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Control of Corn weevil, Sitophilus zeamais Motsch.

by Essential Oil form Marigold
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o msvmaauUszawa‘mw‘uaaumuwamvmamﬂmaLsaa (Tagetes erecta. L)‘Luiﬂ*‘ummsm
“ansld Ltaua'lssmam'mwlﬂ L‘Uia‘umaunuumwamumamnwwuﬂau‘] 7 wiia ‘me wzlasvou
(Cymbopogon nardus Rendle) wsnlwas (Piper nigrum - Llnn) BULYY (C/nnamomum
bejolghota (Buch.-Ham.) Sweet) nUWg (Syzygium aromaticum (L) Merr.&LM. Perry) iy
(Curcuma longa Linn.) &ule (Gitrus maxima (Burm.) Merr.) uwazmegladtu (Cymbopogon
citratus  (Dc.ex.Nees)) fogainTeasasaisdnalng (Sitophilus zeamais Motsch.) Iﬂmﬁmiim
miwﬂaauﬂsvawﬁmwmaaumwamuma‘luiﬂmmmwﬂﬂamﬁsaﬂ,ummmwmﬂ 20 cm’ U3ums
20 pt IdUSuneans 0, 2.5, 5.0, 7.5, 10.0 wag 12.5 pUL air asatiudnsinismedt 24 $2lue wudn
umwamwmamnn'\uwaua avlaiiuiiusyansawgegalunssndiiinerednensinlnalay
W flAn LCsp Wi 2.65 waw 5.40 plUL air maddy sesasnfstisiunenss LIVEANDULYY
A1589 uazeile fiAn LCs, Wiy 7.80, 8.40 uae 8.46 pUL air MuEdU nsnadeuUsEavEnm
‘uaaumu‘maus“msﬂ,usﬂmaamﬂa nageuLUUinaden (choice test) Tngmsainfueuszively
MaaﬂmaaumﬂawmLaumuﬂuanma 2.0 cm 1720 cm USuas 10 pl UUNIZATHNTBIVON
Umedhanile Wiguiieuiunguaiuan (Ldldvenans) vesUaredndanile wmwumu‘wamumam
muwwﬂaauuUsvammwlumslalmwnaw fiaesidunsviinigla (%Repeuent Index; %RI)
UaeNi1 40%RI LiJEJLUiEJULV]EJUﬂUﬂmJﬂ’)UﬂJJ mmumswﬂaawivammmaqumuwamvmﬂusﬂ
gasasfudanisinale nadeuLuUREIAuN Taaeulaeiinisld wuinthiuveussesnaus
WaznIung Nﬂiua‘ﬂﬁﬂ’l‘wl‘ur]’]iEJ‘UEJ\‘Iﬂ’]‘S’J’1Ql‘ﬂ“U’eNﬂ’)N'N‘U’I’)IWﬂ&J’]ﬂVIQﬂ Aonwuusinld 5.3 uax
7.0 wWey/mIvaaes mud1dy vasfinduarunumuuTinals 233 uar 267 wew/nsmaaes
AAIRU
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Research Title: Control of Corn weevil, Sitophilus zeamais Motsch. by Essential Oil
form Marigold

Researcher: Jarongsak PUMNUAN and Montinee TEERARAK
Faculty of Agricultural Technology
King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT -

Effectiveness of - msectlodal -activity, repellent and ovipositional inhibition of marigold
(Tagetes erecta L.) compare with essential oils obtained from 7 selected medicinal plants -
namely, _cntronella grass (Cymbopogon nardus- Rendle.); pepper (Piper nigrum Linn.),
cinnamon (Cinnamomum b_ejolghota (Buch.-Ham.) Sweet), clove (Syzygium aromaticum <L.)
Merr.&LM. Perry), turmeric (Curcuma longa Linn.), pummelo (Citrus maxima (Burm.) Merr.). -
and lemon.grass (Cymbopogon citratus - (Dc.ex. Nées))' were tested for their fumigation
actxwty against maize weewt (Sitophilus zeamals ‘Motsch. ) adult. The insecticidal activity was
4 _appUed in vial sized 20 cm’ with 20 pt of essentlal oils at various concentrations of 0, 2.5,
5.0, 7.5, 10.0 and 12.5 ul/L air agalnst the weevnl. Based upon 24 hr LGCs, values, the essentlal e
oils of clove and lemon grass were the most toxic to the maize weevil in which presented -
high activity of 2.65 and 5.40 pUL air, 'fgallowed by essential oils of cinnamon, marigold and
pummelo, showed of 7.86, 8.40 and 8.46 pl/L air, respectively. The repellent test, choice-test

was applied by using 10 pl of essential oils in repellent tube, 2.0 cm in diameter, 20 cm long, o

compared to control was also investigated. The result presented that all essential oils gave
about <40%RI (Repellent Index) when compared to control. The ovipositional inhibition test,’
choice-test was applied same repellent test. The result presented that cinnamon and clove
oils were highly effective on ovipositional inhibition. They presented the number of eges in
the treatments with 5.3 and 7.0 eggs/vial, whereas, 23.3 and 26.7 eggs/vial, were observed in
the controls, respectively.

KEY WORDS: marigold, maize weevil, essential oils, fumigation, insecticidal activity, repellent, ovipositional inhibition



a s

ARNssuUIzANA

neRsiilasuuaivayumsidernaadumalulagwsseaunduinaummsaansedy
Mnundau Jusreldausinaluladnisinuas aarfumaluladnszesmndudranvmsaianszde
UssdnUauuseanas w.é. 2555

NAANA WUWIY wae undill 55ny
v walulagnsudaiia ausivialulagnisinens
anuwmalulagnszasundidaammsaianseds



d13Ugy
uwnaagenwlve_ e I
UNMA RSN e I
RN SN N S I
G U \%
RV L O SE Vv
msummw _______________________________________________________________________________________________________ Vi
undl 1 UMY 1
unil 2 aﬂnsmuansnﬁmaaa ______________________________________________________________________ 3
‘UVI‘VI 3 wamiwﬂamuawmimwamwﬂam _______________________________________________________________________________ 6
an 4 AN SRR 8
endsdrde. A —)—8$-M= O PR —(— N\ 9
AU L T Ll e RV I AN IS O T NN 1
o _' mﬂmu’m N. Pumnuan, J Teerarak M. and A. Insung 2012. Fumigation Toxncnty
. of Essential Oils of Medical Plants against Maize Weevil, Sltoph/lus '
zeamois Motsch. (Coleoptera: Curculionidae) ... 12
AIANUIN V. i'N’JaVI 1 First Prize n15Usenaa Poster Award Iuﬂﬁiﬂiu%ua‘dﬁﬂﬁs s
73 lnternatlonal Symposnum of Blopestnodes and Ecotoxicology
Network (2" IS- BIOPEN)____:__?_ Sl Al b o D NN .21
Usedainise / |
WWRSARMA WM e 23

YNAMIUNATL F515n9 28



#1508YA1579

A9 nii
2.1 ﬁﬂﬁ’wamzmamnﬁ‘day‘u‘lwsﬁ‘lﬂumswmaaaLﬁaﬁﬁmﬁamﬁfn‘lwm Sitophilus
B e Yo Y Fo 1 OO 3
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3.1 WesWurnuilnisla ( % Repellent Index) %aamuwamvmﬂmnwwuﬂmﬂ #i0
A299297 M e, Sltoph/lus zéamais Motsch. MERMNANTTH 72 38 oo 7

3.2 ﬁ?ﬂuau‘lﬂimaqﬁaama%ﬂﬂwm Sitophilus zeamais Motsch. %a8INNIINAABUADEY
umuwamummuﬂmm Lﬂsaumaumﬂaummu naasulngdsnassunuull
. Maden (choice test) .................. CTENAN W W 2 S, Ny, SOOI 7

\Y



Ui 1
UNUI

°zm (Oryza sativa L.) Lﬂuﬁmwwummmﬂmmams%n%awsumﬂ Tuseninans
Aushwiiiesenissiming fnwudgmnsidvhatgandeanstinlue Fsuenanvilduands
Wemsudididmaronunmainandnuaz A mEnSusEnEY d19999d1Tne (Corn
weevil), Sitophilus zeamais Motshulsdy ’«matﬁ,m\‘]ﬂ Curculionidae ausiu Coleoptera 1y
_LLiJa\‘lﬂﬂiﬂ'miUVlaﬂ?JENLﬂJﬁﬂﬁiU‘W?jlﬂLLﬂ m'ﬂww 117 wagd13919 (Hayashi et al,, 2004) was _
.-'aﬂmmwumii“mﬂlmmim (Obeng-ofori and Amiteye, 2005; Arbogast et al., 2000;
Rees, 2004) maw’l%mwuﬁmmwamsuﬂm Tagandfuuaziniunigluudn Luamwuﬁmnub '
Junan 6 e slafumundeniegais 22% m‘[.vrmlﬂ‘lﬁnﬂsqumalﬂlulﬂ mmwmﬂwm |

ﬁ']ll'l‘iﬂ‘u‘uaE'JﬂlU‘VI']ﬁ’]EJLﬁJaﬂ‘Wﬁﬁ\‘iLLGIEJ\T’EJEJIULLTN’WIﬂEJWDLﬂJEJ% AT S‘VILﬂJaﬂW“U ‘wa\amnuuﬂﬂmﬂ

_ ﬂamal‘u Fvueuduadaduden mﬂanmnuaama‘iumaﬂ udinud wazesnduddiy
¥y lagagiaeiuudneeningaiguen ‘Vl’ﬂ,mllaﬂ%ﬂﬂﬂ’J\‘i\‘!’N‘U’I’JIWﬂE}’IﬂHQUL‘U‘LJEWS‘U 2939587
T4aan 30-45 fu mqmamﬂmmmmmma Luaﬂﬁmwﬂwmwumum Imm 117 91lwa
1118 9118 $1unsiad wae Lmamwwumauq (namm%LLmaqﬂmiwamwamamsmwm
2543) ﬂ’]'i‘f]ENﬂ'LlLLa‘“ﬂ’ﬁ](ﬂﬂ’]'iL‘U’]V]’]E]’]EJ‘UENWJ\‘]\TN‘U’W’JI‘WWEHMF]’]LLU"U’]ﬂ’l'ﬁ‘ijE]\‘mUﬂ”lﬁ]mLﬁJad
wagdnidngiy w.e. 2553 1940583 MINITNERT dranTanseinlalaenisidansiaiuazanssy
1aun chlorpyrifos, fennitrothion, methyl bromide uag phosphide #i1n15a5¥9138A15
Aanandreduinfiiligndewnumdniunis seihldliawnsadfauuaddisyandanls
smmu,zuaamﬂm'sﬂsumas'mmmmumumsLﬂummulméauﬂu (N51391N19LNYAS, 2553)
39 Pimentel et al.(2007) l#s1s91uiuuamangriauanna g dumiuse phosphide 1y
watgusyine Iuﬂf\]quumsiuma methyl bromide ua¥ phosphide Wufideususti
nhendlunguddansan nssudae methyl bromide uiidosuldinsgivseaniamauazle
vatlunssuduy ue methyl bromide gnszyinfudwiaredulsleuluyssornie (Ristaino
and Thomas, 1998) Fluasdeskunddlanldlnenseinavildlanieudy uazuaIgansl
TowanfiunndrUniazvldifnsunsesedsidsn mumwlmwamsmaumaaalmmmsmﬂaa
i’JiJiJ?JﬂUi”‘WTNUiuL‘Vlﬂﬁﬁﬂﬂ'.]’] 160 Vszine Imummmiammﬂmumamanmﬂ?ﬂumam
s iunssiionmsdoenuasnissuRensAnRuRY Imanauﬂﬁummwwmuma'mawmaﬂms
16lud .6 2005 mmunqm‘dsumﬂwmaqweuu'flmumwauwmmmaamuamﬂsmmmﬂﬁv
wazmseniannstdnielull a.e. 2015 Geduuayaieaus, 2552)
ﬂaauuumsmwwmmammlumsﬂmnumamLmammﬂuiwmumhmmmumsmu
Mdnuuas maamn’luumuwamumamnwwma‘nuﬂumsﬂivﬂawmﬂmwaqminﬂamu
Mdaunaddulsafuld (sman, 2000; 2006) TnaaruuANAsYBIENTUTENBUNINATIRE T
mmsa‘lﬂjﬂaqnumﬁmLmaqlwmasﬂqummnmanulﬂ muﬂivawﬁmwlusﬂﬂmmim 413
14 m'saumminu LLﬁ”ﬂ’]iEJUENﬂ"IiLT\]'mJLGlUIﬂ Wudu (Isman, 2000; Prakash and Rao,
1997) L‘Zjuuﬂ'ﬁu’]ﬂiuL‘VlEJQJ‘UW,J’Iﬂ’lUﬂiJﬂTi’J'ix‘lI‘U‘U@x‘iﬂ’]x‘m’JLﬂJEJ’J (ualln1 uag %amrﬂ 2545)
‘@13 cineole Tulunznga szamumsnau monoterpenoids a1119021979979917 waauld uay



uentuidesly (Lee et al., 2003) ) warluusngauarsiiauidudy 59% fussansamlunadu
a’lﬂaLLa"nﬁ‘zJ’lﬂ'J\NN‘zn’ﬂWﬂ (Weygynazane, 2550) Regnault-Roger and Hamraoui
(1994) 1613’1EJG’lu’nmuuwamumamﬂ‘wﬂm\‘iﬂ Labiatae, Umbelliferae uag Lauraceae 3
Ui“’aﬂﬁﬂ’lwslumi?ﬂﬂ’ax‘lﬂ’lLLGN Acanthoscelides obtectus Iag3sn155u uay Tung et al.
(2000) IﬂiWEJQWU’JWuﬁiJUMBMULMEJmﬂ Pimpinella an/sum way Cuminum cyminum
Use awﬁmw‘lumsmuamﬂq Tr/bol/um confusum wazfidediudden Ephestia kuehniella
u0ugdl Shaaya et al. (1997) wmﬁumumm“wrsmﬁnwwmwuﬂmﬂsuammwaﬂumim
wuaslulsafulagdsnissuy '

ATI389 (Marigold) dnaglured Asteraceae aglu Genus Tegetes flagnangviin 19y
Tagetes erecta, Tagetes minuta, Tagetes pétblo Tagetes tenuifolia, Tagetes fil_‘folid
\Hudu urazdruvesnnides Ussneudreansussneumaaiivansyin LLaumumUumuwau
ITANY mmmsau'}m'l‘dUsquu“lusumﬂ'ﬁmmmu‘[m‘uaaﬁ]auma M duasidauuas fdn
Jariloy LLauENLUuLmaamﬂmmaamswuﬂmauumﬂumsmamuaqgaaai“ (Tereschuk et al.,
1997; De las Heras et al., 1998; Abad et al, 1999 Lorenzo et al., 2002) mnmmnm’lu A
ﬂ’]’JLiEN 7.  minuta vmsnm‘lmmvmanwuumwamumaavauaaLUumu's‘umn waziSen
muwamumamnm’maom tagetes oil Tullagdu tagetes oil nﬂuﬂﬂimﬂmmnﬂu’lu

- 'ammwniwmms way Namumawuﬂmmww (Soule, 1993) tagetes oil L‘Uuaﬂﬂunau‘

terpenes  loiLn hmonene caryophyllene uas ocimene uaﬂﬂqﬂﬂulﬂl’iuiﬂﬁu‘lu
9AANMNTINDMT UATNA AU BLET tagetes oil 9InNA504 T. patula SefinnuanTiludy
a@1si19auNas Dharmagadda et al. (2005) wui1 tagetes oil 970 ANIG0q T. patula
Ussninnlunisdngdlussagiieeu (larvae) 3 wiin lauAys Aedes aegypti, Anopheles
stephensi wag Culex quinnquefaciatus @iu Green et al. (1991) ﬂnmﬂsuawﬁmwumu
weINA1 38 3 ¥iln Ao T, patula, T. erecta war T. minuta maaﬂmaama wmw
ﬂ’]’JL‘i’eN T. minuta uﬂsuawﬁmwaqaﬂiuﬂ'ﬁmﬂmanmmmwnm 24 47lus wenantu
muwamumwanﬂmﬂmafwmLiaammmla&Jq'l.ﬂﬂluswaﬂawﬂum I (2544)

nstesiunanstialnnlagldarsiad (Judsnsfinensnstoaldiusg19nireeang
\lownazanuazldnas wiidianuludunseseduslaa nuasng uazganmuwandeulnense
sudwnlifunisiiennudunudeaisiefivesuas msldtmeussiveanaidodunis
Uaatumdnaieastnilneg m’LusUmaqmsm nsld uagnisdudanisinddy Suduuuamanils
wmmmwmmuﬂﬁ’lﬂfmiLﬂmaﬂan‘lm

Inguszasdvamsfnuiluadiififednvinaveniifunouseieanantes wazsedu
anudufiv defanadalug ( (Sitophilus zeamais Motsch.) lugueanissh n1sld uasnis
fudannsanale Immsaumsunuumummvmamnwwuﬂauq u19wda
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ANSENAUINUNDUTLNY

FmsatmituvenssmeananiGes LLauﬁ*uauu‘lwwﬁﬂﬁu‘] (A137197 2.1) 13HRINAS
Lmsaumama lngihfivayulwsuvharuazein mnuum‘lmma’luwsuamwnwaa iy
Fuidng Ltaamltﬂa’lumsaqnaumuuwamvma‘[ﬂmﬁmsmumam (water distillation) (nwl
2.1) mum‘lwwamumamewm Ténalunisnduisdiunenssmeyszana 6 $2lus Wudiuves
muuwamvmawammu 4°C Tuwiedn esonmadeuUszavsnmn TugUvesanss ansla was

arstudamsnele vesdsnsinessly

o Y “ , s o v | ; i
A15d 2.1 dniuvesssveanitvalnsililunsmeaguiterndadasnsdriing Sitophilus

zeamais Motsch.

2 / Foinenanans Foaality _ Fanwlne druva TR
MYRTACEAE i

1. Syzysium aromaticum (L.) Merr &L.M. Perry Clove © mMung Ausen
LAURACEAE /

2. Cinnamomum bejolghota (Buch.-Ham.) Sweet Cinnamon - AUWY wWasneiu
PIPERACEAE :

3. Piper nigrum Linn. Pepper Wintngsi widn
ZINGIBERACEAE b

4. Curcuma longa Linn. Turmeric vty Wi
GRAMINEAE

5. Cymbopogon nardus Rendle. Citronella grass arlnivew lu

6. Cymbopogon citratus (Dc.exNees) Lemon grass meladiu v
RUTACEAE

7. Citrus maxima (Burm.) Merr. Pummelo dulle Hulaen
ASTERACEAE

8. Tagetes erecta Linn. Marigold ANEY Tu

AN 2.1 1A3eanautsiuveussvelasIsmsausneyn (water distillation)



mMmageulsEAns nwrenhiuveussmeniteradisedalng
NIATYAUNAY
Wususwiisasdnlne faredansennszasufvdnasaududou wa
aanseds namamues washanidsaiaiinalutefoins Tnelddnndomennsd L ‘
ndeswataRnuLm 15x20x7.5 cm (awil 2.2) Wiaustudeluguil 2-3 01y 10-15 Fu inlélunis
naaadluviesUfuRinig

MINARaUYTEANENMMYB LNSUVBN ST B NTY
URUNIVIARBILUY completely randomized design (CRD) ﬁnmu 10 9 Iﬂefhjm
WinTevasensdnlng 20 fredn msUssifiunasyldBiunndeiuly & il ‘
msuageuluguvainise lag35n1553 (fumnigation method)
YimsvindeulnsneaisumensemeInaTEesa it 0 (95% ethanol),
0.25, 0.50, 0.75, 1.00 uag 1.25% USuns 20 pl awunszmwnsawmﬂLaumuﬂuanma 2 cm’-
UaaalwﬂsuﬂmﬂsmLmawammwaq Tdfutevesiisnsdninasuiy 20 & Taluaian
NAFBUVUIN 20 Ccm mnivmwﬂsaﬂmmmulumwﬂaauLLauiJﬂclﬂwauw (nwit 2.3) 16
Y3uaans 0, 2.5, 5.0, 7.5,10.0 uaz 12.5 pl /L air audsiu Uuwnmims‘uaamqmaﬁm‘lwmw 24
Falus Lﬂsﬂumaunwmwamymm'mwszmuﬂau‘] AN RN muwamumamnm“‘lﬂsmu ‘
winlnes euie nung wiiudu dule uaspgladtu
mswmau?ugzlwaamsla (repellent efficiency test)
imsnaaeulugameaeunslauvuiinnaden (choice test) luvasanaaaunisld
vhanvienanafnnauunadulugudna1s 20 cm 81 20 cm lneventurensyvosain
AMiTedatuunsEAensodludn Treatment (T) USaes 10 pl LLa”I‘Uﬂi‘“ﬂ1%ﬂ560ﬂ1&l1ﬂ1’18ﬂ?1’]ﬂﬂ‘]A
ludn?du Control () Tdnsvmunsesliluvinaarsvasaiiassdng lddnndsaernsaauds
Udeadndnigvasinamedmimau 20 # Hinsinarsvesyavaasy Unypnnaeuliain (awil
2.4) Tuiinduueesnaestansiudn Treatment wag Control vidavagdeu 72 Talae Wisuwleu
ﬁufwa‘]’ummzmamnﬁ%ﬁmﬁuq uaiia T hduvensaneanaylaiven winlved sute
NN viutu fule wazedladihu AnavnauUeiidudsuiinsla (Percentage repellent
index; %RI) M350 Talukder and House (1994) §i@a1n13 %RI = [(C-T) / (C+T)] x 100%
msnagavlugun1sdudanisanlel (oviposition inhibition test)
imaageuluganageuwuuimaden (choice test) willounisnaaeulugUves
sl Inevdesminiaveadasnsdndwnm 20 & (hf : daudle = 1:1) Pnsanansvesyanaaey
Unganeasuliain suliu 72 Falue théafiutoesnandnans vrimasivuendedunges
YUIA 6x10x3.5 cm (AWl 2.5) msmuuﬂsmm‘lwﬁnLﬂummwumLﬂsaumaununaumum’lu
LAAZANSNAADY u,avnjsaruma‘unumuwamumaﬁ]nnw‘uﬂnumauﬂ vierila Wi dhsfuvenszive
nnaglaiven winlvesh eulwe nung vilutu dule uagaglaithy



nsiasevideya
hdeyaiilduniwssimuunnmonsadflagldlusunsuduiagy SAS (statistical
analysis system) TaeiUSouiiisudnadeseisnis DMRT (Duncan’s multiple range test) 7
sefuAMILTeITU 95% wazmAn LCs, way L s ‘uaeﬁwﬁwamsmaima’lsﬁﬂmnsuﬁ%%gﬂ SPSS
probit analysis

il 2.5 yensveaeuUsydvsniwvesinduneusemelugUvesansdudinisanaly
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NANISVAABILAZITAINANITNAADY

mi‘wmaaUU‘su?m%mwwaaﬁﬁﬁwam LLVHIINANITDN (Tagetes erecta L) IUSU‘UGQ?H??J’]
IngAsmssu L‘LJ%'&J'UmEJUnumuwamumamﬂwwuﬂauS] 7 wila loun azladven (Gymbopogon
nardus Rendle.) winlnes (Piper nigrum Linn.) aulwe (Cinnamomum bejolghota (Buch.-Ham.)
Sweet) nMung (Syzygium aromaticum (L.) Merr &LM. Perry) ?Jﬁlu‘ffu (Curcuma longa Linn.) &y
1o (Citrus maxima (Burm.) Merr.) uagngla¥ting (Cymbopogon citratus, (Dc.ex.Nees)) Aasiafiude
YBIIRT Il (Sitophilus zeamnais Motsch)wﬂ's'mwmu*’umms 0, 25, 50, 7.5, 10.0 uay
125 pUL air 959udesinsanedt 24 dalu wmﬂmuuwamumamﬂmuwaLLa Gl"lﬂi‘U’lUiJ
Usvdninwgegalumsandufiuisvesiassdialualagisnissy ﬂammsam‘lm 100%  fiman
Wuduvesens 7.5 uay 12.5 pUL air a7 LCso Wiy 265 uaw 5.40 pb/L -air AE U, WAzl cho
Winfiu 4.01 uag.7.09 pUL air audsu iE]\‘ia\‘ilJ’lﬂEJU']NUMEJMEULWEJR]’mEJUWEJ aMiSes uazdule 7
ALY 12,5 pUL air muﬁﬂmmummawaamqmmﬂww‘lﬂ 95.2, 87.5 wav 81.4% ALAU
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& P223- Fumigation Toxicity of Essential Oils of Medical Plants against Maize Weevil,

" Sitophilus zeamais Motsch. (Coleoptera: Curculionidae)

J. PUMNUAN" M. TEERARAK' and A. INSUNG

'Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut’s Institute
of Technology Ladkrabang, Bangkok 10520, Thailand

P R R o

Essential oils obtained from 8 selected medicinal plants namely, marigold (7agetes erecta L.), citronella
grass (Cymbopogon nardus Rendle.), pepper (Piper nigrum Linn.), cinnamon (Cinnamomum bejolghota
~ (Buch. -Ham) Sweet), clove (Syzygium aromaticum (L.) Merr.&L.M. Perry), turmeric (Curcuma longa
g Lmn) pummeb(Cztrus maxima (Burm.) Merr.) and lemon grass (Cymbopogon citratus (Dc.ex.Nees)) were
ested for their fumigation act1v1ty against maize weevil (Sitophilus zeamais Motsch.) adult. The bioassay
- was applied in vial sized 20 cm’ with 20 J | of essential oils at various concentrations of 0, 2.5, 5.0, 7.5, 10.0
and 12.5 /j /L air against the weevil. Baéed upon 24 hr LCs, values, the essential oils of clove and lemon
grass were the most toxic to the maize weevil in which presented high activity of 2.65 and 5.40 ff I/L air, fol-
lowed by essential oils of cinnamon, marigold and pummelo showed of 7.86, 8.40 and 8.46 J I/L air, respec-
tively. The repellent test by using 10 )Jl of essential oils in repellent tube, 2.0 cm in diameter, 20 cm long,
compared to control (95% ethanol) was also investigated. The result presented that all essential oils gave
about <40%RI (Repellent Index) when compared to control. Cinnamon and Clove oils were highly effective
on ovipositional inhibition. They presented the number of eggs in the treatments with 5.3 and 7.0 eggs/vial,
‘whereas, 23.3 and 26.7 eggs/vial, were observed in the controls, respectively.

RETTFRGANIREE Y 3N

KEYWORDS: fumigation, repellent, ovipositional inhibition

ISBIOPEN 2012 93
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Fumigant Toxicity of Essential Oils of Medical Plants against Maize
Weevil, Sitophilus zeamais Motsch. (Coleoptera: Curculionidae)

J. PUMNUAN'""" M. TEERARAK! and A. INSUNG!

! Department of Plant Production Technology, Faculty of Agricultural Technology,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

ABSTRACT

Essential oils obtained from 8 selected medicinal plants namely, marigold (Tagetes erecta
L.), citronella grass: (Cymbopogon nardus Rendle.), pepper (Piper nigrum Linn.), cinnamon
(Cinnamomum bejolghoia (Buch.-Ham.) Sweet), clove (Syzygium aromaticum (L.) Merr.&L.M.
Perry), turmeric (Curcuma longa Linn.), pummelo (Citrus maxima (Burm.) Merr.) and lemon
grass (Cymbopogon citratus (Dc.ex.Nees)) were tested for their futnigant activity against maize
weevil (Sitophilus zeamais Motsch.) adult. The bioassay was applied in vial sized 20 cm® with 20
ul of essential oils at various concentrations of 0, 2.5, 5.0,7.5,10.0 and 12.5 pl/L air against the
weevil. Based upon 24 hr LCsg values, the essential oils of clove and lemon grass were the most A

toxic to the maize weevil in which presented high activity of 2.65 and 5.40 H/L air, followed by "

essential oils of cinnamon, marigold and pummelo, showed of 7.86, 8.40 and" 8.46 pl/L. air,
respectively. The. répellent test by using 10 ul of essential oils in repellent tube, 2.0 cm in
diameter, 20 cm. long, compared to. control (95% ethanol) was also investigated. The result
presented that all essential oils gave about <40%R] (Repellent Index) when compared to control.
Cinnamon and Clove oils were highly effective on ovipositional inhibition. They presented the
number of eggs in the treatments with 5.3 and 7.0 eggs/vial; whereas, 23.3 and 26.7 eggs/vial,
were observed in the controls, respectively.

KEY WORDS: fumig;ratio'n', repellent, ovipositional inhibition
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™ Presentation author: J. Pumnuan

SECTION No.2: Botanical biopesticides
POSTER PRESENTATION

INTRODUCTION

The maize weevil, Sitophilus zeamais Motsch. (Coleoptera: Curculionidae) is one of the
main pests in stored grains as corn, wheat rice and sorghum in Thailand (Hayashi et al., 2004) as
well as worldwide. It causes large quantity loss in dry weight (Obeng-ofori and Amiteye, 2005;
Arbogast ef al., 2000; Rees, 2004). Its oviposition and growth are continuous, and the larvae feed
on the seeds. After emergence from the seeds, the adults reproduce rather in the field or in the
stored seed in a continuous cycle. Control of this insect population primarily depends upon
applications of organophosphorus, pyrethroid insecticides and the fumigation. Especially,
fumigation plays a major role in insect pest elimination in stored products. Currently, phosphine
and methyl bromide have been the two common fumigants used for stored product protection.
But insect resistance to phosphine is a global issue now, and control failures have been reported
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in field situations in some countries (Pimentel ef al., 2007). Methyl bromide use is being phased
out because of depletion of ozone layer and bromine residues in the soil (Ristaino and Thomas,
1998). Beside, methyl bromide was banned in many countries starting in 2004 because of its
ozone depleting properties (Hansen and Jensen, 2002).

These problems have highlighted the need for the development of selective insect-control
alternatives with fumigant action. There is a trend to search for naturally occurring toxicants
from plant. Plant essential oils and their components may provide potential alternatives to the
currently used stored-product pest control agents because many plants are commonly used as
fragrances and flavors in the perfume and food industries (Isman, 2000; 2006). Different types of
essential oils are being investigated for their insecticidal activity including their action as
repellents, anti-feedants and insect growth regulators (Isman, 2000; Prakash and Rao, 1997).
. Plants produce essential oils that have been found to possess insecticidal activities to various
" species of insects. Essential oils from many herbs and spices have been reported to have .
fumigant and other activities. Lee ez al. (2001a) reported toxicity of commercially available oils
and their'major compounds against S. zéamais. Essential oils from Labiatae, Umbelliferae and
Lauraceae have a fumigant- toxic effect on Acanthoscelides obtectus (Regnault-Roger and
. Hamraoui, 1994). Shaaya et al. (1997), found that a number of essential oils from spices showed
fumigant toxicity to stored product insects. Tunc et al. (2000) reported the fumigant toxicity of
the essential oils from Pimpinella anisum and Cuminum cyminum 10 Tribolium confusum and -
Ephestia kuehniella. 271 N2 220 PN - RITE S

This paper aims to compare the fumigant toxicity in terms of insecticidal, ovicidal and
~ repellent properties of essential oils from some medicinal plants against maize weévil (S
zeamais) adult. ‘

MATERIALS AND METHODS:

Essential oils:

The essential oils from selected medicinal plants (Table 1) ‘were extracted by water
distillation method. The obtained essential oils were stored in a refrigerator at 10°C for further

_investigation.

Insect cultures :

Cultures of the maize weevil, Sitophilus zeamais Motsch. was maintained under the room
temperature without exposure to any insecticide for several generations. They were reared on
brown rice in plastic container sized 18x28x11 cm. The adults used in the experiment were 10-15
days post-emergence.

Fumigant toxicity

Different amounts of essential oils at the doses of 0 (95% Ethanol), 2.5, 5.0, 7.5, 10.0 and
12.5 pl/L air were placed onto Whatman® No.1 filter paper disks of 2 cm diameter. Each filter
paper disk was then air dried for 2 min and placed on the underside of the screw cap of a glass
vial (25 cm?). Twenty adults, S. zeamais were placed into each vial (10 replicates / dose) without
media before the cap was screwed tightly and the lid was sealed with parafilm. Insect mortality
was checked after 24 hrs.

Repellent test
The repellent test by using 10 pl of each essential oil was placed onto Whatman® No.1 filter
paper disks of 1 cm diameter in repellent tube, 2.0 cm diameter, 20.0 cm long, and compared to
control (pure filter paper). Each filter paper disk was then air dried for 2 min, placed in the end
of each side and contained brown rice is filled with tube. Twenty S. zeamais adults were placed
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into middle of tube before the joint was screwed tightly (10 replicates / dose). After 72 hrs, the
number of insects was counted in the treated (T) and control (C). The repellent index (RI) was
calculated by the following formula: RI = [(C-T)/C+T)]x100 (Pascual-Villalobos and Robledo,
1998). Positive and negative values indicate repellent and attractant effects, respectively.
Ovipositional inhibition
' The ovipositional inhibition of each essential oil was evaluated by following the repellent
- test. The emergent adult developed from egg laid was checked after 20 days. :
. The experiment was completely randomized design with 10 replicates. The data obtained
“was statistically analyzed by applying analysis of variance (ANOVA) and Duncan’s multiple .
range tests (DMRT). The LDsp and LDg; were calculated by the probit method: - o '

Table 1. Essential oils of medicinal plants used in the study in order to control Sitophilus
zeamais Motsch. -

Family / Scientific name Common name Plant part
MYRTACEAE - N :
- 1. Syzygium aromaticum (L.) Merr.&L.M. Perry Clove : Dried flower bud
LAURACEAE :

2. Cinnamomum bejolghota (Buch.-Ham.) Sweet Cinnamon Dried bark
PIPERACEAE , :

3. Piper nigrum Linn. A AL Pepper -+ Seed
ZINGIBERACEAE R — : Ry c== T

4. Curcuma longa Linn. - " . Turmeric .~ ‘Rhizome
GRAMINEAE £ %W

5. Cymbopogon nardus Rendle. Citronella grass Leaf

6. Cymbopogon citratus (Dc.ex.Nees) Lemon grass | Leaf
RUTACEAE

7. Citrus maxima (Burm.) Merr. Pummelo Peel
ASTERACEAE

8. Tagetes erecta Linn. : Marigold Leaf
RESULTS AND DISCUSSION

The fumigant activities of the essential oils of medical plants were presented in Table 2.
Five essential oils, namely clove, lemon grass, cinnamon, marigold and pummelo had a high
potent fumigant toxicity against the S. zeamais. Remarkably, clove and lemon grass oils gave
100.0% mortality of exposure period of 24 hrs at 7.5 and 12.5 pl/L air, showed toxicity of 2.65
and 5.40 pl/L air for LCso, respectively. LDqgs of both essential oils were 4.01 and 7.69 ul/L air,
respectively. As for cinnamon, marigold and pummelo essential oils had rather high fumigant
toxicity to kill 95.2, 87.5 and 81.4% adults at 12.5 pl/L air with the LDsg values of 7.86, 8.40 and
8.46 ul/L air, respectively. On the other side, citronella grass, pepper and turmeric essential oils
showed a lower level of fumigant toxicity to S. zeamais. The present finding in agreement with
Anmed (2010) who found that the essential oils of cloves (Syzygium aromaticum), cinnamon
(Cinnamomum zeylanicum), and lemon grass (Cymbopogon flexuosus) contained potent fumigant
activity against Sitophilus oryzae. The LDs, of those essential oils were 0.42, 0.62 and 1.80 pl/s0
ml air, respectively. Lee ef al. (2001b) reported toxicity of essential oils as fumigant from
various Korean medicinal and spice plants, and the primary mode of action of their toxicity
against the rice weevil. Shuit (2001) reported fumigant activity of cinnamaldehyde from
cinnamon oil against S. zeamais adults, LDsy for 0.54 mg/cmz. Essential oils obtained from
Gomortega keule, Laurelia sempervirens, Origanum vulgare, Eucalyptus globules and Thymus
vulgaris were evaluated for their toxicity against adults of S. zeamais and Acanthoscelides
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obtectus. Contact toxicity was assayed by impregnating filter paper discs with the oils. Although
desirable insecticidal activities against 4. obrectus were achieved with the essential oils of all
five plants, the oils from G. keule and L. sempervirens were the most effective at 96 hrs. On the
other hand, the essential oils of E. globulus and T. vulgaris were most effective against S
zeamais. In all plant species, higher doses or longer exposure periods were more effective-against
both insects (Bittner et al., 2008). Cinnamaldehyde, the main constituent of cinnamon oil,
exerted equal contact toxicity to both T. castaneum and S. zeamais (Huang & Ho, 1998). .

The repellent effects of the 8 essential oils against the S. zeamais adults under choice test
were observed. The number of adult fed on control brown rice was more than that of the number
of adult fed on all essential oil treatments, as indicated by the repellent index (%RI) < 40% (Fig.-
1). Accordingly, Kheradmand ef al. (2010) who found that esseitial oils from seeds of
Simmondasia chinensis was used for its efficacy in term of the repellency test. against two
important stored product insects, Oryzaephilus surinamensis and Callosobruchus maculates. The
results indicated that the repellency of S. chinensis was 21.4 and 11.1 for C. maculates and 18.8
and 12.8 for O. surinamensis by using y-shape olfactometer and Loschiavo methods,
respectively. ' ' o

By choice test under fumigant method, the results showed that all essential oils were
effective on ovipositional inhibition. They presented the number of egg in the treatments Wwith
5.3-8.3 eggs/via_l,'-whereas, 9.3-26.7 eggs/vial, were observed in the controls. Cinnamon' and

~clove oils were highly effective on ovipositional inhibition, the numbers of egg in the tiéatments

were 5.3 and 7.0 eggs/vial, whereas, 23.3 and 26.7 eggs/vial were observed in the controls,
respectively (Fig. 2). Tripathi ef al.; (2001) have studied toxicity effects of 1-8, cineole against
Tribolium castaneum and observed the reduction of oviposition and egg- ‘hatchability at
concentration between 3.22 —16.10 mg/cm?®. The essential oils of Cymbopogon citratus and
Cymbopogon nardus showed higher effect on oviposition and F; adult emergence of cowpea
bruchid, Callosobruchus maculates (Paranagama et al., 2003).

Increase of problems concerning the use of modern synthetic chemical insecticides, such
as persistence of residues, resistance and damage to the environment and human health have
generated interest in naturally occurring products. The results presented in this study suggest that

- essential oils of clove, lemon grass and cinnamon could be efficient fumigants and also could be
integrated with other pest management procedures.

Table 2 Percentage of mortality of maize weevil, Sitophilus zeamais Motsch. after treated with
essential oils of medicinal plants at various concentrations at 24 hours by fumigation method.

. % Mortality"
Pranty Concentration (AL air) wev (Lo Lo Siope  sE
0.0 2.5 5.0 7.5 10.0 12.5

Marigold 07£12° 40x1.8°° 86827 457+IL7°% 7062152 8754757 2355 840 1254 0310  0.022

Citronellagrass  0.7+1.2°  06+1.0°  2.8+].|™ 6.5£2.4% 1324117 230£34% 2469 17.64 2548 0156 0095

Pepper 0.7£12° 4322 10 7643 15 333 38 0 633 oA T[4 612 5% 33,18 2546 4187 0.078  0.020

Cinnamon 0.7+1.2° 07+1.2% " 150336%  55023.7% T 69.0513.0% 95543 588 TS5 €37 86 1158 0.344 0.024

Clove 0.7£1.2°  444+91% 98741 1% [G00.0% 100+0.0™® 100+0.0™ 504 265 40t 0939 0.107

Turmeric 0.7412° 47328" 583 50 26635 4% T 33020 85 48.067.0% 1992 1540 19.64 0.177 0.018

Pummelo 0.7+1.2°  92+50% ~ 305477 395:7.0% 605442 T R[ 448,95 1733 R 46 1428 0.220 0.017

Lemon grass  0.7x1.2° 56+35°° 36059 OL.1x52% 9934125  10020.0%  6.44 540 769 0.561 0.044

%CV - 43.34 15.87 12.77 13.22 7.39 - - - - -

UMeans in row followed by the same capital letter and means in column followed by the same common letter were not significantly different (P<0.05) according to DMRT

141520
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Fig. 1 Percentage of repellent index (%RI) of essential oils of medicinal plants against maize
weevil, Sitophilus zeamais Motsch. at 72 hours by fumigation method.
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Fig. 2 Number of egg of maize weevil, Sitophilus zeamais Motsch. after treated with essential
oils of medicinal plants by choice test under fumigation method.
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Fumigant Toxicity of Essential Oils
of Medical Plants against
Maize Weevil, Sitophilus zeamais Motsch.
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{5 and lemon grass were tested for
? grass were the most toxic to the maize weevil in
cinnamon, marigold and pummelo,
essential oils gave about <4000RI
ovipositional inhibition.
) eggs/vial, were observed in the controls, respectively.

.. The maize weevil is one of the main pests in stored grains as
-corn, wheat rice and sorghum in Thailand (Hayashi et dl., 2004)
s well as worldwide. Currently, phosphine and methyl bromide
‘&have been the two common fumigants used for stored product
_protection. But insect resistance to phosphine is a global issue
¥ 10w (Pimentel et al., 2007). Methyl bromide was banned in many
“.countries starting in 2004 because of its ozone depleting properties
(Hansen and Jensen, 2002). !

There is a trend to search for naturally occurring toxicants
irom plant. Different types of essential oils are being investigated
for their . insecticidal activity including - their
tepellents,  anti-feedants and  insect  growth
gISman, 2000; Prakash and Rao, 1997).

action  as
regulators

citronella
tass, pepper, cinnamon, clove, turmeric, pummelo and
emon grass were extracted by water distillation method.
nfskct cultures
-;Q‘Q.ltures of the maize weevil, S. zeamais was maintained
under the room temperature on brown rice. The adults used
the experiment were 10-15 days post-emergence.
migant toxicity
ifferent amounts of essential oils were placed onto filter
paper. Each filter paper disk was then air dried and placed
on: the underside of the screw cap of a glass vial. 20
_;c‘lults, S. zeamais were placed into each vial (10 rep/dose).
Insect mortality was checked after 24 hrs.
Repellent test
he repellent test by using each essential oil was placed
onto filter paper disks in repellent tube and compared to
ntrol. 20 S. zeamais adults were placed into middle of tube
before the joint was screwed tightly (10 rep/dose). After 72
hrs, the number of insects was counted in the treated and
control. The repellent index (RI) was calculated by the
v ¢ following formula (Pascual-Villalobos and Robledo, 1998).
+Ovipositional inhibition
The ovipositional inhibition of each essential oil was
evaluated by following the repellent test. The emergent
dult developed from egg laid was checked after 20 days.
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Essential oils obtained from marigold, citronella grass, pepper, ‘cinnamon, clove, turmeric, pummd
their fumigant activity against maize weevil (Sitophilus zeamais) adult. The bioassay was applied i
glass with essential oils at various concentrations against the weevil. Based upon 24 hr LC,, values, the essential oils of clove and lemo,
which presented high activity of 2.65 and s5.40 pl/L air,
respectively. The repellent test at essential oils was also investigated. The result presented that a
(Repellent Index) when compared to control. Cinnamon and
They presented the number of eggs in the treatments

followed by essential oils d

Clove oils were highly effective o
with 5.3 and 7.0 eggs/vial, whereas, 23.3 and 26,

RESULTS AND DISCUSSION

The fumigant activities of the essential oils of medical plants
were presented in Table 1 . Five essential oils, namely
clove, lemon grass, cinnamon, marigold and pummelo had a
high™ potent fumigant toxicity against the §. zeamais.
Remarkably, clove and lemon grass oils showed toxicity of 2.65
and s.40 pl/L air for LC,, respectively. Ahmed (2010) found that
the essential oils of ~cloves, cinnamon, and lemon grass
contained potent fumigant activity against S. oryzae. Shuit
(2001) reported fumigant activity of cinnamaldehyde from
cinnamon oil against S. zeamais adults, LD , for 0.54 mg/cm?.

The repellent effects observed that the number of adult fed on
control brown rice was more than that of the number of adult
fed on all essential oil treatments, as indicated by the repellent
index (%RI) < 4000 (Fig. 1). Accordingly, Kheradmand et al.
(2010) who found that essential oils from seeds of S. chinensis
was used for its repellency test against two important stored
product insects.

By choice test, the results showed that all essential oils were
effective on ovipositional inhibition. Cinnamon and clove oils
were highly effective (Fig. 2). The essential oils of C. citratus
and C. nardus showed higher effect on oviposition and F adult
emergence of cowpea bruchid (Paranagama et al., 2003).

Increase of problems concerning the use of modern synthetic
chemical insecticides, such as persistence of residues, resistance
and damage to the environment and human health have
generated interest in naturally occurring products. The results
presented in this study suggest that essential oils of clove, lemon
grass and cinnamon could be efficient fumigants and also could
be integrated with other pest management procedures.

Table 1 Percentage of mortality of maize weevil after treated with essential oils at various concentrations at
24 hours by fumigation method.

% Mortality'

’ 1Oy

Medicul Plants Concentration (Wl air)
i} 2% 50 . 15 100 123 e

T Aavigeld T A0sE= (03 T R 70,6215 5:75% g0

Cioronclls grass 0.6£1.0% Gl 6.5£2.4% 13.280™ 230534 17.64

Pepper 4382100 763,104 832325 10,9130\ 1462220 2546

Cumnamon 0.721.2% 15.923.6' 55.043.7v 69.9213.9% 95,282 5\ 7.86

Clove 44.429.1% o 10020.0'* 10020.0 10020.0 2.65

Turmeric 4.782.RCw X 26.625.4™ 33.0208% 480270\ 12.40

Pummelo 9.2¢5.0™ 30.527.7¢> 39.827.9¢ G0.524.2% BL4L8 90 846

Lemon grass S.613.80~ 36,0289 9112820 99.321.2% 10020.0\ .40

*hdeans in row followed by the same capital letter and means in column followad by the same common letir were ot sigaficantly different (P<0.05) wcording 10 DMKT

100

®

% Repelient Index ;% RI
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Fig. 1 Percentage of repellent index (sR1) of essential oils against maize weevil at 72 hrs by fumigation method.
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" camaldulensis Dehnh) ‘lumiﬂ'mﬂwuaunivmn (Spodoptera-litura F.). msensimendraniinums.
a1(2 )(‘wmw) 629-632. : : )
alsv 13dnd aseddna WUUIY Uazdyls Sunided. 2553 Usedndnmaesansainganduda (Fucalyptus.
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aflgyan aluas aiisnnd Sesauysel dws Sunided uasaseddng WHUU. 2553, Usedndnmwvosansanaveiu
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Uan, LUC/aphorus pern/C/osus Rack. 'mmi'mauavaal,asumsmm 26(3): 20-25.
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lsclu Den’natophogOIdes pteronyssinus (Trouessart). 1IETINGIANEAST UMNINDIFENEATANERT. 25(1-3):
1-9.

<o ° ¥ a o a_a a $ o
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NIAVTNWATHILIBUNG. 19(1): 81-89.
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