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Abstract 
One main goal of ecological research is to understand nature´s complexity, in order to predict the potential 
impact of environmental perturbations. In this thesis, I investigate the ecological interactions between some 
of the most ancient organisms living on our planet: plants and insects.  
 
Focus of my research is the interaction between the wild brassicaceous plant black mustard (Brassica nigra 
L.) and its specialist insect herbivore, the large white cabbage butterfly (Pieris brassicae L). Both organisms 
are well characterized model species used in chemical ecology research. Using different analytical 
techniques, such as liquid and gas chromatography coupled to mass-spectrometry (LC- and GC-MS) and 
headspace collection of volatile organic compounds (VOCs), I apply the approach of metabolomics and 
systems biology to the field of ecology to explore the metabolic changes occurring inside the plants exposed 
to biotic and abiotic stresses. Particularly, I study the plant metabolic responses against P. brassicae 
chewing caterpillars during sequential treatment exposure to: abiotic stress by the oxidative air pollutant 
ozone (O3); dual herbivory with specialist Brevicoryne brassicae piercing-sucking aphids; and chemical 
induction of plant defences with the oxylipin phytohormone methyl-jasmonate (MeJA).  
 
Results show how during herbivore-induced responses, changes in defence- and growth-metabolic processes 
are tightly connected to stress protection mechanisms, indicating that plants actively reprogram their inner 
metabolic networks in order to adapt to consecutive changes in the environment. This thesis illustrates how 
evaluating the plant metabolome in its entirety rather than single metabolites, can help us understanding 
plant responses towards abiotic and biotic stresses, and improve our ability to predict how constant shifts in 
the environment affect plant physiology and ecology.  
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