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SUMMARY

Food Wise 2025 strategies have set challenging targets in terms of increasing production value in the dairy
and beef sectors. The projected increase in both animal numbers and nitrogen fertilizer to meet these
targets will require technologies to mitigate the projected rise in N20. However, any expansion will have
to be carried out whilst improving environmental sustainability. Sustainability is understood to encompass
economic, social and environmental attributes, and the subsequent strategic environmental assessment of
Food Wise 2025 proposed the need for a Sustainable Growth Strategy (SGS). The SGS seeks to increase the
value added by the sector per unit of emissions produced. In addition, the EU 2030 proposals has set
challenging GHG reduction targets of 40% by 2030 with an Irish target of a 30% reduction in overall GHG
emissions. The research will add to the competitiveness and sustainability of the agri-food sector,
delivering environmental technologies and innovation opportunities. The outcomes of this project will
result in the generation of additional knowledge for quantifying the sustainability credentials of the Irish
Agri-Food sector, and technologies reduce the environmental footprint of farm systems. The research will
contribute strongly to the sustainability of livestock production systems, providing mitigation options for
the reduction of N20 emissions to the environment. Climate forcing from plant production is dominated
by N20 emissions. Although emissions can be marginally reduced by “good agronomic practice”, we need
more targeted approaches to make progress. For that, MAGGE-pH concentrates on the microbial processes
responsible for production and consumption of N20 in soils. Our point of departure is the emerging
understanding of how soil pH pervasively controls the N20/(N20+N2) product ratio of denitrification The
ratio, determined by standardized anoxic incubations, declines linearly with increasing pH within the
agronomic permissive range of pH 5 to 7. Since denitrification is the dominant source of N20, this indicates
that N20 emissions from cultivated soils can be reduced substantially by increasing the pH of moderately
acidic soils beyond that needed to secure adequate crop growth. The evidence for the pH effect on N20
emission from denitrification stems almost exclusively from laboratory experiments. Now we need
stringent testing of different liming strategies under realistic field conditions. This will be the core activity
in MAGGE-pH. Moreover, we need to explore the use of noncalcareous rock powders, as traditional
calcareous limes release CO2 which can negate their potential N20 reducing effect. MAGGE-pH will also
explore novel approaches to manage soil pH via fertilizers and manure, in order to reduce both N20
emission and NH3 volatilization. Thus, the project adds some “blue sky” research to the core objectives,
and puts it to the critical evaluation by a broad consortium consisting of researchers, fertilizer companies
and practitioners. Food security is a long-standing goal for agronomy, which requires sustained soil fertility
to grow high yielding crops. The agronomic challenges for the decades to come are more complex,
however; we must strive to minimize the adverse effects on our environment. Improved management
strategies are needed to tighten nutrient cycles, improve yields, retain carbon and minimize emissions of
greenhouse gases (GHG). Soil pH is among the most pervasive variables affecting virtually every chemical,
biological and physical process in soil. At the same time, soil pH is one of the most complex of all soil
variables reflecting the combined effect of a wide range of chemical and biological processes in soil over
time. In many regions of Europe, soils have to be limed periodically to sustain soil fertility with optimum
nutrient provision and low solubility of heavy metals. However, national liming statistics suggest declining
rates of liming which could result in a gradual lowering of soil pH towards new steady state levels. While
this may have marginal effects on crop growth, it may significantly enhance N20 emissions.
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Section 1 - Research Approach & Results

Start Date
01 September 2017

End Date
31 August 2021

Select Research Programme

Research Stimulus Fund

Please select the appropriate TRL Scale

TRL 4: Technology validated in lab

NRPE Priority area

Sustainable Food Production and Processing

Total DAFM Award
€187,799.99

Total Project Expenditure

€176,955.98

Rationale for undertaking the Research

Food Wise 2025 strategies have set challenging targets in terms of increasing production
value in the dairy and beef sectors. The projected increase in both animal numbers and
nitrogen fertilizer to meet these targets will require technologies to mitigate the projected
rise in N20. However, any expansion will have to be carried out whilst improving
environmental sustainability. The Irish government set a a very challenging target to reduce
greenhouse gas emissions by 51% by 2030. Further measures are needed to reduce emissions
and there is evidence form laboratory studies that increasing soil pH could reduce N20
emissions through enhancing the nosZ soil microbial community associated with
denitrification. Increasing soil pH is also important for food security as it impacts on crop
yields and nutrient use efficiency. In many regions of Europe, soils have to be limed
periodically to sustain soil fertility with optimum nutrient provision and low solubility of heavy
metals. However, national liming statistics suggest declining rates of liming which could result
in a gradual lowering of soil pH towards new steady state levels. While this may have marginal
effects on crop growth, it may significantly enhance N20 emissions. Increasing soil pH could
both reduce N20 emissions and optimise crop yields and this required evaluation across a
range of soil type and farming systems across north western Europe.

Methodology

The methods used the long term soil pH trial at Johnstown castle to test the effect of soil pH
on nitrous oxide (N20) emissions from fertiliser applied to grassland soils in Ireland and to



elucidate the effect on the soil microbial community. Soil N20O emissions were quantified
using the static chamber technique and gas samples analysed using gas chromatography. The
soil microbial community was investigated by sampling soil at different times and both
qguantifying the functional genes associated with nitrogen cycling in soil such as the nitrifying
and denitrifying genes. Soil samples were also sequenced using the national sequencing
facility. Novel fertlisiers were assessed whereby compound fertilisers with varying nitrate to
ammonium ratios were applied to soil under controlled wet conditions. N20 emissions were
measured using that static chamber method.

Project Results

Soil pH: Is generally considered a master variable, controlling a wide range of physical,
chemical and biological properties, including a significant effect on microbial processes
responsible for production and consumption of nitrous oxide (N20), a potent greenhouse gas.
Evidence of this pH impact on microbial denitrification mainly stems from observations in
controlled laboratory experiments, while the results from field studies are more variable and
circumstantial and longer-term liming experiments are required. The long term (8 years)
effect of liming (soil pH) on field N20 emissions was investigated. All plots received a total of
300 kg ha-1 of fertiliser N (Sulfa CAN), applied in 8 splits across the growing season. N20
emissions, soil mineral N and grass yields were measured over 12-month period. We found a
negative linear relationship between soil pH and cumulative N20 emissions, with a decrease
in N20 emissions of up to 39% from limed plots compared to the unlimed control. The same
effect was observed in relation to N20 emission factors and yield scaled. N20O emissions. Our
results indicate that liming of acidic soils is a low-cost management change, with the potential
to increase soil productivity and reduce N20 emissions in intensive grassland ecosystems.
Soil Microbial Community: It was found the overall bacterial community as well denitrifier
and nitrifier communities were positively correlated with soil pH, but this correlation was not
the same for the communities within a single site. These results emphasize the role of

soil pH in shifting the composition of microbial communities and support the hypothesis that
correct management in agriculture of this soil property might be key to improve the N20 sink
capacity of soils independently of their changing edaphic, climatic, and environmental
conditions.

Novel Fertilisers: Moving from nitrate (CAN) to ammonium based compound fertlisers could
be a novel approach to reducing greenhouse gas emissions. Under controlled wet denitrifying
conditions the cumulative N20 emission from urea + NBPT, 18-6-12, 10-10-20, and 24-2.2-4.5
treatments were significantly reduced by 44%, 43%, 37%, and 31% compared with CAN
treatment under conducive soil moisture condition. Under the same soil condition, 18-6-12
and 10-10-20 treatments showed higher yield, N uptake, and NUE although did not
significantly differ from the other fertiliser treatments. Our results suggest that ammonium-
based compound fertilisers have a potential to reduce N20 emissions while maintaining
yields.

Section 2 - Research Outputs

Summary of Project Findings

Please provide a short narrative synopsis of the benefits / improvements the research has
made to the area under investigation particularly as regards end users, e.g. industry,
consumers, regulatory authorities, policymakers, the scientific community, etc



The project found:

1. Increasing soil pH through long term liming was found to reduce annual emissions of
fertiliser derived N20 emissions. Significantly lower N20 emissions were observed at the
optimal soil pH for plant growth. This was related to changes in the soil microbial
community associated with increased soil pH which resulted in lower N20 emissions.

2.The project also found that N20O emissions from compound fertlisers was significantly

lower under controlled conditions

when soils were wet and undergoing denitrification. The project highlighted that the effect
of compound fertlisers should be followed on multiple soils and multiple years to get robust

national emission factors.

Summary of Staff Outputs
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Research Outputs Total Number
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Zurovec, O., Wall, D.P., Brennan, F.P., Krol,
D.J., Forrestal, P.J. and Richards, K.G., 2021.
Increasing soil pH reduces fertiliser derived
N20 emissions in intensively managed
temperate grassland. Agriculture,
Ecosystems & Environment, 311, p.107319
https://doi.org/10.1016
/j.agee.2021.107319

Gebremichael, A.W.; Rahman, N.; Krol, D.J.;
Forrestal, P.J.; Lanigan, G.J.; Richards, K.G.
Ammonium-Based Compound Fertilisers
Mitigate Nitrous Oxide Emissions in
Temperate Grassland. Agronomy 2021, 11,
1712.
https://doi.org/10.3390/agronomy11091712

Total Number



Potential Impact related to Policy, Practice and Other Impacts

Impact Details
Environmental The project found that increasing soil pH through long term liming
Sustainability was found to reduce annual emissions of fertiliser derived N20

emissions. Significantly lower N20 emissions were observed at the
optimal soil pH for plant growth. This was related to changes in the
soil microbial community associated with increased soil pH which
resulted in lower N20 emissions.

The sustainability project highlighted that the effect of compound
fertlisers should be followed on multiple soils and multiple years
to get robust national emission factors.

The sustainability project highlighted that the effect of compound
fertlisers should be followed on multiple soils and multiple years
to get robust national emission factors.

Dissemination Activities

Activity Details

The project outputs have been disseminated in peer reviewed
papers and supplied to the EPA for consideration for inclusion in the
Workshops at national greenhouse gas inventory. The project results were
which results presented at a number of conferences including the International
were presented  Fertilizer Society Conference in Cambridge 2021 and the Greenhouse
gas and ammonia mitigation conference Edinburgh 22-24 March
2022.

Knowledge Transfer Activities

Activity Details

The effect of liming soil on N20 emissions and the effect of
Identify knowledge outputs compound fertiliser

generated during this project. nitrate content were both significantly related to the
emissions of the potent greenhouse gas nitrous oxide (N20)

Identify any knowledge The results were presented at Teagasc signpost farm

transfer activities executed  presentations and included in a number of Teagasc open

within the project. days.



Section 3 Leveraging, Future Strategies & Reference

Type pf Resource Funding Summary

Funding

Exchequer €1,200,000 The compound fertiliser work
National Funding completed within this project

led to a large N20 task in the
new RSF funded LABMACC

Exchequer €571,238 The research on both soil pH
National Funding and compound fertilisers was
used as part of an SFI
infrastructure project 2021 that
has been funded. The
infrastructure will fund the
purchase of auto chambers to
measure greenhouse gas
emissions from soils.

Future Strategies

Reducing soil based greenhouse gas emissions is a priority for Ireland to achieve the 2030
51% reduction target. The effect of soil properties on emissions from soil requires further
investigation to quantify the thresholds for a range of soil properties such as pH, P or K status
oh emissions.
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