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Abstract 

 

 

Increase in agricultural production to insure food security and energy demand by 2050 might 

result in higher greenhouse gas emissions (GHG) from the agricultural sector. Managed grasslands, 

however, offer the opportunity to offset some of the GHG emission through the storage of carbon in 

terrestrial systems by photosynthesis. Photosynthesis, however, is highly sensitive to environmental 

conditions. Especially, plant ability to harvest and use light energy for photochemistry can be 

impaired by abiotic stresses. While numerous studies have focused on the impact of environmental 

constraints on ecosystem carbon fluxes, the influence on ecosystem photochemical capacity is 

understudied. The main goals of this thesis was to evaluate how environmental constraints impacted 

the grassland photochemical capacity and how variations in processes involved in light reactions of 

photosynthesis influenced ecosystem carbon fluxes. 

Frequent chlorophyll fluorescence measurements were conducted over a two-year period, on 

three grassland species (Lolium perenne L., Taraxacum sp., and Trifolium repens L.). The 

ecosystem photochemical capacity was estimated from measurements performed on the three 

grassland species. In addition, monitoring CO2 fluxes was performed by eddy covariance. Our 

results showed that photochemical capacity of the primary grasslands species exhibited diurnal and 

seasonal variations. The monocot L. perenne and the dicots (Taraxacum and T. repens) exhibited 

different acclimation strategies. All species exhibited the onset of energy dissipation mechanisms 

within the photosystem II but expressed contrasted response in the photosystem I efficiency. As a 

result, the ecosystem also exhibited variations in its ability to harvest and use photon energy. The 

strongest declines in photochemical capacity were observed in summer when abiotic stresses such 

as high light and high air temperature were combined. However, decrease in photochemical 

capacity did not result in a decreased ability to fix carbon in the grassland. The maintenance of 

carbon assimilation despite the onset of energy dissipation mechanisms can be explained by the 

higher availability of light energy under these conditions. 

In the final section of this PhD thesis, we discuss how future experiments can improve our 

knowledge in plants functional ecology and in the relationship between the photochemical capacity 

and ecosystem carbon fluxes. We also discuss how these results can benefit GHG mitigation 

strategies and how plants influence GHG balance through other routes than photosynthesis. 

 


