The role of N-use efficiency in lowering nitrous
oxide emissions

James Humphreys?, Dejun Lit?, Mingjia Yan?, Stan Lalor®, Bernard Hyde?,
Gary Lanigan®, Nick Holden?, Catherine Watson®

Teagasc Research and Innovation Centre, Moorepark, Fermoy, Co. Cork.

2School of Agriculture, Food Science and Veterinary Medicine, University College
Dublin.

STeagasc, Johnstown Castle, Wexford.
“Environmental Protection Agency, Monaghan.

SAgriculture, Food and Environmental Science Division, Agri-Food and Biosciences
Institute, Belfast.

= €agasc
epG L

Ewiramesrm | Froveoms bty
S E— :'- AI{HIGULTUREAND FGQD DEVEI.ﬁT]‘AIENT AJJTHQK[’['Y

] [‘H]_'_




Introduction and overview

» Sources of N,O from Irish agriculture
» Grassland 90% of agricultural area - scale of solution
* The process of denitrification and N,O losses

* N-use efficiency

» Options

e nitrification inhibitors
* slurry application with trailing shoe, injection
» White clover

» Conclusions




Sources of nitrous oxide emissions from agriculture 2008
(McGettigan et al., 2010)

38% of emissions from agriculture
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Nitrification and Denitrification
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Soil is an important source of N for plant uptake




Sources of nitrous oxide emissions from agriculture 2008
(McGettigan et al., 2010)
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Fertilizer N ('000 1)
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Cost of fertilizer N (€ per kg) 1990 - 2009 Fertilizer N:milk price ratio 1990 - 2009
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Making more efficient use of fertilizer N on farms

» Farm gate N balance: surplus of N in inputs minus outputs in products

 Typical range in N-use efficiency = 15 to 35%

* Increase the efficiency of recycling within the farm gate (Treacy et al., 2008)
» Avoid wasteful use imported fertilizers — wrong times, matching rates to req. etc.

- ¥ farm gate surplus by 1 kg N per t milk = 29 kg CO, eq. (Schils et al. 2006)



Nitrification and Denitrification: Nitrification inhibitors
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Inhibiting nitrification can lower N,O emissions (and nitrate leaching)



Table 8: Emissions of nitrous oxide after application of different nitrification inhubitors with different fertilisers.

Nitrification Reduction of .
irhibitor Fertiliser Country Crop N,O losses as % Length of monitoring Author
omee Liquid cattle slurry Spain Cloverlryegrass 29 _ 39 days Menendez &l al. (2006)
s : 59 106 days (autumn) )
t g Pastu M t al. (2005
DT Lessctedry 0 e ey MO
Ammaonium sulphate nifrate . 58 20 days
HMPP Liquid cattle slurry Spain G:ras.s - 61 60 days Macadam el al. {EDDE:?
OMPP  Liguid cattle manure UK~ Grass 32 _ 22days  Dittert ot al, {ED?j_} ________ _
UMD“F' ________________ ﬁ. Tgﬁqyﬂ@_gylphate nnrate Garmany Winter u.heat IIIIIIIIIII gﬂﬂ _____________ 4 months Linzmeier et arqzuun
Barley 41
OMPP Maize 47 3 years
Wheat 53
i Ammonium sulphate nitrate  Germany - e Weiske et al. (2001)
Barley 30
DCD Maize 22 3 years
e _ Wheat 29 e
52 2-3 months {autumn)
DCD Urine New Zealand Grass 39 2-3 months (spring)  Zaman et al. (2009)
e 165  2-S months (summen) o
IDGD _________ Urea New Zealand Grass MM_T§E1 2-3months  Smith et al, (2008)
pcp Urine MNew Zealand Grasa _____ 61-73 69-137 days Dl etal. al. (EEIEI?:I
pco Urine ~ New Eeah.ﬁ‘?_ Grass 2 16 rmr_uEhsw Dl and Camﬁmn {EGDE]
DCD ﬂ':;’;‘““'”m sulphate India Rice % 98 days Kurmar et af. (2000)
DCO  Uea  USA __ Springbariey _ o %0 days  Delgado & Mosier, 1996
. 50-88 Deklein and van
e il e Loglestin (1984)
ocDh Ammonium sulphate UK grass 40 64days  Skiba et al (1993)

Nitopwin yea USA GO e 40-60 100 days Bronson e al. 1992

S S —




DCD and N,O emissions (RSF funded projects)

Dennis et al., 2008; Teagasc, Johnstown Castle
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Nitrification inhibitors

Nitrification inhibitors substantially lower emissions from fertilizer, slurry & urine

Little or no improvement in agronomic performance (e.g. O’Conner et al., 2010)

Costs associated with DCD exceed any economic benefit (Monaghan et al., 2009)

» Evidence of higher emissions from CAN compared with urea under damp conditions

No incentive for Irish farmers to use nitrification inhibitors at present




Slurry application techniques

» Trailing shoe increases N-use efficiency and herbage production etc. compared
with splash-plate (Lalor, 2008)

« Trailing shoe increases N,O emissions because more N enters soil (less NH, lost)
* Need more fertilizer N with splash-plate for same level of productivity

 On balance — no benefit or detriment with trailing shoe for N,O emissions
(Huijsmans and Schils, 2009)






Biological N fixation

Biological N Fixation (BNF) is a photosynthetically derived process where atmospheric
N is reduced to ammonium (plant-available form of N) by N-fixing bacteria
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» Direct N,O emissions from white clover not included in current IPCC methodology

e Corré and Kasper (2002) BNF emission factor = 0.2% versus 1.3% for fertilizer N

 Conclusion of recent review for IPCC: No direct N,O emissions should be
attributed to BNF (de Klein et al., 2006)

* Photosynthetically derived BNF is “greenhouse gas neutral’ (Ledgard et al., 2009)

* Upstream CO, emissions: 1 t N needs 10 barrels of oil

« fertilizer N manufacture requires 60 MJ/kg N (Jenssen and Konhshaug, 2003)

* manufacture, transport and spreading = 3.5 to 4.0 kg CO, eq. per kg Urea-N
(Williams et al., 2006)

* Need LCA to fully determine differences between systems




N,O-N emissions from grassland N,O emissions from grassland in

in New Zealand (Ledgard et al., Australia (Eckard et al., 2003)
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N,O emissions from clover-based and N-fertilized grassland at
Solohead (Li et al., unpublished, RSF 07 516)
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Life Cycle Assessment (LCA) methodology
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GHG emissions from Irish clover versus fertilizer N dairy systems
(Humphreys et al. 2009; estimated using LCA methodology; Yan et al. RSF07 516)
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Profitability of clover and fertilizer N-based dairy production
(Data from Humphreys et al., 2008; 2009; Mihailescu et al. Interreg IVB Dairyman)
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Profitability of clover and fertilizer N-based dairy production
(Data from Humphreys et al., 2008; 2009; Mihailescu et al. Interreg IVB Dairyman)
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Implications

« Same net margin with ¥ 0.3 LU per ha and with V¥ fertilizer N

« YLU = ¥ methane and V¥ nitrous oxide (N excretion during grazing)

+ ¥ fertilizer N = ¥direct and indirect N,O emissions

Nitrous oxide emissions from agriculture
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GHG emissions from Dutch clover versus fertilizer N dairy systems
(Schils et al., 2000; Schils et al., 2005)

Two systems: 34.4ha and 40.6 ha; 59 cows per system + followers
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GHG emissions from Dutch clover versus fertilizer N dairy systems
(Schils et al., 2000; Schils et al., 2005)
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Summary and Conclusions

 Lower N,O emissions due to less livestock and more efficient N use
* Pressure to increase N use efficiency on farms
 Benefits from current best management practices

e Little incentive to use nitrification inhibitors

» Trailing shoe offer no specific advantages for N,O emissions

 Clover-based systems offer substantial potential to lower N,O emissions




“How do we increase food production while reducing emissions”

» Lower N,O emissions due to less livestock and more efficient N use
* Pressure to increase N use efficiency on farms
* Benefits from current best management practices

e Little incentive to use nitrification inhibitors

* Trailing shoe offer no specific advantages for N,O emissions

* Clover-based systems offer substantial potential to lower N,O emissions




“How do we increase food production while reducing emissions”

 Potential for further cuts in emissions

* Rising cost of energy and fertilizer

* Projecting forward fertilizer N use = 4.5% V¥ in emissions from agriculture
= 1% Vin national emissions

 Important to get the message out to farmers (Teagasc)

» Schemes — REPS-4 and AEOS

* Funding, expertise and recruitment embargos




