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Fumigant Toxicity of EssentialOils from Laurus nobilis
and Rosmarinusof cinalis againstAll Life Stagesof
Tribolium confusum

A.A. Isikber 1 M.H. Alma2M. Kanaf andA. Karcit

The essentiabils from rosemary(Rosmarinusf cinalis L.) andlaurel (Laurusnobilis L.)
obtainedfrom Mersin Provincein Turkey, weretestedfor their fumiganttoxicity againstall
life stagesof confusedour beetle(Tribolium confusundu Val.). GC-MS analysisshaved
that1,8-cineolewasfoundto bethe major componentf bothrosemaryandlaurel essential
oils. Vaporsof rosemaryandlaurelessentiabils weretoxic to all life stageof T. confusum
Only 65% mortality of the eggswasachiered when exposedto a doseof 172.6mg| ! air
of rosemaryessentiabil atthelongestexposureperiod(144h); atthe samedose the pupae
werethe mostresistansstage with LTgo (lethaltime) valueof 120.2h. The adultswerethe
mostresistantstageto laurel essentiabil, with LTgo valueof 77.2h. On the basisof LTgo
values,toleranceof thelife stagesf T. confusunto rosemaryandlaurel essentiabils was,
in descendingrder: pupa< larva< adult,andlarva< adult< egg < pupa,respectiely.
Basedon the concentration time (Ct) products(g h| 1), rosemaryessentiabil wasmore
toxic thanlaurelto the adultsandlarvae of T. confusum However, laurel essentiabil was
moretoxic thanrosemaryto the eggsand pupae. Sincetheseessentiabils needsuchhigh
Ct productsto obtaincompletemortality of T. confusuncomparedvith the mostcommonly
usedcommerciafumigantsjt would beimpossibleto usethemontheirown asacommercial
fumigantagainststored-producinsects.

KEY WORDS:Essentiabils; fumiganttoxicity; Tribolium confusumlaurel; rosemarypio-
fumigant.

INTRODUCTION

To reducelossesn postharestsystemdrom insectinfestation,syntheticinsecticides
includingfumigantsarecommonlyused despit&known undesirablsideeffectssuchasthe
chemicals'high andacutetoxicity, their long persistencén nature,andthe possibility of
insectresistanceo someinsecticidesRecentlytherehasbeengrowing interestin research
concerningthe possibleuse of plant extracts as alternatves to synthetic insecticides
(25). Essentialoils are amongthe best-knavn substancesestedagainstinsects. These
compoundsictasfumigants(27,28,32) contactinsecticide$33,34) repellentg21,30)and
antifeedant¢13) andmay affect somebiological parametersuchasgrowth rate,life span
andreproduction(26,31). Most of thesesubstanceweretestedagainstinsectsattacking
storedproductsin orderto establisinew control practiceswith lower mammaliartoxicity,
high volatility andlow persistencén the ervironment.
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Locally available plantsand mineralshave beenwidely usedin the pastto protect
storedproductsagainsdamagéy insectinfestation(10). The ora of Turkey includeplant
specieghathavefor centuriedbeenproducedraditionallyandusedin folk medicine,some
asspicesandadditivesin perfumesMany differentspecie®f local plantssuchasLaurus
nobilis L. (Lauraceae)the laurel, and Rosmarinusof cinalis L. (Lamiaceae)rosemary
have a long history of use as medicinal plants and spices. The laurel is a perennial,
o wering tree,which is commonlyfound in regionswith a Mediterranearclimate. Pest-
control materialmay be obtainedfrom leaves, fruits, fruiting bodiesandthe oil. It can
be usedas a food and drink for humans,as a repellent, as an antifungal productand
asan antibacterialcompound. The rosemaryis a perennialevergreenshrubhaving long
needle-lile leaves, which is a native of southernEurope. Oil of rosemaryis extracted
from the foliage andis usedextensiely for cosmetic,culinary and medicinal purposes.
Various studieshave demonstratedumigant actvity of essentialoils from L. nobilis
and R. of cinalis againstvarious stored-producinsects(3,32,33). Toxicity of various
essentiabils andtheir volatile componentsgainsthe adultsof therice weevil Sitophilus
oryzae(L.) (Coleoptera:Curculionidae)indicatedthattwo essentiabils, eucalyptusand
rosemaryhadpotentfumigantactivity (17). Investigationof fumigantactivity of essential
oils from anise(Pimpinellaanisum) cumin (Cuminumcyminum) eucalyptugEucalyptus
camaldulensis)regano(Origanumsyriacumvar. bevanii) androsemary(R. of cinalis) on
eggsof two stored-producinsectspeciesthe confusedour beetleandthe Mediterranean
our moth shaved the highestmortalities causedby essentiabils from eucalyptusand
rosemary(31). The essentiabils of laurel and rosemaryindicatedinsecticidalactivity
againstOryzaephilussurinamensigL.) (Coleoptera:Silvanidae),S. oryzae Rhyzopertha
dominica(F.) (Coleoptera:Bostrichidae)and Tribolium castaneun{Herbst)(Coleoptera:
Tenebrionidae)rangingfrom a lethal dosecausing50% mortality (LD so) of 7to >15 |
| *air(32).

Many plant extractsand essentiabils may be an alternatve sourceof stored-product
insect-controhgentg8,15,32)becausehey constitutearich sourceof bioactive chemicals.
Their major constituentsmonoterpenesrealsoof interestto industrialmarketsbecause
of otherpotentbiological actwities in additionto their toxicity to insects(5,16). Most of
the early studiesindicatedthat essentiabils from L. nobilis andR. of cinalis hadpotent
fumigant actvities againstthe adults of various stored-producinsects; however, only
limited informationis availableon the ef cacy of theseessentiabils againstheimmature
stages.The presentstudywas carriedout to determinethe fumiganttoxicity of essential
oils from L. nobilisandR. of cinalis in Turkey, againstll life stagegadult,egg, larvaand
pupa)of confusedour beetle,Tribolium confusundu Val., whichis amajorpestof stored
grainsand grain productsthroughoutthe world andto discussthe possibleuse of these
essentiabils asbio-fumigantsagainsttored-grainnsects.

MATERIALS AND METHODS

Testinsects Testswere carriedout on all life stagesof T. confusum. All stageswere
obtainedfrom laboratoryculturesrearedat 26 1 C and65 5% relative humidity (r.h.)
on a mixture of wheat our, branandyeast(9). Eggswereremovedfrom ovipositionjars
by sieving daily. Eggsfor exposureto treatmentsveretransferrednto “pits' drilled into
Persp& exposureslides,eachslidecontainings0 pits. When lled, theslideswerecovered
with a cover glassto retainthe eggs (20). Two slides,eachcontaining50 eggsaged1—2
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days,wereexposedo eachtreatmentLarvaewereremovedfrom culturejarsandexposed
to the treatmentsl2 daysafter oviposition. Two-day-oldpupaewere obtainedby daily

separatiorfrom culturejarsandheldin wheat our for 24 h beforethe exposure.Newly

emegedadultswereheldin pre-eposurgarscontainingwheat our , andwereexposedo

treatmenf7—10daysafteremepgence.

Plant materials and distillation procedure The plant materialsof L. nobilis and R.
of cinalis were collectedfrom Mersin Provincein Turkey on August25, 2002. The raw
materialfor eachsamplewasobtainedfrom the samearea. Thefreshleavesof laureland
rosemarywere placedin a round-bottomask of a Clevengertype apparatusvith water
The oil washydrodistilledfor 3—4 h in this apparatug12). The essentiabil wasextracted
with acetonewhichwasthenevaporatedn arotatoryevaporator(BuchiRotavapor). After
extraction, the essentiabils were collectedin sealedglasscontainersandrefrigeratedn
thedarkat4 C until use.

Gas chromatography—massspectrometry procedure The percentcontentof compo-
nentsin the essentialoils from both plants describedabove (11.5 mg, diluted in 1 ml
of petroleumether Et,O) wasdeterminedon a Finnigan-MAT 8200 Mass Spectrometer
(low resolution)coupledwith a Hewlett-PackardGC-5890IIseriesGC anda SE-54fused
silica capillary column(30m  0.25mmi.d.; 0.25 m Im thickness).One | of the
diluted oil wasinjectedinto the column. The GC oven temperaturevas kept at 60 C
for 5 min and programmedo 260 C at a rate of 2 C min * andthenkept at 260 C.
The injector temperaturevas 250 C. The carrier gas(He) with a ow rate of 1.15 ml
min ! wasdeliveredat a constantpressureof 5 kg cm 2. MS spectraweretaken at El
ion sourceof 70 eV. The split ratiowas1:5. The component®f the oil wereidenti ed by
comparisorof their massspectrawith thatof internal(computer)library, NIST libraries,
referencecompoundsand thosedescribedby Adams(2). Identi cation of the essential
oil wasconductedby gaschromatographyvith ame ionizationdetector(GC-FID) on a
Hewlett-PackardGC-5890I1seriesGC. One | of oil samplewasinjectedinto the same
columnunderthe sameGC conditionsasdescribedor the GC-MS study However, the
split ratiowas1:14.

Bioassayprocedures Adults,larvae,eggsandpupaeof T. confusunwerecollectedfrom
the culturesby using US standardsieve mesh#25 and #70 and placedin 25-ml glass
vials containingrearingfood. The glassvials were coveredwith a ne meshto enable
penetratiorof ary volatilesemanatingrom theessentiabils. Twenty- veindividualseach
of adults,larvaeandpupae and50 eggswereusedin eachreplicate.
Preliminarybioassaytestson fumigationactiity of the essentiabils werecarriedout
to determinethe effective dosesof eachoil. For preliminarytests the adultsandpupaeof
T. confusunwereselectedsincethey arereportedo berespectiely themostsensitve and
the mosttolerantstagesof stored-productnsectsto the fumigants(14,24). Fumigation
chambersconsistedof 1000-ml glassjars with metal scrav-on lids. For eachstage,a
constantdoseof 4.3, 8.6, 12.9,43.2,86.3,129.5,172.6,215.8and 431.5mg | ! air of
bothessentiabils wasappliedthroughoutall bioassayests.Essentiabils from laureland
rosemarywereintroducedasa liquid into the bottomof fumigationchambersising10 |
—1000 | micropipettes.After the adultsandpupaeof T. confusunkeptin the glassvials
weretransferredseparatelyinto a fumigationchamberfumigationchamberavereclosed
with scrav-on lids, which weremadeair-tight. T. confusunwasexposedto essentiabils
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for 24h andeachtreatmentvasreplicatedhreetimes. For eachtreatmentcontroljarswere
exposedto atmosphericonditions.For all fumigations relative humidity wasmaintained
at65 5% at atmospherigressureusing saturatednagnesiummitrite (MgNO3) salt(11)
andtemperatureserekeptat26 1 C.

To determinethe in uence of the durationof exposureto essentiabil vapors,all life
stagesof T. confusumwere treatedwith the essentiabils at a doseof 172.6mg| 1 air,
which was selectedaccordingto the resultsof preliminary bioassaytests. Four or ve
exposuretimes varying with testedessentiabils were usedfor eachlife stage. For the
essentiabil from rosemaryexposuretimesfor the adult,egg, larvaandpuparangedfrom
12t048,24t0144,12to 72and24to 120h, respectiely. For theessentiabil from laurel,
exposuretimesfor the adult, egg, larva andpuparangedfrom 48to 72,12 to 96, 24 to 96
and24to 60 h, respectiely. The proceduredeforeandafterexposurewerethe sameasin
thepreliminarybioassayests.

Data processingand analysis After eachtreatment,larvae, pupaeand adults were
transferredo 200-ml jars containingstandarddietsandheldat26 1 C and65 5%r.h.
until examinedfor mortality. The eggsin their Perspg slideswere held underthe same
conditionsuntil the ovipositionsiteswereexaminedfor egg hatching.Mortality countsfor
adultswereconductedl-5daysafterexposurefor larvaethey werebasednthoseinsects
thathadfailedto pupated daysafter exposure;pupalmortality wasbasedon thosepupae
thatfailedto produceadults9 daysafterexposureandegg hatchwascounted? daysafter
treatment. Mortality dataobtainedfrom preliminary bioassaytestswere correctedusing
Abbott's formula(1).

Data obtainedfrom eachzero dosecontrol and exposuretime — mortality responses
weresubjectedo probitanalysisby usingmaximumlik elihoodprogramsoftware(POLO-
PC) (18) to determineLTso (lethal time to 50% mortality), LTgo (lethal time to 90%
mortality) and their respectie 95% con dence intenvals. Differencesin toxicity were
consideredsigni cant when 95% con dence intervals did not overlap. The slopesand
interceptsof exposuretime — mortality regressiondor eachtestedinsectwere compared
with the POLO-PC maximume-likelihood procedureq(18). Requiredconcentrations<
time (Ct) products(g h | 1) to obtain 90% mortality of all insectstagesof eachinsect
werecalculatedusingthe LTgg valuesderivedfrom probit analysesandthe concentration
applied.

RESULTS

Chemicalcompositionsof essentiabils from the leaves of rosemary(R. of cinalis)
andlaurel (L. nobilis) from Mersin Province in Turkey aregivenin Table1. The major
componentsn the essentialoil from rosemarywere found to be 1,8-cineole(43.12%),

-pinene (11.58%), camphor(7.67%), -caryophyllene(7.44%) and borneol (6.85%).
However, laurelessentiabil essentiallycontainedL,8-cineolg54.71%) sabineng9.19%),

-terpiryl acetatg(6.95%), -pinene(5.34%)and -pinene(4.28%). Chemicalanalysis
indicatedclearly that 1,8-cineolewas the main componentof both rosemaryand laurel
essentiabils.

Preliminarybioassayestsindicatedthatvaporsof the essentiabils from rosemaryand
laurel hadvariabletoxicity to the adultsand pupaeof T. confusumwhenexposecto their
variousdoses.Correctedmortality (%) of the adultsandpupaeof T. confusunmexposedo
variousdosesof essentiabil from R. of cinalis andL. nobilis for 24 h are presentedn
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Table2. Only adoseof 431.5mgrosemaryt ! air achiezedamortality of 94.99%against
theadultsof T. confusumwhereagherestof the dosesof rosemaryappliedgave very low
mortalities,rangingfrom 0.09%to 14.92%. However, essentiabil from laurel resulted
in very low mortalitiesagainstthe adultsat all applicationdoses,rangingfrom zeroto
15.52%. Similarly, all applicationdosesof bothrosemaryandlaurel oil againsthe pupae
resultedin very low mortalities,rangingfrom 0.08%to 22.2%. These ndings indicated
thatnoneof the dosesf eitherrosemaryor laureloil appliedagainsthe adultsandpupae
at 24 h would be sufcient to achieze completemortality (exceptfor the doseof 431.5mg
rosemary ! air for theadults). Therefore prolongedexposuretimeswould berequiredto
achieve completemortality in theadultsandpupaeof T. confusum

Vaporsof rosemaryandlaurel essentiabils werefoundto betoxic to all life stageof
T. confusum Probit mortality regressiondatafor the essentiabils from R. of cinalis and
L. nobilis againstadultandimmaturestagesof T. confusumareshown in Tables3 and4,
respectiely. Hypothesidestsfor equality(29) indicatedthatall regressiorinesfor thelife
stagef T. confusunwerethe samefor eitherrosemary( 2 = 252.7)or laurel( 2 =129.8)
essentiabils. Unequalprobit linesindicatethatthe variouslife stagesof T. confusundid
notrespondo the essentiabils from rosemaryandlaurelin thesamemanner

TABLE 1. Chemicalcompositionof essentiabils from rosemary(Rosemanyof cinalis) andlaurel
(Laurusnobilis)

Componentsf R.ofcinalis  Contentin vol.-% of Componentsf L. Contentin vol.-% of
components SD nobilis components SD
1,8-cineole 43.12 0.15 1,8-cineole 54.71 0.13
-pinene 11.58 0.09 Sabinene 9.19 0.09
Camphor 7.67 0.07 -terpiryl acetate 6.95 0.01
-caryophyllene 7.44 0.07 -pinene 5.34 0.12
Borneol 6.85 0.14 -pinene 4.28 0.005
Myrcene 3.97 0.02 p-cymene 3.04 0.02
Camphene 3.01 0.01 Terpinen-4-ol 2.60 0.02
-pinene 2.54 0.09 -terpineol 1.90 0.03
-terpineol 2.35 0.04 -terpinene 0.90 0.004
p-cymene 1.77 0.02
Borryl acetate 1.47 0.11
-humulene 1.09 0.02

Toxicity datafor essentiabil from rosemarandlaurelindicatearemarkablelifference
in susceptibilitybetweenlife stagesof T. confusum(Tables3 and4). The pupawasthe
mostresistantstageto rosemaryessentiabil, with LTgo of 89.5h at a doseof 172.6mg
| 1 air, whereaghe adultswerethe mostsusceptiblewith a LTy valueof 37.5h (Table
3). However, theestimated_Tso andLTgg valuesfor theeggweretoofarbeyondthetested
rangego bereliable,giving resultsin thousand®f hours. At thelongestexposureperiod
(144 h), only 65% egg mortality wasachieved following exposureto a doseof 172.6mg
rosemanessentiabil perliter of air. TheLTgg valuefor thepupawassigni cantly different
from that of the larva andadult, since95% con denceintervals (CLs) of the egg did not
overlapthoseof the larva andadult The LTgg valuefor the larva was alsosigni cantly
differentfrom that of the adult, since95% CLs did not overlap. The orderof toleranceof
thestagesatbothLTsy andLTgg was: pupa> larva> adult.
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TABLE 2. Correctedmortality (%) of the adultsand pupae(n=90) of Tribolium confusurmexposed
to variousdosesof rosemary(Rosemanyf cinalis ) andlaurel(Laurusnobilis) essentiabils for 24 h

Applicationdose Correctednortality (%)
(mgl 1)

Rosemary Laurel

Adult Pupa Adult Pupa
43 0.09 0 0 0
8.6 1.67 0 0 0
al2.9 1.67 0 0 0
43.2 1.67 0 0.03 0
86.3 6.75 0 1.78 0
129.5 14.9 0.8 3.45 0
172.6 155 1.67 8.98 22.2
215.8 12.8 55 8.62 16.7
4315 95.0 18.3 15.52 111

TABLE 3. LTso andLTgo valuesfor all life stage®of Tribolium confusunexposedo adoseof 172.6
mg! ! air of rosemary(Rosemaryf cinalis ) essentiabil

Life stage n? Slope SE LTso (h) (ducial LTgo (h) (ducial HX*
limits)Y limits)Y

Egg” 500 - - - -

Larva 300 4.89 0.83 31.64 57.89 0.91
(25.38-36.98) (49.14-74.29)

Pupa 300 7.19 1.49 59.38 89.49 0.82
(48.98-67.52) (78.15-112.99)

Adult 240 6.91 0.96 24.49 37.54 0.76
(21.61-27.02) (33.81-43.43)

ZNumberof individualstreated excluding controls.

Y The95%con dencerangeis givenin parentheses.

X Heterogeneityactor chi-square/dgreesof freedom(chi-squares signi cant, P< 0.05).

W Estimated_Tsg andLTgo valuesweretoo far beyondthetestedexposurerangeto bereliable.

TABLE 4. LTso andLTgo valuesfor all life stage®f Tribolium confusunexposedo adoseof 172.6
mg! ! air of laurel(Laurusnobilis) essentiabil

Life stage n? Slope SE LTso (h) LTgo (h) HX
(ducial (ducial
limits)Y limits)Y

Egg 500 8.33 1.23 39.87 56.82 0.96
(35.58-43.39) (52.05-64.29)

Larva 300 10.98 2.56 58.98 77.17 0.29
(52.48-63.79)  (70.40-93.77)

Pupa 300 5.27 1.09 22.47 39.32 0.15
(16.91-26.78) (32.99-52.28)

Adult 240 14.39 2.58 54.78 67.25 0.64

(51.82-57.58) (63.06-75.55)

2Numberof individualstreated excluding controls.
Y The95%con dencerangeis givenin parentheses.
X Heterogeneityactor chi-square/dgreesof freedom(chi-squares signi cant, P< 0.05).
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Fig. 1. Concentration time (Ct) productslgh! 1) requiredfor LTeo valuesof rosemaryRosemary
of cinalis) andlaurel (Laurusnobilis) essentiabils for all life stagesf Tribolium confusum

Fumiganttoxicity of laurel essentialoil indicatedthat susceptibilityamongall life
stageswvasdifferentfrom thatof rosemaryessentiabil (Table4). Thelarva wasthe most
resistanstagewith aLTgg valueof 77.2h atadoseof 172.6mg| ! air, whereaghe pupa
wasthe mostsusceptiblestage with aLTgy valueof 39.3h. Since95% CLs for thelarva
did not overlapthoseof the pupaandegg, thetime requiredfor 90% mortality of the larva
wassigni cantly differentfrom thatof the pupaandegg. However, the LT gy valuefor the
egg wasnhot signi cantly differentfrom thatof the adult,since95% CLs overlapped.The
orderof toleranceof thestagestboththelLTsg andLTgo was:larva> adult> egg> pupa.

Ctproductggh| 1) requiredfor LTgo valuesof essentiabils from rosemaryandlaurel
for all life stagesf T. confusunaregivenin Figurel. Calculationsof Ct productsfor both
rosemanyandlaurelessentiabils revealedthattherewasa high variationin Ct productsof
differentlife stageof T. confusunatLTgyg levels(Fig. 1). Ct productsof 9.9,15.4and6.5
ghl ! airfor rosemaryessentiabil wererequiredto obtain90%kill of thelarvae,pupae
andadults respectiely, whereasCt productsof 9.8,13.3,6.9and11.6g h| ! airfor laurel
essentiabil wererequiredfor 90%kill for theeggs,larvae,pupaeandadults,respectiely.
Theseresultsindicatedthatrosemaryessentiabil wasmoretoxic to the larvaeandadults
of T. confusunthanlaurel essentiabil, whereagosemaryessentiabil wasmoretoxic to
theeggsandpupaethanlaurelessentiabil.

DISCUSSION

The chemicalcompositionof a plant productdependson the plant speciesthe plant
part, the seasontemperaturephotoperiod,and hygrometry),the methodof haresting,
the geographicakone, pedologicalconditions,and the methodusedto isolatethe plant
product. Therefore,the extract of the samespeciesfrom different geographicalareas
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andfrom variousplant partscanbe differentin chemicalcomposition. Andronikashvilli

and Reichmuth(3) reportedlaurel essentialoil extractedfrom its leaves collectedfrom

samplegtaken in Geogia essentiallycontainedl,8-cineole(40.74%), -terpinyl acetate
(17.81%), sabinene(5.72%), -pinene(4.86%)and -pinene(3.17%). However, the

chemicalcompositionandcontentof the main compoundof essentiabils extractedfrom

the leavesof L. nobilis in this study differedfrom that reportedby Andronikashvilliand
Reichmuth(3). Thisindicateghatthechemicalcompositiorof essentiabils from different
geographicaareasvaries.

Dueto their high volatility, mary plantextractsandessentiabils have fumigantaction
(5,32). Theresultsin the presentstudy indicatedthat rosemaryand laurel essentiabils
had fumigant toxicity againstall life stagesof T. confusum However, both rosemary
and laurel essentialoils differed markedly in the susceptibilityto them amongthe life
stagesof T. confusum The eggs and pupaewere the most resistantstagesto rosemary
essentiabil, whereadarvae and adultswere the mostresistantstageso laurel essential
oil. Comparisonof the resultspresentecherewith earlier studieson fumigant activity
of rosemaryessentialoils againstthe adults and immature stagesof various stored-
productinsects(3,17,22,23,33shoved similar ndings. Papachristosand Stamopoulos
(23) reportedthe pupaeof A. obtectusappearedo be more tolerantthan the larvae to
rosemaryessentiabil vapors. A highertoxic effect of rosemaryessentiabil vaporhas
beendescribedalsofor the adultstageof O. surinamensisS. oryzae R. dominicaandT.
castaneun(17,32). Similar to our results,Tung et al. (33) found that essentiabil from
rosemaryhad a low toxicity to the eggs of T. confusumand EphestiakuehniellaZeller
(LepidopteraPhycitidae)andachieszed a maximummortality of only 65%in T. confusum
and24%in E. kuehniella

The insecticidalpropertiesof rosemaryand laurel essentialoils were reportedfrom
studieq(22,32)examiningmortality of S.oryzae AcanthoscelidesbtectugSay)(Coleop-
tera: Bruchidae),R. dominica T. castaneunand O. surinamensis The toxicity of the
essentiabils from R. of cinalis andL. nobilisis generallyattributedto 1,8-cineole(5,17),
the volatile compoundwhich wasfoundto be the primary componenbf theseoils in our
chemicalanalysis.Likewise,Leeetal. (17) reportedthattreatmeniof S.oryzeawith 1,8-
cineolelimoneneand -pineneindicatedl,8-cineoleo bemostactive (LDsg =23.5 | *
air). Theseauthorsalsoreportedthatcineole,l -fenchoneandpulegoneat50 gml ! air
causedlO0%mortality in S.oryzae T. castaneunandR. dominicaandmaybe suitableas
fumigantsor vaporphasdnsecticidedecausef their high volatility, fumigationef cacy,
andsafety The high fumiganttoxicity of 1,8-cineoleindicatesthatthis compoundwould
be the principal toxic constituentof both essentiabils in our study andthe main factor
responsibldor theinsectmortality.

Rosemaryessentiabil was more toxic to the adultsand larvae of T. confusunthan
laurel essentiabil, with its lower Ct products. The latterwas moretoxic to the eggsand
pupaethanrosemaryessentiabil. Papachristosind Stamopoulo$22) testedthe fumigant
toxicity of 13 essentialoils including L. nobilis and R. of cinalis againstA. obtectus
Similar to our results,Papachristosand Stamopoulo$22) found that rosemaryessential
oil was moretoxic to both malesand femalesof A. obtectus with LDso valuesranging
from 2.1t0 3.3 || ! air, thanlaurel essentiabil with LDs valuesof 5.7 and10.3 |
| 1 air. Thedifferenttoxicity of thesetwo essentiabils againsthevariouslife stagesf T.
confusunmappearso beattributableto thedifferencesn theconteniof themaincompounds,
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or differentconcentration®f terpenoidcompoundf which the oils are constituted.For

instance,in our studyit washardto kill the eggswith rosemaryessentiabils, whereas

laurel essentialoil had a strongfumigant toxicity againstthe eggs. The differencesin

toxicity betweenrosemaryand laurel essentiabils againstthe eggsis probablydueto a

highercontentof the main monoterpenoidl,8-cineole(54.71%),in laurelessentiabil or

to theactionof differentchemicalcompoundsn laurelessentiabil, sabinen€9.19%)and
-terpinyl acetatg6.95%),which do not exist in rosemaryessentiabils.

Ct productsobtainedfrom rosemaryand laurel essentialoils in this study may be
comparedvith severalstudiesof thetwo mostcommonlyusedfumigantsmethylbromide
(MB) and phosphinefor control of T. castaneum WhereasMB requiresCt productsof
0.062,0.059and0.168g h| ! to obtain90%kill of adults larvaeandpupaeyespectiely
(19), phosphinerequiresCt productsof 0.012,0.047 and 0.056g h | 1, respectiely
(4,35). Testson T. castaneunadultswith otherfumigantssuchasethylenedichlorideand
carbontetrachloridgoroduced0%mortality with Ct productsof 0.462and0.600gh| 1,
respectiely, whereasthyleneoxiderequireda Ct productof 0.135g h| * to obtain95%
mortality (4,6). It appearstherefore thatboth of the essentiabils testedin this studyare
muchlesstoxic thanphosphinemethylbromide,ethyleneoxide, ethylenedichlorideand
carbontetrachloride.

Although rosemaryand laurel essentialoils had a fumigant toxicity againstall life
stagesof T. confusumwith differentef cacies, they needechigh dosagedo obtain the
completemortality of T. confusumcomparedwith the mostcommonlyusedcommercial
fumigants, methyl bromide and phosphine. Therefore,it may not be desirableto use
such high dosagesf theseessentialoils on their own as a commercialbio-fumigant
againststored-producinsects. However, the isolationandidenti cation of the bioactive
compoundsin theseessentialoils could be importantin their potential applicationin
controlling stored-producpests. Furtherinvestigationsare, therefore,neededo identify
biological actvity componentsof theseessentialoils and their possiblesynegism by
testingcombinationf potentiallyactive fractions.
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