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and Lasandule staechas against the fourth larval instare of Orgyiz trigotephras. Methoda: A
total of 1 200 larvas wers divided into thres groapa I'[[,III.Gmup I was to investigats the
effect of extracted esnential oils fiom these aromatie plants as gastric disturbance, Bacilfig
thuringiensiz and ethanol were used a8 contrel group, Group ]| was used ss contact action and
Group [l was oaad as fumigant action. Decis and ethanol wers used a8 control group. During
the three experiments, the effect of easential vils on larvae was assessed, Resnlin: The chemical
effscts on the fourth larval state of Orgyia erigosepinms were aaseased. The two simples presentad
an insecticidal activity, nevertheless Kosmorinne officinalis essential ol wan less efficient
compared to Lasendila soechar one are discussed. Concluslons: The relationship between the
chemical composition and the biological activities is confirmed by the present findings. Therefors
the potential uses of these cosential oils o hivinsceticides can be considered a8 an alirnative 1o
the use of synthetic products.

1, Introduction

including pest attacks. Orgyia trigotephras (Lepidoptera,
Lymantriidae) causes severe damage and sometimes death
aof the tress. Therefore, this destruction causes the loes of the

Esaential cils play an important in protecting plants
against attacklll. These secondary plant metabolites are
extracted from many medicinal and aromatic plants
generally located in temperate and warmer regions where
they are a significant part of the folklore medicine2], These
substances are natural and complex subsiances, historically
were mainly used for a long time for their odor properties in
cosmetic industriea and in the perfume composition[3].

Forests are threatened by many factors of degradation
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foreat ecological and even economic values. In cur days, the
control methods against this pest are mainly chemicals that
have a negative impact on the envircnment furthermore, the
biclogical one by Bacillus thuringiensis is not very effective
on the later stagesi]. Thus, the search for new natural
substances used for the protection of our forests as well as
being environmentally sound arvuses great interest. On the
other hand, the new atiraction for natural products increase
the consumer concern about the safety of eertain chemical
products and their potential effects on health, leading to an
increase in demand for hiomolecules. For these reasoms,
the study of biclogical activities of essential oils in order
to their applications to human health, agriculture and the
environmental remaine an interesting and useful task>-8),
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The present study was undertaken to evaluate toxic
activitien of essontial oils obtained from Rosmarinus
officinalis (R afficinalis) and Lavandula sicechas (L. stoechas)
against the fourth larval instara of Orgyia trigotephras.

2, Materials and methods
2.1, Plant material and isolation of essential oils

Our study focused on two apecies of aromatic plants,
R. officinalix and L. stoechas. Leaves were collected from
each aromatic plant, placed in bags bearing labels on which
wa noted plant species and then brought to laboratory. The
harvested material was air—dried at room temperature (20 'C
—25 C) for one week and then stored in cloth bags.

2.2, Chemical characterization of exsentiol oils

Essentisl oils were sxtracted from lsaves (100 g of dry
matter) subjected to hydrodistillation during 90 min using
a modified Clevenger—type apparatus. Anhydrous sodium
sulphate was used to remove water after extraction. The
extracted oils were stored in Eppendorf tubes, packed by
aluminum foil in the dark and stoved at -4 °C.

Essential vils were analyzed by gns chromatography (GG
using a Hewleti—Packard 6890 gae chromatograph (Agilent
Technologies, Palo Alto, California, USA) equipped with a
flame: iomization detector (FI) and an electromic pressure
control (EPC) injector. A polar HP-Innowax (PEG) column
(30 mx(.25 mm, 0,25 mm film thickness) and an apolar
HP—5 column (30 mx0.25 mm coated with 5% phenyl
methyl silicone, and 95% dimethyl polysiloxane, 0.25 mm
film thickness) from Agilent were used. Carrier gas flow
(N was 1.6 mL/min and the split ratioc 60:1. Analyses were
performed uging the following temperature program: oven
kept isothermally at 35 °C for 10 min, increased from 35 to
205 C at the rate of 3 ‘C/min and kept isothermally ot 205 °C
for 10 min. Injector and detector temperatures were held,
reapectively, at 250 and 300 ‘C. The GC/MS analyses were
made using an HP—5572 mass apectrometer with electron
impact ionization (70 &¥) coupled with an HP-5890 aeries ]I
gas chromatograph. An HP-5MS capillary column (30 mx
0.25 mm coated with 5% phenyl methyl silicane, and #5%
dimethyl polysiloxane, 0.25 # m film thicknesses} was used.
The oven temperature was programmed te rise from 50 io
240 C at a rate of 5 "C/min. The transfer line temperature
was 250 C. Helium was used as carrier gas with a flow rate of
1.2 mL/min and a split ratio of 60:1. Scan time and mass

range were ohe gecond and 406300 m/z reapectively,

Easential volatile compounds were identified by calculating
their retention index (RD) relative to (C9-C18} n—alkanes
(Analytical reagents, Labscan, Lid, Dublin, Ireland) and data
for authentic compounds available in the literature and in
our data hank, and also by matching their mass spectrum
fragmentation pattemns with corresponding data stored in the
masa specttn library of the GC-MS dats system (NISD. The
relative percentage amount of each identified compound was
obtained from the electronic integration of its FID peak ares.

2.3. Preparation of test solutions

The espential cils dissolved in technical ethanol (96%)
were used. Each crude solution was serially diluted with
96% to prepare test aclutions of 0.05%, 0.10% and 0.50%.
The oil yield was determined by the formula: R% = {masa of
exsential oil / plant material dry weighty<100

2.4. Chemical ond bioloeical insecticid

The larvicidal effect of essential oils by contact ia
appreciated by comparison with a chemical insecticide
Delta—metrine” Decis” (reference product, provided by
Atlas Agro-Tunisig), The product has been diluted with
g6% ethunol to prepars the test selution. Ethanol, used
for dilutions was used s control. The larvicidal effect by
ingestion of easential oils is assessed by ecmparizson with
a biological insecticide Bacillus thuringiensis (reference

2.5. Larvicidal activities

The larvicidal activity of easential oils was tested against
the fourth instar larvae of Orgyia irigotephras. Larvae were
in Petri dishes (R=2 em) and were fed daily with fresh leaves
of Erica mudtiflora. They were kept under natural conditions
{(ambient tempernture 25%+ 2°, natural light). Miroslay ef ol
The oils were diluted with ethancl to obtain three solutions
at different concentrationa respectively (0.5%, 0.1% and
0.05%).

2.6, Contact action of essential oil

In this test, larvae are distributed in Petri dishes at
10 per box. Ten # L of each prepared oil solution is
deposited on the hack of each larva and six replicates for
each concentration were performed. The larvicidal effect
of the essential oil iz appreciated by comparison with
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Delta methrine “Decis” (reference product, provided by
AtlapAgro—Tunisia). Ethanol was used for dilutions and as
conirol,

2.7. Ingestion action of the exsential oil

This test is used to determing the action of the essential
vil after ite ingestion by larvae. 100 g L of sach oil
cencentration are spread over Erica multiflora; these leaves
left in open gir until total absorption of the product and are
then placed in Petri dishes each containing 10 larvae fasted
far 24 h. Baeillus thuringiensis on (provided by AtlasAgro—
Tunizig) is nsed ag reference and ethanol ag control,

2.8. Oifactory action of essential oil

100 { L of each prepared solution was spread on filter
paper in a Petri digh empty. The Petri dishes were placed in
an gven at 21 °C for 20 minmtes, Ten larvae are introduced in
each box.

2.9. Assexsment of insecticidal effect

Fach treatment was replicated aix times (total n=500%. The
percentage of dead larvae was caleulated using the formula
of Abbotin® reference: % Correctsd=({1-T/Ci»100, with T
and C are numbers of living larvae on experimentation with
pil and the standard sclution after the observation time.
Treatment efficacy was calculated an the formula: E=100—
[St—Tfstx100p<2 with St and T represent dead larvae using
standard and experimental solutions, Insecticidal activity
was determined by measuring the average time of death
(TMM), the time required to kill 50% of larvae, and the final
time of moriality (TFM), the time required to kill 100% of
larvae.

3. Resulis

3.1. Component analysis of essential oils

GC and GG/MS analysia of R. officinalis and L. stoechas
eggential oils led to the identification of 32 companents were
identified, of which 1.8—cineole 34824, camphor 12.%1% and
a —pinene 11.87%, were the major components of essential
oil from R gfficinalis; and Camphor 36.14%, 1.8—Cineole
25.16% and camphene 11.44%, were the major components
of essential oil from L stoechas. Among other components,

the majority helongs to sesquiterpenes volatile compounds
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(Table 1),

Avernge vislds of essential oils of selectad aromatic plants
revealed variable values. L. stoechas essential oil yield is
the highest with a percentage of 2.17%. Indeed, it has been
reported that the essential oils from L. stoechas vary between
1% and 6% depending on location and the vegetative stage,
mareover this species, in general, has an average higher
than other apacies of lavenderi11l,

Average yield R. officinalis essential oil was 1.34%. It
should be noted that this yield is higher than that reported
by Bekkara ef all11], studying K. officinalis from Algeria
{0.8%).This performance is alao hetter than that ohtained from
game species of Lamiaceas family: Mentha ronmdifolia as
having an efficisncy of 0.8%02,

3.2. Contact action of essential otls

Evaluation of contact action of essential oils againat Orgyic
trigatephras larvac showed a similar effect for different
tested oils. For all concentrations, average TMM and TFM
treated with essential oile were very short compared to the
time kills eaterpillars treated with Decis. In addition, ethancl
used as a solvent for essential oils, produced no toxic effect.

L stoechas and R. officinalis essential vils have proven
a high toxicity to the fourth larval instars of Orgyia
trigotephras. Shortest TMM and TFM were recorded with
8 concentration 0.5%, however, all other concentrations
showed atrong insecticidal activity. Lowest mortality
duration was observed with R. officinalis oil [TTM=(2.75¢
0.01) min and TFM={5.00:0.04) min], those L stoechas oil
were [TTM=2.00:0.03) min and TFM=(200=0,05) min],

Time mortality were snalyzed and the results showed that
there are no significant differences between the essential
oila used (P=0.57). By cons, highly significant differences
were noted between oils, Decis and control (P=0.000).
Furthermore, Student—Newman test showed that TTM and
TFM abtained respectively from tested concentrations within
same species, are not significantly different (P=0.2). Contact
results test showed that the mean time mortality increased
when essential oil coneentration decreased, with 0.5%
L stoechas concentration TFM =5 min while 0.1% concentration
TFM=6 min and 0.05% soncentration TFM=10 min.

After essential oils exposure, larvae showed gimilarly
behavioral responses to those observed with Decis.
Therefore, it is possible to assume that contact action of
essential cils is comparable to chemical insecticide which
affects larvac nervous system. However, high mortality
duration ohaerved with Decis action may be attributed to
o low transcuticular diffusion of the larvae’s body unlike
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ezgential oil spreads quickly and casily on the back of the
ineect. Indsed, species analyzed in our work showed strong
inmecticidal activity by contact. Thie sirong insecticidal
activity can be atiributed to the presence of one of these
compounds in their essential oila. However, variations
between death time probably resulted from change in
percentages of these compounds, Statistical analyzes showed
that time death differences were not significant between

species reflecting a toxic effect levelll3l
3.3. Ingexstion action of essential oils

In this trial, the ingestion action of essential oils is
longer than the contact action since the time of desth one

day beyond the two species of scrub. R gfficinelis is the
speciea with the highest insecticidal effect. For a 0.5%
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concentration, TMM recorded was (4.5020.32) min, this time
is pignificantly lower than that for a 0.05% concentration,
which waz (7.0+0.2) min. K. officinalis toxicity wae observed
for all concenirations; it is even more important that the
concentration ia highl14]. Indeed, comparison of means by
Student—Newman test showed that differences between
R. officinalis death time average obtained for 0.05%, 0.1%,
0.5% concentrations are highly significant,

The same results were cheerved for L. stoechas, TMM is
around (8.040.4) h, this time i significantly lower compared
to the TMM. On the other side, for 0.05% concentration.
ATM wag arcamd 12.5 h. Toxicity ia observed even lavender
for all concentrations it iz even more important that the
concenttation is high. Comparison of means by Student—
Newman test showed that differences between lavender
death average time cbtained for different concentrations are

Table 1
Chemical composition (%) of the essential oils of the analyzed L. stoechas and R. officinalis.
RT {min) Area% Rosmarinus Lavandula RT (min) Areae

a —Thujene 76 2 0.35 + -

o —Pinene 7.401 11.87 + -

Camphene 7.910 12 + + 7.928 11.44
Verbene = + 8.105 0.48
[} ~L-Pine 8.975 7.98 + + 8.935 0.19
[} ~Myrcene D513 1.34 + =

1-Phellandrene 10,010 0.34 - -

3-Carene 10.233 0.26 + -

o« —lerpenene 10.497 0.93 + =

p —Cymene 10.874 LTz + + 10.834 1.08
1.8—Cinenl 11.200 34.82 + 11.160 25.16
Gamma—-Terpinene 12.162 1.50 + 12.150 0.22
a —.l.I'J'IIiJlUlt'ﬂt‘ 13.306 0.59 + =

[# —Linalool 13,787 0.62 + + 13.838 0.36
Tranz—Pinocarveol 15315 0.28 + 16.167 0.18
{+—)—Camphor 15.526 12.91 - - 15.658 36.14
[(15)-Enda]-{-)-Borneol 16.327 5.09 + -

1-Terpinen—4-ol 16.734 1.45 + + 16.728 0.80
a Terpineol 17.272 4.12 + + 17.237 0.22
Bornyl acetate 20.620 1.56 + + 20.636 1.97
Eugenol methyl ether 24.607 0.16 + + 23.074 0.19
Carvophyllene 25.133 3.09 + + 25.116 0.41
Aromadendrene 25.740 1.70 + -

e A—Humulene 26.198 (.36 + -

Allo—Aromadendrene 26.427 0.29 + -

Gamma—Muurolene 26.902 0.14 + -

2—-Camphenilone - - 13.106 0.49
Fenchone = + 13.335 9.08
Verbenone = + 17.890 0.51
(+)—-Carvone - - 19.143 0.18
Myrtenyl acetate - - 21.992 JE
P —Selinene - - 27.222 0.20
B —Cubebene - - 27.399 0.23
Total 99.8 91.95
Retention indices caleulated using respectively an a polar column (HP-5) and polar column (HP-innwax). () means not detected.

The values in bold are to |!j:_£|:li;_tJlI the chemical constituents found in Jlig]lt'l' percentage in the essential oil.
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atill highly significant. In the case of ingeation treatment we
note that mortality reached final time for both apecies.

Bacillus thuringiensis ie a biopesticide acis only by
ingestion. Stxaina of this bacterium may have a different
effect of the diversity of toxina they can produce. Treatment
with Bacillus thuringiensis in long sinee its action eceurs
after ingestion of the toxin release and its hinding to specific
receptors in the gut of the insecinnf,

3.4. Fumigani aciion of essential oils

Fumigant action of essential oils on larvae showed a similar
effect for tested oile, For all concentrations, TMM gnd TFM
treated larvas with essential vils were very short compared
to death time of treated larvae with Decis. In addition,
ethanol used as a aclvent for essential oils, produced no
toxic effect on larvae. All cils have proved highly toxic to the
fourth stage of Orgyia trigntephras and we note that the time
of death iz much lower than the concentrations arve high, The
TMM and TFM shottest are registersd for the concentration
of 0.5%, however, all other concentrations showed strong
insecticidal activity. Lowest mortality duration was ohserved
with R. officinalis oil. We note that Hosemary oil has a
TMM={5.50:0.01) min and TFM=(10.50+0.04) min with 0.5%
dilution; whereas Lavandula stoechas has a [TMM=(22 50+
0.03) min and TFM={40.40+0.05) min].

Studeri-Newman test showed that TTM and TFM obtained
for different concentrations tested within the same species,
are not significantly different (P=0.3).

4, Discussion

Our study showed that L. sieechas and R. officinalis
eascntial oils composition are characterized by the presence
of 1.8—Cineol 34.82%; Camphor 12.91% o —pinene 11.87%
and Camphene 5.12% (R. officinalis) and Camphor 36.14%;
1.8—Cineal 25.16%; Camphene 11.444% (L. stovechas) as
major components, It is clear that essential oils from these
aromatic planis are rich in monoterpencids, compounds that
posscas insecticidal activity againat various insect species.
Monoterpenes are known to have insecticidal activity.
1.8—Cineol which represents the major compounds of
R offivinalis, same result and the second major compound
of L stoechas essential oils which have been reported to be
toxic to severnl insect species. Cavalcanti £ 2/16] mentioned
that monaterpenocids eugenol and 1.8-Cineol for Ocimum
gratissimum showed good larvicidal activity against Aedes
aegypti. Prates ef alll7] reported also that moneterpene
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compound demonstrated insecticidal activity by penetrating
the insect cuticls (contact effect), by respiration fumigant
effecty and through the digestive system (ingesiion effect).
Rafael ez al(1% reported that 1.8 Cineol waa among those
oils showing a toxicity action on eggs of the louse Pediculus
himanus capitis. In addition Macedo et all19] showed that 1.8
Cineol in Eucalyprus globulus has the hest acaricidal action
against Boophilus microplus,

Camphor which represent the first major compound of
L. sioechas and the second major component of R. officinalkis
essential oils were also known to have insecticidal activities.
Furthermore, it is used with great effect to repel insects such
s flies and moths(13], o —pinens which represent the thind
major component of B, officinalis essential «il is also known
to have insecticidal activities. Simas et ¢l20] mentioned
that monoterpene 8 — and ¢ —pinene from Myroxylum
balsamum presented good larvicidal activity against Aede
aegypit larvae. Camphene which represents the third major
compound of L, stoechas easential oil is alzo known to have
inssecticidal sctivities. Furthermore, it is used with great
effect to repel insects such a8 flies and mothaiz1-241.

All of these data can explain the effectiveness of
L sioechas and R. officinalis oils on the fourth atage of
Orgyia trigotephras development.

To conclude, in this study, two csgential oils of gelected
aromatic plants were tested and shown to be effective on
the developmental phases of Orgyia irigotephras in the
Laboratory. Resulta from this siudy demonstrated that
selected aromatic plants essential oils have execellent
larvicidal activity and that eamphor is the first reaponsible
for such activity(2sl. However, little information exists about
the mechanism of action of the essential oils. One of the
hypothezes is that the monoterpenes act on other vulnerable
sites, such as nervous aystem, but understanding the real
mechanism of action of these oils will require further
investigation(2], Isman et ali??l euggest that toxicity of
rosemary oil, at least to lepidopteran larvae, s a consequence
of the combined (and poesibly synerpistic} effects of several
chemical constituents, with no individual compound making
8 dominating contribution. Thus, the use of natural products
may be considered as an important alternative insecticide
for the control of Orgyia trigotephras.
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