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Summary

Increasing atmospheric nitrous oxide (N2O) concentrations cause concern as they contribute to anthropogenic radiative forcing and stratospheric ozone destruction. The main N2O producing processes in the terrestrial biosphere are nitrification and denitrification, which are key processes in the N cycle. This thesis focuses on environmental controls on the rates and the relative N2O production of nitrification and denitrification in agricultural soils and constructed wetlands. A series of process studies was preformed both in field and in laboratory. Microbial process rates were measured by production or consumption of gasses (CO2, N2O, NO and O2) or by changes in dissolved ions (NH4+, NO3-, NO2-). Processes were apportioned by using inhibitors and 15N stable isotope techniques.

Process studies focused on four environmental factors: (1) effects and mechanisms involved in N2O emission pulses commonly observed upon freezing and thawing of arable soils, (2) environmental controls of nitrification and denitrification associated with soil pH, (3) the role of wetland filter material for N removal by denitrification versus dissimilatory nitrate reduction to ammonium (DNRA) and (4) the role of plants and microbes in competing with denitrification for mineral N in constructed wetlands. 

Laboratory incubations of freeze-thaw treated soil suggested that nitrification plays a minor role for high winter emissions. Freeze-thaw clearly stimulated denitrification at reduced O2 concentrations. Freeze-thaw was not found to increase the denitrification product ratio (N2O / (N2 + N2O)). Instead, the rate of N2O production was highly dependent on the availability of organic carbon. Organic C released by freeze-thaw stimulated denitrification both by supplying substrate for denitrifiers and by increasing the O2 consumption.  The central role of organic C for winter emissions was further studied by adding extract of freeze-thaw treated clover plants, simulating the effect of winter-killed cover crops. The results suggest that frost killed plants contribute significantly to freeze-thaw related N2O emissions.

Since pH is a master variable for most chemical and biological processes in soils, the effect of pH on N2O production was studied in soils from long-term liming experiments, with emphasis on product ratios of nitrification (N2O / (NO2- + NO3-)) and denitrification (N2O  / (N2O + N2)). The apparent nitrification product ratio was relatively stable (0.2 - 0.9‰) in soils in the pH range 5 – 8. However, at pH 4.1 - 4.2 the product ratio (and total N2O production) was dramatically higher. It was suggested that this was due to increased aerobic denitrification in response to increased toxicity of NO2- at low pH. Experiments under anaerobic, denitrifying conditions confirmed reported findings, that N2O reduction is strongly inhibited at low pH. The results suggested that this was due to low expression N2O reductase rather than inactivation of existing one.

Constructed wetlands are designed for removal of, among others, N from agricultural runoff or sewage through denitrification. One aim of this thesis was to evaluate the suitability of different filter materials for N removal with emphasis on denitrification, N2O production and DNRA. Great differences were found for different wetland filter materials regarding their specific denitrification rates and product ratios (N2O / (N2 + N2O)). With the high pH of lightweight aggregates, very low denitrification rates and relatively high product ratios were found. However, after 3-5 years in use, the denitrification rate increased considerably. Sand, shell sand and peat showed high denitrification rates. In peat, a high product ratio of denitrification was found (due to low pH), whereas sand and shell sand produced mainly N2. DNRA was only found in 1 year old shell sand, (7 - 38% of denitrification depending NO3- concentration).

Isotope fractionation of NO3--N was used to investigate the relative importance of denitrification and plant or microbial assimilation for NO3- removal in a plant covered constructed wetland receiving agricultural runoff. The apparent isotopic fractionation suggested that denitrification was important as NO3- removal mechanism. However, stable isotope enrichment did not allow for quantitative assessment of the relative importance of denitrification versus assimilation.

Stable isotope analysis of individual chemical N compounds can be challenging, as they must be separated quantitatively from the matrix and other N species. A simplification of the denitrifier method for δ15N analysis of NO3- in solution is presented and the usability of the method for natural abundance analyses of NO3- in extracts of highly N2O reducing soils was tested.
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