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Nitrogen efficiency and 
environmental footprinting
of agricultural products

Stewart Ledgard

AgResearch Ruakura

Outline of talk

1. Farm & paddock level:

-N cycling and losses

- Reducing  N leaching

- new N mitigations?

2. Value-chain/life-cycle level:

- carbon and N footprinting

- where is this heading?
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Effect of N fertiliser rate (5 years; No. 2 dairy)

Effect of N fertiliser rate (5 years; No. 2 dairy)
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Farmlets:   Intensification & mitigation

Base      +Maize silage     +Stand-off 
(5 t DM/ha) (May-July; 18h/day)

Cows/ha 3.0 3.8 3.0
kg milksolids/ha/yr 1150 1520 1110

kg N leaching/ha/yr 41 44 33
N leaching for farm+maize area [49]
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Timing of grazing/inputs: 
autumn to mid-winter is highest 

N leaching risk period
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Actual           Potential    Theoretical       

Plant:
Fertiliser N 40-60% 60-70% 80-90%               

Animal (milk+meat+fibre):

Feed N 10-20% 20-30% 40%

NZ average (dairy) 18%

Nitrogen use efficiency  (% recovery of N input source)
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Diet %N

Actual           Potential    Theoretical       

Plant:
Fertiliser N 40-60% 60-70% 80-90%               

Animal (milk+meat+fibre):

Feed N 10-20% 20-30% 40%

NZ average (dairy) 18%

Hawkes Bay Dairies 30%

Nitrogen use efficiency  (% recovery of N input source)
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Excretion

Actual           Potential    Theoretical       

Plant:
Fertiliser N 40-60% 60-70% 80-90%

Urine N 20-40% 40-60% 80-90%

Animal (milk+meat+fibre):

Feed N 10-20% 20-30% 40%

Nitrogen use efficiency  (% recovery of N input source)
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Soil processes

Actual           Potential    Theoretical       

Plant:
Fertiliser N 40-60% 60-70% 80-90%               

Urine N 20-40% 40-60% 80-90%

Inhibitors – urine N 30-50% 60-70% 80-90%

Animal (milk+meat+fibre):

Feed N 10-20% 20-30% 40%

Nitrogen use efficiency  (% recovery of N input source)
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2 Tighten the N cycle –
reducing N losses and N 

inputs

Most current mitigations now captured in models
Potential N mitigation benefit

Low Medium High

N fertiliser:
– avoid winter
– frequent, low rates 

Feed:
– use low-N feed
–  N fert,  low-N feed

Animal productivity:
– > MS/cow & less cows
–  replacement rate

Effluent management:
–  area, 
– optimise rate/timing

Inhibitors: - DCD
Stand-off pad use
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Next-generation N leaching mitigations for grazed systems?

Nitrate-N 

(kg N/ha)
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1.  Plant level

- root capture of urine-N

- lower %N in leaves

- composition – less N excreted in urine

– alter soil N process e.g. slowed nitrification 

Ryegrass   +Plantain
+clover

Nitrate-N
leached

from
urine

kg N/ha

Next-generation N leaching mitigations for grazed systems?
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2.  Strategically targeting animal urination

- additive to alter urine N processes in soil

e.g. DCD (soil nitrification inhibitor) direct to animal
- use  1/10th that of broadcasting
- 70-90% excreted in urine

0
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40

% of 
urine 

patches

Relative DCD rate in urine patch

Next-generation N leaching mitigations for grazed systems?

DCD in urine via grazing animal 



8/20/2015

12

2.  Strategically targeting animal urination

- additive to alter soil N processes

- additive/manipulation to increase urination frequency 

e.g. salt 
- increased water intake
- > urination frequency – up to 50%
- lower urine-N rate and proportionally lower N leaching
- up to 20% lower N leaching/ha (via modelling)

Next-generation N leaching mitigations for grazed systems?

Housing to reduce N losses?
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+winter housing

Nitrogen pollution swapping

Ammonia loss:
Europe – National Ceilings Directive & Gothenburg Protocol

(eutrophication, acidification, respiratory/health)

– reduction targets  e.g. -27% relative to 2005 

Ireland - looking at mitigations

e.g. reduce housing & increase grazing time !



8/20/2015

14

‘Reactive’ N sources Environmental impact
NO3

- & N to water Eutrophication 

NH3 , NOx Acidification

NH3 , NOx Human health

N2O (NO3
- & NH3 indirect)                     Climate Change

N2O Ozone depletion

Nitrogen losses and impacts:

N footprint of products from USA (at farm-gate)

Eshel et al. 2014
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N footprint of products from USA (at farm-gate)

Eshel et al. 2014
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Eshel et al. 2014
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NZ-dairy



8/20/2015

16

Global 
value-chain 
level

Driven by supermarket chains:   
Demand for information for consumers

What is the environmental impact 
of products we buy?

• UK supermarket chains
• France, South Korea… - Eco-labelling

• Becoming a supply requirement 
- with an environmental reduction plan

Government level: Indirectly via goals 
for reducing global GHG emissions
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LIFE CYCLE ASSESSMENT

Total resource use or environmental emissions of a 
product or system from “cradle-to-grave”

Based on international standards
(e.g. ISO 14040s norms; PAS 2050)

 0.0138 kg
 KC l  NZ wgt av

 2009- SYSTEM XX-
 ERRO R

 0.00805 kg C O 2 eq

 1 kg
 Milk Solid in v at -
 NZ av erage Dairy

 for PP

 11.4 kg C O 2 eq

 2.6 tkm
 O peration,

 transoceanic 8 ship
 for MA F (Nebel)

 0.0336 kg C O 2 eq

 1.58 MJ
 Electricity

 Generation  2004 
 NZ (MA F ) S

 0.118 kg C O 2 eq

 0.0704 m3
 Natural gas -

 deliv ered 

 0.0234 kg C O 2 eq

 0.101 kg
 Urea - Kapuni 2009
 C O NF IDENTIA L

 0.0988 kg C O 2 eq

 0.0144 kg
 Urea- malay sia

 0.0124 kg C O 2 eq

 0.0214 kg
 Urea- C hina  -

 20% gas 80%coal
 XX

 0.0485 kg C O 2 eq

 0.134 kg
 Urea-saudi

 0.126 kg C O 2 eq

 0.271 kg
 Weighted av  NZ

 Urea C onfidential 

 0.286 kg C O 2 eq

 0.212 kg
 C O 2 kg from urea
 in soil (SLMA C C )

 0.212 kg C O 2 eq

 0.198 kg
 C O 2 kg - urea in

 soil on farm
 (SLMA C C )

 0.198 kg C O 2 eq

 0.889 kg
 Milking Shed

 electricity  ( NZ av e
 Dairy ) - kWh/kgMS

 0.115 kg C O 2 eq

 0.00225 kg
 O n Farm N2O  kg
 from N fertiliser
 (NZ av e Dairy )

 0.671 kg C O 2 eq

 0.27 kg
 O n Farm Urea Use

 (C FP Dairy
 Template)

 0.489 kg C O 2 eq

 0.27 kg
 Urea at farm -(C FP

 Dairy  Template)

 0.289 kg C O 2 eq

 0.27 kg
 Urea at pasture on
 farm -(C FP Dairy

 Template)

 0.289 kg C O 2 eq

 0.0396 MJ
 Electricity , high

 v oltage, production
 UC TE, at

 0.00563 kg C O 2 eq

 0.036 MJ
 Electricity , medium
 v oltage, production

 UC TE, at

 0.00522 kg C O 2 eq

 0.0401 MJ
 Electricity ,

 production mix
 UC TE/UC TE U

 0.00563 kg C O 2 eq

 0.0399 MJ
 Electricity , natural

 gas, at power
 plant/UC TE U

 0.00705 kg C O 2 eq

 0.028 kg
 Heav y  fuel oil, at
 refinery /RER U

 0.00961 kg C O 2 eq

 0.0275 kg
 Heav y  fuel oil, at

 regional
 storage/RER U

 0.0101 kg C O 2 eq

 7.22 tkm
 O peration,

 transoceanic freight
 ship/O C E U

 0.0636 kg C O 2 eq

 0.105 MJ
 Natural gas, burned

 in power
 plant/UC TE U

 0.00705 kg C O 2 eq

 22.7 m
 O peration, lorry

 16-32t,
 EURO 3/RER U

 0.0201 kg C O 2 eq

 0.131 tkm
 Transport, lorry

 16-32t,
 EURO 3/RER U

 0.0201 kg C O 2 eq

 0.0179 MJ
 Electricity , hard
 coal, at power

 plant/US U

 0.00583 kg C O 2 eq

 0.0637 MJ
 Electricity  mix/
 Mark Malay sia

 0.0133 kg C O 2 eq

 0.0631 MJ
 Electricity , high
 v oltage, at grid 
 Malay sia Mark

 0.0133 kg C O 2 eq

 0.0625 MJ
 Electricity , medium

 v oltage, at grid/
 Malay sia  mark

 0.0134 kg C O 2 eq

 0.171 kg
 Processed

 kernels(Font)- MB

 0.284 kg C O 2 eq

 0.874 kg
 Palm kernel cake
 (or extract)- MB

 0.302 kg C O 2 eq

 0.482 kg
 F resh fruit bunches
 (FFB) production
 MB- F resh w t 

 0.179 kg C O 2 eq

 0.787 kg
 Palm kernel cake
 DM  at NZ  port 

 Mark B

 0.384 kg C O 2 eq

 0.119 tkm
 transport palm

 kernel extr 
 (SLMA C C )

 0.011 kg C O 2 eq

 3.6E-5 m3
 Diesel NZ, prod'n &

 comb'n-
 SLMA C --m^3

 0.108 kg C O 2 eq

 0.121 kg
 C O 2 kg forest

 conv ersion -PKE
 (SLMA C C )

 0.121 kg C O 2 eq

 0.787 kg
 Feeding out PKE
 (NZ av e Dairy )

 0.396 kg C O 2 eq

 0.209 tkm
 32 t  truck 

 supplem't feed
 (SLMA C )

 0.0192 kg C O 2 eq

 1.41 kg
 Land Use C hange -
 C O 2 kg NZ forest
 conv t to dairy  (NZ

 1.41 kg C O 2 eq

 0.26 kg
 Total C H4 emission

 (NZ av e Dairy )

 6.49 kg C O 2 eq

 0.00527 kg
 Total N2O

 emission (NZ av e
 Dairy )

 1.57 kg C O 2 eq

 1.41 kg
 Land Use C hange -
 C O 2 kg NZ forest
 conv t to dairy  (NZ

 1.41 kg C O 2 eq

Milk

PKE LUC N2OUreaN2O from 
urea

Milking 
Shed CH4

Example of LCA network (1 kg milk) Network shows many hundreds of 
processes – this was >0.2% ‘cut-off’
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Example of LCA network (1 MJ electricity)

Carbon footprint
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Internationally accepted 
methodology is important

• Benchmarking 

• Determine ‘hot-spots’

• Identify reduction 
opportunities

Ocean Shipping

NZ domestic UK domestic

Cooking

Waste
Retailing

Fuel

Electricity

Other
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Water

Animal rumen
methane

Animal
excreta
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Fuel &
electricity Fertiliser

& Lime
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Consumer

%
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Sensitivity analyses:
e.g. inclusion of consumer travel 
gave increase of up to 7%

19 kg CO2-equiv./kg meat

farm

processor
transport

consumer
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Carbon 
footprint

(kg CO2-equiv 
per kg 

milksolids)

New Zealand France

Effects of dairy intensification in NZ and France 
through increased use of supplementary feeds

+10% -23%

cows (or LU)/ha  2.8           2.8 1.6 1.4
kg milksolids/cow 326          422 424 610

Carbon footprint of supplementary feeds
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Eco-Design

• Optimise current systems 
and

• Use in redesigning future farm systems
for – resource use efficiency and 

low environmental impacts
(avoiding “pollution swapping”)

Future use of Life cycle assessment?

EU  Product Environmental Footprinting

Multiple 
resource use 

and 
environmental

impact 
categories

What’s the latest in environmental footprinting?

Impact
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Summary
Farm N efficiency:
- Gains require focus on annual N flows to decrease N 

losses PLUS corresponding decrease in N inputs
- Next-generation N mitigations for grazed pastures:

- Plant species and traits 
- Strategically targeting animal urination

- N pollution swapping occurs e.g. with cow housing

Life cycle environmental footprinting:
- Driven by supermarket chains & government targets
- Potential for reduction throughout the life cycle
- For livestock products, the farm stage dominates

- Management practices & feed types are important


