Impact of reduced-NH3 emission application techniques on emissions of N2O

This section summarizes the results of work which has measured the impact of reduced-NH3 emission application techniques on emissions of N2O, without taking measurements of NH3.  These results are then discussed together with those of studies reported in the section on NH3 abatement which measured both NH3 and N2O.

Measurements of nitrous oxide only

Thorman et al., 2007, FYM

FYM was collected form cattle and pigs housed on different amounts of straw. The FYM had been stored for 12 months.  Pig FYM was spread in late March, cattle FYM in July.  Both manures were either left on the surface or incorporated by plough within 4 h, and in the case of cattle FYM incorporation within 4 h by disc was also evaluated.


Emissions were measured for 2-3 months.  From pig FYM emissions of N2O were always greater when manure was ploughed in immediately, but only significantly so (P <0.05) for fresh FYM.  Conversely, emissions from cattle FYM were always greatest from the surface application, but in no case was the difference significant.  The two experiments were conducted at different sites with differences in soil and weather conditions.  The authors concluded that the apparent differences between manures with respect to emissions of N2O was most likely a consequence of those envoronmental differences than due to differences in the manure properties.

Perälä et al., 2006

Nitous oxide emissions were measured after slurry was injected or incorporated after application by TH.  There was no comparison with surface-applied slurry, so the results in Appendix 1 are N2O-N as % of N applied over the 5 month measuring period.  In contrast to some other reports, N2O-N emissions from injected slurry and fertilizer-N were significantly less than from slurry alone.  The smallest N2O-N emissions were from slurry incorporated with fertilizer-N.  The greatest N2O-N emissions were observed at a medium moisture content which allows both nitrification and denitrification to occur.  However, the month after application was drier than average (c. 50% of long-term average) and this may have influenced the results.

Vallejo et al., 2005

These workers simulated injection to 5 cm around a lysimeter.  The measurement period covered 7 months.  There was no significant difference between surface application and injection for emissions of either N2O or NO expressed as g m-2.  Both the denitrification rate and N2O emission correleated very significantly with water-soluble carbon (WSC).  The lack of difference in, N2O emissions was attributed to the WSC being the same for surface-applied and injection treatments.  

Velthof et al. (2003)

Velthof et al. (2003) summarised earlier work on the impacts of manure application on N2O emissions as suggesting that while some studies showed no clear effect of application technique from livestock slurries on N2O emissions, other studies had indicated increased N2O emission from slurry injection.  They postulated that the impacts of application techniques will be moderated by O2 impacts on N2O production, local N concentrations in soil and the length of the diffusion path of N2O to the atmosphere.

Velthof et al. (2003) measured N2O emissions in an incubation study from a range of manures including cattle and pig slurry and layer manure.  A sandy soil was chosen and a mixture of topsoil and subsoil used.  The reason given for such a mixture was that the authors which to avoid large backround emissions of N2O that might have arisen from using topsoil only.  Manures were thoroughly mixed with the soil.  There were only comparisons with manure left on the surface for pig slurry. Emissions of N2O were measured for 98 days.  No NO3 was measured in any of the manures.  In comparison with N2O emissions from mineral fertilizer (ammonium nitrate (AN) and ammonium sulphate (AS)) there were larger fluxes from all the manures on day 1 but smaller emissions on days 2, 3 and 4.  Emissions from AN and AS were remarkably similar on each of those first 4 days, suggesting nitrification took place immediately and denitrification a day later.  After an initial flux up to day 15, N2O emissions from manures subsided but then peaked again between days 60 and 90 following addition of water

Emissions were greatest when pig manure was placed at 5 cm (P <0,05), least when placed at 10 cm (P < 0.05) and intermediate for surface application, thorough mixing and placement at 5 cm.  These results suggest that while injection to 5 cm might increase emissions of N2O, deeper injection might reduce them.

The impacts of manure addition on N2O emissions may also be affected by soil organic matter (SOM) content, texture and pH.  They suggested that the effect of the added C in manures on denitrification and N2O emissions would be greatest in soils with little SOM, since a mechanism of N2O emission following manure application can be denitrification of soil nitrate fueled by the readily metabolizable carbon added in manures.  In soil volatile fatty acids (VFA) are metabolized within a few days by soil bacteria, increasing denitrification and/or N immobilization (Kirchmann and Lundvall, 1993, cited in Velthof et al., 2003).  Pig manures usually have greater VFA contents than cattle manures (Kirchmann and Lundvall, 1993).  Velthof et al. (2003) also reported that manures with a C:N ratio > 15 would lead to initial immobilization of N, thus reducing or postponing N2O emission (Chadwick et al., 2000, cited in Velthof et al., 2003).

The conclusions that can be drawn from this limited data are as follows.  While it might be expected that reducing emissions of NH3, by conserving N in soil and adding a readily metabolizable source of C, has the potential to increase emissions of N2O, such increases are not always measured.  There are a number of reasons for this: injection or incorporation by increasing the length of the diffusion path from the site of denitrification to the soil surface may lead to a greater proportion of denitrified N being emitted as N2; the subsequent soil moisture status and hence aeration may not be suitable for increased N2O production; in soils already well-supplied with both readily metabolizable C and mineral N any increase in N2O emission may be too small to have a significant effect.

Solid manure incorporation

Mkhabela et al., 2008

Not really a study of incorporation per se, rather a comparison of conventional and zero tillage.  

Manures incorporated, 'soon after spreading'. N2O emissions measured for a full year from FYM, 2 months after slurry.  Incorporating manure reduced emissions of both NH3 and N2O, although there were no control plots to measure background emissions of N2O. 

Greater denitrification and N2O production under NT was considered to be in part due to the presence of greater amounts of available-C under NT and greater aeration under CT created by tillage.

Rohde and Karlsson, 2002

Compared NH3-N emissions from broiler manure left on the soil surface or incorporated after 4h by harrow.

Conclusions

There are not enough field studies reporting both NH3-N emissions and N2O emissions measured over 12 months to draw firm conclusions.  The available data suggest a different pattern of results for slurry and FYM:

· Following application of slurry by reduced-NH3 emissions spreading techniques emissions were usually greater than when manures were surface-applied, although differences were not always significant.

· When solid manures are rapidly incorporated N2O emissions have often been less than from surface application, in some cases significantly less.

In an incubation N2O study emissions were greatest when pig manure was placed at 5 cm (P <0,05), least when placed at 10 cm (P < 0.05) and intermediate for surface application, thorough mixing and placement at 5 cm.  These results suggest that while injection to 5 cm might increase emissions of N2O, deeper injection might reduce them
The addition of labile C in manures has been proposed as a mechanism for increasing emissions of N2O by more than would be expected as a result of the addtional N entering the soil as a result of NH3 abatement.  There are a number of reasons why reduced-NH3 emission application techniques would not always lead to greater emissions of N2O: injection or incorporation by increasing the length of the diffusion path from the site of denitrification to the soil surface may lead to a greater proportion of denitrified N being emitted as N2; the subsequent soil moisture status and hence aeration may not be suitable for increased N2O production; in soils already well-supplied with both readily metabolizable C and mineral N any increase in N2O emission may be too small to have a significant effect. It has been suggested that the effect of the added C in manures on denitrification and N2O emissions would be greatest in soils with little SOM.
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