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16% reduction in  
carbon footprint of milk 

RSF-07-516: ‘Quantification of the potential 
of white clover to lower GHG emissions from 

Irish grassland-based dairy production 



No difference 
in profitability 

Published in 2012 



Negligible nitrous oxide emissions 
associated with biological N fixation 



Negligible nitrous oxide emissions associated with  
biological N fixation 

Pulse of Nitrous oxide released after each application of fertilizer N 

Direct N2O emission from BNF per se is negligible (Rochette and Janzen, 2005; Carter 

and Ambus, 2006; Li et al., 2011; Jensen et al., 2012) 



2019R521: Lowering the carbon and ammonia footprints of 
pasture-based dairy production 

Target:  50% reduction in the Carbon footprint of milk 

 i.e. 0.6 kg CO2eq. per litre of milk 

Greenhouse gasses: Methane, nitrous oxide and carbon dioxide 

Ammonia: trans-boundary gas 
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Systems Analysis 



1. Standard system: 2.5 LU/ha, 280 kg/ha fertilizer N (Urea and CAN) & 
splash plate slurry application 

https://www.true-project.eu/ 



1. Standard system: 2.5 LU/ha, 280 kg/ha fertilizer N (Urea and CAN) & 
splash plate slurry application 

https://www.true-project.eu/ 

67% livestock related emissions 

MB 



https://www.true-project.eu/ 

2. Protected urea & LESS: 2.5 LU/ha, 250 kg/ha fertilizer N (Protected 
urea) & band slurry application 

9% lower emissions 

NBPT urea 
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3. Pro-Urea, LESS & Clover: 2.5 LU/ha, 125 kg/ha fertilizer N (Protected 
urea), band slurry application & Clover 

18% lower emissions 

NBPT urea 

DEH 



4. Clover & LESS: 2.5 LU/ha, 0 kg/ha fertilizer N, band slurry application 
& Clover based swards 

26% lower emissions 



4. Clover & LESS: 2.5 LU/ha, 0 kg/ha fertilizer N, band slurry application 
& Clover based swards 

0.7 kg CO2eq./Litre 



Ammonia Emissions 

▼22% 
▼28% 

▼34% 
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3. Pro-Urea, LESS & Clover: 2.5 LU/ha, 125 kg/ha fertilizer N (Protected 
urea), band slurry application & Clover 

0.78 kg CO2eq.: 35% lower than national average 

NBPT urea 



Performance of clover-based system at Solohead: soil lime status, P & K, EBI 

17,500 L/ha or 1400 kg MS/ha off the milking platform 

Emissions per Litre milk = 0.78 kg CO2eq. 35% lower than the national average. 

Economics 

No difference in profitability (Humphreys et al., 2012) 

Clover-based system is more profitable (McClearn et al., 2020) 

Grass-clover system with 100 to 150 kg/ha protected urea can be at least as 

profitable as a high fertilizer N input grass-only system 

 

Technical and economic performance 



Other Aspects 

Stocking rate: Carbon footprint per € rather than per ha or per litre 

EBI: Small incremental improvements at Solohead; big impact nationally 

Soil sequestration: Carbon-neutral reseeding in a 10 year time-frame 

Land drainage: Lower N2O emissions and higher clover productivity 

Sexed semen: improvement in quality of calf-to-beef  

Hedgerows 



Four years to convert to a clover-based system 

Change sward species composition – change grassland management 

Solohead: High stocked system with low environmental footprints  

Paris Agreement: Sustainable intensification of food production 

Derogation? 

Marketing opportunities for low CF milk (0.78 kg CO2eq./L) 

Organic dairy production – opportunity? 

Implications 



NBPT urea & LESS could be adopted today – 9% reduction in emissions 

Larger obstacles to adopting clover-based systems 

Clover-based systems are economically competitive 

Growing global demand for food & Sustainable intensification 

Marketing opportunities for food with low environmental footprints 

Conclusions 
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