<

Plant Nutrition
Canada

Tom Bruulsema,
Plant Nutrition Canada

|
N

he Role

FERTASA

Fertilizer Association of Southern Africa

Soil Fertility and Plant Nutrition Symposium
15 September 2021

Fertilizer

Cy



o886 < > @O )] & plantnutrition.ca & (4] il o e
||| Plant .
§ /(/ gutrigon Research Resources News About Contact ¥ in Q
anada

Stewardship Needs

Science

Providing science-based support for sustainable
management of plant nutrition.

Learn more

ZJ’% “ FERTILIZER (Y) ifa

INTERNATIONAL
FERTILIZER CANADA INSTITUTE

https://plantnutrition.ca






Nutrient Use Efficiency

nutrient output

NUE = , .
nutrient input

nutrient output < productivity
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Nutrient use efficiency can be defined and calculated in many ways

Calculated Typical levels for N
from (maize or wheat)

Partial factor productivity PFP Y/F 40-90

Agronomic efficiency AE (Y-Y,)/F 15-30

| | >90% = deficiency
Partial nutrient balance R/F <70% = surplus

40-65% (whole-plant)

Recovery efficiency RE (U-U,)/F 33% (grain only)

Y =vyield, F = fertilizer, R = removal, U = uptake
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Example maize N response: Elora, Ontario, Canada 2013

. . PFP, AE, Net return to F
N rate, Grainyield, : : . | P
e t/ha kg grain kggrain PNB RE applied N, :
/kg N /kg N S/ha
0 4.7

90 9.4 104 52 82% 67% S 770

150 11.4 76 45 75% 65% $1,070

220 13.0 59 38 64% 65% $1,258

260 13.3 51 33 56% 57% $1,252

With increasing N rate: yield increases, all forms of NUE decrease.

Net $ return has an optimum rate
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Efficiency and productivity compared across

cropping systems

Nitrogen balance by region (kg/ha/yr), 1997-2006
North China | Midwest U.S. Western
(wheat-maize (maize- Kenya (low
double crop) soybean input maize-
rotation) based)
Input N 588 155 7
Output N 361 145 59
Output/Input 61% 94% 840%
- Plant
S g

Vitousek et al. 2009. Science 324:1519-1520



Optimum NUE

Possible Targets
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Inhibitors impact nitrous oxide loss more than NUE

S
o

. , Thapa et al. (2016) Effect of
NBPT DCD Nitrapyrin NBPT+DCD PCU  enhanced efficiency fertilizers on

nitrous oxide emissions and crop
yields: a meta-analysis. Soil Sci Soc
$ ’ + ¢ ’ Am J 80:1121-1134
Abalos et al. (2014) Meta-analysis
of the effect of urease and
nitrification inhibitors on crop
+ productivity and nitrogen use

efficiency. Agric Ecosystems &
Environment 189: 136—-144

* 4-10% yield gain
* 12-15% NUE gain
* 20-46% less N,O

|
Mean effect size (%) and 95% confidence interval for technologies applied to urea

Yield effect, %
N
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A carbon credit could motivate more inhibitor use

Benefit of inhibitors to yield, NUE, & GHG emissions

Ontario grain corn scenario
10
11.4
193
200
1.45
170

yield increase

NUE increase

GHG reduction

yield increase, $/ha
reduced N rate, $/ha
GHG reduction, S/ha

W

N,O emission factor, kg CO,eq per kg of urea-N
2020 Ontario average grain yield, t/ha

2020 Ontario average N rate, kg/ha

corn price, S/t, net of drying, etc

fertilizer N price, S/kg

carbon price, S per tonne of CO,eq

7%
14%
33%
160

18
133

S
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Western Lake Erie Watershed

Outputs, kt P,O. Inputs, kt P,O,

Year . PUE | —1 4

crop removal fertilizer manure L
1987 92 103 17 76% | ., B
2016 136 73 22 143% | (SR (e

 Cropland PUE almost doubled.

e Loss of dissolved P to the lake also doubled.

 Unintended consequence of conservation tillage
with broadcast application of P fertilizer.
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Jarvie et al., 2017, J Environ. Qual. 46(1):123-132



Nutrient use efficiency & nutrient losses

* Nitrogen use efficiency is desirable, and contributes to sustainability.
* Increasing nutrient use efficiency reduces potential for losses.

 BUT some big issues may arise from small losses.
* Nitrous oxide — greenhouse gas and ozone depletion
* Dissolved phosphorus — harmful algal blooms

e Improving NUE is an important first step.
* More can be done with source, timing, and placement as well.
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1. Nutrient Use Efficiency — what is it?
* NUE vs FUE
 Efficient vs effective

3. Measuring & reporting performance
* Nutrient balances, legacies, and soil fertility surveys




Indicators of Sustainable Crop Nutrition

Enablers

(process)

* Extension &
professionals

* |nfrastructure

* Research &
innovation

e Stakeholder
engagement

I nutrient

stewardship

N

Actions

(adoption)

* Cropland area under
4R [Requires regional
definition of 4R]

Outcomes
(impact)

1. Farmland productivity

2. Soil health

3. Nutrient use efficiency

4. Water quality

5. Air quality

6. Greenhouse gases

7. Food & nutrition security
8. Biodiversity

9. Macroeconomic value
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1. Approgriately assess soll
nutrient supply
2. Assess all available
indigenous nutrent sources
3. Assess plant demand
compatibility 4. Predict fertilizer use efficiency

B contral (no fertilizer applied)
mfertilizer applied

L Rzin

il Manage fertilizer well

. Assess fiming of crop uptake
. Assess dynamics of soil nutnent E
supply 3. Fil npar'~ ~fur-mn i
3. Recognize timing of weather 4. Limitp
factors franspe
. Evaluate logistics of operations

Apply good agronomic
practices

medium
management

o without fertilizer m wi

s000 |
[ SED" (variety effect)
e e o
'© | SED* (fertilizer) 23 2
=73 3, 5 "
=2 4000.. > AR g ]
= E
) & 4
= k=
= . 33
E 2000 E 2
Sl > = without  with crop
+ . v " - v . . crap respiies
1982 1384 1935 1983 1990 %92 1984 1996 reaiduas
(8]

Year

Kasai Kouleni BH140

4R
Nutrient
Stewardship
IS an
important
component
of
Integrated
Soil Fertility
Management
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Who needs to do what?

Policy Makers, Scientists, Financial Organizations and Civil Society

1 | |

Fertilizer Farmers,
Industry Advisers, and Traders and

(Producers, Service Processors
Traders, Retailers) Providers

Retailers Consumers

Emissions, Waste, Recovery and Recycling

* Many participants in the agricultural value chain play important roles in responsible plant nutrition.
* The fertilizer industry has great influence on the 4Rs:

* making the right source available,

* providing recommendations for applying

* at the right rate,
* at the right time, and
* in the right place.

SCIENTIFIC PANEL

ON RESPONSIBLE PLANT NUTRITION



1580810} JaYleam ay) ui si |[ejules abie| e
J1 usboJjiu Jo snuoydsoyd K|dde j,uog

punoJb Paianod MoUS JO
uazoJ} uo snioydsoyd Ajdde 1,uog

way} paau sdosa uaym P

a|qejieAe syuslInu saxe |-

dWIL LHON |-

Allenuue uswdinba
uoljesljdde JusiInu sleIglED =

sjeof pjaIA pue 1se] Jlos Buisn

Juswiabeuew aandepe 10 sUOEPUSWILIOISS

91e15-14] UO uoljed||dde Jualinu aseq =

K103s1y doud uo
paseq sjeob plsiA douo Juswnooq =

Sal0B GZ UeY] SSa| Seale wJojun
Ul ApeInBau 51591 |10S 12NpUoD) &

spaau doto 0}
18Z|]1348} 4O JUNOLLIE SBYDIE

3lvd LHON

i i uiseq alg a)eT UIaIsep) ay] 4o uoninN dou) sjgeuirisns

MV 3HL ? Sd3WAVH dvy

Seale aAI}ISUSS WOy

syoeQgIas WnWIuIW Buisn syualiinu Alddy
MO| 8q 03 pajelisuowsp si sso| snuoydsoyd
JO XSl 843 ss3jun uoielodiodul JNoYIM
sjualinu A|dde jseapeoiq j,uog
uoljedodioou] alelpawwl Yyum
Bunjseopeo.q Jo Buipueq a2epnsgns
‘uolyoalul snioydsoyd azi|iin

uoljealjdde aies a|geLieA azl|iin

wayj asn ued doud
aJaym sjuanInu sdaay

30V1d 1LHOA

SUOIIEPUWWODaI U|
SJUBLIINU JO $324N0S || JOJ JUNOIDY

spasu doid 01
13424 saysjep|

uoljonpold pooy

%08

£1unoas pooy 0}
A2 ale siaz||11a4

43 snioydsoyd




AR NUTRIENT STEWARDSHIP CERTIFICATION PROGRAM

Voluntary program in Western Lake Erie Basin (WLEB) and entire state of Ohio for

° ° ° °
agricultural retailers & nutrient service providers implementing the 4Rs 4 R ‘ e rt I fl C a t I O n I n

Western Lake Erie Basin
4 (WLEB)

¢ We All Play A ROLE

AUG. 2011
LARGEST
RECORDED ALGAL

OHIO GOV. TASK
FORCE REPORT

/ # ) i & BLOOM IN WLEB
TOTAL‘ A(’2REf7~ ¢ Bs » ‘ MARCH 2012
' NUTRIENT

A asony STEWARDSHIP
S TG CERTIFICATION

THIRD-PARTY VERIFIED

MARCH 2013

Maximize crop nutrient uptake and " - Audits review training and education, 4R STANDARD

minimize crop loss Initial training and recommendations to growers and OPEN COMMENT JULY 2013
_— on-going education application records PERIOD PILOT AUDITS
Positvely impact local water bodies

Third-party auditor verification occurs

each year q

For more information, 1721
visit 4rcertified.org L)

RIGHT SOURCE - RIGHT RATE - RIGHT TIME - RIGHT PLACE

. . i . Monitoring of 4R implementation
Provide up-to-date information on nutrient

stewardship

Nutrient recommendation
and application

Help the agricultural sector adapt to new
research and technology

||| Plant
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4R’s Across Canada

Sustainable farming is the future. In many cases, that future is

already underway. 4R Nutrient Stewardship (Right Source @
Right Rate, Right Time, Right Place®) lets the world know
when food has been sustainably grown. We want to
demonstrate this to the world, by getting Canadian
agri-retailers and crop advisors 4R Designated/ 4R

Certified and counting millions of acres under
4R Nutrient Stewardship, to demonstrate how
Canada is a leader in sustainable farming.

i

Alberta

82% of Alberta growers apply

primary nitrogen fertilizer at
seeding which is shown to

increase profitability and reduce

GHG emissions.

Western

In canola preduction, the vast
majority of N,RK.S fertilizer by
nutrient volume is applied by
banding or seed-placement.

Saskatchewan

Over 78% of canola acres and

97% of spring wheat acres
recelve in-scil placement of

phosphorus at planting which
can reduce phosphorus run-off

by up to 75%.

Manitoba

37% of spring wheat growers in
Manitoba applied an enhanced
efficiency fertilizer (EEF) or urea in the
spring at or before planting and 14%
of Manitoba wheat growers used an
EEF. These BMPs have been shown
to reduce GHG emissions by up to
20% and 55%, respectively.

General

On average 70% of Canadian crop acres
are operating under the principles of 4R
Nutrient Stewardship.

Ontario

70% of Ontaric corn growers apply phosphorus by banding or seed-
placement, which has been demonstrated to reduce phosphorus run-off
by as much as 60% (in comparison to broadcast application).

17 southern Ontario agri-retail facilities have completed and passed

the 4R Certification audit to become 4R Certified
1,711 4R Grower Customers (10% of total growers)

31 sites completed a 4R Certification pre-audit
426,566 Acres of Farmland (11% of total farm acres)

Eastern

4R Designation
(AB-SK-MB)

4R Certification
(ON & PE)

- reached 2M ha in 2020
- goal of 6M ha by 2025

In comn production, aimost half of N, P, S
fertiizer and a third of K fertiizer by nutrient

NS
NB

volume is banded or seed placed.

Prince Edward
Island

In side-by-side trials
conducted in grower's
fields, 4R BMPs were
shown to result in as
much as a 32 per cent
reduction in nitrate
leaching. (Nitrate (NO3-)
leaching is when Nitrate
leaves the soil in drainage
water).

Only 31% of growers who practice 4R are aware they are operating
under the program. The next challenge is to verify these acres
under 4R Designation or 4R Certification, so we can share
the story of sustainable agriculture in Canada.

Ny~
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Right Source Right Rate Right Time Right Place

Suites of 4R N Management Practices

» Ammonium-based
formulations for fall
(UAN excluded due to
nitrate content).

» Any N fertilizer in
spring or in-season.

» Inoculate pulse crops.

» Set crop and field specific
N rates using appropriate
regional tools such as soil
tests, nitrogen balance,
response curves or
provincial guidelines.

» Consider field specific yield
history and soil types in
relation to yield potential
of other fields on farm and
in region and probabilities
for weather variations
when setting rates.

» Apply N after soil
cools in fall; or

» Apply N in spring before
or at seeding.

» No N application on
frozen soil and/or snow
covered ground.

» Apply in subsurface bands/
injection any acceptable time.

» Broadcast and
incorporate in spring.

» Avoid fall broadcast
of unprotected N.

» Fall broadcast of enhanced
efficiency N fertilizers are
acceptable following label
instructions regarding
incorporation and timing.




(8D o i Principles of 4R Nutrient Stewardship are
Theinternational €Mbedded in the FAO Code of Conduct,

CodeofConduct and in other Codes of Practice.
for the sustainable use :

O@S\B\E G,Qq/,b
and Management @M,
offertilizers .%&/¢

Responsible Grain is a national, voluntary Code of
Practice that will allow Canadian grain farmers to
demonstrate their care and commitment to the
environment.
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1. Nutrient Use Efficiency — what is it?
* NUE vs FUE
 Efficient vs effective

2. Integration & Collaboration
* Enhancing NUE is a shared responsibility
e 4R Nutrient Stewardship focuses industry role




N use efficiency trajectories, 1961 to 2018

United States Southern Africa

150 * 1960s NUE 100% - 73% % 150 * 1960s
. 1970s yanral 3 1970s
s + 1980s V7| 5 - 1980s -~ NUE 100%
" 100 - 19905 7 el 8 m 100 - 1990s "
- * 2000s ‘ °2. |~ — * 2000s
H ¢ 2010s et St = * 2010s 1 49%
E E‘ . !'i"':"'“
> " > o | - 80 kg/ha surplus

0 50 100 150 200 0 50 100 150 200
Total N input, kg N ha yr? Total N input, kg N ha yr?

Trends in yield (N output) and N input (fertilizer, manure, legume fixation, and deposition) in cropland
from 1961 to 2018. The slope of a line from any point to the origin indicates NUE (output/input).
Sources: Zhang et al., 2015, and FAO (2021).
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Nutrient Input and Crop Removal - USA N
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Nutrient Input and Crop Removal - all P205
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500

400

300

P,0s, kt

200

6,000
5,000
4,000

Oi 3,000

2,000

1,000

South Africa Cropland P,0. Balance

Manure
Fertilizer
* Crop Removal
..........
1961 1980 1999 2018
USA Cropland P,0¢ Balance
....
..........
1961 1980 1999 2018

Both South Africa
and the USA show a
legacy of past surplus
phosphorus use.

Surplus P remains in
the soil, unless there
has been loss by
erosion.
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OPTIONS

Year(s)
2001
2005
2010
2015
2020

AYANAVANAY

Soil. Test Summary

v

by state.& province

Element
Phosphorus
Potassium
Magnesium
Sulfur
Zinc
Chloride

Soil Organic Matter

pH

OK

sts

HOME

Soil Test Levels
in North America

Create an account to customize your search.

http:

LOG OUT

THE
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INSTITUTE

soiltest.tfi.or
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Soil Test Levels in North America

Potassium sample distribution: North America

I 2001; 1,987,882 MM 2005; 3,296,914 [ 2010; 4,217,365 | 2015; 7,292,206 [ 2020; 7,225,996
25

20
15

10

Relative Frequency, %

|
|
|
-
|
-
|
|

0-40 41-80 81120 121-160 161-200 201-240 241-280 281-320 >320

Ammonium acetate equivalent soil test level, ppm

Soil Test Levels
in North America

Create an account to customize your search.

M““ https://soiltest.tfi.org/ |l Plant

N Nutrition
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Percent of Samples Testing Below Critical Levels for P in 2020

Change from
2015 to 2020,
% Below

B <-5

. -15t0-5
-51t00
Oto+10

. +10 to +25

B >25

. : NA
soil test
summary
*Only states with 2,000 samples or more are shown on this map

83 92

Soil Test Levels
in North America

Create an account to customize your search.

https://soiltest.tfi.org/ i Plant
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4R

PLANT
NUTRITION

‘A Manual for Improving the Management of Plant Nutrition

ENVIRONMENT,,

The Business Case for
Establishing the National Index
on Agri-Food Performance

| Affirming Canada’s Agri-Food
Sustainability Leadership

Version 1

JUNE 2021

FHCP i~ CPMar Oomsimm () e wee m
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@wbesd Lakeland Maniloba 9w Crop -:\'

“Canada does not have
complete data to present a
supply chainwide view of
emissions, ...overlooking 4R
Nutrient Stewardship practices
used to reduce direct
emissions.”



The Climate-Smart Agriculture Action Plar

Helping stakeholders around the world work
together to implement climate-smart agriculture

Nitrogenisa highly effective agricultural

L fectilizer hut contributes to 36% of agriculture’s
4R Climate . ===
. Thie Nitrous Oxide Emission MNERP is delivered FIGHT SOURGE  RIGHT RATE

Iﬂg T L
Protocol
(aka NERP)

With NERP, farmers’ profitscan
increase up ta $87 per acre through
carbon credits, maximize yields,

emissions by 36% — making

...AND reduce nitrous oxide

impmve retum on fertilizer dollars... N ERP s as ol & tacaciaty

sustainahble farm.







