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Understanding abiotic-biotic interactions 
is becoming increasingly important in a 
rapidly changing world. The aim of my 
thesis was to explore how these climate-
related factors impact interactions in-
volving plants, insect herbivores, preda-
tors, parasitoids and hyperparasitoids.

I designed experiments using a natu-
ral study system with four trophic levels, 
including black mustard plants, Brassica 
nigra, and two insect herbivores, Pieris 
brassicae and Plutella xylostella, an avian 
predator, Parus major, Cotesia glomerata 
as a parasitoid, and three hyperparasi-
toids, Gelis agilis, Acrolyta nens and Lysibia 
nana. Experiments were performed in the 
greenhouse and in incubators. 

Experiments showed that P. brassicae 
perceived lower predation risk when  
exposed to P. major under windy condi-
tions, and extends its developmental 
program by prolonging its larval devel-
opment to achieve a larger adult body 
size. Next, I found that rain exposure 
extended the development time of both 
herbivore species and had a strong nega-
tive effect on the survival of P. xylostella, 
but not on that of P. brassicae. Overall, 
plant-mediated effects of wind and rain-
fall exposure on two insect herbivores 
were generally small. Exposure to simu-
lated heatwaves differentially influenced 
reproduction and functional responses of 
two hyperparasitoid species, with strong-

er negative effects on the reproduction 
of G. agilis (a less fecund species) than on 
A. nens (a more fecund species). Simu-
lated heatwaves also negatively affected 
species coexistence at the terminal end 
of food chain, with higher temperature 
enhancing the competitive advantage of 
L. nana. 

In conclusion, abiotic factors (wind, 
rainfall, temperature) had important 
effects on the plant-herbivore and 
parasitoid-hyperparasitoid multitrophic 
interactions that I studied in this the-
sis. Future studies integrating various 
climate-related abiotic factors into 
multitrophic interactions at global scale 
are urgently needed to understand and 
mitigate the ecological effects of climate 
change.
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The aim of this thesis was to test if soil 
inocula from grassland plants can be 
used to increase growth of greenhouse 
cut-flower chrysanthemum and to re-
duce its susceptibility to above- and be-
lowground pests via plant-soil feedback. 

First, wild plant species from natural 
Dutch grassland were selected to condi-
tion their native soil. In the test phase, 
rhizosphere soil from each plant species 
was used as inoculum (10%) mixed with 
sterilized soil, then chrysanthemum 
was planted in the soil with or without 
aboveground or belowground pests. Py-
thium ultimum and Meloidogyne incognita 
were used as pathogens, and the Western 
flower thrips Frankliniella occidentalis as an 
insect herbivore.

Chrysanthemum had strong nega-
tive feedback effects to itself. In the test 
phase, chrysanthemum yield was lowest 
when it was grown in sterilized soil that 
had had one chrysanthemum growth 
cycle. Inocula from soils conditioned by 
natural grassland species reduced these 
negative feedback effects. Moreover, in 
the presence of the pathogen, chrysan-
themum grown with soil inocula from 
grass had the highest yield. Overall, soil 
inocula from grassland plants did not 
significantly influence the susceptibility 
of chrysanthemum to thrips, possibly 
because the performance of thrips was 
tested on detached chrysanthemum 
leaves. With this approach effects of in-

duced systematic resistance by beneficial 
microbes may not have been effectively 
measured in this way and future studies 
should focus on thrips performance on 
intact plants.

The trade-offs between maximum 
yield and sustainability are a core topic 
when trying to use ecological knowledge 
to solve agricultural problems. Current 
agricultural practice, such as soil sterili-
zation and pesticides may result in the 
highest yield in the short-term, but are 
unsustainable because yields may drop 
sharply when negative feedback effects 
build up in the soil over several growth 
cycles. In the long-term, soil inocula from 
grassland plant species can provide ben-
efits such as reducing the susceptibility 
of chrysanthemum to soil-borne disease 
by building a healthy microbiome in the 
soil. Future studies should focus on the 
characteristics and mechanisms of soil 
microbiomes that promote chrysanthe-
mum growth to define and engineer a 
healthy microbiome for sustainable crop 
cultivation. 
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Het doel van mijn proefschrift was het 
onderzoeken van interacties tussen plan-
ten, rupsen en sluipwespen op verschil-


