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A Imdorf, S Bogdanov, V Kilchenmann, T Berger

TOXIC EFFECTS OF ESSENTIAL OILS AND SOME OF THEIR
COMPONENTS ON VARROA DESTRUCTOR OUD AND
APIS MELLIFERA L UNDER LABORATORY CONDITIONS.

Abstract

The essential oils of thyme, salvia and of hyssop, and their
main components were tested on Varroa destructor Oud.
and on honeybees in a dose-effect laboratory test. Thyme
and salvia oils, as well as two types of hyssop oil (eucalyptol
and pinocamphon type) showed good acaricidal efficiency of
more than 80% at concentrations above 500, 300, 500 and
400 pg/! air, respectively. Only salvia oil and pinocamphon
type hyssop oil were tolerated well by bees, the other two
oils caused a relatively high lethality of over 20% for bees
at concentrations leading to a good mite toxicity. Apart of
the known potent acaricide thymol, the thyme oil compo-
nents p-cymol and y-terpinene were most toxic for Varroa,
while well tolerated by bees at concentartions between 400
to 1000 and 350 to 800 pg/Il air respectively. During the appli-
cation of salvia oil, the concentration of its main components
a-thujone, camphor and eucalyptol was not high enough to
achieve a good acaricidal effect. On the other hand, when
these three components were tested as pure substances at
the proper concentrations, a high toxicity against Varroa
was observed, while they were well tolerated by the bees at
concentrations between 150 to 350, 50 to 150 and 240 to
300 pg/l air, respectively.



1 Introduction

The acaricidal effects of essential oils have been extensively
reviewed (Imdorf et al., 1999). In various studies more than
150 different essential oils have been tested for varroacidal
effects under laboratory and field conditions. However, only
the oils of thyme, salvia and oregano proved a sufficient effi-
ciency when applied in bee colonies. In addition, wintergreen
and marjoram oils showed acaricidal effects when applied
with warm air (Hoppe and Ritter, 1989) or in combination
with formic acid (Berg et al., 1999).

Recently 22 substances were tested in a laboratory essay
(Lindberg et al., 2000). Thymol, clove oil, carvacrol, methyl
salicylate and Magic 3, a mixture of 5 essential oils, showed
a medium to high mite toxicity and a good bee tolerability. In
another similar assay thyme, savory, rosemary, marjoram, dill-
sun and lavender essences were tested (Ariana et al., 2002).
At the concentration of 1 and 2 g/100g they showed a mite
toxicity of more than 95%, resp. 97%. The bee toxicity of
thyme, savory and spearmint essences was comparable to the
acetone and water controls. In another investigation 17 mono-
terpinoids (some synthetic, others naturally occurring) were
evaluated for acaricidal effects in a laboratory test (Ali et
al., 2002). The compounds exhibited a wide range of toxicity
to both V. destructor and their honey bee hosts. In field trials
only perillyl acetate and myrtenyl acetate showed a signifi-
cant acaricidal activity. In another work, thymol, menthol,
eucalyptol and camphor were tested in a laboratory assay
for contact toxicity for V. destructor and influence on the be-
haviour of the mites (Colin, 1999). At the highest dosage
applied (4 %) all substances had a only weak lethal effect.

In many of the laboratory tests it is not clear whether the to-
xic effects observed are due to contact or to the evaporated
substance. The experience has shown that it is difficult to use
laboratory screening data for the prediction of the optimal oil
dosage range of these oils and substances, which is needed
in order to develop acaricides for the treatment of bee hives.
Only wintergreen oil was studied in a dose-response labora-
tory study for toxic concentration-dependent effects on mites
and bees (Hoppe, 1990).

Two Liebefeld cages,
each containing
about 100 worker
bees, infested with
20-40 Varroa mites
are placed in

an exsiccator to be
exposed to different
concentrations of
essential oils.

Most essential oils evaporate to a great extent and their acari-
cidal effects depend on the biological efficacy of the mole-
cules present in the air. Thus, a test was developed in order
to determine the dose-response relationship between the air
concentrations of single volatile components of essential oils
and their toxic effects on mites and bees (Imdorf et al., 1995).
Consequently, it was found, that thymol, menthol, camphor
and eucalyptol have a strong acaricidal activity, but eucalyptol
was not well tolerated by bees. The acaricidal concentration of
thymol was found to be similar both under laboratory (Imdorf
et al., 1995) and field conditions (Imdorf et al., 1994). There-
fore, this test can be used successfully for screening of essen-
tial oils and their components in the laboratory before testing
them in bee colonies. Thymol is the most effective natural
acaricide, used world-wide for the control of V. destructor.

Presently, it is necessary to search for alternatives to thy-
mol, since we do not know if, on the long run, V. destructor
will develop resistance to this substance. In this study the
toxicity of the essential oils of thyme, salvia, two types of
hyssop as well as their main components were tested on both
V. destructor and worker bees by our laboratory test (Imdorf
et al., 1995).

Trial setup for
screening essential
oils and there
components under
laboratory conditi-
ons against
Varroa destructor.




2. Material and methods
2.1 Essential oils and components

Essential oils

Thyme oil (Thymus vulgaris), He 555, Salvia oil (Salvia of-
ficinalis): B756 were kindly supplied by Marc Colin, INRA,
F-89414 Avignon Cedex, France. Eucalyptol and pinocam-
phon types of hyssop oil (Hyssopus officinalis) were both
obtained from Phytomed, 3415 Hasle, Switzerland.

Essential oil components

All essential oil components tested were supplied by Flu-
ka (Buchs, Switzerland): thymol, Nr. 89330; camphor,
Nr. 21300; eucalyptol Nr. 46900: p-cymol Nr. 30040; a+
R-thujone, Nr. 89230; a-terpinene, Nr. 86475; y-terpinene,
Nr. 86478; camphene Nr. 21290; a-pinene, Nr. 80600;
+/- limonene, Nr. 42560.

2.2 Laboratory test for evaluation of mite and bee toxicity

The test used is described in detail in a previous publication
(Imdorf et al., 1995). The principle of this method is as fol-
lows:

two Liebefeld cages, each containing about 100 worker bees,
infested with 20-40 Varroa mites are fed with sterile sugar
water (1:1) and placed in an exsiccator at 32°C. Both bees
and mites are exposed for 72 hours to air, containing different
amounts of essential oils or their components. The air is samp-
led by pumping it through an adsorption tube (Orbo-101,
Supelco). The compounds are extracted from the absorption
tubes with toluene and analysed, as described below (2.4).
After 72 hours the dead mites and bees are counted and the
mortality of bees and mites is determined. On the basis of 10
to 15 tests with different concentrations for each substance,
a dose-effect relationship between the air concentration of
the essential oils or their components and the toxicity for V.
destructor and bees was established. Thus, the air concentra-
tion is determined that achieves an optimum acaricidal effect
(efficacy > 80%) while showing at the same time a low bee
toxicity (< 20%). The tests were carried out from August to
mid-October, the optimal season for the control of V. des-
tructor under central European conditions, during the years
1996 to 1999.

2.3 Determination of essential oils and of their components

A Hewlett-Packard (HP) 5890, Series Il gas chromatograph
was used. Operating conditions were as follows: carrier gas:
helium; inlet pressure 40kPa; flow, approx. 1.6 ml/min; trans-
fer line (from GC to MS): 280 °C; interface: direct inlet; «on
column» injection: 0.5 pl of a solution of 60 mg of each
essential oil, diluted in 10 ml diethyl ether at 35 °C; tempera-
ture program: 2 min. at 35 °C, 20 °C/min to 45 °C, 10 min;
5 °C/min to 275 °C, 11 min; capillary column: 60 m DB5MS,
i.d. 0.32 mm, film 1pm, capillary column (Agilent). Compon-
ents were detected by a mass sensitive detector MSD HP 5972
for the identification of substances.

The MSD operated in scan mode (TIC) from 19 to 250 amu at
2.9scan/s., ionization by El at 70 eV by autotuning; MS-scan
after 7 minutes. After the mass spectra were acquired and
treated with the standard procedure of the GC-MS system
(using automated spectra treatment), certain peaks were not
sufficiently identified. They were therefore additionally trea-
ted using the more sophisticated software package MassLib
(Mariaca and Bosset, 1997; Henneberg et al., 2004). In most
cases the identification of the peaks was confirmed by taking
into consideration the mass spectra and retention indices of
authentic substances. Due to the similarity of the mass spec-
tra of several terpenes, a correct 100 % identification was
only possible by using their retention indices. In some cases
this was not possible and the identity of the substances was
determined by the MS libraries only (marked with * in tables
I and 11). Only peaks present with more than 1 % of the total
essential oil components were identified.
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Fresh air is contaminated
by flowing through flasks
containing the active
substances. Different
volumes of this contami-
nated air were mixed
with fresh air to achieve

N

different concentrations
of contaminated air
in the exsiccators.



2.4 Determination of concentration of essential oils
and their components in the air of the exsiccator

The essential oils and their components were absorbed by
the Orbo tubes, extracted with toluene, the solution was
filtered and analysed as described above by gas chromato-
graphy with FID detection (Imdorf et al., 1995). Chromato-
graphic conditions used in this work are described. If standards
were available, e.g. thymol, camphor, eucalyptol, p-cymol,
y-terpinene and thujone, the components were determined
quantitatively. The chemical nature of other components
was determined according to 2.3, while their air concen-
tration was determined semi-quantitatively by comparing
the peak area of the substances in the eluate with the total
area of essential oils analysed directly. The percentage distri-
bution of essential oil components determined by chro-
matography with FID and MS detection was the same.
As the same chromatographic conditions were used in both
detection modes, the chemical nature of the essential oil
components in the semi-quantitative determination is cer-
tified. For determination of the quantity of essential oil in
the air, the sum of the compounds detected in the toluene
eluate was compared to the sum of the components of the
pure essential oil determined directly by the same method.
All concentrations in the air were calculated in pg/I.

3 Resultats and discussion

3.1 Thyme oil

The main components of the thyme oil used are p-cymol
(32%), thymol (22%) and y-terpinene (12%), see table I.
At a nearly 100% Varroa mortality the bee lethality was bet-
ween 20 and 40% (fig.1). Due to the high toxicity for worker
bees this essential oil is probably not suitable as a varroacide.
To attain high mite toxicity and also good bee tolerability
thymol air concentrations between 5 and 15 pg/| are needed
(fig.2, Imdorf et al., 1995). At the highest thyme oil concen-
tration tested (1068 pg/| air) a thymol concentration of only
2.5 pg/l air was registered (fig.3). This means that thymol
present during the application of thyme oil is probably not
the most important acaricidal ingredient. p-Cymol is another
major component of thyme oil. A concentration range for this
substance lying between 400-800 pg/| (fig.4) was found du-
ring the application of thyme oil, causing high Varroa toxicity.
Pure p-cymol in the range between 400 and 1000 pg/I (fig.5)
was highly toxic for the mites while well tolerated by the bees
(table 111). Thus, p-cymol is probably the active acaricidal sub-
stance of thyme oil. y-Terpinene, another main component of
thyme oil (tab. 1) showed a very good acaricidal effect and a
good bee tolerability in the concentration range between 350
and 800 pg/l air (fig.6, table I11). During thyme oil application
the highest concentration of y-terpinene measured was only
about 180 pg/l air and thus it cannot have an effect on mite
mortality. a-Terpinene as a pure substance caused almost no
mite and bee mortality at a concentration of 80 pg/I but a
very high toxicity of over 90% for both Varroa and bees
resulted at a concentration of 250 pg/l. When thyme oil was
applied, the highest concentration of a-terpinene measured
was about 20 pg/l. Consequently, a-terpinene is not respon-
sible for the bee toxicity observed.



3.2 Salvia oil

The main components of salvia oil are a-thujone (27 %), cam-
phor (11%), a-humulene (8%), eucalyptol (8%), caryophyl-
lene (6%) and B-thujone (6%) (table I). A concentration
range between 300 and 500 pg/l induced a Varroa mortality
of 100% and a bee mortality of 10 to 22% (fig.7). Thus,
salvia oil is less toxic for bees than thyme oil. During the
application of salvia oil the highest air concentrations of cam-
phor (fig.8), a-thujone (fig.9) and eucalyptol were 25, 90 and
60 pg/l air, respectively. On the other hand, a mite mortality
of close to 100% correlated 50 (fig.10), 200 (fig.11) and
150 pg/l (fig.15) of these substances. Therefore, camphor,
a-thujone and eucalyptol are not responsible for the high
acaricidal effect of salvia oil. a-thujone as a pure substance
had an acceptable acaricidal effect and a low bee mortality at
concentrations of 150 - 350 pg/| air (fig.11, table IIl). Salvia
oil contains only low amounts of camphene (2.4%, table
I1), while the highest concentration found in the air of test
exsiccators was 80 pg/l. Pure camphene in concentrations
between 2000 and 3000 pg/I (fig.12) showed an increasing
mortality for both Varroa (from 60 to 100%) and bees (from
20 to 40%). Consequently, camphene is not a suitable candi-
date for an efficient acaricide. a-pinene and limonene showed
low effects on both, bees and mites, even at high concentra-
tions (table 111). However, we cannot exclude effects of minor
compounds which were not tested in this study.

Thus, it cannot be determined which component of salvia
oil is the main active ingredient. It is unknown to what ex-
tent synergetic or cumulative effects between the different
components of salvia oil might be responsible for the high
mortality of Varroa observed with oil concentrations of 300-
500 pg/l (fig.7).

3.3 Hyssop oil

Two hyssop oils were tested: an eucalyptol and a pinocam-
phone type. The eucalyptol type contains eucalyptol (43%)
and B-pinene (16%) as main components (table II). It's
acaricidal effect was nearly 100% at concentrations above
500 pg/l, but caused at the same time a high bee mortality
of more than 70% (fig.13). Therefore, this oil is not suitable
for Varroa treatments. During the application of this hyssop
oil the concentration of eucalyptol in a range between 200
and 300 pg/l air (fig.14) was similar to the concentration
achieved in a test with pure eucalyptol (fig.15, Imdorf et
al., 1995). We thus conclude that eucalyptol is responsible
for the toxic effects observed after the application of euca-
lyptol-type hyssop oil. Pure eucalyptol is neither suitable for
Varroa treatments because of increasing bee mortality at
concentration ranges of high mite lethality (fig.15, Imdorf
et al., 1995).

The pinocamphone-type hyssop oil contains isopinocam-
phone (27 %), pinocamphone (14 %) and B-pinene (13%) as
main components, table 1. Oil concentrations between 300
and 800 pg/l air causing a high mite mortality (nearly 100%)
are tolerated well by bees with a mortality of 10% or lower
(Fig. 16,17). We could not test isopinocamphone and pino-
camphone, as they are not commercially available. Therefore,
it is not known which is the active acaricidal substance of
this oil.



4 Conclusions

Of all essential oils tested in this study the salvia and the pino-
camphone-type hyssop oil had a high efficiency against V. de-
structor, while they were well tolerated by worker honeybees.
These oils should be further tested in honeybee colonies. The
laboratory tests with thyme oil showed that air concentrations
with a good efficiency against the mites result in an increased
bee mortality. If further tests with these or other essential
oils are carried out, it should be kept in mind that essential
oils vary in their composition, depending on various factors.
This might be the reason, why conflicting results regarding
the efficacy of the same essential oils against V. destructor ha-
ve been reported (Imdorf et al., 1999). These problems could
be avoided if oils labelled «<EC ANFOR» are used. They are
produced under European standards for therapeutic grade oil
and certified by the French certifying organisation ANFOR.

On the other hand, when the main components of some oils
tested such as p-cymol, a-thujone and y-terpinene were used,
a high mortality of mites and a low lethality for bees was
observed in our tests. This indicates that single essential oil
components, rather than the oils themselves might be more
suitable for the control against V. destructor. All of these sub-
stances, as well as camphor and pinocamphon-type hyssop oil
are fairly volatile, which qualifies them mainly for short-term
treatments in honeybee colonies without brood. However,
before using this components for mite treatments in apicul-
tural practice they should be tested in honeybee colonies.
In order to achieve high acaricide effects and low bee mortali-
ty rates, the air concentrations indicated in table Il should be
attained in hives. In addition, new application forms such as
heat-induced evaporation (in brood free colonies in Novem-
ber) or aerosol contact application should be tested.

However, before using the components for treatments against
V. destructor in honey bee colonies, they should be tested for
consumer and application safety. Particularly, the user and
residue toxicity of a-thujone has to be tested. Toxic effects for
this substance have been reported (Hold et al., 2000).

Reference List

Ali M.A., Ellis M.D., Coats J.R., Grodnitzky J. (2002) Labo-
ratory evaluation of 17 monoterpenoids and field evaluation
of two monoterpenoids and two registered acaricides for the
control of Varroa destructor Anderson & Trueman (Acari:
Varroidae), American Bee Journal 142, 50-53.

Ariana A., Ebadi R., Tahmasebi G. (2002) Laboratory evaluati-
on of some plant essences to control Varroa destructor (Acari,
Varroidae), Exp. Appl. Acarol. 27, 319-327.

Berg S., Buichler R., Fuchs S., Koeniger N. (1999) Mit Amei-
sensdure und Majorandl gegen die Milbe. Ergebnisse aus ei-
nem Feldversuch mit KombiAM, ADIZ 33, 6-9.

Colin M.E. (1999) Toxicité et répulsion de composants d"huiles
essentielles sur Varroa jacobsoni, La Santé de I'Abeille 235-
2309.

Henneberg D., Weinmann B., Zalfen U. (2004) Computer-
aided interpretation of mass spectra using databases with
spectra and structures, Org. Mass Spectrom. 28, 198-206.

Hold K.M., Sirisoma N.S., lkeda T., Narahashi T., Casida
J.E. (2000) a-Thujone (the active component of absinthe):
Aminobutyric acid type A receptor modulation and metabolic
detoxification, Applied Biological Sciences 97, 3826-3821.

Hoppe H. (1990) Vergleichende Untersuchungen zur biotech-
nischen Bekdmpfung der Varroatose, Dissertation, Giessen
Justus-Liebig-Universitat Giessen.

Hoppe H., Ritter W. (1989) Erste Ergebnisse zur Bekdmpfung
der Varroatose mit einem thermischen Umluftverfahren in
Kombination mit Wintergriindl, Biene 390-393.

Imdorf A., Bogdanov S., Ibanez Ochoa R., Calderone N.W.
(1999) Use of essential oils for the control of Varroa jacobsoni
(Oud.) in honey bee colonies, Apidologie 30, 209-228.

Imdorf A., Kilchenmann V., Bogdanov S., Bachofen B., Beret-
ta C. (1995) Toxizitdt von Thymol, Campher, Menthol und
Eucalyptol auf Varroa jacobsoni (Oud.) und Apis mellifera L.
im Labortest, Apidologie 26, 27-31.

Imdorf A., Kilchenmann V., Maquelin C., Bogdanov S. (1994)
Optimierung der Anwendung von «Apilife VAR» zur Bekamp-
fung von Varroa jacobsoni (Oud.) in Bienenvélkern, Apido-
logie 25, 49-60.

Lindberg C.M., Melathopoulos A.P., Winston M.L. (2000)
Laboratory evaluation of miticides to control Varroa jacobso-
ni (Acari : Varroidae), a honey bee (Hymenoptera : Apidae)
parasite, J. Econ. Entomol. 93, 189-198.

Mariaca R., Bosset J.O. (1997) Instrumental analysis of vola-
tile (flavor) compounds in milk and dairy products: a review
article, LAIT 77, 13-40.



Zusammenfassung

Varroa- und Bienentoxizitidt von Thymian-, Salbei- und Yso-
pole und deren wichtigsten Einzelkomponenten.

Die Auswirkungen verschiedener &therischer Ole auf Varroa
destructor und Bienen wurden bereits von verschiedenen Auto-
ren beschrieben. Bei der Anwendung im Bienenvolk waren aber
nur wenige wirksam. In der vorliegenden Untersuchung wurde
die Dosis — Wirkungskurve der als interessant erscheinenden,
gtherischen Ole von Thymian (Thymus vulgaris), Salbei (Salvia
officinalis) und Ysop (Hyssopus officinalis) sowie ihrer Haupt-
komponenten auf Bienen und V. destructor ermittelt.

Zwei Liebefelder Kédstchen mit seitlichen Gitterabdeckungen,
die je ca. 100 Bienen mit 20 bis 40 Varroamilben enthiel-
ten, wurden bei 32 °C in einen Exsikkator gestellt. Wahrend
72 Stunden wurden die Exsikkatoren mit einem Gemisch
aus Frischluft und mit dtherischen Olen angereicherter Luft
versorgt. Nach 24, 48 und 72 Stunden wurde aus jedem
Exsikkator eine Luftprobe entnommen. Der Mittelwert der
drei Luftproben ergab die durchschnittliche Luftkonzentration
der dtherischen Ole pro Exsikkator wihrend der Behandlung.
Nach 72 Stunden wurden die getoteten V. destructor und
die toten sowie lebendigen Bienen ausgezahlt. Die Uberle-
benden Milben wurden erfasst, indem die Bienen mit CO,
betdubt, in Alkohol abgetttet, ausgewaschen und anschlies-
send gezahlt wurden. Die Milben- und Bienenmortalitat ent-
spricht dem Anteil der wahrend der Behandlung getoteten
Tiere an der Gesamtpopulation pro Exsikkator. Mit Hilfe von
GCMS wurden die wichtigsten Komponenten von Thymian-,
Salbei- und Ysopdl (Typ Eukalyptol und Pinocamphon) be-
stimmt (Tab.1, 11).

Thymiandl (Abb.1, Tab.IIl):

Bei einer Varroatoxizitit von nahezu 100% erreichte die
Bienentoxizitdt des Thymiandls 20 bis 40 %. Der fur die
varroazide Wirkung des Thymiandls verantwortliche Stoff
durfte p-Cymol sein, wie der Vergleich mit der Reinsubs-
tanz (400 - 1000 pg/l Luft) zeigte. Die Thymolkonzentra-
tion in der Behandlungsluft lag mit einer Ausnahme unter
1 pg/l und wirkte in der vorgegebenen Zeit kaum. y-Ter-
pinen, ein weiterer Wirkstoff von Thymianol, zeigte als
Reinsubstanz zwischen 350 und 800 pg/l Luft eine sehr
gute, varroazide Wirkung bei einer sehr guten Bienenver-
traglichkeit. Bei der Anwendung des Thymiandls lag die
hochste gemessene Konzentration von y-Terpinen aber nur bei
180 pg/l Luft. a-Terpinen zeigte bei Konzentrationen von
80 pg/l Luft keine Wirkung. Bei 250 pg/| Luft war dieses Ol
jedoch hoch toxisch fur V. destructor und Bienen. Die bei
der Thymiandlbehandlung gemessenen Konzentrationen
lagen bei maximal 20 pg/l Luft und kommen deshalb kaum
als Ursache fur die erhohte Bienentoxizitdt bei steigender
Thymiandlkonzentration in Frage.

Salbeidl (Abb.7, Tab.lll):

Das Salbeidl wies im Vergleich zu Thymianlol bei einer Varro-
atoxizitdt von gegen 100 % eine geringere Bienenmortalitdt
von 10 bis 20 % auf. Die gemessenen Campher-, a-Thujone-
und Eukalyptolkonzentrationen in der Behandlungsluft von
25, 90 resp. 60 pg/l konnen die gute Varroatoxizitat nicht
erkldren. Bei den Tests mit diesen Reinsubstanzen zeigten
durchwegs erst héhere Konzentrationen gute Varroatoxizitat.
Camphen, ein weiterer Wirkstoff, zeigte erst bei 2000 bis
3000 pg/l Luft eine Milben- resp. Bienenmortalitét von 60 bis
100% resp. 20 bis 40%. Diese Konzentrationen wurden aber
bei der Anwendung von Salbeidl nie erreicht. a-Pinen und
Limonen hatten auch bei hoher Dosierung eine ungeniigen-
de Wirkung. Somit ist nicht klar, welche Substanzen bei der
Anwendung von Salbei fur die Toxizitdt verantwortlich sind.
Synergetische Effekte der verschiedenen Substanzen kénnen
nicht ausgeschlossen werden.

Ysopdl (Abb.13 und 16, Tab.1l1):

Das Ysopdl des Typs Eukalyptol zeigte bei einer guten Var-
roatoxizitat gleichzeitig eine hohe Toxizitat flr Bienen. Die-
ses Ol ist deshalb ungeeignet fiir die Varroabekdmpfung.
Im Vergleich dazu ermittelten wir fir das Ysopdl des Typs
Pinocamphon bei gleichzeitiger guter Wirksamkeit gegentiber
V. destructor eine sehr gute Vertréglichkeit bei den Bienen.
Anhand des Verlaufes der Mortalitatskurven fur dieses Ysop-
6l (300-800 pg/l Luft) und Isopinocamphon (30-100 ug/I
Luft) kann angenommen werden, dass letztere Substanz der
Hauptwirkstoff sein kénnte.



Résumé

Toxicité pour les varroas et les abeilles des huiles de thym,
de sauge et d'hysope de méme que de leurs composants
les plus importants.

Les effets des différentes huiles essentielles sur Varroa destruc-
tor et les abeilles ont déja été décrits par différents auteurs.
Cependant, lors de leur application dans les colonies d'abeilles,
peu ont été efficaces. Dans la présente étude, nous présentons
les courbes doses-réponses des huiles essentielles qui parais-
sent intéressantes — d'huile de thym (Thymus vulgaris), de
sauge (Salvia officinalis) et d'hysope (Hyssopus officinalis) de
méme que de leurs composants principaux.

Deux cagettes dites «de Liebefeld» avec des parois grillagées
contenant chacune 100 abeilles et 20 a 40 V. destructor ont
été placées a une température de 32°C dans un dessiccateur.
Ceux-ci ont été alimentés pendant 72 heures avec un mélange
d'air frais et d'huiles essentielles. Aprés 24, 48 et 72 heures,
un échantillon d'air a été prélevé dans chaque dessiccateur.
La valeur moyenne des trois échantillons d'air a donné la con-
centration d'air moyenne des huiles essentielles par dessicca-
teur pendant le traitement. Aprés 72 heures, les acariens survi-
vants ainsi que les abeilles mortes et vivantes ont été comptés.
Les acariens qui ont survécu ont été dénombrés aprés avoir
étourdis les abeilles avec du CO, puis tuées dans de I'alcool
et lavées. La mortalité des acariens et des abeilles correspond
a la proportion des animaux morts dans chaque dessiccateur
pendant le traitement calculé par rapport a I'ensemble de la
population. Avec I'aide d'un GC-MS, les composants les plus
importants de I'huile de thym, de sauge et d"hysope (type eu-
calyptol et pinocamphone) ont été déterminés (tab.l, II).

Huile de thym (fig.1, Tab.lII):

dans le cas d'une toxicité de prés de 100% pour V. destructor, la
toxicité de I'huile de thym pour les abeilles a atteint 20 a 40 %.
La substance a I'origine de I'effet varroacide de I'huile de thym
est probablement le p-cymol, comme I'a montré la comparaison
avec la substance pure (400 - 1000 pg/| d'air). La concentration
de thymol dans I'air de traitement se situait, a une exception pres,
au-dessous de 1 pg/l et a eu peu d'effet pendant la durée du trai-
tement. Le y-terpéne, une autre sustance active de 'huile de thym,
a eu un trés bon effet varroacide sous la forme de substance pure
(350 et 800 pg/I d'air) tout en étant bien tolérés par les abeilles.
Cependant, lors de I'utilisation de I'huile de thym, la concentration
en y-terpéne la plus élevée s'élevait a seulement 180 mg/| d'air.
Le a-terpéne n'a eu aucun effet a une concentration de 80 mg/I
d'air. Par contre, a une concentration de 250 pg/I d'air, cette huile
s'est révélée trés toxique tant pour V. destructor que pour les
abeilles. La concentration maximale mesurée lors du traitement a
I'huile de thyms'élevait a 20 pg/| d'air et n'est vraisemblablement
pas al'origine de la toxicité plus élevée pour les abeilles dans le cas
d'une augmentation de la concentration de I'huile de thym.
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Huile de sauge (fig.17, tab.lll):

comparé a I'huile de thym, I'huile de sauge a eu, dans le cas
d'une toxicité d'environ 100% pour les acariens, une mor-
talité des abeilles plus faible de 10 & 20 %. Les concen-
trations de camphre, d'a-thujone et d'eucalyptol dans
I'air de traitement de respectivement 25, 90 et 60 pg/|
ne peuvent pas expliquer le bon effet varroacide. Lors
des tests avec ces substances pures, seules des concen-
trations plus élevées ont agi efficacement sur les varroas.
Le camphéne, une autre substance active, a eu une bonne
toxicité uniquement a des concentrations de 2000 a 3000 pg/|
d'air engendrant une mortalité des acariens et des abeilles de
respectivement 60 a 100% et de 20 & 40%. Ces concentrati-
ons n'ont cependant jamais été atteintes lors de I'application
de I'huile de sauge. Méme a un dosage élevé, les a-pinénes
et les limonénes ont eu un effet insuffisant. Ainsi, on ne sait
pas quelles substances sont a I'origine de la mortalité dans
I"application de I'huile de sauge, mais on ne peut pas exclure
des effets synergiques des différentes substances.

Huile d'hysope (fig.13 et 16, Tab.llI):

I"huile d'hysope du type eucalyptol a eu non seulement une
haute toxicité contre V. destructor, mais aussi contre les abeil-
les. Cette huile ne convient donc pas a la lutte contre les var-
roas. En revanche, nous avons obtenu avec |'huile d"hysope
du type pinocamphone une bonne mortalité des acariens
et une bonne tolérance des abeilles. Au moyen des cour-
bes de mortalité de I'huile d'hysope (300-800 pg/I d'air) et
d'Isopinocam-phone (30-100 pg/| d'air), on peut supposer
que cette derniére substance est la substance active princi-
pale.



Table I:

Composition of thyme and salvia oils used in the tests.

Only peaks present as more than 1 % of the total were considered.
RI — Retention Index, * - Identification of substance by MS library only.

Thyme oil Salvia oil
Substance % RI Substance % RI
p-cymene 32.0 1037 | a-thujone 27.2 1123
thymol 22.0 1296 | camphor 11.0 1173
y-terpinene 11.8 1070 | a-humulene 8.0 1498
B-caryophyllene 4.7 1464 | 1,8-cineole (eucalyptol) 7.5 1047
linalool 33 1103 | B-thujone 6.1 1134
1,8-cineole (eucalyptol) 2.8 1049 | B-caryophyllene 5.9 1462
1-octene-3-ol 1.7 981 Viridifloral* 5.8 1648
B-myrcene 15 992 | a-pinene 33 943
caryophyllene oxid 1.3 1640 | camphene 3.1 963
a-terpinene 1.3 1029 | (+)-borneol 3.0 1196
a-thujene 1.2 934 | B-pinene 2.3 991
(+)-terpinene-4-ol 1.1 1201 | bornyl acetate 2.0 1303
(+)-borneol 1.0 1198 | caryophyllene oxide 1.5 1636
linalyl acetate 1.0 1251 | limonene 1.2 1040
1 unknown 2.8 total 87.9
total 89.5
Table I1:
Composition of two types of hyssop oils used.
Only peaks present as more than 1 % of the total were considered.
RI - Retention Index, * - Identification of substance by MS library only.
Eucalyptol type Pinocamphone type
Substance % RI Substance % RI
1,8-cineole (eucalyptol) 43.5 1048 | isopinocamphone 27.4 1202
B-pinene 15.9 991 pinocamphone 135 1184
limonene 4.0 1041 | B-pinene 12.7 991
isopinocamphone 3.8 1201 | B-phellandrene * 3.1 1045
sabinene 3.8 982 | R-bourbonene * 3.1 1420
a-pinene 3.0 944 | R-caryophyllene 2.7 1462
a-terpineol 2.7 1212 | sabinene 1.6 982
p-cymene 2.4 1036 | linalyl acetate 1.6 1249
(+)-terpinen-4-ol 1.1 1201 linalool 1.6 1101
6 unknown 10.1 a-humulene 1.6 1498
total 90.3 caryophyllene oxide 1.5 1636
7 unknown 14.2
total 84.6
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Table IIl:

Optimum range of air concentrations of different essential oils and of some of their main components for achieving
a high acaricidal activity, while well tolerated by bees.

Remark

Eucalyptol type hyssop oil, camphene, and a-terpinene showed a high acaricidal effect combined with a high bee mortality at the concentration

ranges tested. a-Pinene and limonene showed low effect on V. destructor and bees, even at very high dosages of 700 resp. 1400 pg/I.

Essential oil or single components

Air concentration range correlated to a good acaricidal effect (> 80 %)
and a low bee toxicity (< 20 %) during the 72 h test*

Substance pg/litre of air
thymol 5-15
menthol 20 - 60
camphor 50 - 150
a-thuyon 150 - 350
eucalytol 240 - 300
salvia oil 300 - 500
y-terpinene 350 - 800
pinocamphone type hyssop oil 400 - 900
p-cymol 400 - 1000
thyme oil 500 - 700

* - see Materials and Methods.



mortality %

100

mortality %

ug thymol / | air

100

90 -
80 -

»

70 -
60 -
50 -
40 -
30 -
20 -

10 2A

0 mm

T H T T T

100 200 300 400
Mg eucalyptol / | air

A varroa Hmbees

500

600

90 -
80 -

»
»
»
»
»
»
»
> »

»
»

70 4
60
50 -
40 -
30 A
20 +

10
o=

5 10 15
ug thymol / | air

A varroa M bees

20

25

20

15

10 4

A AAA
T

)

200 400 600 800
Mg thyme oil / | air

1000

1200

Fig. 1
Mortalities of

V. destructor and bees
presented as dose
effect relationships
after exposition during
72 hours to different
concentrations of
thyme oil.

Fig. 2

Mortalities of

V. destructor and bees
presented as dose
effect relationships
after exposition during
72 hours to different
concentrations of
thymol.

Fig. 3
Thymol

concentration in

the air of the exsiccator
during the application
of different
concentration of
thyme oil.

13



Fig. 4 1200
p-Cymol
concentration 1000
in the air of
the exsiccator during
the application of = 800 -
different concentration = Ad
of thyme oil. ©
; 600 - A
) As A
o aAA
o
3 400
A
A
200 A
A
0 T T T T T
0 200 400 600 800 1000 1200
g thyme oil / | air
Fig. 5 100 A —ak A = o
Mortalities Q0 A
of V. destructor
and bees presented 80
as dose effect 70 | A
relationships after
(J
exposition during i 60 -
72 hours to different b
concentrations of £ 50 1
o
p-cymol. £ 40
A
30
20
10 " L
LI ™
0 1 \. T T T T T T
0 200 400 600 800 1000 1200 1400 1600
Mg p-cymol / | air
A varroa mbees
Fig. 6 100 A A—AA A S
Mortalities 90 -
of V. destructor
and bees presented 80
as dose effect 70 A
relationships after i N
exposition during X 60
72 hours 2
to different g 50 - A
concentrations of o
y-terpinene. £ 40- u
A
30
A
20 -
A u ]
10 - L] u ]
] | |
0 u T . T .\ . T -\ T \' T

0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0
Mg y-terpinen / | air

A n
14 varroa W bees



100

7y * Ak Fig. 7
90 N Mortalities of
V. destructor and bees
80 1 presented as dose
70 - effect relationships
A . )
2 60 after exposm(?n during
> 72 hours to different
g 50 4 N N concen.trat.lons
) A of salvia oil.
g 404
30 -
A A
20 - « u =
A | | mn
10 - N s n'" ]
0 . T ._.\ T T . T . T T T T
0 50 100 150 200 250 300 350 400 450 500
Mg salvia oil / | air
A varroa ®bees
160 Fig. 8
Camphor concentration
140 in the air of the exsiccator
during the application
120 1 of different concentration
= of salvia oil.
= 100 -
8
s 80
£
3
o 60 -
=
40 -
A A A
20 - A AA AA A A
O A T A A\ T T ‘ T T T T T
0 50 100 150 200 250 300 350 400 450 500
Mg salvia oil / | air
400 Fig. 9
a-Thujon concentration
350 in the air of the exsiccator
during the application
300 -

of different concentration
of salvia oil.

Mg o-thujon / | air
N
o
o

‘ A
A A

50 100 150 200 250 300 350 400 450 500
Mg salvia oil / | air

15



Fig. 10

Mortalities of

V. destructor and
bees presented

as dose effect
relationships after
exposition during
72 hours to different
concentrations of
camphor.
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bees presented
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relationships after
exposition during
72 hours to different
concentrations of
a-thujon.

Fig. 12

Mortalities
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bees presented
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relationships after
exposition during
72 hours to different
concentrations of
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Fig. 16

Mortalities of

V. destructor and
bees presented

as dose effect
relationships after
exposition during
72 hours to different
concentrations of
pino-camphone type
hyssop oil.

Fig. 17

Mortalities of

V. destructor and
bees presented

as dose effect
relationships after
exposition during
72 hours to different
concentrations of
isopinocamphone in
hyssop oil.
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