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Nutritional and
management strategies to
reduce Nitrogen excretion,
Ammonia and Nitrous
Oxide emissions

Key external stakeholders:

Practical implications for stakeholders:

Main results:

= Nitrous Oxide emissions and Nitrate leaching were strongly related to urine N content. This suggests
that dietary N manipulations can substantially reduce environmental Nitrogen losses.

= The main loss of Nitrogen from grazing animals is benign Di-Nitrogen gas emissions which
accounted for close to 25% of the urine Nitrogen applied.

= The Nitrification inhibitor DCD reduced N,O emissions and N leaching by up to 70% and 50%
respectively. Increased pasture N uptake was also observed particularly in year one. However, the
response to DCD was variable.

= The N,O emission factors (EF; values) were below 0.4% from urine N applied in all treatments
during both years, which is considerably lower than the current IPCC default value. In addition, the
N,O emission factor decreased with increasing urine N rate.

Opportunity / Benefit:
= Dietary manipulation can be used to substantially reduce Nitrogen loss to the environment from
grazing cows. Nitrous Oxide emission factors for this free draining Irish soil are considerably lower
than the IPCC default value.
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Losses of Nitrogen from agricultural production systems to the environment are of concern, particularly in the
context of dairy expansion envisioned in Food Harvest 2020. Principally lost as ammonia (NH3), Nitrous
Oxide (N,O) these emissions are deleterious to aquatic and terrestrial ecosystems and contribute directly or
indirectly to climate change. Ireland, along with other countries has committed to reducing national emissions
of these gases under the EU Climate and Energy Package and Gothenburg Agreement. As Irish agriculture,
and in particular, animal production, contribute to large portions of national NoO and NH; emissions, there is
a requirement to examine strategies that reduce these emissions, of which dietary manipulation to reduce
animal N excretion offers great potential. In addition to gaseous losses, Nitrogen can be lost to water via
Nitrate leaching, contributing to deterioration of freshwater and estuarine ecosystems, drinking water quality
and also contributing to indirect N,O emissions. This project examined the potential of reducing urine N
excretion by dietary manipulation on the fate of urinary N in the soil.

This research addressed the following questions:
= |s there a relationship between urine N content and Nitrous Oxide emissions and Nitrate leaching?
= What proportion of the urine N applied is utilised by grass?
= What is the fate of urine N when applied to soil?
= Can Nitrification inhibitors reduce losses of Nitrogen to the environment?

Intact monolith lysimeters (0.5 diameter by 0.7m deep) were collected from intensively managed grassland in
Teagasc, Moorepark and installed in a new facility in Johnstown Castle. Urine was collected from cows at
milking a few days before the experiments started and was stored in a cold room prior to application. Urine
was applied at 5 rates of Nitrogen, 0, 300, 500, 700 and 1000 kg N ha” to the lysimeters in Iate Autumn.
Dicyandiamide (DCD), a Nitrification inhibitor was applied in solution form at 30 kg DCD ha” in two split
applications following urine. Measurements of gaseous N emissions, Nitrate leaching and pasture N uptake
were made for a calendar year foIIowmg urine application in two consecutive experiments. The fate of urine
N in soil was investigated using N labelled urine at the 1000 kg/ha rate which enabled urine partitioning
between plant uptake, Nitrate leaching and the Denitrification end products of N,O and N, to be quantified.

Increasing urine Nitrogen loading rate resulted in an increase in the cumulative Nitrous Oxide (N,O)
emissions, N leaching and pasture uptake. The relationships between urine N rate and N,O emissions and N
leaching were curvilinear, with the increase in N recovered in each fraction diminishing at the higher N rates.
The exception was with pasture N uptake, where the relationship with urine N rate was curvilinear with an
exponential increase at the higher N rates. The main driver for these responses was thought to be the
increase in the supply of N in the soil with increasing urine N loading rate, which was able to be Denitrified,
leached or taken up by the pasture. Application of the Nitrification inhibitor DCD reduced N,O emissions and
N leaching, and increased pasture N uptake, particularly in year one. However, the response to DCD was
variable, and no consistent interaction between DCD and urine N rate was found. It is likely that at least
some of the DCD was removed from the soil via leaching, which explained the reason for the variable
response in N,O emissions, N leaching and N uptake between urine N rates, and between years. As a
percentage of the N applied, the mass recovery of N in N,O emissions, N leaching and N uptake did not
change significantly. The ‘missing’ N was recovered in soil immobilisation and N, emissions, usmg the "N
isotopic balance method at the 1000 kg N ha” urine rate. The use of mass balance and '°N balance
methods highlighted the significance of mineralisation-immobilisation turnover processes in a urine patch
and their contribution to N loss pathways. This study showed that the largest loss of Nitrogen was removal
via environmentally benign N, which has major implications for N balance studies in pastoral soils.
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5. Opportunity/Benefit:
Nitrogen loss to the environment can be reduced through reducing N excretion via dietary manipulation and
the use of DCD. Nitrogen losses from urine patches are dominated by environmentally benign N, emissions.

6. Dissemination:

The results of the project have been presented at national and international conferences. There are two
scientific papers under review in high impact international journals. The outputs from the project have been
sent to relevant national policymakers.
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