Criteria for including the effects of urease inhibitors on reported ammonia emissions

Mandate from TFEIP

The European Union Fertiliser Regulations (REGULATION (EU) 2019/1009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 5 June 2019 laying down rules on the making available on the market of EU fertilising products) specifies criteria that must be fulfilled before a compound or substance can be marketed as a urease inhibitor. The text is below:

PFC 5(C): UREASE INHIBITOR
1. A urease inhibitor shall inhibit hydrolytic action on urea (CH4N2O) by the urease enzyme, primarily targeted to reduce ammonia volatilisation.
2. Compared to a control sample where the urease inhibitor has not been added, an in vitro test containing the urease inhibitor shall show a 20 % reduction in the rate of hydrolysis of urea (CH 4 N 2 O) based on an analysis carried out 14 days after application at the 95 % confidence level.

At the meeting of the TFEIP in Dessau, Germany in May 2024, it was the opinion of the Agriculture and Nature Expert Panel that these criteria were insufficient to justify the inclusion of the effect of the use of such compounds or substances in national emission inventories. Some emission compilers were already being asked to include the effects of urease inhibitors (UIs) in their inventories and guidance on this matter was requested. The Expert Panel co-chairs were asked to take the lead in developing and publishing a document that would provide a citable reference that would define the criteria considered necessary before the effects of a compound marketed as an inhibitor on ammonia (NH3) emission could be included in an emission inventory submitted under the Convention or EU National Emission reduction Commitments Directive (2016/2284/EC).

Action by the co-chairs

The co-chairs contacted NH3 emission experts worldwide, to seek a consensus concerning the criteria. It quickly became clear that there was a similar but more widespread concern about the criteria for including the effects of the use of nitrification inhibitors (NIs) when reporting nitrous oxide emissions under the Paris Agreement. It also became clear that the nature of those concerns was similar to those relating to urease inhibitors and that a number of relevant documents had already been developed and published, under the coordination of the Global Research Alliance (https://globalresearchalliance.org/library/nitrous-oxide-chamber-methodology-guidelines-2020/). It was therefore decided to develop a citable document that considered the criteria for both UIs and NIs. This document has now been published (Link will be provided when published).

Urease inhibitors and synthetic urea-based fertilisers

In contrast to the situation for NIs, we do not have publications to which we can refer for detailed recommendations concerning NH3 measurement protocols. However, such details will be included in the revised UNECE Ammonia Guidance Document. The revision of the Ammonia Guidance Document is currently being undertaken by the UN Task Force on Reactive Nitrogen and the revised version is expected to be published in 2025. In the interim, we recommend the publication by Pedersen et al. (2018) for a description of the methods.

The use of UIs is only relevant where some or all of the nitrogen is in the form of urea. . Their use is mainly in conjunction with the application to land of urea-based synthetic fertilizers but they can also reduce the NH3 emission from freshly-deposited urine in livestock housing. For field-applied fertilizers, the function of the UIs is to delay hydrolysis, allowing time for soil and crop processes to reduce NH3 volatilization. For solid urea-based fertilizers, there is an additional reduction mechanism, whereby the reduction in the rate of hydrolysis allows time for soil buffering to limit the rise in the pH of the soil solution adjacent to the fertilizer granules. Since the NH3 volatilization rate is highly sensitive to pH, this reduces the NH3 emission. In the interim before the revised UNECE Ammonia Guidance Document becomes available, we recommend that to quantify the efficacy of UIs in reducing NH3 emission from field-applied synthetic urea-based fertilizers, the design of experiments should follow the same general principles as for NIs, with the following modifications:
· For applications made during or immediately prior to the growing season, measurements can be terminated when NH3 emissions from the plots treated with UI(s) fall to the level in the untreated plots. This will often occur within 2-3 weeks. The duration of measurements may need to be longer for applications made outside the growing season, particularly in arid or semi-arid climates, as the volatilisation rate is likely to be lower but continue for longer.
· A separate measurement campaign is required if NIs are applied in addition to the UI. This is because the action of the NIs will tend to retain more of the applied N in the ammonium form and this may increase NH3 emissions.

We note that both Austria, Ireland and the United Kingdom already include the effects of established UIs in their emission reporting based on national research under the Convention and the National Emission reduction Commitments Directive (2016/2284/EC). Furthermore, the New Zealand government has published guidance on the process necessary for inclusion of the effects of inhibitors in their national greenhouse gas inventory (Ministry for Primary Industries; 2023).

Urease inhibitors and livestock housing

The application of UIs in livestock housing is only relevant where there is a mechanism in place to reduce NH3 emission in the longer term e.g. containment in a closed vessel. There have been few investigations of the use of UIs in livestock housing and it is not currently possible to provide detailed guidance. However, as the efficacy of UIs is likely to vary with the climate in the livestock housing, then it would be necessary that measurements were made in different seasons of the year, as in Bobrowski et al. (2021). 
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