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Projected temperature change (1986-2005 to 2081-2100)

If greenhouse gas emissions peak between 2010 to 2020 and then decline

N,O, GHG and Climate Change™**
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Countries give initial OK to 1st global pact to reduce climate
change
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Short-term Emission Reduction
Target

Figure 5-3 Canadian GHG Emissions Trend (1990-2014), 2020 Target, 2030 Target
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Figure 5-8 Canada’s Emissions Breakdown by Economic Sector (2014)
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GHG Sources From Agriculture

Soil N,O

Direct Emissions
Data Source: Environment Canada, 2014
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N,O Sources In Canada
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N,O
Not From Ag riculture Data Source: Environment Canada, 2014



Where Does N,O From Agriculture
Come From?

N,O Directly Emitted

Ammonia Ferlfizers
Denitrification 4 Valatiization
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Direct Sources of N,O From Solls
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Mario Tenuta

Production of Nitrate in Soil From N Additions Major Source of N,O
But, but, but....denitrification is important from N fertilizer loss



Where Is the CO, with Agriculture?

Diesel, gasoline and natural gas put in other
sectors, not agriculture

CO, taken up in grain and biomass harvested
eventually decomposes back to CO,

CO, taken up in residues eventually
decomposes to CO, or replenishes CO,
decomposed from soil organic matter

C sequestration to soil organic matter is in
near balance since 2005



Why No CO, Sinks (Sequestration)
for Agriculture?
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Soil C Loss from Prairie Solls

We’ve lost a heck a lot of soil organic matter
No-till doesn’t gain it back
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N,O Always Emitted Shortly After
Spring N Fertilizer Application

N fixing crops emit little N,O
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Car b O n CO S ti n g ™  Apalysis done by Mario Tenuta
Anhydrous Ammonia-Use

kg N20- 100 kg Fert Cost no

S/tC02 S/tN S/tNH3 N/kgN N/ha User tax Manu acture T2 Total C tax tax

C cost NH3 NH3 EF% rate Stax/ha S+24/100 giN/ha S/ha S/ha

Taxes’2 10 975.61 800 2 100 9.43 205 1148 97.56
Fertilizer 55 97561 800 2 100  18.86 410  22.95 97.56
Cost 30 975.61 800 2 100  28.29 6.15  34.43 97.56
& 40 975.61 800 2 100 _3/71 820 45091 97.56

50 975.61 800 2 100 |-47 o] 10.24 | 57.39 97.56

Taxes > 60 975.61 800 2 17) TZZ9— 68.86 97.56
Fertilizer 70 975.61 800 2 190 66.00 14.34  80.34 97.56
Cost 80 975.61 800 , 100 75.43 16.39  91.82 97.56
N 90 975.61 800 ¢ 100 _84.86 18.44 _ 103.30 97.56

100 975.61 800 2 100 | 94.29 20.49 | 114.77 97.56

Forget about Tax on FertilizenPraduction — Be concerned about tax on adding N fertilizer to soil!
C tax needs to be ovar. $S130,'t to have significant affect on total GHG emissions

Message: We need to avoid a N use tax by showing change in practices reduces emissions



4R Nutrient Stewardship

Is There New Hope?
4R Nutrient Stewardship

Best use of crop nutrient additions

Improve/maintain yields

Improve profitability

Limit losses

Have co-benefits (water and air quality, GHG)

Understandable and easy to follow

Auditable, provide credits, use $incentive programs

Applies “agronomic sense” of past, present and future advances

Is this the voluntary system to implement to avoid the Taxman?



N,O Emissions Increase with Rate
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Tenuta et al. 2016 in prep

Gao et al. 2013 Can J Soil Sci



N Rate (kg / ha)

Problem: N Rates Keep Incr=asing
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Fertilizer Source Effects

 AA>Urea >Ammonium > Nitrate
Ammonia/urea/ammonium sources lead to N,O

 Nitrification reason for most emissions
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Enhanced Efficiency N Fertilizers

®* Stabilized N

0 Urease inhibitor Z_ — _|Limus
o Nitrification inhibitor

>

o Double inhibitor \\\)
NE ;) WTROGER 5TA

® Controlled Release
o Polymer Coated Urea |[ESH

rrrrr

® Slow Release
o Sulfur-coated Urea, Methylene Urea,

Isobuylidene Diurea, Urea Formaldehyde, Urea

Triazone

NSBOUND




How Do Enhanced Efficiency Fertilizers Lower

N,O Emissions?

! Nitrification | — . = . = . —
i : - Denitrificationi
]

NH4#NH3#NHZOH —ﬁ NOZ' % NO3- .
,M\ | S S I B T
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1 Urea \ 2l

2. Urease Inhibitors
3. Controlled and Slow Release Urea

1. Nitrification Inhibitors

Mario Tenuta
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Table 3. Cumulative losses of NH,-N following land application of urea
at different moments during the experiment.

Silty clay loam (27% clay)

Urea application Cumulative NH, losses

125 Ibs N/acre method or type Dayl Day2 Day5 Day10 Day25
——mgNH,-Nm™
20” band spacing [Broadcast 54120 194 563b% | 13316

Broadcast/Incorporated 40 165 245 921b 2250b
5 cm depth hand trenched band [Eandedincomomed 23 68 553 21002 | 37684

NMBPTt 40 45 &8 290c B669¢
Polymer-Coated 31 83 159 225¢c 508¢
Treatment P value MS NS NS =0.001 =0.001

t Urea treated with urease inhibitor N-(n-butyl) thiophosphoric triamide.
t Values in the same column with same letter are not significantly

Rochette et al. JEQ 2009 different (P < 0.05).



Enhanced Efficiency
Fertilizers Can
Reduce N,O
Emissions

Asegodom et al. 2012
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Soybean and Alfalfa Emit Little N,O

2014 2015
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ZNzO, kg NzO'N ha-1

Fertilizer Placement Effects

Carman - sand soil Oak Bluff - clay soil
3.0 ‘ |
l Urea |=incorporated
=1 Ureal 1 S=sideband
207 UreaS 1 M=midrow band
M
1.5 ESN,, | .
SuperU,, |
1.0 + O P M
Control o ° ®
05 7] ’/A/AIA : A\

Control

Urea,

Ureag —> Banding tends to reduce
Urea,,

ESN,, —> EEF 26% less than urea

SuperU,, when banded

Gao et al. 2014. Agron J




ng N /m2/s

Source and Placement Effects

Deeper band placement reduces N,O emissions
If shallow banding, use EEF to reduce emissions

Baron et al. b (in prep)
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Timing (current MB
recommendation)

Estimated Average Yield for Application of N Fertilizer in MB

Fall broadcast, incorporated 80% of spring b’cast incorp
Fall banded 100 !

Spring broadcast, incorporated  100% "

Spring banded 120 !

Banded N is 20% better than broadcast N
Spring applied N is 20% better than fall applied N



Apply Anhydrous Late in the Fall
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Timing Effects Summary

Don’t apply early fall in wet years
If going fall, apply very late before freeze-up
If using urea, use EEF

Nitrification inhibitors to anhydrous ammonia may help but
still uncertain



hectares seeded

Manitoba Major Field Crops
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Mario Tenuta

Historical data from Statistics Canada
Assumes continued cereal decline
Canola stabilized

Corn increase a bit more than historical
rate increase

Total cropped area very slight increase

Soybean picks up remaining area of
cereal decline



N Rate (kg / ha)

N Rates

Keep Increasing
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tonnes NZO

Massive Changes In Practices to
Reach Reduction Targetin MB
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What Pisses You Off Most?

No-till doesn’t count much for credits

POSSID
POSSID
POSSID

ncreased yields don’t count for credits

vy paying more for fuel
y paying for N,O emissions irom soil
e restrictions on N Fertilizer use

Not gonna be easy to reduce N,O emissions
University researchers doing GHG research
That you are not having lunch right now
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