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Abstract: Eutrophic lakes represent significant sources of nitrous oxide (N20) emissions, and accurate quantification of their
N:O release is essential for refining global N2O budgets. However, due to the high spatiotemporal variability of N2O fluxes and
the complexity of influencing factors, the specific mechanisms through which eutrophication affects N>O emissions remain

poorly understood. This study selected Lake Taihu, the third largest freshwater lake in China, to measure N-O diffusive fluxes at
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the water—air interface using the headspace equilibration method and to identify the key drivers of N2O emissions. The results
indicated that: (1) N2O diffusive fluxes in Lake Taihu ranged from 1.7 to 30.6 pmol/m?/d, with an annual average of 8.9 + 5.1
pumol/m?d. Although eutrophication levels in algal-dominated zones were significantly higher than those in macrophyte-
dominated and transitional zones (P < 0.05), no significant differences in N.O emissions were observed among these zones (P >
0.05). This suggests that in moderately eutrophic lakes such as Lake Taihu, further eutrophication does not necessarily lead to
increased N>O emissions. (2) Water temperature was the most important factor influencing N-O emissions. Further analysis
revealed that N2O emission processes were co-regulated by dissolved organic carbon and nitrate concentrations in the water
column. (3) Based on these findings, a multiple regression model was developed that effectively corrects the overestimation of
N:O emissions from Lake Taihu by the [IPCC methodology through the incorporation of water temperature, an easily
measurable environmental variable. This study enhances the mechanistic understanding of how eutrophication influences N-O
emissions in lakes and provides a scientific basis for improving N-O emission estimates.
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Fig. 1 Distribution of sampling points (a), algal-dominated zone (b), transitional zone (c)
and macrophyte-dominated zone (d) in Lake Taihu
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Fig. 2 Water environmental factors in the algal-dominated zone, transitional zone and macrophyte-dominated zone of Lake Taihu.

Different letters above the boxes indicate statistically significant differences between lake zones, a>b (P<0.05)
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Fig. 3 N,O soluble concentration and diffusion flux in the algal-dominated zone, transitional zone and macrophyte-dominated zone of
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goodness-of-fit index (GFI)
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Fig. 9 NOs™-N concentrations in the algal-dominated, macrophyte-dominated, and transitional zones of Lake Taihu (a); Michaelis-
Menten equation fitting between NO;-N and N,O concentrations (b); Michaelis-Menten equation fitting between the DOC/NO5™-N ratio

and N2O concentrations (c).
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