/ FERTILIZER CANADA
FERTIL]SANTS CANADA

4R Nutrient Stewardship
A Flexible Approach to Reducing GHG Emissions from
Nitrogen Fertilizers

APAS April 2, 2019 Saskatoon

Dan Heaney PhD, CCA 4R, PAg

fertilizercanada.ca



» Right Source @ Right Rate, Right Time & Right Place

» Right Source - What N
sources reduce emissions?

» Right Rate - How important
is rate in determining
emissions?

» Right Time — Does time of
application affect emissions?

» Right Place — Does
placement affect emissions?

» Can I measure and
monetize on my farm?
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FERTILIZER CANADA ELEARNING

Getting started with Fertilizer Canada’s
elLearning platform is simple. The only ) " .
requirement is a computer with internet access. /) Fertilizer Canada eLearning
Registration on the site only takes a minute and T L ——

. . . . . intemet access. Registration on the site on take:?mhr&f:duseéswl‘:n a\:ei:’misacme'w‘h.
users will have immediate access to the training P s v o e s e 55 e g

Fettiizer Canadia's el eaming was deyey

. Our goal s provide Y 0ped‘°D'Wi\‘leCt‘)rltimingem fion to fertiizer i
module. Students learn at their own pace and G e 1 530005 1, 3 g
. Wfyouare anew eLeaning mermber i
h h d I Ifyouare aretuming member ,Please registerat the ink beiy it tak
on their own schedule. T

» Raridiy
Select “Regjster athe bottom of the page

» Complete f
“Note ﬂynu?vla"n:a?afgadnﬁm Order to register for ¢, an

&d Crop Advisor earnin
» Select 8 Wyou .
Submit Registation? may leave the gCA Certif cation Number blank

* 4R Essentials i

4R Nutrient Stewardship Training (Parts 1-3) et sty
* 4R GHG Reduction

* NERP

* 4R Saskatchewan

https://fertilizercanada.ca/nutrient-
stewardship/elearning/4r-nutrient-stewardship/
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https://fertilizercanada.ca/nutrient-stewardship/elearning/4r-nutrient-stewardship/
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4R SUPPORTS INCREASED PRODUCTION
THROUGH BETTER MANAGEMENT

4R ENCOURAGES HIGHER INTENSITY ON
EXISTING FARMLAND

4R PROMOTES CONSERVATION
AGRICULTURE

4R SUPPORTS ECONOMIC VIABILITY,
REDUCED ENVIRONMENTAL IMPACT AND
SOCIETIES NEED FOR FOOD SECURITY

4R REDUCES EMISSIONS PER UNIT OF
CROP PRODUCED


Presenter
Presentation Notes
I mentioned earlier that the Food and Agriculture Organization of the United Nations refers to “Climate-Smart Agriculture” as high-production, intensified, resilient, sustainable and low emission. 

Here’s how the 4Rs fits into that vision.

4R supports increased production through better management. In other words lets get the most out of the fertilizer we use. 

4Rrewards higher intensity but the rewards come through intensifying on our better land. It’s very hard to get high nutrient use efficiency and high production on marginal or sensitive lands that would be better left uncropped. 

Applying 4R helps conserve resources, improve soil quality, reduce off field impacts, and slow climate change. 4R practices are good conservation farming. 

By providing an incentive for farmers to adopt through better return on their fertilizer dollars, 4R helps farmers become more sustainable. 

Finally and this is very important improving fertilizer management and increasing yield tends to reduce the GHGs per tonne of crop. So 4R is not about sacrificing productivity by reducing nitrogen use.  It’s about optimizing nitrogen use and a balanced approach to sustainability. 

So to sum up NERP and 4R are right in line with global thinking on how to make agriculture climate smart and sustainable.  




Important Greenhouse Gases

THE IMPORTANT HUMAN-PRODUCED

GREENHOUSE GASES ,
Global Warming

Potential
1 kg N,O =298 kg
CO,

Carbon Dioxide
Equivalents

or CO,e
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ENTERIC MANURE CROPPPING INDIRECT
FERMENTATION MANAGEMENT SYSTEMS EMISSIONS

CANADIAN AGRICULTURE
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Presenter
Presentation Notes
Somewhere around 60 megatonnes CO2e or 7-8% of Canadian emissions. Saskatchewan is somewhere around 30% of ag  of that or 2.5% of total. About two-thirds is as Nitrous Oxide.


Legend 1 kg N,O-N = 469 kg CO,e I’:|.
0- 0.5 kg N,O-N ha" Fieardshp
0.5— 1.0 kg N,O-N ha-'
1.0 - 1.5 kg N,O-N ha"
1.5-2.0 kg N,O-N ha"
2.0 + kg N,O-N ha-!

10000

Source: Rochette et al. 2008 ), 24 ‘
0 500 1,000 2,000 3,000 4,000
T e Kilometers
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Presenter
Presentation Notes
About 15 M hectares (37 M acres) of crop land. Roughly 5-7 Mt CO2e attributable to N fertilizers. Could reduce by 25% 1.5 Mt CO2e. 10% reduction in the emissions from Ag.

4 100ths of 1 percent of global GHG emissions come from SK Agricultural. 

Reductions through better N management are going to reduce global GHGs by 1 100th of 1 percent.

Eco services payments through carbon credits.  

Market Access. Low Carbon food markets and sustainable value chains.

Improved Nitrogen Use Efficiency. Lower per unit costs of production. 
  


Saskatchewan’s GHG Emissions by Economic Sectors (2015)

Waste and Others
5-7 Mt CO,e as N,0O 3%

l nutrient
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from N fertilizer
applications to \
cropping systems

Agriculture

24% Oil and Gas

32%

Buildings

4% .
Heavy Industry Electricity
4% 19%

Transportation

0.15%

0.04%

0.015%

0.004%

14%

Sask Total (2015) = 75.0 Mt COze
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Presenter
Presentation Notes
About 15 M hectares (37 M acres) of crop land. Roughly 5-7 Mt CO2e attributable to N fertilizers. Could reduce by 25% 1.5 Mt CO2e. 10% reduction in the emissions from Ag.

4 100ths of 1 percent of global GHG emissions come from SK Agricultural. 

Reductions through better N management are going to reduce global GHGs by less than 1 100th of 1 percent.

Eco services payments through carbon credits.  

Market Access. Low Carbon food markets and sustainable value chains.

Improved Nitrogen Use Efficiency. Lower per unit costs of production. 


Nitrous Oxide Emissions & Nitrogen Losses

Nitrous oxide emissions.........

 account for only a small fraction of N loss.

« are highly variable in space and time.

« are difficult (impossible on farm) to measure.
* are generally non-economic in Saskatchewan.

Nitrogen losses................

 contribute to indirect nitrous oxide emissions.
* are highly weather and landscape dependent.
 can be measured on farm.

* can have significant economic impact.
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>> Right Source

» What sources reduce
nitrous oxide emissions?

» Are there any nutrient
interactions (+ or -)?

» The other 4Rs — Right
Rate, Right Time, Right
Place?



nutrient
@ m stewardship

+
NH,4

Nli)H@) S

l

Source: Burton 2018
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Presentation Notes
Pathways from fertilizer products (in green) to microbial N2O production in soil. 1) Urea hydrolysis, 2) nitrification, 3) denitrification, 4) nitrifier denitrification,
5) nitrifier nitrification, 6) in direct N2O emissions associated with NH3 and NO3- loss to the environment. The red stars indicate process inhibited by 1) urease inhibitors and 2) nitrification inhibitors.

AA = 20%
Urea = 50%
UAN = 13%
AS = 8%
MAP = 5%



N Product Comparisons ...
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SuperU 1SO Urea (25/4) O !
| |
Coated Urea ISO Urea (46/6) | O {
Urea 1SO Anhydrous o |
Ammonia (11/3) | I Q,
=
SuperU I1SO Coated Urea (28/5) I O :
SuperU 1SO UAN (10/2) | !
up (1072) | O |
UAN+Agrotain ISO UAN (9/2) | o | |
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1 1 | I I 1 I I
-60 -50 -40 -30 -20 -10 0 10 20

Percent change in yield-scaled N loss
Source: Eagle et al. 2017
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Presenter
Presentation Notes
Effect sizes of N2O and NO3 losses from selected fertilizer management treatments, yield-scaled percent change with 95% confidence intervals. ISO = “Instead of” and values in parentheses are (number of comparisons / number of locations). From Eagle et al. (2017)




Nitrification Inhibitors

All Nls- '—?35'—!
DCD A l—g—i

Nitrapyrin- $
Ca-carbide= E‘

12

DMPP 4 —O—
Thiosulphate l—é)—l
Neem é
0 0.2 0.4 0.6 0.8

Source: Akiyama 2010

Relative N>O emission
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Presenter
Presentation Notes
Effect sizes of N2O and NO3 losses from selected fertilizer management treatments, yield-scaled percent change with 95% confidence intervals. ISO = “Instead of” and values in parentheses are (number of comparisons / number of locations). From Eagle et al. (2017).
DCD - dicyandiamide
Nitrapyrin - Entrench and Nserve
DMPP - 3, 4-dimethypyrazole phosphate





Nitrous Oxide Reductions
e
Nitrification Inhibitors 35%
Urease Inhibitor* + NI 25%
Urease Inhibitor* Highly Variable
Polymer Coated Urea 10%

Source: Burton 2018
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“*Right Time

= Crop stage and timing of plant uptake.

= Dynamics of soil nutrient supply.

= Timing of nutrient mobility and loss.

= The logistics of on-farm field operations.



Presenter
Presentation Notes
Fall, Spring, In-crop

Can split fall into early and late 

Can split spring into before or at seeding




» Nutrient Uptake & Loss

»Weather (moisture
and temperature)

»Soil physical and
chemical properties

Average Date for Soll T
less than 10 °C for Three
Consecutive Days

»Best Management
Practices

Legend ecoregions Date

B sept26t0 Oct7

Oct 13 to Oct 17

P Oct23to Oct27

We’re Growing Sustainability ©

_ Oct 8to Oct 12

Oct 18 to Oct 22

_ Oct 28 to Nov 4



Presenter
Presentation Notes
After the soil has cooled in the fall.

N cycle processes continue through the winter even when the soil is frozen. Snow cover ameliorates temperature. 

That includes nitrification and denitrification.  Processes are slow but winter is long. A recent study in Lethbridge using N-15 measured a 70% loss over the winter. Late application by itself is not enough. It needs to be combined with a place and/or source practices to be effective.    


» Denitrification Losses

»Spring flooding

can cause losses of fall |
applied N and residual N by
denitrification.

» Soils can lose
2 — 4 |bs N/acre/day
at 5°C.

» 15— 30 lbs of
NO,-N/acre/week
could be lost.

Picture source: Farmwest
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Right Time s

__ Reduction

Delay fall application of Early fall-application 30%
N until the soil has of unprotected N.

cooled to below 10° C

or the use of an

inhibitor.

Switch to spring Early fall-application 20%
application. of unprotected N.

Split Application.* All N at or before 15%

seeding.

* With sub-surface placement or EEF source.
Source: Burton (2018)

/. - FERTILIZER CANADA =1
'},,J% . A fertilizercanada.ca




Time-Place Interaction and Crop Yield

6000

Spring Wheat

Grain Yield (kg/ha)

[
=
=
=
|
I

FB

SB
ESH

SP FB SB

Urea
N Fertilizer Application

A 0kg/ha

M 20kg/ha
W 60 kg/ha
M 90 kg/ha
M 120 kg/ha

Kryzanowski et al.
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Presentation Notes
A pound of N is a pound of N. Except when it’s not there. 

At the top rate, we can rough out that the N deficit between fall-banded urea and fall-banded ESN was  25-30 kg N. The loss of N was roughly 25% of applied, the difference in nitrous oxide emissions only about 6%.  

Fall Band (FB) Spring Band (SB) and Seed placed (SP)
 
Agrotain, Super U, ESN 





» Fertilizer Placement

» Sub-surface banding
improves N-use
efficiency and reduces
the risk of N loss.

» Depth >5 cm are
effective at reducing

P is much less

. . precipitates out mobile than
N,O emissions. of solution itzate N so

to where it was
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Presenter
Presentation Notes
Banding N ends to have a 20% increase over broadcast
P is much less mobile than
nitrate N so it stays close to where it was placed.
In Saskatchewan’s calcium rich
soils, soluble P precipitates
out of solution as calcium
phosphate minerals.




) Right Rate

>> Source, Time, Place BMPs may allow for reduced rates.

>> Excess rates result in higher N,O emissions and higher N losses.
- overwinter losses
- in-season losses
- residual post-harvest losses

>> Resilient cropping systems mineralize more N.

>> Fertilizer N is more efficient under better moisture.

: . S -
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Maximize Profit Not Yield

+ EONR ' AONR
A el I P N o\
¢ g0 et TN Agronomic Optimum Nutrient 4
e AR i Rate (AONR) is the minimum rate =
-] Loy 1y . . . =]
a S R that results in maximum yield. 3‘
3 J‘J, FJ : : \\ m
© K R ' \ Economic Optimum Nutrient Rate =
L") ! ! : ! « | (EONR]) is the rate that produces =
o |/ ! : ; the greatest economic return from E
S K : : the current crop. o
K . . A J
. Profit :
+ Profit . Maximum . Profit
/" Increases : Reached : Declines

Nultrient Rate >)>))>

: . — I -
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N Rate and Nitrous Oxide Emissions

Phase Il_. Phase Il
Exponential Steady state

Nitrous oxide emisison

1
|
]
]
|
|
} increase
]
]
|
|
]
|
|

| EONR |AONR
Phase I. A {a
L . A P
e A ic Optimum Nutrient 2
inear § | 1
- H i 2
increase ] g
3 &
£ £

. : Profit 4
+* Profit | Maximum : Profit
l,' Increases Reached Declines
Nutrient Rate D>))>

Optimal N uptake Optimal N uptake
by vegetation by soil microbes

Kim et al. 2013
Nitrogen input
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Presenter
Presentation Notes
We’ve been talking about nitrogen fertilizer use and how to improve nitrogen use efficiency so more gets in the crop and less gets lost as the greenhouse gas nitrous oxide. 

Nitrous Oxide (N20) is a natural atmospheric gas that comes primarily from the oceans and soils. As we discussed earlier tonne for tonne nitrous oxide has a much greater impact on global warming than carbon dioxide, so although emissions from crop land are small they back a pretty big climate wallop. All cropping systems emit some nitrous oxide but those emissions tend to go up substantially when nitrogen fertilizer is applied without paying close attention to source, rate, time and place practices. 

That’s where 4R comes in. The Canadian Fertilizer Institute has been working with scientists, the fertilizer industry and governments to develop and implement the Nitrous Oxide Emission Reduction Protocol (NERP) on Canadian Farms. 

So what’s a NERP? It’s an innovative new approach for applying 4R principles to reduce greenhouse gas emissions from farm fertilizer in a quantifiable, credible and verifiable way that would allow farmers to earn saleable carbon credits.

We are going to take a quick look at NERP to close out the session. I want you to remember as we go through NERP that to participate in NERP a farm must develop and implement a 4R Nutrient Stewardship Plan. 



General Emission Equation

NXF{XF — = N,0
X Fq{ X Fqy X =
1 2”7 9g 2

* N is nitrogen inputs from fertilizer, manure, crop
residue.

* F,q,are emission and/or partitioning factors
« 44/28 is the N to N,O conversion factor
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Presenter
Presentation Notes
Partitioning and/or emission factors are localized at the ecodistrict level. 


QUESTIONS:

_ FERTILIZER CANADA
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