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Soil emissions of N2O – Why care ?Soil emissions of N2O – Why care ?

• greenhouse gas – 310x powerful as CO2

• destruction of ozone layer

• agricultural soils =  2/3 of anthropogenic N2O emissions 
globally according to IPCC   

• high emissions from agric.  soils are blamed on N inputs
- N fertilization (commercial & organic sources)
- production of N2 fixing crops
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• Best management practices for C sequestration in Northern 
Great Plains – no-till and annual cropping need to be balanced 

against effects on other GHG, e.g. N20
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Objectives – abbrev.Objectives – abbrev.
• Illustrate seasonal patterns of N2O emissions and 

periods of peak losses in several cropping systems 
adapted for NGP.  

• Impact of best management practices (no-till & annual 
cropping) on N2O emissions.

• Estimate total season losses of N2O and fertilizer 
induced losses of N2O under these cropping systems. 

• Contrast measured losses of N2O against predicted 
losses using IPCC methodology (particular fertilizer N 
induced). 
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Change (IPCC)

Intergovernmental Panel Climate 
Change (IPCC)

• Advisory Council to UN Framework Convention on 
Climate Change
– implications for policy-making (Kyoto Protocol)

• Default value: 1.25% of applied N lost as N2O
– findings based on a review of literature

• Observed values range from 0.2 – 15%

• Regional differences
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Field sites - 2005Field sites - 2005
• Cropping system study (   )

– two-yr rotations: 2004 = 2nd yr
– no-till vs. conventional till
– annual vs. summer-fallow
– available N gradient

• Water gradient study (   )
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– spring wheat  (0, 70, and 140 kg N/acre)
– spring pea
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Annual cropping systems …...

- diversified rotations

- continuous wheat



Fallow-wheat cropping systems …...

- no-till

- conventional till



Nitrous oxide sampling procedureNitrous oxide sampling procedure

vented chamber techniques
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Fallow-wheat (conventional)Fallow-wheat (conventional)
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• most of emission activity occurred over 10 wk period following fertilization • most of emission activity occurred over 10 wk period following fertilization 



Fallow-wheat (no-till)
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• Emissions under conventional till = no-till for 2004 sampling period



Spring pea-wheat (no-till)
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Summary of N2O emission for
high available N (200 kg ha-1) - 2004

Summary of N2O emission for
high available N (200 kg ha-1) - 2004

57.287155winter pea-wheat (NT)

%%-------------------- gm Ngm N22OO--N haN ha--1 1 --------------------

69.993134spr pea-wheat (NT)

22.134.9LSD (0.05)

72.549*70*wheat-wheat (NT)

72.184116fallow-wheat (NT)

70.995134fallow-wheat (conv)

Fraction lost in
10 wks

10 wks
post-N

Total for period 
measureCropping system

• emissions were generally lower at 100 kg N ha-1• emissions were generally lower at 100 kg N ha-1



Nitrous oxide flux vs. soil water
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Calc. fertilizer N2O induced lossesCalc. fertilizer N2O induced losses

• N2O emissions from unfertilized subplots = N2Obackgrd

• N2O emission from fertilized N subplots = N2Obackgrd+fert

• Calculate difference = N2Ofert

• N2Ofert 

fertilizer N
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Estim. fertilizer-induced N2O emissions - 2004Estim. fertilizer-induced N2O emissions - 2004

13130.090.099494winter peawinter pea--wheat (NT)wheat (NT)

% applied% appliedgm hagm ha--11

22220.060.067676sprspr peapea--wheat (NT)wheat (NT)

50500.020.0222*22*wheatwheat--wheat (NT)wheat (NT)

17170.080.086767fallowfallow--wheat (NT)wheat (NT)

10100.120.128787fallowfallow--wheat (wheat (convconv))

IPCC predicted: IPCC predicted: 
measuredmeasuredFertilizer induced NFertilizer induced N22OO--N N 

losseslossesCropping systemCropping system

wheat-wheat (NT)-2003                223                      0.22               5.6wheatwheat--wheat (NT)wheat (NT)--2003                223                      0.22               2003                223                      0.22               5.65.6

• High available N (200 kg ha-1) • High available N (200 kg ha-1) 



Summary (outcomes & impacts)Summary (outcomes & impacts)
• Emissions at two field sites are greatest following N 

fertilization  (7-10 wks) = 70% of total

• Emissions for no-till ≈ conv. till *
• Emissions wheat-wheat < fallow-wheat & pea-wheat

• Fertilizer N induced emissions an order of magnitude below 
IPCC predictions (1.25% default value) were common at 
Bozeman;  Conrad ranged from 0.10 to 0.20%  

• Consistent with results with results from semi-arid prairies 
in Canada
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Fallow-wheat (conv. till vs. no-till)Fallow-wheat (conv. till vs. no-till)
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Progress – new equipmentProgress – new equipment
• Varian 3800 GC with combi-Pal autosampler

• 3 detectors (ECD, FID, TC)

• NRICGP Soil and soil biology program:  
2004-35107-14951 
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