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Abstract: The potato tuber moth is a noxious pest of potato in stores, where the use of repellent plants is an
environmentally sound alternative to the application of chemical pesticides. We evaluated the protective effect of native

Minthostachys species (Lamiaceae) against tuber infestation by the potato tuber moth in a rustic store in Cusco, Perú.
We covered potato tubers with dried shoots of Minthostachys spicata and Minthostachys glabrescens and compared
tuber damage with a control treatment of maize straw. We also conducted a no-choice oviposition bioassay in the
laboratory, testing the oviposition deterrence of essential oils ofM. spicata,M. glabrescens andMinthostachys mollis at

natural concentrations. We recorded the number of eggs laid by mated moths on filter paper treated with essential oils
of each of the three species and on two control treatments: hexane and untreated blank. Finally, we tested for
differences in oviposition deterrence among five full-sib families of potato tuber moth raised under identical conditions.

We found that dried, chopped leaves and flowers of Minthostachys species reduced the percentage of tuber damage in
stores in comparison with the control (5% vs. 12%), but no difference in protection was found between species.
Essential oils at natural concentrations deterred moth oviposition, reducing the number of eggs laid by about 80%

compared with the control treatments; again, there were no significant differences between Minthostachys species.
Finally, whereas we detected among-family variation in oviposition on filter papers treated with essential oils, no
difference was found in the number of eggs laid on control substrates. Therefore, there was genetic variation for

oviposition deterrence in the potato tuber moth and resistance to repellent plants might evolve thereafter.
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1 Introduction

The potato tuber moth Phthorimaea operculella (Lep.,
Gelechiidae) is a noxious pest of potato under both
field and storage conditions (Haines 1977; Raman and
Palacios 1982). The larvae feed on leaves and stems but
they are most harmful to potato tubers (Varela and
Bernays 1988). The heaviest infestations take place
when potatoes are kept in stores, where the adult moth
lays its eggs on the tubers (Raman et al. 1987).
Phthorimaea operculella is a nocturnal moth. There-
fore, orientation to plant volatiles seems the most
likely mechanism of tuber location in stores (Fenemore
1988).

The use of chemical pesticides to control potato
tuber moth has resulted in harmful side effects such as
health hazards from residues (Dikshit et al. 1985),
reduction in populations of natural enemies (Shelton
et al. 1981) and the development of insect resistance to
pesticides (Haines 1977; Llanderal-Cazares et al. 1996).
An alternative method of management of this insect
pest in stores is the use of repellent plant species (Das
1995). A cover of chopped and dried leaves of repellent
plants may provide tuber protection comparable to

that of chemical pesticides and biopesticides (Bt) (Lal
1987). The mechanistic bases of such oviposition
deterrence are, however, poorly understood (Das
1995; Regnault-Roger 1997). One of the relative
advantages of the use of repellent plants in pest
management (Foster and Harris 1997) is that insects
should not develop resistance towards this control
method as rapidly as it occurs with chemical pesticides
(Lockwood et al. 1984) and biopesticides (Tabashnik
et al. 1997). However, similar to any other species,
insect pest populations can undergo adaptive changes
to cope with new environments (Boivin et al. 2003).
Consequently, if there is genetic variation in the
response towards oviposition deterrents within the
pest population then resistance to repellents might
evolve. To our knowledge, this issue has not been
addressed for any insect pest-repellent plant system.

The mint family (Lamiaceae) is one of the aromatic
plant families that have been proved effective for insect
pest management, mainly due to their essential oils
(Regnault-Roger 1997). In Perú, the native shrub
�muña�, Minthostachys spp. (Lamiaceae) has been
reported to protect stored tubers against the potato
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tuber moth when they are covered with dried and
crushed leaves (Ormachea 1979; Raman et al. 1987).
Laboratory bioassays have shown insecticidal activity
of dichloromethane extracts and essential oils of
Minthostachys species against insect vectors of human
diseases (Fournet et al. 1996; Ciccia et al. 2000).

The present study had three aims. First, we evalu-
ated in a rustic store in Cusco, Perú, the protective
effect of Minthostachys species against tuber infesta-
tion by the potato tuber moth P. operculella. We
covered potato tubers with dried and chopped shoots
of Minthostachys spicata and Minthostachys glabres-
cens and compared tuber damage with a control
treatment of maize straw. Secondly, we conducted
a no-choice oviposition bioassay in the laboratory,
testing the oviposition deterrence of essential oils of
M. spicata,M. glabrescens andMinthostachys mollis at
natural concentrations. We recorded the number of
eggs laid by mated P. operculella moths on filter paper
treated with essential oils of each of the three species
and on two control treatments: filter paper treated with
solvent (hexane) and untreated oviposition substrate.
Thirdly, we tested for differences in oviposition deter-
rence among five full-sib families of potato tuber moth
raised under identical conditions. Thus, we estimated
whether the response towards repellent essential oils
from Minthostachys species exhibits genetic differences
within an experimental population of the insect pest.

2 Materials and Methods

2.1 Study system and general procedures

In Andean highlands, leaves and flowers of evergreen shrubs
from the genus Minthostachys (Lamiaceae) and related
genera are used in traditional medicine and to protect stored
produce (Ormachea 1979; Fournet et al. 1996). In mountain
slopes at 3640 m near Qenqo village (3 km north of Cusco
City, Perú – 13�32¢S, 71�57¢W), we collected branches in the
upper half of the shoot from several mature individuals
(0.90–1.20 m height) of M. spicata, M. glabrescens and
M. mollis. Collected samples included stems, leaves and
flowers. The plant material was air-dried in darkness, and
flowers and leaves were detached and chopped. The experi-
mental population of P. operculella was initiated from
several adult moths obtained from the Andenes Experimental
Station (Instituto Nacional de Investigación Agraria - Cusco,
Perú) in February 2004. Moths were kept in 1 l plastic
containers covered with a net where filter paper discs were
placed for oviposition. Laid eggs were collected every 24 h
and placed in Petri dishes at room temperature (16–18�C)
until the first larval stage emerged. Larvae were then put in
5 l containers with a thin layer of sand and 2 kg of potatoes
of the susceptible variety �Peruanita� where they completed
their life cycle. Adult moths were fed a solution of diluted
honey.

2.2 Rustic store trial

The trial was conducted in April 2004 in a rustic farm store
located at Kayra Experimental Station in San Jerónimo
District, Cusco, Perú (3150 m; 13�54¢S, 71�89¢W). The mean
maximum temperature during the rustic store trial was 20�C.
Twenty-four wooden crates (45 · 45 · 30 cm), each contain-
ing 5 kg of healthy potato tubers (about 30 tubers; �Revo-

lución� variety) with a straw layer at the bottom, were used.
Three treatments (n ¼ 8) were applied in a randomized block
design. Potato tubers were covered with either a thick layer
(�25 mm) of dried leaves and flowers of M. spicata, M. gla-
brescens, or a thick layer of maize straw, which constituted a
physical barrier. The trial started when 150 P. operculella
moths were released at the centre of the array of wooden
crates. The rustic store was then closed and evaluations were
conducted 1 month later. We evaluated the percentage of
tubers showing visible damage caused by P. operculella.
Damage (%) in the different treatments was compared using
a one-way anova followed by a Tukey test. Data were arcsin-
transformed before analysis to meet anova assumptions of
normality and variance homogeneity.

2.3 Essential oils

Essential oils were obtained by hydrodistillation for 5 h of
the dry plant material (240 g of each Minthostachys species).
The volatile fraction was collected in hexane. To eliminate
the excess of water we dehydrated the sample with sodium
hydroxide. We obtained 1.43, 1.0 and 1.60 ml of essential oils
from 240 g of M. spicata, M. glabrescens and M. mollis
respectively. Hexane solutions of essential oils at the natural
concentrations found in each one of the plant species were
prepared and stored at 2�C until the start of bioassays. Thus,
we had stock hexane solutions (50 ml) of essential oils of
M. glabrescens, M. spicata and M. mollis at 0.40%, 0.29%
and 0.44% respectively.

2.4 Oviposition bioassay

We conducted a no-choice oviposition test under laboratory
conditions (16–22�C; 12 : 12 L : D; 40% RH). One female
and one male moth from the experimental population were
placed into a 500-ml plastic cylinder with two opposite holes
(5 cm Ø) covered with mesh. The top of the cylinder was
covered with a Petri dish that had a filter paper disc (10 cm
Ø) attached to its lower side. We applied five treatments
(n ¼ 20 full replicates per treatment). In the first three
treatments paper discs were soaked in hexane solutions of
essential oils of each of the three Minthostachys species
(M. glabrescens, M. spicata and M. mollis). The fourth and
fifth treatments served as controls: paper discs were either
soaked in hexane or left untreated. The number of eggs laid
on each treatment was evaluated 24 h after moths were
confined into the plastic containers. This was done because
within this time period essential oils at natural plant
concentrations evaporated from the paper disc surface.
There is evidence that the peak of oviposition of P. opercul-
ella under similar environmental conditions occurs within the
first 5 days after confinement (Gamboa and Notz 1990).
Data were analysed with a one-way anova and differences
among treatments were determined with a Tukey test. Data
were log-transformed before analysis to meet anova assump-
tions.

2.5 Genetic variation bioassay

We first took several couples of moths from the experimental
population and isolated them into plastic containers. We
randomly chose five pairs and collected all the eggs laid
within 5 days, and then raised them separately until adult-
hood, thus obtaining five full-sib families. We replicated the
no-choice test described above but only using essential oils
from M. spicata. This was done because results of the
oviposition bioassay showed no difference in deterrence
among Minthostachys species. Likewise, we used only the
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hexane treatment as control because results showed no effect
of this solvent on moth oviposition (see below). Conse-
quently, there were two treatments: paper discs treated with
essential oils of M. spicata at natural concentrations and
paper discs soaked in hexane. Twelve replicates (couples)
from each family were assigned to each of the two
treatments. The number of eggs laid on each treatment was
evaluated 24 h after moths were confined into the plastic
containers. Data from each treatment were analysed sepa-
rately using one-way anova (main factor: moth family).
Whereas the control treatment analysis tested whether
families had intrinsic differences in fecundity, the essential
oil treatment analysis tested for genetic variation in the
response of P. operculella to M. spicata, a natural oviposi-
tion deterrent. Data were log-transformed before analysis to
meet anova assumptions.

3 Results

3.1 Rustic store trial

A cover of dried leaves and flowers of Minthostachys
species reduced the percentage of tuber damage caused
by potato tuber moth in stores compared with the
control, a layer of maize straw (F2,21 ¼ 5.53;
P < 0.012; fig. 1). No significant difference in percent-
age of damaged tubers was found between M. glabres-
cens and M. spicata (P > 0.05, Tukey test).

3.2 Oviposition bioassay

Treatment of paper discs with essential oils of Min-
thostachys species at natural concentrations signifi-
cantly deterred oviposition by P. operculella
(F4,95 ¼ 15.91; P < 0.001; fig. 2), reducing the num-
ber of eggs laid by about 80% compared with the
controls. There were no significant differences in
oviposition neither between M. glabrescens, M. spicata

and M. mollis treatments (P > 0.05, Tukey test) nor
between the hexane and the untreated controls
(P > 0.05, Tukey test).

3.3 Genetic variation bioassay

There was genetic variation for the oviposition
response of P. operculella to essential oils ofM. spicata
(fig. 3). We detected significant among-family vari-
ation in oviposition on paper discs treated with
essential oils of M. spicata at natural concentrations
(F4,55 ¼ 4.08; P < 0.006). In contrast, no difference
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Fig. 1. Percentage of damaged tubers by the potato
tuber moth, Phthorimaea operculella, in stored potato
covered by a layer of maize straw (control), dried
foliage of Minthostachys glabrescens (M. glab), or
dried foliage of M. spicata (M. spic). Bars indicate
mean ± SE. Means sharing a letter are not significantly
different (P > 0.05, Tukey test after one-way anova)
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Fig. 2. Oviposition by the potato tuber moth, Phtho-
rimaea operculella, on filter paper discs untreated
(blank), treated with hexane (Hexane), or treated with
hexane solutions of essential oils from Minthostachys
glabrescens (M. glab), M. spicata (M. spic), or
M. mollis (M. moll). Bars indicate mean ± SE.
Means sharing a letter are not significantly different
(P > 0.05, Tukey test after one-way anova)
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Fig. 3. Oviposition by five Phthorimaea operculella
full-sib families on filter paper discs treated with hexane
(white bars) or treated with hexane solutions of essential
oils from Minthostachys spicata (grey bars). Bars
indicate mean ± SE (see text for statistical analysis)
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among full-sib families was found in the number of
eggs laid on control paper discs (F4,55 ¼ 1.95;
P > 0.11). Thus, families did not differ in their
intrinsic fecundity.

4 Discussion

Muña, Minthostachys species demonstrated repellent
properties against attack by the potato tuber moth
under traditional store conditions in Peruvian Andes.
Differences among treatments were detected after only
1 month of storage. The use of a neutral control
treatment allowed us to estimate the repellent proper-
ties of the test plants besides the unavoidable protect-
ive effect of a physical barrier (Das 1995). A similar
store trial has shown that rather inert substrates, such
as sand, ash and rice husk, confer protection against
the potato tuber moth (2–4% tuber infestation vs.
100% tuber infestation in untreated control; Das and
Rahman 1997). The protective effect of neutral sub-
strates explains why we found a rather low absolute
level of tuber infestation (12%) in our control treat-
ment. The �50% decrease in tuber infestation herein
found is very similar to that earlier reported for dried
foliage of Minthostachys species in stored potatoes
(Raman et al. 1987). Our results confirm the validity of
ancestral practices of Andean people regarding the use
of muña in crop protection and strongly suggest the
inclusion of these species in pest management strat-
egies.

Bioassays showed that essential oils from Mintho-
stachys species effectively deterred oviposition by the
potato tuber moth. Earlier studies have demonstrated
the biological activity of extracts and essential oils
from these species against noxious insects. Exposure to
essential oils of Minthostachys andina impregnated in
filter papers caused 30–50% mortality of two triato-
mine bugs, vectors of Chagas disease (Fournet et al.
1996). Dichloromethane extracts of Minthostachys
setosa showed high insecticidal activity against larvae
of the mosquito Aedes aegypti, which is a vector of
yellow fever and dengue and has shown increased
resistance to synthetic insecticides (Ciccia et al. 2000).
Essential oils of the same species showed insecticidal
activity against the common house fly Musca domes-
tica (Solı́s-Ramos 1979). Finally, essential oils from
M. mollis had repellent effects against the mite Varroa
destructor, which causes a severe disease in honey bees
(Ruffinengo et al. 2005).

As was the case in the store trial, where there were
no differences in protective effects between the Min-
thostachys species evaluated, we found similar levels of
repellence in the essential oils of the three Minthostac-
hys species tested. This suggests that these species share
one or several semiochemicals occurring in their
essential oils. Earlier studies have reported pulegone
and menthone, two oxygenated monoterpenes, as
major components of the essential oils of M. glabres-
cens, M. spicata and M. mollis (Senatore 1995, 1998;
Malagón et al. 2003). Pulegone and menthone have
shown to be toxic against several insect taxa (Ellis and
Baxendale 1997; Franzios et al. 1997; Pavlidou et al.

2004). Interestingly, both compounds are induced by
mechanical and natural damage in M. mollis (Banchio
et al. 2005a,b). Using thin layer chromatography, we
have detected pulegone as one of the main components
in these Minthostachys species and related Lamiaceae
species (P.C. Guerra et al., unpublished data).

One of the most widely cited advantages of natural
pesticides over synthetic insecticides is the lack of
selection of insecticide resistance in the target pest
(Lockwood et al. 1984; Foster and Harris 1997).
However, insect pests can readily develop resistance
against various plant defences (Berenbaum and Zang-
erl 1992), including Bt-toxins (Whalon et al. 1993;
Tabashnik et al. 1997). The mechanisms underlying
this phenomenon are not different from �common�
evolution of insecticide resistance (McKenzie and
Batterham 1994): provided that there is heritable
variation in a trait that confers relative fitness advant-
age within a population against a selective factor,
resistance to this factor may evolve. Despite the limited
sample of moth families and the probable reduction in
genetic variability in laboratory-reared populations
compared with field populations (Foley 1986), we
detected genetic variation in the response to oviposi-
tion-deterrent essential oils in the potato tuber moth;
resistance to Minthostachys-repellent plants might
evolve thereafter. There is evidence of heritable vari-
ation in pheromone response in the related species
Pectinophora gossypiella (Lep., Gelechiidae) (Collins
and Cardé 1989), and a recent study has demonstrated
experience-induced behavioural responses to oviposi-
tion repellents in the moth species Plutella xylostella
(Liu et al. 2005). However, to our knowledge, this is
the first report of genetic variation in the oviposition
response to a repellent plant compound within an
insect population.
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