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ABSTRACT The aim of this study was to evaluate the fumigant and repellent activity of Þve essential
oils (from eucalyptus, geranium, lavender, mint, and orange oil) and seven monoterpenes (eucalyptol,
geraniol, limonene, linalool, menthone, linalyl acetate, and menthyl acetate) on Þrst-instar nymphs
of the bloodsucking bug Rhodnius prolixus Stahl (vector of Chagas disease in several Latin American
countries). Fumigant activity was evaluated by exposing the nymphs to the vapors emitted by 100 �l
of essential oil or monoterpene in a closed recipient. The knockdown time 50% (KT50) for eucalyptus
essential oil was 215.6 min (seven times less toxic than dichlorvos, a volatile organophosphorus
insecticide used as a positive control). The remaining essential oils showed a poor fumigant activity:
�50% of nymphs were knocked down after 540 min of exposure. The KT50 values for monoterpenes,
expressed inminutes,wereas follows: 117.2(eucalyptol), 408.7(linalool), 474.0(menthone), and484.2
(limonene). Eucalyptol was 3.5 times less toxic than dichlorvos. No affected nymphs were observed
after 540 min of exposure to geraniol, linalyl acetate, or menthyl acetate. Repellency was quantiÞed
using a video tracking system. Two concentrations of essential oils or monoterpenes were studied (40
and 400 �g/cm2). Only mint and lavender essential oils produced a light repellent effect at 400 �g/cm2.
Geraniol and menthyl acetate produced a repellent effect at both tested concentrations and menthone
only elicited an effect at 400 �g/cm2. In all cases, the repellent effect was lesser than that produced
by the broad-spectrum insect repellent N,N-diethyl-3-methylbenzamide (DEET).
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The triatomine bug Rhodnius prolixus Stahl is an im-
portant vector of Chagas disease in several South and
Central American countries and is usually controlled
with conventional insecticides (e.g., pyrethroids)
(Molina de Fernández et al. 2004). However, at the
end of the last century, low levels of resistance to
pyrethroids were detected in R. prolixus from Vene-
zuela and in Triatoma infestans Klug, another impor-
tant Chagas disease vector, from Brazil (Vassena et al.
2000). Recently, high levels of pyrethroid resistance
were also found in T. infestans individuals sampled in
four villages in northern Argentina (Picollo et al.
2005). The emergence of this insecticide resistance in
insect pest populations around the world is considered
one of the main causes of pest control failure (Sten-
ersen2004). It is also the reasonwhy there is aconstant
search for new active ingredients that can be used as
alternatives to conventional insecticides. Because of

their selectivity (high toxicity for acarids and insects
but not for other organisms) and their minimal envi-
ronmental effects, and because some of them have
been shown to be effective against insects resistant to
other insecticides (Ahn et al. 1997), essential oils are
a potential tool for insect pest control.

Essential oils are the volatile organic constituents of
aromatic plant matter and contribute to both ßavor
and fragrance (Tisserand and Balacs 1995). They are
liquid at room temperature and can be extracted by
distillation or cold-press (Enan 2001). Many of these
oils have an insecticidal effect and hence constitute an
important alternative to conventional insecticides.
This is largely because of their selectivity (high tox-
icity for acarids and insects but not for other organ-
isms) and their minimal environmental effects (Isman
2000). Essential oils are a mixture of several com-
pounds, sometimes hundreds. Monoterpenes, the
main components of essential oils (Tisserand and Ba-
lacs 1995), are lipophilic molecules that can easily
penetrate the insect tegument. They are also charac-
terized by a high vapor tension and hence present
fumigant toxicity.

The biological activity of essential oils from a num-
ber of plants has been evaluated in repellency, knock-
down, and mortality assays on insects and acarids. For
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example, oils extracted fromRosemarinus officinalisL.
and Thymus vulgaris L. have proved to be effective
mosquito repellents (Choi et al. 2002). Essential oils
extracted from the roots of Vetiveria zizanioides L.
modiÞed the digging behavior of Coptotermes formo-
sanusShiraki termites (Isoptera: Rhinotermitidae), re-
ducing the damage that this insect causes to wood
(Maistrello et al. 2001). Essential oils and some of their
components have also been effective in protecting
stored grains (Shaaya et al. 1991, Regnault-Roger et al.
1993, Huang et al. 1998, Kim et al. 2003, Park et al.
2003). Effective results have been obtained on Sito-
philus zeamais Motsch fed on corn treated with es-
sential oils extracted from Ageratum conyzoides L.,
Chromolaena odorata L., and Lantana camara L.
(Bouda et al. 2000); on Callosobruchus maculates F.
exposed to essential oil vapors from plants of the
Ocium genus (Kéṏta et al. 2000); and on Sitophilus
orizae L. exposed to eucalyptus and lavender oil va-
pors (Lee et al. 2001).

There are very few studies regarding the toxicity of
essential oils or their components on Chagas disease
vectors. Fournet et al. (1996) studied the composition
and insecticidal properties of essential oils from Bo-
livian medicinal plants on T. infestans and R. neglectus
Lent. They observed differences in toxicity caused by
the application method and species (in general, top-
ical application was more effective than exposure to
impregnated Þlter papers and R. prolixus was more
susceptible than T. infestans). Menthone, iso-men-
thone, pulegone, eucalyptol, linalool, and limonene
were some of the components identiÞed in the tested
oils, but their individual toxicities were not evaluated.
Laurent et al. (1997) tested the insecticidal activity of
63 essential oils isolated from Bolivian plants on T.
infestans for ovicidal and larvicidal properties. Twenty
oils showed insecticidal activity on nymphs and eggs
when applied as impregnated papers.

The possibility of using essential oils or their com-
ponents as fumigant triatomicides deserves more at-
tention. The use of nonresidual fumigant formulations
for Chagas disease vector control has been considered
an important alternative to conventional contact in-
secticides in the surveillance phase of control cam-
paigns (Zerba 1999). Fumigant insecticides have very
good penetration in the thatched roofs of Latin Amer-
ican rural dwellings where most triatomines take shel-
ter (Zeledon and Rabinovich 1981). Thus, the aim of
this work was to study the fumigant insecticidal ac-
tivity and repellent effects of Þve essential oils and
seven monoterpenes on Þrst-instar nymphs of R. pro-
lixus.

Materials and Methods

Biological Material

One- to 5-d-old, starved Þrst-instar nymphs of R.
prolixus, extracted from a stable colony reared at the
Centro de Investigaciones de Plagas e Insecticidas
(CIPEIN, Villa Martelli, Argentina), were used in all
the experiments.

Chemicals

Commercial essential oils, namely eucalyptus, ge-
ranium, lavender, mint, and orange, were purchased
from Swiss-Just (Lomas del Mirador, Argentina; man-
ufactured under the supervision and control of Ulrich
Jüstrich AG, Walzenhausen, Switzerland). Monoter-
penes (eucalyptol, geraniol, limonene, linalool, linalyl
acetate, menthone, and menthyl acetate) were do-
nated by Friztche SAICA (San Fernando, Argentina).
Dichlorvos (technical grade) was a gift from Chemo-
tecnica SA (Spegazzini, Argentina). N,N-diethyl-m-
methylbenzamide (DEET) was purchased from Al-
drich (Steinheim, Germany) and acetone from Merck
(Darmstadt, Germany).

Evaluation of Fumigant Insecticidal Activity

The insects were exposed to essential oil or mono-
terpene vapors in plastic containers (4 cm diameter by
4 cm high) closed with plastic lids. The bottom of each
container was covered with a circle of Þlter paper to
offer the insects an appropriate support as they are
unable to walk properly on plastic surfaces. Groups of
15 insects were placed on the Þlter paper, and the
container was closed. An Eppendorf cap (Eppendorf,
Hamburg, Germany) containing 100 �l of essential oil
or monoterpene (100% concentration) was hung on
the inside of the plastic lid, outside the insectsÕ reach.
Control groups were exposed to empty Eppendorf
caps.

Insects lying on the Þlter paper that were unable to
walk were considered knocked down. The number of
knocked down insects was registered at different
times. The same observation times could not be used
in all cases because some compounds produced a very
fast effect, whereas the activity of others was very
slow. Therefore, to obtain an acceptable number of
observations to estimate the respective KD values, the
results were registered every 2 min for dichlorvos, 10
min for eucalyptol, or 15 min for essential oils and the
remaining monoterpenes. In general, each replicate
was interrupted when �90% of the insects were af-
fected. All the experiments were interrupted after 540
min of exposure, because some compounds produced
noeffectduring thisperiodof time.Eight independent
replicates were performed for each bioassay (only two
replicates were performed if no affected insects were
observed after 540 min of exposure).

Evaluation of Repellent Effect

Recording Equipment. A closed-circuit black and
white video camera (VC 1910; Sanyo Electrical Co.,
Tokyo, Japan) and an image analyzer (Videomex V,
Columbus, OH) were used to evaluate repellency.
The video camera captured the image of the insects
placed on a circular piece of Þlter paper treated with
a putative repellent. The image analyzer converted
the analog signal input from the video camera into
digital data. Resolution was 256 by 192 pixels, and the
acquisition and processing speed was 30 frames/s. In
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the monitor, the video signal colors were inverted and
therefore white objects appeared to be black and vice
versa. Thus, the presence of insects in the Þlter paper
was determined by a visual contrast between the in-
dividuals (white) and the paper bakcground (dark)
and scored as the number of on pixels. The distribution
of the insects on the Þlter paper was recorded using
Multiple Zones Motion Monitor for Videomex soft-
ware that records the occupied area and the move-
ment of multiple objects in multiple zones. The oc-
cupied area, expressed as the number of on pixels,
allows determination of whether the insects are ran-
domly distributed on the Þlter paper or whether they
prefer staying, for example, in the zone treated only
with acetone (repellency). Each set of data was im-
ported and processed in a personal computer.
Bioassays. A circular piece of Whatman N� 1 Þlter

paper (Whatman International, Maidstone, United
Kingdom), 11 cm in diameter, was divided into two
halves: zone I and zone II. Zone I was treated with 0.25
ml of acetone alone, and zone II was treated with 0.25
ml of essential oil or monoterpene solution in acetone
(70 �g/cm2). After acetone evaporation, the Þlter
paper was placed on a table, 15 cm below the video
camera described in the previous paragraph. A glass
ring (high: 3 cm; internal diameter: 11 cm) was used
to avoid the insects leave the Þlter paper. Groups of
four nymphs were placed on the Þlter paper. To de-
termine the distribution of nymphs on the Þlter paper,
the TV Þeld image was divided into two zones using
Multiple Zones Motion Monitor for Videomex soft-
ware (the zones for the TV image were the same as the
zones for the Þlter paper). The area (expressed in
pixels) occupied by nymphs in each zone during the
experiment was recorded for 30 min. Results were
expressed as a repellency coefÞcient (RC) � A(I)/
A(II), where A(I) is the area occupied by insects in
zone I and A(II) is the area occupied in zone II
(Alzogaray et al. 2000). Six independent replications
were performed for each bioassay.

Statistical Analysis

Knockdown time 50% (KT50) values were calcu-
lated with their respective 95% conÞdence intervals
(CIs) using the statistical software POLO PC (Le Ora
Software 1987). Differences between values were
considered signiÞcant (P� 0.05) if the respective 95%
CIs did not overlap. The signiÞcance of the RC values
was determined using one-way analysis of variance
(ANOVA) and Tukey test for post hoc comparisons.

Results

Table 1 shows the KT50 values for Þve essential oils
and seven monoterpenes applied as fumigants on Þrst-
instar nymphs of R. prolixus. The KT50 for eucalyptus
oil (215.6 min) was signiÞcantly higher than the value
for dichlorvos (DDVP) (32.2 min, positive control;
P� 0.05). The remaining essential oils knocked down
�50% of the nymphs after 540 min of exposure. The
KT50 values for monoterpenes, expressed in minutes,

were as follows: 117.2 (eucalyptol), 408.7 (linalool),
474.0 (menthone), and 484.2 (limonene). The KD50

for DDVP (positive control) was 33.0 min. No affected
nymphs were observed after 540 min exposure to ge-
raniol, linalyl acetate, or menthyl acetate.

Figure 1 shows the RC values for Þve essential oils
and seven monoterpenes on Þrst-instar nymphs of R.
prolixus. Only essential oils from lavender and mint
showed a signiÞcant repellent effect when tested at
400 �g/cm2 (P� 0.05). Geraniol and menthyl acetate
produced a signiÞcant repellency at the two doses
tested (P � 0.05). Menthone produced a signiÞcant
repellency only at 400 �g/cm2 (P � 0.05).

In all cases, the repellency was lower than that
produced by 40 �g/cm2 of DEET.

Discussion

We studied the fumigant insecticidal activity and
the repellent effect of Þve essential oils and seven
monoterpenes on Þrst-instar nymphs of R. prolixus.
Eucalyptus essential oil and eucalyptol, the most ac-
tive among the tested ingredients when applied as
fumigants, were 7 and 3.5 times less toxic than the
organophosphorus insecticide dichlorvos, respec-
tively. These values represent a good performance
considering that, in general, greater differences in
toxicity have been reported in previous studies com-
paring the fumigant activity of conventional versus
botanical insecticides in other insects. For example,
Rice and Coats (1994a) obtained LC50 values between
9.1 and �2,500 �g/cm3 for 22 monoterpenes applied
as fumigants against the houseßy. The lowest of these
values was 20 times less toxic than dichlorvos. In the
same work, most of the tested compounds were at least

Table 1. Estimated knockdown time in first-instars nymphs of
R. prolixus resulting from exposure to essential oils or
monoterpenes

Compound N
Slope �

SE
KT50

(min)
95% CI �2

Essential oils
Eucalyptus 120 8.8 � 0.5 215.6a 211.3Ð220.0 10.4NS
Geranium 30 �540
Lavender 30 �540
Mint 30 �540
Orange 30 �540
Dichlorvos 120 9.7 � 0.4 32.2b 31.6Ð32.8 11.6NS

Monoterpenes
Eucalyptol 120 11.8 � 0.7 117.2a 114.9Ð119.3 7.0NS
Geraniol 30 �540
Limonene 120 8.4 � 0.7 484.2b 472.2Ð498.4 7.3NS
Linalyl acetate 30 �540
Linalool 120 13.5 � 1.3 408.7c 401.1Ð417.3 1.5NS
Menthone 120 15.0 � 1.0 474.0b 467.0Ð480.6 10.0NS
Menthyl
acetate

30 �540

Dichlorvos 120 14.4 � 0.7 33.0d 32.5Ð33.4 8.3NS

In each group (essential oils or monoterpenes), KT50 values with
the same letter are not signiÞcantly different (P � 0.05). Each value
of KT50 was obtained from the data from eight independent replicates
(except when no affected insects were observed after 540 min of
exposure, in which case only two replicates were performed).

NS, not signiÞcant.
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nine times less toxic than dichlorvos when applied to
the red ßour beetle. In another report, 55 monoter-
penes or derivatives were at least 360 times less toxic
than dichlorvos to the houseßy, and 7 of them were at
least 29.1 times less toxic to Tribolium castaneum
Herbst (Rice and Coats 1994b).

Only lavender and mint essential oils and the mono-
terpenes geraniol, menthyl acetate, and menthone
showed a repellent effect onR. prolixus nymphs. In all
cases, the effect was lower than that produced by the
positive control (DEET). The repellent effect of es-
sential oils and monoterpenes has been less studied
than their lethal or knockdown activity. Several mono-
terpenes showed a repellent effect on mosquitoes
(Curtis et al. 1987, Barnard 1999, Ansari et al. 2000,
Choi et al. 2002), and human head lice (Toloza et al.
2006). When DEET was used as a positive control, it
usually produced a higher repellent effect than the
botanical compounds; however, there are some ex-
ceptions (Choi et al. 2002).

The Þve essential oils we studied showed very dif-
ferent values of KT50 and RC. This was also true for the

seven monoterpenes tested. The toxicity of pure and
mixed compounds depends on their physicochemical
properties and is the Þnal result of the different toxi-
cokinetic and toxicodynamic steps (penetration, dis-
tribution, metabolism, and interaction with the site of
action). In exposure to vapors, the main access to the
organism is airborne: the volatile substances enter
with the air insects inhale through their spiracles as
part of their respiratory process (Mill 1985). The sub-
stances are transported to different tissues through the
network of tracheas and tracheoles, thus reaching
their site of action. The toxic effect of volatile sub-
stances entering the insect body through the respira-
tory system is strongly associated with their volatility
rate. In fact, Rice and Coats (1994a) detected a poly-
nomial correlation between the volatility and the fu-
migant toxicity of monoterpenoids applied to the
houseßy. Furthermore, Toloza et al. (2006) showed a
linear correlation between KT50 values and the vapor
pressure of essential oil components tested on head
lice.

Volatility is also an important parameter in the case
of repellents. According to McIver (1981), the repel-
lency of DEET is the result of the interaction between
vapor phase molecules and neuron membrane lipids of
chemosensory sensilla. In accordance with this, a pre-
vious study performed at our laboratory showed that
the repellent effect of DEET on T. infestans occurs
when the compound source is outside the insectsÕ
reach (Alzogaray et al. 2000).

An additional factor modulating toxicity should be
considered in the case of essential oils. Because they
are complex mixtures of substances, the toxicological
interactions that take place between their compo-
nents (e.g., synergism or antagonism) cannot be dis-
carded.

In conclusion, eucalyptol showed good perfor-
mance as a fumigant, and geraniol and menthyl acetate
presented an important repellent effect onR. prolixus.
Based on these results, we consider it worthwhile to
perform additional studies on the toxicological prop-
erties of these monoterpenes on R. prolixus and other
Chagas disease vectors.
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