a-Pinene 20 20 04-0d
B-myrcene 20 20 0104
B-Pinene 20 20 10411.6cd
Control 20 - 0+0d

“Number of insects tested.
“Means followed by the same letter are not significantly different P =0.05
by Tukey’s studentized range test (SAS Institute, 1991).
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Aupelel gube) a2y e A 100
%) EFEAE Botn Bt

HESY

HEAR sl A3l dE HESA AP A3t
Z 7= Table 20 e} 30702] monoterpenocide]]
& 10,000 ppmell A 70%2] 435S H.Ql pulegone
o] 7B A Jehyty, 1 9 HREe FFgES A
Fe0] QAL oFF Auiapl hepste Zehd pule-
gone ETZFA AFeIA Sule A A
H3gol A vepdche A4S 2 w(Table ) 4%
54 AEe 494 2R A2 ol ARl
AZge oS vl £ & Aolgt AAIH.
Ngoh et al. (1998)-2 o|&ulF]ol| wH3t 9F2] monoter-
penoid % eugenolo] 7} 53 AHE54 Y,
Kim3} Ahn (2001)-2- (4 )-fenchoneo] &v}+wu]e} 2
wppolel el S EEYel UeE nasky
o}. &= Lee et al. (1997)2 34%2] monoterpenoidol]
3} western corn rootworm (A H#| E)-e EoFx]],
Autol-Soll= JRA, Adel= FRA NN AF

Table 2. Contact toxicity of monoterpenoids against M. diphysis
adults at 48 h after oak log-dip application

. Conc. % Mortality®
Monoterpenoid n? (ppm) (Mean+ SI%)
Bornyl acetate 20 10,000 0oto0d
Camphor 20 10,000 0+0d
Carvacrol 20 10,000 0+0d
Carveol 20 10,000 0+0d
Carvone 20 10,000 35+12.9b
1,8-Cineole 20 10,000 0+0d
Citral 20 10,000 0x0d
Citronellic acid 20 10,000 0+0d
Citronellol 25 10,000 37.5+9.6b
Eugenol 20 10,000 0+0d
Fenchone 20 10,000 0+0d
Geraniol 23 10,000 25+5.8¢
Isosafrole 20 10,000 0+0d
Limonene 20 10,000 0+0d
Linalool 20 10,000 0£0d
Menthol 20 10,000 20+0c
Menthone 20 10,000 0+0d
P-cymene 20 10,000 0to0d
Perillyl alcohol 20 10,000 0+0d
Pulegone 20 10,000 701+ 11.6a
Y-Terpinene 20 10,000 0+0d
Safrole 20 10,000 0x0d
o-Pinene 20 10,000 0x0d
B-myrcene 20 10,000 0+0d
{3-Pinene 20 10,000 0+0d
Control 20 - 0+0d

A48 =218 A3}, western corn rootwormel] T3 A
carveol®} perillaldehyde, 349}o]-g-ofol] ofs]A] carvo-
menthenol} terpinon-4-ol, ¥}alel] A citronel-
lic acid, thymoleo] 72z} tzofA|ol] wlmsle] FA]o]
WA, B AFEAFE Jebfl T, Ngoh er al.
(1998)2 o]An}F o] w3 922 monoterpenoidF
cugenole] 7 S48 AESE teiRSE v
8kgdoh. = Harwood ef al. (1990)2 AHAujvjuake] 7
o)) Q)FALR o] monoterpenoidE & 3le] 32
Abzg zA18F Z3} menthone, o-pinene, pulegone©]
E37F vk X318 vl Qi 2evh AR A4
ol Mg} Zro] wE =F-oA] monoterpenoid =
o] A&Fo| YA, o}F Aulgt Aoz MY w}
s)THKeita er al., 2000; Rice and Coats, 1994; Tiberi et
al., 1999).

7= gk

rot
olo

$2718 0|8

2571 ¢] monoterpencidE ¢]4-3lo] HEA 8|S =4
A A 2ol o8 Y-tube olfactormeterol| A 4813 &

oL

Table 3. Repellency of monoterpenoids against M. diphysis
females using a Y-tube olfactometer

Conc No. of insects in

Monoterpenoid (ul/filter Sample Control No %2 Sign-

pPaper)  gide (S) side (C) choice test”

Bornyl acetate 1 9 21 0 700 P<O0.05
Camphor 1 11 12 7 522 ns®
Carvacrol 1 10 20 0 667 P<0.05
Carveol 1 17 10 3 37.0 ns
Carvone 1 12 11 7 4738 ns

1, 8-Cineole 1 9 19 2 679 P<0.05
Citral 1 13 11 6 48.8 ns
Citronellic acid 1 14 16 0 53.3 ns
Citronellol 1 18 8 4 308 P<0.05
Eugenol 1 10 12 8 545 ns
Fenchone 1 10 13 7 565 ns
Geraniol 1 9 17 4 654 ns
Isosafrole 1 12 15 3 55.6 ns
Limonene 1 15 9 6 375 ns
Linalool 1 13 11 6 458 ns
Menthol 1 7 20 3 741 P<0.01
Menthone 1 15 12 3 44 4 ns
P-cymene 1 16 10 4 385 ns
Perillyl alcohol 1 18 11 1 37.9 ns
Pulegone 1 12 12 6 50.0 ns
y-Terpinene 1 6 19 5 760 ns
Safrole 1 14 11 5 44.0 ns
o-Pinene 1 11 11 8 50.0 ns
B-myrcene 1 18 9 3 333 ns
B-Pinene 1 15 11 4 423 ns

“Number of insects tested.
YMeans followed by the same letter are not significantly different P =0.05
by Tukey’s studentized range test (SAS Institute, 1991).

# Repellency (%) =C/S+C X 100
b Significant differences were analysed by binominal sign test (Zar, 1996).
'ns : not siginificant.
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Table 4. Repellency of five monoterpenoids against M. diphysis
females using a Y-tube olfactometer

No. of insects in

Conc. Sign-
Monoterpenoid (ulfilter gample Control No % test?)
paper)  gide(S) (C) choice

Bornylacetate 10 15 11 4 423 ns®
1 9 20 1 69.0 P<0.05
0.25 12 13 5 52.0 ns
Carvacrol 10 9 16 5 64.0 ns
1 9 21 0 700 P<0.05
0.25 13 14 3 51.9 ns
1, 8-Cineole 10 9 20 1 69.0 P<0.05
1 8 18 4 692 P<0.05
0.25 12 14 4 5338 ns
Citronellol 10 7 20 3 74.1 P<0.01
1 18 8 4  30.8 P<0.05
0.25 15 13 2 464 ns
Menthol 10 7 21 2 750 P<0.01
1 8 20 2 714 P<001
0.25 13 16 1 55.2 ns

»Repellency (%) =C/S+C x 100.
YSignificant differences were analysed by binominal sign test (Zar, 1996).
ins : not siginificant.

ZFak-2-2 bornylacetate, carvacrol, 1, 8-cineole, menthol
o) 118 <FFelA 72t 70.0, 66.7, 67.9, 74.1% 2. <F
Al A 719k Bel1r, ¥bA citronellol2 30.8
%) §A4HgE BIEKTable 3). 18] F1R(P<
0.05)¢] A= 5ELEE FAo= 10ul, 1l ozs;u
o] = 37U 73t tKTable 4). R 23
Eoll &) 0.25ullME Aol golom, 1uE A
2 e Sol4P<0.05)0 Ut 10uiE A
3 S dlol| = 1, 8-cineole, menthol 2 Z}z} 30.8 (P<
0.05), 75.0 (P<0.01)%<] 7]¥)ut2-4 ¥ or}, bomny-
lacetate®} carvacrolo|x & 7|3y} f-elul-go] of 3t
$-2]A o] 914} Citronellol2 1 ulo|A 69.2 (P=
0.038)%2 HA9eS wgx|gl 10 uldAME 74.1
(P<0.01)%e] 7159r5-& neich oleig AoH
F=ol e FES) Aol A AT A2}
Jodirt = 2 AgA L, 8-cineoled HF7 N3
Zrof] A3 7]4 11-2-& ¥3) ov), Ngoh er al. (1998)%=
ol dulFl okl it %
£ 0]8-3} 9%2] monoterpenoid®] 7]3)HF-E-2- safrole
o] 7F 3 7oz vepdt} W Byers ef al.
(1985)2- o-pinene°] AVF-ZA(Tomicus piniperda)s
A FdAd el Ut Lﬁ}'ﬁ‘:} T2 "R
dhsael S AE o]E FFEES WSS o4
t}. ©]71> monoterpenoid7} 6H—s°ﬂ A BelsiA

7} A (linear track olfactometer)
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248 4 Qe g AlAFEL

Mol gz

MonoterpenoidZ 10,000 ppme] s %2 3l F}
Foll AL & FEARSHEA A Al A
Argd7) ¥ & 38 B.9kti(Table 5). 25712 monoter-
penoid ZolA] 80% olAhe] Alzb7)s] £kE Bl 3}
B2 carveol (97.6%), citronellol (84.0%), geraniol
(84.8%), linalool (88.2%), perillyl alcohol (87.8%),
pulegone (84.6%)°. 2 Yepdon, &3 63138 2%
o #94(P<0.0)E Blch A2E7) 5] o] 80%o)
Aol 3HE-& 71|32 10,000 ppm33 1,000 ppmed| A
747y Abt7)s| &35 Bolel(Table 6). ZE 33HE-o
& 10,000 ppmel| A& Table 564 BedFgd A=
kA 2 2 ARb7)9 a9 2.9 1, 1,000 ppmel
A]¥= carveol, perillyl alcoholo] z}Z} 82.1, 87.5% = ©}
A 28 A=) HEIE 8o} GeraniolS 78.3%2)
ARt7]3]-8-8- ¥ carveold} perillyl alcohol B} uF
A vebtort FADED} A2l AeldlA ¥ &

Table 5. Ovipositional repellency of monoterpenoids against M.
diphysis females in the two-choice condition

No. of ovipositional holes

. Conc. —M ——— )

Monoterpenoids  (pom)  Treated Untreated %® Sign-test?
log (T)  log (U)

Bomylacetate 10,000 8 4 33.3 nse
Camphor 10,000 9 12 57.1 ns
Carvacrol 10,000 12 21 63.6 ns
Carveol 10,000 1 40 97.6 P<0.01
Carvone 10,000 11 18 62.1 ns
1, 8-Cineole 10,000 4 1 20.0 ns
Citral 10,000 2 4 66.7 ns
Citronellic acid 10,000 7 11 61.1 ns
Citronellol 10,000 8 42 84.0 P<0.01
Eugenol 10,000 2 2 50.0 ns
Fenchone 10,000 6 6 50.0 ns
Geraniol 10,000 5 28 84.8 P<0.01
Isosafrole 10,000 11 16 59.3 ns
Limonene 10,000 12 17 58.6 ns
Linalool 10,000 8 60 88.2 pP<0.01
Menthol 10,000 6 11 64.7 ns
Menthone 10,000 4 5 55.6 ns
P-cymene 10,000 2 2 50.0 ns
Perillyl alcohol 10,000 9 65 87.8 P<0.01
Pulegone 10,000 8 44 84.6 P<0.01
v-Terpinene 10,000 2 2 50.0 ns
Safrole 10,000 8 13 61.9 ns
o-Pinene 10,000 9 11 55.0 ns
f-myrcene 10,000 11 5 313 ns
B-Pinene 10,000 6 7 53.8 ns

# Qvipositional repellency (%) =U/T+U x 100.
® Significant differences were analysed by binominal sign test (Zar, 1996).
<'ns : not siginificant.
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Table 6. Ovipositional repellency of six monoterpenoids against
M. diphysis females in the two-choice condition

No. of oviposition hole

. Conc.
Monoterpenoids  (ppm) Treated Untreated %% Sign-test®
log (T) log (U)
Carveol 10,000 0 11 100 P<0.01
1,000 5 23 82.1 P<001
Citronellol 10,000 0 13 100 P<0.01
1,000 16 21 56.8 ns®
Geraniol 10,000 0 10 100 P<0.01
1,000 5 18 783  P<0.01
Linalool 10,000 8 60 88.2 P<0.01
1,000 15 23 60.5 ns
Pulegone 10,000 8 41 83.7 P<0.01
1,000 34 23 40.4 ns
Perillyl alcohol 10,000 9 72 88.9 P<0.01
1,000 3 21 87.5 P<0.01

#Qvipositional repellency (%)=U/T + U X 100.
bSignificant differences were analysed by binominal sign test (Zar, 1996).
s : Not siginificant.
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Fig. 2. Ovipositional repellency of carveol, geraniol and perillyl
alcohol against M. diphysis females in the field (@ Untreated log,
m Treated log). ¥ Days after treatment.
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