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Summary

Plants are members of complex ecological communities, often consisting of
species from different trophic levels, including herbivorous arthropods, plant

pathogenic micro-organisms, predators, parasitoids and pollinators. Attack by herbi-
vores and pathogens leads to the rapid adjustment of a plant’s metabolism, which
may affect interactions in the entire plant-associated community. The molecular
mechanisms of plant defense responses, as well as how these responses mediate
interactions with the various plant community members, are currently topics of major
interest in the field of plant-herbivore interactions.

In the research described in this thesis, I have investigated ecological interactions
occurring between members of a simple community on the cultivated tomato
(Solanum lycopersicum). For my experiments, I used three herbivore species as well
as a microbial pathogen: (1) the specialist tomato russet mite (Aculops lycopersici);
(2) the generalist two-spotted spider mite (Tetranychus urticae); (3) the specialist
tomato red spider mite (Tetranychus evansi) and 4) the plant pathogen Pseudomonas
syringae pv. tomato (Pst). In the first part of this thesis, the consequences of russet
mite herbivory for tomato plant defenses are described. Tomato defenses are regu-
lated by two main phytohormones: jasmonic and salicylic acid, and these two are
well-known to antagonize each other’s actions.

As reported in CHAPTERS 2 and 4, I found that russet mites caused an accumula-
tion of the plant hormone jasmonic acid (JA), just like spider mites did. However,
defense responses downstream of JA-accumulation were not, or only marginally,
induced by russet mites whereas they were strongly induced by spider mites. From
this result, I conclude that russet mites suppress JA-defenses and this suppression
occurs downstream of JA-biosynthesis. Additional infestation of spider mite-infest-
ed plants with russet mites resulted in a significant downregulation of the spider
mite-induced JA-response. In contrast, both russet mites and spider mites induced
a strong salicylic acid (SA)-dependent defense response, and, accordingly, this
response was doubled in the presence of both mite species. Furthermore, a signif-
icant suppression of spider mite-induced JA-defense marker genes by russet mites
was not observed in SA-deficient nahG tomatoes, indicating that in the presence of
both species spider mite-induced JA-responses are antagonized by SA. However,
in contrast to spider mites alone, russet mites alone still did not induce JA-respons-
es in nahG plants. This suggests that russet mites suppress JA-defenses independ-
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ent from SA, even though accumulation of the latter might well reinforce this sup-
pression.

In the second part of this thesis, the ecological consequences of russet mite-
induced responses were investigated using two natural competitors of russet mites:
the spider mite T. urticae and the bacterial leaf pathogen Pst. As described in
CHAPTER 3, I found that spider mites had a higher reproductive performance on wild-
type tomato plants that had been pre-infested with russet mites compared to clean
plants, which may explain why in the field russet mite infestations are often followed
by spider mite infestations. Increased performance of spider mites on russet mite-
infested plants was not observed on JA-deficient def-1 plants, nor on prosys+ plants,
which display constitutively activated JA-responses, suggesting that the positive
effect of russet mites on spider mites is due to suppression of JA-defenses by rus-
set mites. Spider mites, in turn, inhibited russet mite growth and this happened on
both wild-type and def-1 plants, suggesting that it is due to direct competition of spi-
der mites on russet mites. In additional experiments, I found that russet mites sup-
pressed growth of the bacterial pathogen P. syringae on wild-type, but not on nahG
tomatoes, indicating that Pst suffers from SA induced by russet mites.

In CHAPTER 4, the analysis of transcriptional changes of single genes was extended
by performing a transcriptome-wide analysis in mite-infested tomatoes using microar-
rays, with the specific aim to compare transcriptional changes induced by the two ‘sup-
pressor’ species T. evansi and A. lycopersici. In terms of number of genes regulated, the
russet mite-induced transcriptional profile appeared to be similar to that induced by T.
urticae whereas the effect caused by T. evansi was much more subtle compared to T.
urticae and A. lycopersici (ca. 8× fewer genes regulated). The mechanisms underlying
this differential impact on the tomato transcriptome remain to be elucidated.

In the third part of the thesis, the implications of russet mite attack for biological
control were investigated. As reported in CHAPTER 5, russet mite herbivory causes a
distinct and dramatic effect on the tomato glandular trichomes, i.e. the heads of glan-
dular trichome rapidly turn brown, after which they dry out and collapse onto the
plant surface, as do the non-glandular trichomes. As a consequence of the clearing
of the trichomes, predatory mites were better able to establish themselves on russet
mite-infested plants, even though biological control on these plants appeared to be
still insufficient. This is likely due to the fact that too many russet mites still receive
protection from predation from trichomes that have not yet degraded. The function-
al significance of the ‘trichome degradation’ phenotype as well as the mechanism
underlying this phenomenon remains to be determined.

Finally, as discussed in CHAPTER 6, we sequenced the russet mite genome allow-
ing us to identify some candidate effector proteins, which might be involved in rus-
set mite-induced defense suppression as well as trichome degradation.
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