
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Toxicity of methyl ketones from tomato trichomes to Tetranychus urticae Koch

Chatzivasileiadis, E.; Sabelis, M.W.
DOI
10.1023/A:1018436113892
Publication date
1997

Published in
Experimental and Applied Acarology

Link to publication

Citation for published version (APA):
Chatzivasileiadis, E., & Sabelis, M. W. (1997). Toxicity of methyl ketones from tomato
trichomes to Tetranychus urticae Koch. Experimental and Applied Acarology, 21, 473-484.
https://doi.org/10.1023/A:1018436113892

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://doi.org/10.1023/A:1018436113892
https://dare.uva.nl/personal/pure/en/publications/toxicity-of-methyl-ketones-from-tomato-trichomes-to-tetranychus-urticae-koch(81c472f2-01b2-4c2d-a48c-e34954a7cd37).html
https://doi.org/10.1023/A:1018436113892


Toxicity of methyl ketones from tomato
trichomes toTetranychus urticaeKoch

Efstratios A. Chatzivasileiadis and Maurice W. Sabelis*
Institute of Systematics and Population Biology, University of Amsterdam, Kruislaan 320,
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ABSTRACT

The two methyl ketones, 2-tridecanone and 2-undecanone, are constituents of type VI glandular
trichomes of the wild tomato,Lycopersicon hirsutumf. glabratum(PI 134417). They are known
to cause mortality in several herbivorous insect species. In this study we investigated the effects of
these chemicals on two strains of the two-spotted spider mite,Tetranychus urticaeKoch,
collected from tomato and cucumber crops in Dutch greenhouses. The two ketones were tested
separately, in combination in the ratio found inL. hirsutumf. glabratumand in several other ratios
to detect any synergistic interaction between them. We measured both the direct contact and
residual toxicity, as well as the viability of the eggs produced by ketone-treated females. The
methyl ketones can be considered as quite toxic to spider mites because their LC50 values were
comparable to that found for the formulated acaricide amitraz. 2-Tridecanone was slightly more
toxic than 2-undecanone but only in the tomato strain. Synergistic effects were not detected. In the
bio assays for the residual effects of the two methyl ketones no significant mortality occurred but
the mites avoided feeding on the treated surface and the eggs were laid almost exclusively on the
untreated area. Furthermore, there was no significant egg viability for most of the treatments and
when some egg viability occurred, it was not correlated to the dose of the chemical. Based on
published data on the levels of methyl ketones in the trichome tips of wild and cultivated tomato
(L. hirsutumf. glabratumandLycopersicon esculentumMill, respectively) it was calculated how
many contacts are required to reach the LD50 (ng a.i. per mite). It appeared that on wild tomato
just a few contacts suffice, but many are needed on cultivated tomato. Nevertheless, it seems
justified to conclude that even in cultivated tomato, 2-tridecanone represents a naturally occurring
acaricide. The cucumber and tomato strains of the two-spotted spider mite did not differ in their
response to the methyl ketones. Because this is surprising, given the selection pressures on their
respective host plants, we formulated two hypotheses, one explaining the absence of a difference
due to cross-resistance and another one proposing that bioaccumulation obscures the underlying
differences between the strains.

Key words: Tetranychus urticae, plant resistance, tomato,Lycopersicon hirsutumf. glabratum,
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INTRODUCTION

Amongst the most important resistance factors in tomato are the trichomes that
cover the leaves and stems of the plant. Luckwill (1943) and Reeves (1977)
described several types of non-glandular and glandular trichomes of
Lycopersiconspecies. Both types of trichomes may hinder the movements of
herbivorous arthropods. In addition, glandular trichomes play a role in the
resistance of tomato against a variety of insect pests due to two properties of the
glandular products: stickiness and toxicity. Some of the chemicals conferring
toxicity have been identified. For example, in the tetracellular tips of type VI
trichomes (according to Luckwill’s (1943) classification) of the wild tomato
Lycopersicon hirsutumf. glabratum(PI 134417), the major constituent appears
to be a volatile chemical identified as the 13-carbon methyl ketone, 2-
tridecanone (Williamset al., 1980). The same chemical also occurs in lesser
quantities in the cultivated tomatoLycopersicon esculentum. So far, 2-
tridecanone has been found to be potentially lethal to several phytophagous
arthropods, such as the tobacco hornwormManduca sextaL. (Williams et al.,
1980; Kennedyet al., 1981; Barbouret al., 1993), the tomato fruitworm
Heliothis (�Helicoverpa) zea Boddie (Williams et al., 1980; Dimock and
Kennedy, 1983; Kennedy, 1984), the aphidAphis gossypiiGlover (Williamset
al., 1980) and the Colorado potato beetle,Leptinotarsa decemlineataSay
(Kennedy and Farrar, 1987).

Another constituent of the tips of the wild tomato type VI trichomes was
identified as the 11-carbon methyl ketone, 2-undecanone (Farrar and Kennedy,
1987). It is present in minor amounts and is toxic to neonateH. zealarvae based on
contact and vapour toxicity studies (Dimocket al., 1982; Farrar and Kennedy,
1987, 1988), although it is less toxic than 2-tridecanone. Farrar and Kennedy (1987)
found that the combination of 2-tridecanone and 2-undecanone at levels similar to
those in wild tomato (L. hirsutumf. glabratum) foliage resulted in a synergistic
effect of the two methyl ketones on oral toxicity toH. zea.

Little is known about the toxic effects of methyl ketones on another major pest of
tomato, the two-spotted spider miteTetranychus urticaeKoch. First Ainaet al.
(1972) reported that an exudate from the glandular trichomes of a resistant tomato
line, PI 251303, was highly toxic toT. urticaewhen applied topically. Carter and
Snyder (1985) found a positive correlation of both the mite mortality and repellence
with the density of type IV and type VI trichomes inL.esculentum6L.hirsutumF2
hybrids, and Westonet al. (1989) found a negative correlation of tomato
susceptibility to miteswith 2-tridecanone levels in the tips of type VI trichomes.We
observed that the mites actually rupture the trichome tips ofL. esculentum(cv.
‘Moneymaker’), so it is of interest to study the impact of the toxins contained in the
trichome exudate (E.A. Chatzivasileiadis, personal observations).

In this paper, we present the results of a study on the toxic effects of 2-
tridecanone, 2-undecanone and mixtures of the two on a strain of the two-
spotted spider mite collected from a tomato greenhouse. In addition, we make a
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comparison with the toxic effects on another strain, collected from a cucumber
greenhouse.

MATERIALS AND METHODS

Spider mites
Two strains of T. urticae were used, collected from greenhouses in the
Netherlands in March 1993. The tomato or red-form strain was collected from a
greenhouse in Houten where only tomato had been planted for over 15 years and
the cucumber or green-form strain was collected from a greenhouse in Nootdorp
where only cucumber had been planted for over 10 years.

The stock cultures were transferred and maintained on detached leaves, held
on wet cotton balls at 23�C, 60% RH and 17 : 7 L:D. The tomato strain was
reared on tomato leaves, cv. ‘Moneymaker’ and the cucumber strain on
cucumber leaves, cv. ‘Corona F1’, LOT 46621.

Toxicity bioassay
For the toxicity bioassays, a microimmersion method was used as described by
Dennehyet al. (1993). The chemicals, 2-tridecanone (99%) and 2-undecanone
(99%), were obtained from Aldrich Chemie (Sigma-Aldrich NV/SA, The
Netherlands) and solutions were prepared daily in 20% acetone in water with
0.1 mg mlÿ1 Triton X-100. Preliminary experiments were carried out in order to
classify the dose range close to the LC50 value for the two strains of spider
mites. For each chemical, five to six concentrations (0.5, 1, 1.5, 2, 3 and 5 mg
mlÿ1) were tested in addition to a control tested with solvent (20% acetone in
water with 0.1 mg mlÿ1 Triton X-100). The immersion time was 30 s. A total of
25–30 spider mites were used in each treatment and each experiment was
repeated three to four times. In this way, 2-tridecanone, 2-undecanone, and a
mixture of the two were tested for both mite strains. The mixture consisted of
85% 2-tridecanone and 15% 2-undecanone, which corresponds to the ratio
found in wild tomato (L. hirsutumf. glabratum) (Farrar and Kennedy, 1987). To
investigate a synergistic effect of the two methyl ketones, the tomato strain of
spider mites was treated with a single concentration (10 mM), but several
mixtures that differed in the ratios of the two methyl ketones (20, 40, 60 and
80 mol% 2-tridecanone). After treatment, the mites were transferred to Plexiglas
cells (Helle and Overmeer, 1985), modified only in that the cells were covered
by gauze instead of glass and kept in a climate room at 23�C, 60% RH and 17 : 7
L : D. Bean leaves (Phaseolus vulgaris, cv. ‘Arena’) were used as the substrate
in the Plexiglas cells because these represent a very suitable source of food and
may therefore be considered neutral to the mites relative to their original host
plants. The mortality was measured after 24 h since the preliminary experiments
indicated no difference in mortality after 24, 48 or 72 h. Mites were considered
to be dead if they did not move a distance longer than their body length within
10 s after gentle disruption by contact with a fine brush.
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The results were analysed by probit analysis whereby the LC50 and LC90
values were expressed as the concentration of the chemical in mg a.i. mlÿ1

solution. The differences in the responses of the spider mite strains to the
chemical treatments were investigated by analysis of covariance (ANCOVA;
the dependent variable is the transformed mortality data, the factors are the
strain and chemical treatment and the covariate is log(dose)) and by multiple
probit analysis for parallel probit lines. Two given probit lines are considered to
be significantly different when the 95% confidence limits of their relative
potency (LC50 ratio) do not include the value of 1. For comparisons of non-
parallel probit lines, the dose ratios for both the LC50 and LC90 values are
presented (Robertson and Preisler, 1992). For the ANCOVA the mortality data
were arcsin (angular) transformed to approach normality. For all the statistical
analyses, SPSS v.6.1 (SPSS Inc., 1989–1994) software was used.

Bioassay for residual activity
In a second series of experiments the residual activity of the two methyl ketones
was investigated. This was done because the trichome exudates may reach the
leaf surface in various ways, such as via contact with other objects. Leaf discs
were treated with solutions at various concentrations of each compound. Half of
each leaf disc was immersed for 30 s in acetone solution and after the solvent
was evaporated the disc was placed on a layer of wet cotton wool on top of a
sponge in a tray with a sufficient amount of water to keep the sponge wet. Ten
leaf discs were placed on each sponge, each with one adult female spider mite.
The spider mites of the tomato strain were put on leaf discs from tomato (cv.
‘Moneymaker’) and the mites of the cucumber strain on leaf discs from
cucumber (cv. ‘Corona F1’). For each strain, four different concentrations (1, 5,
10 and 50 mg mlÿ1) and a control (acetone) were tested with 40 females for each
concentration. The main aim of the experiment was to assess the mortality
caused by the methyl-ketone residues after 2, 24 and 72 h. As an aside, the
location of the mites and the number of eggs were also recorded to elucidate a
possible role of repellence and/or deterrence.

Egg viability following parental exposure to methyl ketones
The egg viability was determined by assessing the hatching success of eggs
from spider-mite females exposed to the methyl ketones. 2-Tridecanone, 2-
undecanone and a mixture of the two (85% 2-tridecanone and 15% 2-
undecanone) were tested for spider mites of both the tomato and cucumber
strains. The spider mites were exposed to the chemicals following the same
procedure as in the microimmersion method. For each chemical, five different
concentrations were tested (0.5, 2.5, 5, 10 and 15 mM) in addition to a
simultaneous control experiment involving the solvent (20% acetone in water
with 0.1 mg mlÿ1 Triton X-100). The concentrations were expressed in mM in
order to use the characteristic chemical (carbonyl) group as a basis for
comparison between the different chemicals. For each concentration, 20 adult
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female spider mites (of unknown age) were tested. After the treatment, the
spider mites were transferred to detached bean leaves placed on cotton wool in a
water-containing tray and kept in a climate room at 23�C, 60% RH and 17 : 7
L:D.

After 24 h the females were removed from the bean leaves and the number of
eggs laid was counted. The eggs not hatched after 7 days since oviposition were
considered dead. The experiment was repeated three times. The results were
corrected for the natural (control) mortality using Abbott’s (1925) formula.

RESULTS

Contact toxicity
The ANCOVA on the results from the toxicity bioassays showed that there was
a significant effect of the chemical treatment (p�0.002) but no significant
differences in the responses of the two strains of spider mites (p�0.794) and
the interaction between the strain and chemical treatment (p�0.343). The
estimated LC50 and LC90 values of all the treatments for the two spider mite
strains were close to each other and small differences occurred in the slopes of
the probit lines (Table 1). The multiple probit analysis on the results from the
toxicity bioassays (Table 2) showed a significant difference in the toxic effects
between the different treatments for the tomato strain of spider mites. 2-
Undecanone appears to be less toxic than 2-tridecanone and the mixture of the
two methyl ketones, as illustrated by the LC50 values in Table 1. For the
cucumber strain of spider mites no significant differences were detected
between the chemical treatments. Each chemical treatment was not significantly
different between the two spider mite strains, except in the case of 2-
undecanone where the tomato strain was significantly more resistant than the
cucumber strain (Table 2).

TABLE 1

LC50 and LC90 values, slopes and goodness of fit of probit lines, as obtained from the toxicity bio assays

Strain na LC50 (95% CI)
(mg mlÿ1)

LC90 (95% CI)
(mg ml1)

Slope
(� SE)

w
2 (df, p)

2-Tridecanone
Tomato 590 1.44 (1.31–1.59) 3.43 (2.99–4.09) 3.42 (0.28) 5.847 (4, 0.789)
Cucumber 599 1.61 (1.25–2.04) 3.21 (2.43–5.84) 4.26 (0.35) 7.428 (4, 0.886)

2-Undecanone
Tomato 686 1.84 (1.69–2.00) 4.38 (3.83–5.18) 3.41 (0.25) 1.747 (4, 0.218)
Cucumber 702 1.64 (1.52–1.75) 2.99 (2.73–3.34) 4.91 (0.36) 9.768 (5, 0.918)

Mixture of 2-tridecanone : 2-undecanone (85 : 15)
Tomato 535 1.26 (1.13–1.39) 2.74 (2.41–3.21) 3.80 (0.30) 3.911 (3, 0.729)
Cucumber 535 1.36 (1.23–1.50) 2.87 (2.53–3.36) 3.94 (0.31) 4.074 (3, 0.746)

aTotal number of mites tested (including controls).
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The results from the additional experiment, in which the tomato strain of the
spider mites was treated with various mixtures of the two methyl ketones, do not
indicate synergism of the two methyl ketones, because the mortality observed
did not deviate from the mortality expected for each mixture (Fig. 1). The
expected mortality for each mixture was calculated as the combined probability
(P) of dying due to the two components of the mixture, which is equal to the
probability of dying due to chemical 1 (P1) plus the probability of dying due to
chemical 2 (P2) provided the mite had not died already from chemical 1
(17P1) (Robertson and Preisler, 1992)

P � P1 � �1 ÿ P1�P2

There was no significant difference (w
2�0.596;df�4 andP�0.964) between

the observed and predicted mortality for the mixtures of the two methyl ketones
indicating synergism or antagonism (negative synergism).

Residual activity
In all the treatments the chemical residues appeared to have no toxic effect on
the spider mites, as the mortality in the treatments exceeded the control
mortality in only three out of 24 cases. In the cucumber strain, there was only
10.5% mortality in the treatment with 1 mg mlÿ1 2-tridecanone, 7.3% mortality
with 50 mg mlÿ1 2-tridecanone and 10% mortality with 1 mg mlÿ1 2-
undecanone. In addition, a repellent effect was not obvious, as we did not
observe dispersal of the spider mites from the treated leaf discs into the wet
cotton wool. However, on a smaller scale, it was observed that the spider mites
visited the untreated areas of the leaf disc more frequently than the treated areas.
When feeding was observed, the spider mites were invariably residing in the
untreated area, except in the control experiment where the mites were found also
to be feeding in areas treated with the solvent alone. Relative to the control
experiment, the spider mites oviposited at more or less the same rate and almost
exclusively deposited their eggs on untreated areas (92.9 and 97.6% for the

TABLE 2

Matrix of the relative potencies for LC50 (and LC90 for non-parallel probit lines) estimated using multiple
probit analysis for chemical treatments of tomato and cucumber strains of spider mites

Tomato strain Cucumber strain

2-Tridecanone 2-Undecanone Mixture 2-Tridecanone 2-Undecanone Mixture

2-Tridecanone –
Tomato strain 2-Undecanone 0.79* –

Mixture 1.16 1.48* –
2-Tridecanone 0.91 –

Cucumber 2-Undecanone 1.12* (1.47*) 1.00 –
strain Mixture 0.93 1.17 1.18

* Significant atp�0.05.
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tomato strain and 99.6 and 99.7% for the cucumber strain, for treatments with
1 mg mlÿ1 2-tridecanone and 1 mg mlÿ1 2-undecanone, respectively), whereas
in the control experiment eggs were deposited on both the treated and the
untreated areas (Table 3). It can be concluded that the two methyl ketones are
hardly toxic, but repellent and/or deterrent.

Egg viability
In all the treatments with the methyl ketones most of the eggs hatched. For eggs
from the cucumber strain, the fraction not hatched could not be distinguished
from the control (2.7%). The same applied to the eggs of the tomato strain
(control 0.8%) except for the treatment with 2-tridecanone where the fraction
not hatched was higher (maximum 16%) (Fig. 2). However, even in the latter
case, there was no dose-effect relationship.

DISCUSSION

Reasons for selecting the microimmersion method
Two other methods for testing the toxicity of 2-tridecanone and 2-undecanone
on spider mites were tried out: the ‘coffin cell’ method, originally designed for

TABLE 3

Deposition of eggs (%) on the halves of leaf discs treated with 1 mg mlÿ1 of the ketones (� SD)

Strain Number of eggs Control 2-Tridecanone 2-Undecanone

Tomato 480 48.3 (9.6)a 7.1 (4.4)b 2.4 (1.3)c
Cucumber 587 35.8 (0.9)a 0.4 (0.1)c 0.3 (0.2)c

The letters denote statistically significant differences between the strains.

Fig. 1. Percentage mortality in relation to various mixtures of 2-tridecanone and 2-undecanone.
The light columns represent the observed mortality (andSD), whereas the others represent the
mortality expected in the absence of synergism.
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non-web-producing arthropods, such as predatory mites (Bakkeret al., 1992)
and another type of immersion method, the ‘drop-dip’ method. In the coffin cell
method, solutions of the chemicals are sprayed on the glass parts of the cells and
the only convenient solvent isN,N-dimethyl formamide (DMF), because it
dissolves the chemicals and is not too volatile. After spraying the chemical, the
solvent has to evaporate before constructing the cells and introducing the mites.
Unfortunately, the evaporation of DMF took far too long, in particular at high
concentrations when even 12 h was not sufficient. Hence, given the volatile
nature of the methyl ketones much of the active ingredient was lost and,
furthermore, it was not homogeneously distributed over the glass surfaces,
particularly at high concentrations due to droplet formation. Another problem
was that a large proportion of the dead mites were found on the Eriflon, the
sticky material used for the fusion of the cell components. Once in the Eriflon, it
is not possible to assess the cause of the mite’s death. Moreover, spider mites
can avoid contact with the residue due to webbing, which represents a major
flaw in the application of the coffin cell method to spider mites. Finally, one
could argue that the coffin cell method does not mimic the mode of mite–
trichome contact, whereby the trichome exudate adheres to the body of the mite
rather than to the leaf surface. Hence, immersion methods seem preferable, but

Fig. 2. Percentage of dead eggs from
spider mite females (light columns,
tomato strain and dark columns, cucum-
ber strain) treated with (a) 2-tridecanone,
(b) 2-undecanone and (c) an 85 : 15%
mixture of the two. The data are
corrected for the percentage of dead eggs
in the control experiment by use the
Abbott’s (1925) formula. Note that
negative values arise from this correction
when the treatment mortality is lower
than in the control. In these cases the
values are set to zero.
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the fact cannot be ignored that trichome exudates reach the leaf surface upon
contact with other types of objects, such as plant–plant contact or plant–animal
contact.

In the drop-dip method, the mites are placed on filter paper in a Petri dish and
anaesthetized with CO2. Solutions of the chemicals in different concentrations
are prepared in 84% methanol in water. A topical application apparatus
equipped with a microsyringe is used to produce 0.5ml droplets of solution. The
mites are submerged in one droplet each, which is then adsorbed into the filter
paper underneath the mite. After the application, the mites are transferred in
groups of 25 into Plexiglas cells, similar to those used for the microimmersion
method. The use of the drop-dip method gave rise to great variability in the
results, possibly due to variability in the droplet size at the time of application.
Because the mortality in the control (solvent) experiments was also variable (0–
35%), it could be that the application of droplets that are larger than the mite
itself causes additional mortality.

For all these reasons, the microimmersion method is preferable as it avoids
problems with the residue or chemical distribution since all the mites are dipped
in the same solution and for the same time period. This method gave
reproducible results and a very low mortality in the control treatments (0–5%).

Extrapolation of toxicity in laboratory test to host plant
We conclude that the two methyl ketones, 2-tridecanone and 2-undecanone,
found in the tips of type VI trichomes of tomato, are both toxic and deterrent to
the two-spotted spider mite,T. urticae, but in the case of the tomato strain the
former is more toxic than the latter. In addition, there is no evidence that they
act in a synergistic way. The higher toxicity of 2-tridecanone compared to 2-
undecanone has also been observed in several other studies on insect arthropods.
This is probably due to the higher hydrophobic character (lipophilicity) of 2-
tridecanone (due to its longer aliphatic chain) which facilitates penetration of
the lipid layers, as suggested by Dimocket al. (1982). Caution should be
exercised in attributing the mortality solely to the ketones. This is because we
cannot rule out the possibility of an interaction with the solvent. Moreover, it
should be noted that a component of the solvent (acetone) is a methyl ketone
itself.

Although lethal effects of 2-tridecanone and 2-undecanone have been
reported for a number of other herbivorous arthropods, it is difficult to compare
their LC50 values. For example, some authors tested for oral and/or residual
toxicity whereas we tested for contact toxicity. Moreover, our LC50 values refer
to the concentration of chemicals in solutions used for immersion of the mites,
whereas those of other authors refer to the amount of chemical applied to the
arthropod under test. What would be possible would be to compare the LD50
values across species as these refer to the dose of active ingredient per unit
biomass, but there are no data available for comparison.
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That the methyl ketones under study can be considered as quite toxic
becomes clear when realizing that their LC50 values are comparable to those of
some well-known acaricides tested by Dennehyet al. (1993), using the same
method as in our study. The LC50 for 2-tridecanone is only 2.85 times higher
than that of the formamidic acaricide amitraz (3.15 for the technical acaricide)
although it is much higher than the LC50s for bifenthrin (pyrethroid), dicofol
(chlorinated biphenyl compound) and chlorpyrifos (organophosphate).

How the results from our toxicity tests can be extrapolated to the situation
on a tomato plant is not immediately obvious, as we do not know the rate
of mite–trichome contacts. However, it is possible to estimate the number of
mite–trichome contacts required to cause – on average – 50% mortality,
assuming that upon contact with the trichome the full content of the tip is
transferred to the mite and that the contact site is irrelevant to the effect on the
mite. This estimate requires a knowledge of the ketone levels in the tips of type
VI trichomes. Farrar and Kennedy (1991) found means of 26.12mg 2-
tridecanone and 5.59mg 2-undecanone per cm2 leaf in wild tomato,L. hirsutum
f. glabratum(PI 134417). Given that the mean foliar type VI trichome density is
12.60 per mm2 and that 2-tridecanone is exclusively present in the trichome tips
(Farrar and Kennedy, 1987), it follows that there is 20.73 ng 2-tridecanone and
4.44 ng 2-undecanone in a single trichome tip. Using the same host plant, Linet
al. (1987) reported even higher levels of the two methyl ketones, namely 146 ng
2-tridecanone and 49 ng 2-undecanone per trichome tip. Based on own work
(E.A. Chatzivasileiadis, unpublished results), we also know the total amount of
2-tridecanone on and in the mite after microimmersion. For example, for the
cucumber strain the LC50 for 2-tridecanone is 141 ng per mite, which means that
just a few contacts with type VI trichome secretions suffice for a 50% chance of
dying: six to seven contacts based on Farrar and Kennedy (1991) or one contact
based on Linet al. (1987). Thus, given the high type VI trichome density inL.
hirsutumf. glabratum, it is likely that 2-tridecanone is an important factor in the
resistance of the wild tomato against the two-spotted spider mite,T. urticae
Koch. Although we did not make a precise estimate of the number of mite–
trichome contacts leading to mite death, we did note that all attempts to
establish the tomato strain on wild tomato failed as the spider mites died
within 24 h.

In the cultivated tomato (L. esculentum), the levels of the methyl ketones are
much lower and therefore more contacts with type VI trichome secretions are
necessary to obtain the same death rate. According to Williamset al. (1980), the
levels of 2-tridecanone inL. esculentumare 72 times lower than inL. hirsutumf.
glabratum, implying that the number of contacts with trichome secretions
should be increased by an equivalent factor (approximately 70–500 contacts).
This number of contacts is certainly realistic during ambulatory dispersal on the
stems ofL. esculentumwhere the trichome density is much higher than on the
leaves. Moreover, the levels of the methyl ketones in the trichome tips on the
stem can be up to four times higher than those in the foliar trichome tips (E.A.
Chatzivasileiadis, unpublished results).
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Between-strain differences
Although there are some differences in the toxic effects of the treatments
between the two strains of spider mites tested, the magnitude of these
differences is relatively small. One may expect that the tomato strain of spider
mites would be more resistant to methyl ketones than the cucumber strain, since
these chemicals are present in many tomato varieties (Williamset al., 1980;
Farrar and Kennedy, 1987; Westonet al., 1989) and are assumed to be absent
from cucumber. However, other homologous compounds occur in cucumber,
such as 1-penten-3-one, 3-octanone, 6-methyl-5-hepten-2-one and 2-nonanone
(Takabayashiet al., 1994). It is possible that, by becoming adapted to those
chemicals, the spider mites also gain resistance to 2-tridecanone and 2-
undecanone (cross-resistance) or they were already pre-adapted in their distant
evolutionary past. Similarly, it is possible that due to a history of pesticide use in
greenhouses the two strains may have developed detoxifying systems that also
provide resistance to methyl ketones.

Another possibility is that the tomato strain of spider mites, had already
accumulated a certain amount of the chemical during their lifetime on tomato
before the time of the application. This would result in a higher overall amount
of the chemical in spider mites of the tomato strain after the application
compared to those of the cucumber strain. In a forthcoming paper we intend to
test the accumulation hypothesis by comparing the toxicity of the methyl
ketones to spider mite strains that, prior to this test, were kept on one and the
same host plant (E.A. Chatzivasileiadis and M.W. Sabelis, submitted). In
addition, we will test more strains of spider mites obtained from other
greenhouses with cucumber and tomato crops to investigate whether or not the
correspondence in the probit lines and LC50 levels for the two strains under
study was coincidental.
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