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Effects of legume density on N 2 O emissions of an upland pasture

Results

Conclusions

Understanding the effects of land-use change on N 2 O emissions is essential for accurate predictions of ecosystem responses to global change. Experimental studies have shown that changes in land-use may impact ecosystem function both directly (e.g. modifications in soil fertility and disturbance regime) and indirectly (e.g.modifications in community structure and species richness). However, the role of plant community composition and in particular, legume presence, on N 2 O emissions remains unclear. We used a 15 N labelling experiment to determine the influence of legume density on N 2 O fluxes and soil-plant N transfers in a fertilised, grazed grassland ecosystem.

• During the study we observed a number of peaks in N 2 O emissions (Fig. 1). The first peak occurred in both high and low clover treatments as a direct response to initial fertiliser addition; N 2 O reponse showed no significant difference between clover treatments. Subsequent, smaller emission peaks generally coincided with favorable environmental conditions (temperature and rainfall) and were mirrored across clover treatments. However, the low-clover treatment showed higher N 2 O emissions than the high-clover treatment from DOY 160-166 (Fig 1 .). Limited N 2 O responses were observed following the second fertiliser application due to very dry soil conditions.

• N 2 O fluxes derived from 15 N-labelled fertiliser peaked at ~40% shortly after fertiliser application and decreased progressively over time (Fig. 1). The relative share of N 2 O-N derived from 15 N-labelled fertiliser showed a tendency to be higher in the low-compared to high-clover treatment from DOY 150-175. This pattern was confirmed by estimations of 15 N recovery in the different plant, soil and N 2 O pools (Fig. 2). . N 2 0 fluxes were measured from April to December at 4h intervals using an infra red gas analyzer (ThermoEnvironment Instruments 46C).

• One week after the start of the experiment, 15 N-labelled mineral N fertiliser (70kg N ha -1 yr -1 , 4.1 at% 15 N) was applied to each chamber; chambers received a second unlabelled fertiliser application of the same size in July.

• After each N application, gas samples were taken at regular intervals for a period of 8 weeks for the analysis of the isotopic composition of N 2 O ( 15 N: 14 N). During the study, grazing was simulated by cuts: at each cut we determined the 15 N of different plant and soil pools. Stepwise multiple regression analyses of clover mass, grass mass and soil WFPS on N 2 O emissions across treatments revealed that mean daily N 2 O emissions could be predicted from WFPS and clover mass alone (R 2 0.31, P<0.05).

Mean N 2 O Day = 0.63 WFPS -0.35 clover -168

Correlation analysis also showed a positive correlation between WFPS, grass and clover biomass (Table 1.). Table 1. Correlation analyses between clover dry mass, grass dry mass (g m -2 ) and WFPS. Data are pooled across treatments; all correlations are significant at P<0.05. 

•

  We used an upland semi-natural grassland site in central France with continuous grazing from May to October (mean stocking rate of 1.2 LU ha -1 yr -1 ) and N fertilization of 260 kg N ha -1 yr -1 • In April 2008, replicated automatic chambers (n = 4) were installed on plots with different %presence of clover (low: 19 ± 4% and high: 35 ±4 %)

  to expectations, we found a tendency for increased N 2 0 emissions under low clover. Our data indicate increased reliance on fertiliser N for N 2 O emissions by soil microbes in the low clover (and low N fixation) treatment. Increased fertiliser-use efficiency by the microbes may account for the increased N 2 O emissions observed; future experiments under controlled conditions will determine whether such patterns reflect changes in either the size or composition of the microbial pool.

Figure 1 .

 1 Figure 1. Mean N 2 O emission rates in low and high density clover plots at an upland grassland site. Mean daily rainfall (mm) and soil water-filled pore space (%) are shown. The relative share of N 2 O-N derived from 15N-labelled fertiliser is shown for gas samples taken during the study period.

Figure 2 .

 2 Figure 2. Relative share of recovered 15 N in N 2 O, shoot, root and soil pools for high (h) and low (l) clover treatments. Cumulative 15 N recovered of the course of experiment is shown.