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Stable Isotopes and Biogeochemical Cycles in Terrestrial Ecosystems, BASIN-ETH Conference, Ascona, Suisse, 21-26 March 2010 Naomi Kodama, Jérôme Ogée, John E. Hunt, Margaret M. Barbour Landcare Research, Gerald street, 7640 Lincoln Testing non-steady state models using simultaneous measurements of Δ18 O and Δ13C of CO2 and Δ18O of water Partitioning ecosystem CO2 fluxes using stable isotopes of oxygen has strong potential to improve our understanding of carbon exchange between the biosphere and the atmosphere, but requires understanding of the dynamics of leaf water H218O enrichment. Commonlyapplied models of leaf water enrichment assume isotopic steady state, i.e. having constant leaf water volume and identical isotopic composition of input and output fluxes. However, recent investigations have shown that leaf water is usually not in isotopic steady state especially under field conditions, so that oxygen isotopic enrichment in the non-steady state has to be considered. We developed a novel system that provides simultaneous measurements of the isotopologues of water vapour and CO2 in air streams entering and leaving leaf chambers using traditional leaf gas exchange equipment coupled to a CO2 and a water vapour isotope laser. This system allows measurement of photosynthetic 13CO2, C18O16O and H218O vapour discrimination on-line, in real time, and with a temporal resolution of five minutes. By enclosing leaves at two positions (at base and distal positions), we were able to monitor spatial variation in dynamic responses of leaf water H218O enrichment, and it's influence on C18O16O discrimination, after step changes in humidity, source water δ18O and light intensity. Steady-state models were unable to reproduce observed discriminations, and the measurements were most accurately modelled when both longitudinal and radial diffusion of H218O within the leaf was considered.
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