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Fumigant Toxicity of EssentialOils fr om Laurus nobilis
and Rosmarinusof�cinalis againstAll Life Stagesof

Tribolium confusum

A.A. Isikber,� ;1 M.H. Alma,2 M. Kanat3 andA. Karci1

The essentialoils from rosemary(Rosmarinusof�cinalis L.) andlaurel (Laurusnobilis L.)
obtainedfrom MersinProvincein Turkey, weretestedfor their fumiganttoxicity againstall
life stagesof confused�our beetle(Tribolium confusumdu Val.). GC-MSanalysisshowed
that1,8-cineolewasfoundto bethemajorcomponentof bothrosemaryandlaurelessential
oils. Vaporsof rosemaryandlaurelessentialoils weretoxic to all life stagesof T. confusum.
Only 65% mortality of the eggswasachieved whenexposedto a doseof 172.6mg l � 1 air
of rosemaryessentialoil at thelongestexposureperiod(144h); at thesamedose,thepupae
werethemostresistantstage,with LT90 (lethal time) valueof 120.2h. Theadultswerethe
mostresistantstageto laurelessentialoil, with LT90 valueof 77.2h. On thebasisof LT90

values,toleranceof the life stagesof T. confusumto rosemaryandlaurelessentialoils was,
in descendingorder: pupa< larva < adult, andlarva < adult < egg < pupa,respectively.
Basedon theconcentration� time (Ct) products(g h l � 1), rosemaryessentialoil wasmore
toxic thanlaurel to the adultsandlarvaeof T. confusum. However, laurel essentialoil was
moretoxic thanrosemaryto the eggsandpupae.Sincetheseessentialoils needsuchhigh
Ct productsto obtaincompletemortality of T. confusumcomparedwith themostcommonly
usedcommercialfumigants,it wouldbeimpossibleto usethemontheirown asacommercial
fumigantagainststored-productinsects.
KEY WORDS:Essentialoils; fumiganttoxicity; Tribolium confusum; laurel; rosemary;bio-
fumigant.

INTRODUCTION

To reducelossesin postharvestsystemsfrom insectinfestation,syntheticinsecticides
includingfumigantsarecommonlyused,despiteknownundesirablesideeffectssuchasthe
chemicals'high andacutetoxicity, their long persistencein nature,andthepossibilityof
insectresistanceto someinsecticides.Recently, therehasbeengrowing interestin research
concerningthe possibleuse of plant extracts as alternatives to synthetic insecticides
(25). Essentialoils areamongthe best-known substancestestedagainstinsects. These
compoundsactasfumigants(27,28,32),contactinsecticides(33,34),repellents(21,30)and
antifeedants(13) andmayaffect somebiologicalparameterssuchasgrowth rate,life span
andreproduction(26,31). Most of thesesubstancesweretestedagainstinsectsattacking
storedproductsin orderto establishnew controlpracticeswith lowermammaliantoxicity,
highvolatility andlow persistencein theenvironment.
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Locally available plantsand mineralshave beenwidely usedin the past to protect
storedproductsagainstdamageby insectinfestation(10). The�ora of Turkey includeplant
speciesthathavefor centuriesbeenproducedtraditionallyandusedin folk medicine,some
asspicesandadditivesin perfumes.Many differentspeciesof local plantssuchasLaurus
nobilis L. (Lauraceae),the laurel, andRosmarinusof�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 Mediterraneanclimate. Pest-
control materialmay be obtainedfrom leaves, fruits, fruiting bodiesand the 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-like leaves, which is a native of southernEurope. Oil of rosemaryis extracted
from the foliage and is usedextensively for cosmetic,culinary andmedicinalpurposes.
Various studieshave demonstratedfumigant activity of essentialoils from L. nobilis
and R. of�cinalis againstvarious stored-productinsects(3,32,33). Toxicity of various
essentialoils andtheir volatile componentsagainsttheadultsof therice weevil Sitophilus
oryzae(L.) (Coleoptera:Curculionidae)indicatedthat two essentialoils, eucalyptusand
rosemary, hadpotentfumigantactivity (17). Investigationof fumigantactivity of essential
oils from anise(Pimpinellaanisum), cumin(Cuminumcyminum), eucalyptus(Eucalyptus
camaldulensis), oregano(Origanumsyriacumvar. bevanii) androsemary(R.of�cinalis) on
eggsof two stored-productinsectspecies,theconfused�our beetleandtheMediterranean
�our moth showed the highestmortalitiescausedby essentialoils from eucalyptusand
rosemary(31). The essentialoils of laurel and rosemaryindicatedinsecticidalactivity
againstOryzaephilussurinamensis(L.) (Coleoptera:Silvanidae),S.oryzae, Rhyzopertha
dominica(F.) (Coleoptera:Bostrichidae)andTribolium castaneum(Herbst)(Coleoptera:
Tenebrionidae),rangingfrom a lethaldosecausing50%mortality (LD50) of 7 to > 15 � l
l � 1 air (32).

Many plant extractsandessentialoils may be an alternative sourceof stored-product
insect-controlagents(8,15,32)becausethey constitutearich sourceof bioactivechemicals.
Their majorconstituents,monoterpenes,arealsoof interestto industrialmarketsbecause
of otherpotentbiological activities in additionto their toxicity to insects(5,16). Most of
the early studiesindicatedthatessentialoils from L. nobilis andR. of�cinalis hadpotent
fumigant activities againstthe adults of various stored-productinsects; however, only
limited informationis availableon theef�cacy of theseessentialoils againsttheimmature
stages.The presentstudywascarriedout to determinethe fumiganttoxicity of essential
oils from L. nobilisandR.of�cinalis in Turkey, againstall life stages(adult,egg, larvaand
pupa)of confused�our beetle,Tribolium confusumduVal.,which is amajorpestof stored
grainsandgrain productsthroughoutthe world and to discussthe possibleuseof these
essentialoils asbio-fumigantsagainststored-graininsects.

MATERIALS AND METHODS

Test insects Testswere carriedout on all life stagesof T. confusum.All stageswere
obtainedfrom laboratoryculturesrearedat 26� 1� C and65� 5% relative humidity (r.h.)
on a mixtureof wheat�our , branandyeast(9). Eggswereremovedfrom ovipositionjars
by sieving daily. Eggsfor exposureto treatmentsweretransferredinto `pits' drilled into
Perspex exposureslides,eachslidecontaining50pits. When�lled, theslideswerecovered
with a cover glassto retaintheeggs(20). Two slides,eachcontaining50 eggsaged1–2
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days,wereexposedto eachtreatment.Larvaewereremovedfrom culturejarsandexposed
to the treatments12 daysafter oviposition. Two-day-oldpupaewereobtainedby daily
separationfrom culturejarsandheld in wheat�our for 24 h beforetheexposure.Newly
emergedadultswereheldin pre-exposurejarscontainingwheat�our , andwereexposedto
treatment7–10daysafteremergence.

Plant materials and distillation procedure The plant materialsof L. nobilis and R.
of�cinalis werecollectedfrom Mersin Province in Turkey on August25, 2002. The raw
materialfor eachsamplewasobtainedfrom thesamearea.Thefreshleavesof laureland
rosemarywereplacedin a round-bottom�ask of a Clevenger-typeapparatuswith water.
Theoil washydrodistilledfor 3–4h in this apparatus(12). Theessentialoil wasextracted
with acetone,whichwasthenevaporatedin arotatoryevaporator(BuchiRotavapor).After
extraction,the essentialoils werecollectedin sealedglasscontainersandrefrigeratedin
thedarkat 4� C until use.

Gas chromatography–massspectrometry procedure The percentcontentof compo-
nentsin the essentialoils from both plantsdescribedabove (11.5 mg, diluted in 1 ml
of petroleumether, Et2O) wasdeterminedon a Finnigan-MAT 8200MassSpectrometer
(low resolution)coupledwith a Hewlett-PackardGC-5890IIseriesGC anda SE-54fused
silica capillary column(30 m � 0.25 mm i.d.; 0.25 � m �lm thickness). One � l of the
diluted oil was injectedinto the column. The GC oven temperaturewas kept at 60� C
for 5 min and programmedto 260� C at a rate of 2� C min� 1 and then kept at 260� C.
The injector temperaturewas 250� C. The carrier gas(He) with a �o w rate of 1.15 ml
min� 1 wasdeliveredat a constantpressureof 5 kg cm� 2. MS spectraweretaken at EI
ion sourceof 70 eV. Thesplit ratio was1:5. Thecomponentsof theoil wereidenti�ed by
comparisonof their massspectrawith thatof internal(computer)library, NIST libraries,
referencecompoundsand thosedescribedby Adams(2). Identi�cation of the essential
oil wasconductedby gaschromatographywith �ame ionizationdetector(GC-FID) on a
Hewlett-PackardGC-5890IIseriesGC. One� l of oil samplewasinjectedinto the same
columnunderthe sameGC conditionsasdescribedfor the GC-MS study. However, the
split ratiowas1:14.

Bioassayprocedures Adults,larvae,eggsandpupaeof T. confusumwerecollectedfrom
the culturesby using US standardsieve mesh#25 and #70 and placedin 25-ml glass
vials containingrearingfood. The glassvials werecoveredwith a �ne meshto enable
penetrationof any volatilesemanatingfrom theessentialoils. Twenty-� veindividualseach
of adults,larvaeandpupae,and50eggswereusedin eachreplicate.

Preliminarybioassaytestson fumigationactivity of theessentialoils werecarriedout
to determinetheeffective dosesof eachoil. For preliminarytests,theadultsandpupaeof
T. confusumwereselectedsincethey arereportedto berespectively themostsensitiveand
the most tolerantstagesof stored-productinsectsto the fumigants(14,24). Fumigation
chambersconsistedof 1000-ml glassjars with metal screw-on lids. For eachstage,a
constantdoseof 4.3, 8.6, 12.9, 43.2,86.3, 129.5,172.6,215.8and431.5mg l � 1 air of
bothessentialoils wasappliedthroughoutall bioassaytests.Essentialoils from laureland
rosemarywereintroducedasa liquid into thebottomof fumigationchambersusing10 � l
–1000� l micropipettes.After theadultsandpupaeof T. confusumkept in theglassvials
weretransferredseparatelyinto a fumigationchamber, fumigationchamberswereclosed
with screw-on lids, which weremadeair-tight. T. confusumwasexposedto essentialoils
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for 24handeachtreatmentwasreplicatedthreetimes.Foreachtreatment,controljarswere
exposedto atmosphericconditions.For all fumigations,relative humidity wasmaintained
at 65� 5% at atmosphericpressureusingsaturatedmagnesiumnitrite (MgNO3) salt (11)
andtemperatureswerekeptat 26� 1� C.

To determinethe in�uence of the durationof exposureto essentialoil vapors,all life
stagesof T. confusumweretreatedwith the essentialoils at a doseof 172.6mg l � 1 air,
which was selectedaccordingto the resultsof preliminary bioassaytests. Four or � ve
exposuretimesvarying with testedessentialoils wereusedfor eachlife stage. For the
essentialoil from rosemary, exposuretimesfor theadult,egg, larva andpuparangedfrom
12to 48,24 to 144,12 to 72and24to 120h, respectively. For theessentialoil from laurel,
exposuretimesfor theadult,egg, larva andpuparangedfrom 48 to 72,12 to 96,24 to 96
and24 to 60h, respectively. Theproceduresbeforeandafterexposurewerethesameasin
thepreliminarybioassaytests.

Data processingand analysis After each treatment,larvae, pupaeand adults were
transferredto 200-ml jars containingstandarddietsandheld at 26� 1� C and65� 5% r.h.
until examinedfor mortality. The eggsin their Perspex slideswereheld underthe same
conditionsuntil theovipositionsiteswereexaminedfor egghatching.Mortality countsfor
adultswereconducted4–5daysafterexposure;for larvaethey werebasedonthoseinsects
thathadfailedto pupate9 daysafterexposure;pupalmortality wasbasedon thosepupae
thatfailedto produceadults9 daysafterexposure;andegghatchwascounted7 daysafter
treatment.Mortality dataobtainedfrom preliminarybioassaytestswerecorrectedusing
Abbott's formula(1).

Dataobtainedfrom eachzerodosecontrol andexposuretime – mortality responses
weresubjectedto probitanalysisby usingmaximumlikelihoodprogramsoftware(POLO-
PC) (18) to determineLT50 (lethal time to 50% mortality), LT90 (lethal time to 90%
mortality) and their respective 95% con�dence intervals. Differencesin toxicity were
consideredsigni�cant when 95% con�dence intervals did not overlap. The slopesand
interceptsof exposuretime – mortality regressionsfor eachtestedinsectwerecompared
with the POLO-PCmaximum-likelihood procedures(18). Requiredconcentrationsx
time (Ct) products(g h l � 1) to obtain 90% mortality of all insectstagesof eachinsect
werecalculatedusingtheLT90 valuesderivedfrom probit analysesandtheconcentration
applied.

RESULTS

Chemicalcompositionsof essentialoils from the leavesof rosemary(R. of�cinalis )
andlaurel (L. nobilis) from Mersin Province in Turkey aregiven in Table1. The major
componentsin 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, laurelessentialoil essentiallycontained1,8-cineole(54.71%),sabinene(9.19%),
� -terpinyl acetate(6.95%),� -pinene(5.34%)and� -pinene(4.28%). Chemicalanalysis
indicatedclearly that 1,8-cineolewas the main componentof both rosemaryand laurel
essentialoils.

Preliminarybioassaytestsindicatedthatvaporsof theessentialoils from rosemaryand
laurelhadvariabletoxicity to theadultsandpupaeof T. confusumwhenexposedto their
variousdoses.Correctedmortality (%) of theadultsandpupaeof T. confusumexposedto
variousdosesof essentialoil from R. of�cinalis andL. nobilis for 24 h arepresentedin
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Table2. Only adoseof 431.5mgrosemaryl � 1 air achieveda mortalityof 94.99%against
theadultsof T. confusum, whereastherestof thedosesof rosemaryappliedgavevery low
mortalities,rangingfrom 0.09%to 14.92%. However, essentialoil from laurel resulted
in very low mortalitiesagainstthe adultsat all applicationdoses,rangingfrom zero to
15.52%.Similarly, all applicationdosesof bothrosemaryandlaureloil againstthepupae
resultedin very low mortalities,rangingfrom 0.08%to 22.2%. These�ndings indicated
thatnoneof thedosesof eitherrosemaryor laureloil appliedagainsttheadultsandpupae
at 24 h would besuf�cient to achievecompletemortality (exceptfor thedoseof 431.5mg
rosemaryl � 1 air for theadults).Therefore,prolongedexposuretimeswouldberequiredto
achievecompletemortality in theadultsandpupaeof T. confusum.

Vaporsof rosemaryandlaurelessentialoils werefoundto betoxic to all life stagesof
T. confusum. Probitmortality regressiondatafor theessentialoils from R. of�cinalis and
L. nobilis againstadultandimmaturestagesof T. confusumareshown in Tables3 and4,
respectively. Hypothesistestsfor equality(29) indicatedthatall regressionlinesfor thelife
stagesof T. confusumwerethesamefor eitherrosemary(� 2 = 252.7)or laurel(� 2 = 129.8)
essentialoils. Unequalprobit lines indicatethat thevariouslife stagesof T. confusumdid
not respondto theessentialoils from rosemaryandlaurelin thesamemanner.

TABLE 1. Chemicalcompositionof essentialoils from rosemary(Rosemaryof�cinalis ) andlaurel
(Laurusnobilis)

Componentsof R.of�cinalis Contentin vol.-% of
components� SD

Componentsof L.
nobilis

Contentin vol.-% of
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 � -terpinyl 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
Bornyl acetate 1.47� 0.11
� -humulene 1.09� 0.02

Toxicity datafor essentialoil from rosemaryandlaurelindicatearemarkabledifference
in susceptibilitybetweenlife stagesof T. confusum(Tables3 and4). The pupawasthe
mostresistantstageto rosemaryessentialoil, with LT90 of 89.5h at a doseof 172.6mg
l � 1 air, whereastheadultswerethemostsusceptible,with a LT90 valueof 37.5h (Table
3). However, theestimatedLT50 andLT90 valuesfor theeggweretoofarbeyondthetested
rangesto bereliable,giving resultsin thousandsof hours.At the longestexposureperiod
(144h), only 65%egg mortality wasachievedfollowing exposureto a doseof 172.6mg
rosemaryessentialoil perliter of air. TheLT90 valuefor thepupawassigni�cantly different
from thatof the larva andadult, since95% con�denceintervals (CLs) of theegg did not
overlapthoseof the larva andadult. The LT90 valuefor the larva wasalsosigni�cantly
differentfrom thatof theadult,since95%CLs did not overlap.Theorderof toleranceof
thestagesat bothLT50 andLT90 was:pupa> larva> adult.
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TABLE 2. Correctedmortality (%) of theadultsandpupae(n=90)of Tribolium confusumexposed
to variousdosesof rosemary(Rosemaryof�cinalis ) andlaurel(Laurusnobilis) essentialoils for 24h

Applicationdose
(mg l� 1 )

Correctedmortality (%)

Rosemary Laurel
Adult Pupa Adult Pupa

4.3 0.09 0 0 0
8.6 1.67 0 0 0
a12.9 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 15.5 1.67 8.98 22.2
215.8 12.8 5.5 8.62 16.7
431.5 95.0 18.3 15.52 11.1

TABLE 3. LT50 andLT90 valuesfor all life stagesof Tribolium confusumexposedto adoseof 172.6
mg l � 1 air of rosemary(Rosemaryof�cinalis ) essentialoil

Life stage nz Slope� SE LT50 (h) (�ducial
limits)y

LT90 (h) (�ducial
limits)y

Hx

Eggw 500 - - - -
Larva 300 4.89� 0.83 31.64

(25.38-36.98)
57.89
(49.14-74.29)

0.91

Pupa 300 7.19� 1.49 59.38
(48.98-67.52)

89.49
(78.15-112.99)

0.82

Adult 240 6.91� 0.96 24.49
(21.61-27.02)

37.54
(33.81-43.43)

0.76

z Numberof individualstreated,excludingcontrols.
y The95%con�dencerangeis givenin parentheses.
x Heterogeneityfactor, chi-square/degreesof freedom(chi-squareis signi�cant, P< 0.05).
w EstimatedLT50 andLT90 valuesweretoo far beyondthetestedexposurerangeto bereliable.

TABLE 4. LT50 andLT90 valuesfor all life stagesof Tribolium confusumexposedto adoseof 172.6
mg l � 1 air of laurel(Laurusnobilis) essentialoil

Life stage nz Slope� SE LT50 (h)
(�ducial
limits)y

LT90 (h)
(�ducial
limits)y

Hx

Egg 500 8.33� 1.23 39.87
(35.58-43.39)

56.82
(52.05-64.29)

0.96

Larva 300 10.98� 2.56 58.98
(52.48-63.79)

77.17
(70.40-93.77)

0.29

Pupa 300 5.27� 1.09 22.47
(16.91-26.78)

39.32
(32.99-52.28)

0.15

Adult 240 14.39� 2.58 54.78
(51.82-57.58)

67.25
(63.06-75.55)

0.64

z Numberof individualstreated,excludingcontrols.
y The95%con�dencerangeis givenin parentheses.
x Heterogeneityfactor, chi-square/degreesof freedom(chi-squareis signi�cant, P< 0.05).
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Fig. 1. Concentration� time(Ct) products(g h l � 1) requiredfor LT90 valuesof rosemary(Rosemary
of�cinalis ) andlaurel(Laurusnobilis) essentialoils for all life stagesof Tribolium confusum.

Fumiganttoxicity of laurel essentialoil indicatedthat susceptibilityamongall life
stageswasdifferentfrom thatof rosemaryessentialoil (Table4). Thelarva wasthemost
resistantstage,with aLT90 valueof 77.2h at adoseof 172.6mg l � 1 air, whereasthepupa
wasthemostsusceptiblestage,with a LT90 valueof 39.3h. Since95%CLs for the larva
did not overlapthoseof thepupaandegg,thetime requiredfor 90%mortality of thelarva
wassigni�cantly differentfrom thatof thepupaandegg. However, theLT90 valuefor the
egg wasnot signi�cantly differentfrom thatof theadult,since95%CLs overlapped.The
orderof toleranceof thestagesatboththeLT50 andLT90 was:larva> adult> egg> pupa.

Ct products(g h l � 1) requiredfor LT90 valuesof essentialoils from rosemaryandlaurel
for all life stagesof T. confusumaregivenin Figure1. Calculationsof Ct productsfor both
rosemaryandlaurelessentialoils revealedthattherewasahighvariationin Ct productsof
differentlife stagesof T. confusumat LT90 levels(Fig. 1). Ct productsof 9.9,15.4and6.5
g h l � 1 air for rosemaryessentialoil wererequiredto obtain90%kill of thelarvae,pupae
andadults,respectively, whereasCt productsof 9.8,13.3,6.9and11.6g h l � 1 air for laurel
essentialoil wererequiredfor 90%kill for theeggs,larvae,pupaeandadults,respectively.
Theseresultsindicatedthatrosemaryessentialoil wasmoretoxic to the larvaeandadults
of T. confusumthanlaurelessentialoil, whereasrosemaryessentialoil wasmoretoxic to
theeggsandpupaethanlaurelessentialoil.

DISCUSSION

The chemicalcompositionof a plant productdependson the plant species,the plant
part, the season(temperature,photoperiod,and hygrometry),the methodof harvesting,
the geographicalzone,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
samplestaken in Georgia essentiallycontained1,8-cineole(40.74%),� -terpinyl acetate
(17.81%), sabinene(5.72%), � -pinene(4.86%) and � -pinene(3.17%). However, the
chemicalcompositionandcontentof themaincompoundsof essentialoils extractedfrom
the leavesof L. nobilis in this studydifferedfrom that reportedby Andronikashvilli and
Reichmuth(3). This indicatesthatthechemicalcompositionof essentialoils from different
geographicalareasvaries.

Dueto their high volatility, many plantextractsandessentialoils have fumigantaction
(5,32). The resultsin the presentstudy indicatedthat rosemaryand laurel essentialoils
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 andpupaewere the most resistantstagesto rosemary
essentialoil, whereaslarvaeandadultswerethe most resistantstagesto laurel essential
oil. Comparisonof the resultspresentedherewith earlier studieson fumigant activity
of rosemaryessentialoils againstthe adults and immature stagesof various stored-
productinsects(3,17,22,23,33)showed similar �ndings. PapachristosandStamopoulos
(23) reportedthe pupaeof A. obtectusappearedto be more tolerant than the larvae to
rosemaryessentialoil vapors. A higher toxic effect of rosemaryessentialoil vaporhas
beendescribedalsofor theadult stageof O. surinamensis, S.oryzae, R. dominicaandT.
castaneum(17,32). Similar to our results,Tunç et al. (33) found that essentialoil from
rosemaryhad a low toxicity to the eggs of T. confusumand EphestiakuehniellaZeller
(Lepidoptera:Phycitidae)andachieveda maximummortality of only 65%in T. confusum
and24%in E. kuehniella.

The insecticidalpropertiesof rosemaryand laurel essentialoils were reportedfrom
studies(22,32)examiningmortalityof S.oryzae, Acanthoscelidesobtectus(Say)(Coleop-
tera: Bruchidae),R. dominica, T. castaneumand O. surinamensis. The toxicity of the
essentialoils from R.of�cinalis andL. nobilis is generallyattributedto 1,8-cineole(5,17),
thevolatile compoundwhich wasfoundto be theprimarycomponentof theseoils in our
chemicalanalysis.Likewise,Leeet al. (17) reportedthattreatmentof S.oryzeawith 1,8-
cineole,limoneneand� -pineneindicated1,8-cineoleto bemostactive(LD50 = 23.5� l l � 1

air). Theseauthorsalsoreportedthatcineole,I -fenchoneandpulegoneat 50 � g ml� 1 air
caused100%mortality in S.oryzae, T. castaneumandR.dominicaandmaybesuitableas
fumigantsor vapor-phaseinsecticidesbecauseof their high volatility, fumigationef�cacy,
andsafety. Thehigh fumiganttoxicity of 1,8-cineoleindicatesthat this compoundwould
be the principal toxic constituentof both essentialoils in our study, andthe main factor
responsiblefor theinsectmortality.

Rosemaryessentialoil wasmore toxic to the adultsand larvaeof T. confusumthan
laurelessentialoil, with its lower Ct products.The latterwasmoretoxic to theeggsand
pupaethanrosemaryessentialoil. PapachristosandStamopoulos(22) testedthefumigant
toxicity of 13 essentialoils including L. nobilis and R. of�cinalis againstA. obtectus.
Similar to our results,PapachristosandStamopoulos(22) found that rosemaryessential
oil wasmore toxic to both malesandfemalesof A. obtectus, with LD50 valuesranging
from 2.1 to 3.3 � l l � 1 air, thanlaurel essentialoil with LD50 valuesof 5.7 and10.3 � l
l � 1 air. Thedifferenttoxicity of thesetwo essentialoils againstthevariouslife stagesof T.
confusumappearsto beattributableto thedifferencesin thecontentof themaincompounds,
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or differentconcentrationsof terpenoidcompoundsof which theoils areconstituted.For
instance,in our study it washard to kill the eggswith rosemaryessentialoils, whereas
laurel essentialoil had a strongfumigant toxicity againstthe eggs. The differencesin
toxicity betweenrosemaryandlaurel essentialoils againstthe eggsis probablydueto a
highercontentof themainmonoterpenoid,1,8-cineole(54.71%),in laurelessentialoil or
to theactionof differentchemicalcompoundsin laurelessentialoil, sabinene(9.19%)and
� -terpinyl acetate(6.95%),whichdonotexist in rosemaryessentialoils.

Ct productsobtainedfrom rosemaryand laurel essentialoils in this study may be
comparedwith severalstudiesof thetwo mostcommonlyusedfumigants,methylbromide
(MB) andphosphinefor control of T. castaneum. WhereasMB requiresCt productsof
0.062,0.059and0.168g h l � 1 to obtain90%kill of adults,larvaeandpupae,respectively
(19), phosphinerequiresCt productsof 0.012, 0.047 and 0.056 g h l � 1, respectively
(4,35). Testson T. castaneumadultswith otherfumigantssuchasethylenedichlorideand
carbontetrachlorideproduced90%mortalitywith Ct productsof 0.462and0.600g h l � 1 ,
respectively, whereasethyleneoxiderequireda Ct productof 0.135g h l � 1 to obtain95%
mortality (4,6). It appears,therefore,thatbothof theessentialoils testedin this studyare
muchlesstoxic thanphosphine,methylbromide,ethyleneoxide,ethylenedichlorideand
carbontetrachloride.

Although rosemaryand laurel essentialoils had a fumigant toxicity againstall life
stagesof T. confusumwith different ef�cacies, they neededhigh dosagesto obtain the
completemortality of T. confusumcomparedwith the mostcommonlyusedcommercial
fumigants,methyl bromide and phosphine. Therefore,it may not be desirableto use
such high dosagesof theseessentialoils on their own as a commercialbio-fumigant
againststored-productinsects. However, the isolationandidenti�cation of the bioactive
compoundsin theseessentialoils could be important in their potential applicationin
controlling stored-productpests.Furtherinvestigationsare,therefore,neededto identify
biological activity componentsof theseessentialoils and their possiblesynergism by
testingcombinationsof potentiallyactive fractions.
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