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Abstract 
Increasing atmospheric CO2 and other greenhouse gasses coupled to the accelerated rate of global 
warming puts plants and ecosystems under the strain of a rapidly changing abiotic environment. 
Understanding the impacts of changing global climate is a strong focus of plant science and the 
establishment of more resilient crop variants is an important goal for breeding programs. Our 
understanding of plant responses and acclimation to abiotic conditions has improved substantially 
over the last decades but the combination of a complex abiotic environment and high biological 
diversity, both on molecular as well as on species level, leaves us still with a lot of uncertainties. The 
aim of this doctoral thesis was to establish a link between plant thermal responses and the carbon-
nitrogen balance of plants. The work in this thesis focused on ecologically significant species of the 
boreal region: Picea abies, Pinus sylvestris and Betula pendula; and Betula utilis, which is one of the 
prominent tree species in the high altitudes of the Himalayas. The results presented demonstrate 
that sub-optimal temperatures combined with other abiotic factors can have additive effects that are 
not easily deducible from the effect of the two factors separately. Low nitrogen availability enhanced 
the negative effect of low temperature, while elevated CO2 enhanced plant growth under moderate 
increases in temperatures but under a more extreme temperature increase it exacerbated the 
negative effect of heat. I also show evidence that species, despite being grouped into the same 
functional group or inhabiting the same biome can have different thresholds to temperature and to 
shifts in the C/N balance of their environment and that these differences can, to some extent, be 
explained by their differential growth strategies. Furthermore, I demonstrate results supporting the 
hypothesis that the C-N fluxes between mycorrhizal fungi and tree are strongly dependent on the C 
and N in the environment, highlighting the significance of the tree-mycorrhiza associations in the C 
sequestration capacity of the boreal region. In this thesis I also present a generalised empirically 
based mathematical model that can describe the respiration-temperature response of plant 
functional types or biomes with high precision, giving a more accurate estimate of NPP when 
implemented in global climate models, and has the potential to incorporate the thermal acclimation 
of respiration, further increasing the precision of estimating carbon fluxes under future warming 
temperatures. My results provide novel insights into the interactive temperature-carbon-nitrogen 
responses of plants, taking a step towards better understanding the response of plants and forests to 
future climates. 
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