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Supporting Science

Plant Nutrition Canada provides science support for the fertilizer
industry’s efforts to advance nutrient stewardship. We apply, interpret and

extend science for sustainable plant nutrition.

https://plantnutrition.ca

Apply Science

We lead, shape and mold
concepts and intended
implementation pathways
for nutrient stewardship

Interpret Science

We explain implications,
strengths and limitations of
new scientific reports on
issues relevant to nutrient

stewardship

Extend Science

We educate and inform
practitioners on science-
based principles underlying
agronomic practices
relevant to nutrient

stewardship
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IPNI & DIRECTORS.
IPNI Programs and Staff

= Piracicaba, Sao Paulo, Brazi
Jossica achedo, Scretary: jrachedo@ipri.net
Systams Analyst (]
Elsangela Toladp Secrtary and General Assstnt etoledo@ipi el
Quito, Ecuador
Pau Gualao, Crculain: pualato@pri.net
‘Amparo Oz, Offce Adminsalor. omaza@ipniret
‘Acassuso, Buenos Alres, Argentina
Adian Correndo, Assistan Agronomist acorrendo@prinel
Beijing, China
D Jngwen Sun, Execue Assistant jsun@prinet
Dr. Rongrong Zhao, Research Asistant rzhao@pninet

Peachtree Corners, Georgia, U, (Headquarters)
Bian Green, T Manager.boreen@ipri et

Sharon Jolay, Assistant Edio.solay@pninet
Brenda Rose, Statstcs/Accounting. brose@prinet

Abena Wilams, Communicatons Speciaist: awilams@gninet
Saskatoon, Saskatchewan, Canada

Laurse Dosl, Direclor, Adminstaive Services: dbel@prinet
Shea Stile, Commuricatons Agronomist sshiley@prinet
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Moscow, Russia

Nairobi, Kenya
Alexancea Erooeva, Offce Assistant serfeeva@prinel

Dr. Gullaume E2u,Cassava Agranorist: gezu@prinel
nang, Malaysia EstherMugi, Research Asisant emugi@pnint
Perfengs Dr. James Huteg,Farming Systems Anayst jmulegi@ipr net

Sanca Leng, Operations Manager.seng@grinet
sy yolubss Joses Muthaia, Aganomist jnuhamia@pninet
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Ann Oder, Finance and Adriisiation Manager. aodero@ipri et
Angela Okoth, Adminstrative & Finance Assisant ackoh@ipninet
Jaios Ruinds, Sl Sontist rurnda@pninet
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BetterCrops®

with plant food
2019 JBVEEE |

Phosphorus!

Publications Research

Publications Research News

Topics

01 Apr 2019
Final Issue of Better Crops with Plant Food
As 2019 marks the 350th anniversary of Hennig Brandt's discovery of

phosphorus (P), it is a time to reflect back on the number of significant
scientific advancements that have followed.

News & Information

+ Better Crops »
*» Plant Nutrition Today 4
» Issue Review Series 4
» Fact Sheets 4

Image Database

Research with Impact Series
Nutrient Uptake & Removal
Toolbox & Software

» About IPNI

» Photo Contest
* Scholar Award
* More ...

The agronomic programs of
IPNI ceased operations on April
1, 2019. This website will
remain online until the end of
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THE
FERTILIZER
INSTITUTE

https://store.tfi.org Home Catalog -

4R and Plant Nutrient
Educational Resources

The Fertilizer Institute is'now your source

for select educational resources previously published
by the International Plant Nutrition Institute

Soil ertified
Fertility C’j‘ oD
Manual dviser

b iz . Digital Download - Crop
- — Nutrient Deficiency Image

Linkages

* Plant Nutrition Canada supports the Nutrient Stewardship programs of Fertilizer
Canada, The Fertilizer Institute in the USA and the International Fertilizer
Association.

f/[/ .‘ FERTILIZER QY) ifa

FERTILIZER CANADA

* Its partners include African Plant Nutrition Institute, Scientific Panel on
Responsible Plant Nutrition, 4R Solution Project and 4R Research Fund.
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Research
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FERTILIZER ASSOCIATION

SCIENTIFIC PANEL
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4R Nutrient Stewardship - Impacts
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Farmland productivity-\
Soil health

Nutrient use efficiency
Water quality =
Air quality
Greenhouse gases
Biodiversity
Macroeconomic value

Food security

> On-farm

P
N

= External

JlL Rlant
Sz utiton

OUTCOMES

of

e,

are
influenced
by
GCHOPINCNEST
ManaEements
and
by
Se)llandAvaters
CONSER/Aation|
PraGtices:
in the context
of changing
Weathermand
climates

ship

Source Rate

Nutrient

Time Place

ECONOMIC

Plant
Nutrition
Canada

%

4/6/21



United Nations

SA/\ Food and Agriculture
Qﬁ(ﬁ Organization of the

The international

Code of Conduct
for the sustainable use

Principles of 4R Nutrient Stewardship are
embedded in the FAO Code of Conduct,
and in other Codes of Practice.

‘é\a\i G%’lz -
and management §°% . Tus.

(3
offertilizers .
p— mﬂrﬁw n\“‘“é

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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SCIENTIFIC PANEL

Tom BRUULSEMA

Plant Nutrition Canada Sabanci University

Bruno GERARD Kaushik MAJUMDAR Mike MCLAUGHLIN
CIMMYT - Centro Internacional de African Plant Nutrition Institute University of Adelaide
Mejoramiento de Maiz y Trigo (APNI)

ON RESPONSIBLE PLANT NUTRITION

Pytrik REIDSMA

Wageningen University

Lini WOLLENBERG
CGIAR (CCAFS)

Fusuo ZHANG Xin ZHANG

China Agricultural University University of Maryland Center for
Agric Environmental Science (UMCES)
Development A

QY) 'fa https://www.sprpn.org
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A NEW
PARADIGM Lot
FOR PLANT 4
NUTRITION | esea s

Productivity,
Recycling Efficiency &
Resilience

L2

Sustainability-driven policies and business models

utrition &
Health

Soil Health

Accelerated innovation systems

SCIENTIFIC PANEL

ON RESPONSIBLE PLANT NUTRITION

Figure 1. The five interconnected aims of responsible plant nutrition, and six key actions to take.

By 2040: “Through responsible consumption, increased recycling, and better management
practices nutrient waste along the food system has been halved. Nitrogen and phosphorus
surpluses in hotspots have been reduced to safe levels which minimize eutrophication and

. Plant
other environmental harm.” (outcome #3 of 9) \“»IK/ Nutrition
Canada
11
> Co- tive Devel t . . y
i)/% FERTILIZER CANADA ’j F:uzg:triao:nvzf c?ﬁaﬁ‘;me" I* g;ﬁ:ﬁa"s éfafizzsamondmles

&

The Context and Relevance
for 4Rs'innGhana and
Ethiopia

Dr. Shamie Zingore | Director for Research
Dr. Samuel Njoroge | 4R Solution Project.Scientist
AFRICAN PLANT NUTRITION INSTITUTE
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IFA, 2020 — Nutrient Use Efficiency database. Input = fertilizer + fixation + manure; Output = harvest = (/ Canada
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IFA, 2020 — Nutrient Use Efficiency database. Input = fertilizer + fixation + manure; Output = harvest = (/ Canada
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IFA, 2020 — Nutrient Use Efficiency database. Input = fertilizer + fixation + manure; Output = harvest Canada
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Nutrient Use 987 1988 1989 1990 1991 1992 1993 1994 1995 1996 199 99 2000 2001 2002 2003 2004 2005 20

Overlays
Counties Regina

Watershed (HUC8)
Watershed (HUC2)
Rivers
Ag Land Use Mask
HuUc8

Watershed (HUC8) Data
Balances
- N Balance

Great Lakes HUC2
Legend: Watershed N Balance Toront
|

-50to -1

101010 \Wr

Tto 30

9 -
nugis.tfi.org/

3 2014 2015 2016

31t0 50 ;) "%!,{j ~’
My
e -
greater than 300 htt ps ://
16

4/6/21



Nu
@RS
b et a

Nutrient Use

Geographic Information System Beta
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Nutrient Inputs and Crop Removal

B Fertilizer Manure B Legume fix [ Crop harvest

Year
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Nutrient Use

Geographic Information System Beta

400

350

300

250

200

1000s of Tons

150

100

50

NuGIS P,0O; - Great Lakes Region HUC2

Nutrient Inputs and Crop Removal

I Fertilizer Manure I Crop harvest
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Prairie Provinces Cropland Phosphorus Balance
B & Crop
1,200 Non-recoverable Manure removal of
B Recoverable Manure o h h
1,000 | = Fertilizer phosphorus
= Crop often
800 -
£ exceeds
S 600 - inputs
o
o)
wp | [NUE>100%]
200 -
0 |
1975 1985 1995 2005 2015
Calculated from CANSIM data for crops, livestock, and fertilizer using methods of IPNI NuGIS. ||| Plant
* assumes no change in manure P since 2013. N7 Nuvition
19
3

Crop P balances
1920-2016

The cumulative P surplus
amounts to 51 years crop
removal in Western Europe,
and 16 years in the USA.

The Canadian prairies differ.

Likely a cumulative P deficit.

Prairie Provinces Cropland Phosphorus Balance

1200 - Non-recoverable Manure
= Recoverable Manure
1,000 - = Fertilizer
= Crop

P05, kt

- B &8 8 8

1975 1985 1995 2005 2015

P, Mt/y

P, Mt/y

W Europe

2
fertilizer crop removal
14 /e
: manure
0 I T T T
3 -
2
1
0 .
1920 1940 1960 1980 2000 2020
Bruulsema et al., 2019. J. Environ. Qual. 48(5). \‘||| Plant
doi: 10.2134/jeq2019.02.0065. S G
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Ontario Cropland Phosphorus Balance

100

80 -

...].'.4..X" .................................. e.2% Flemova
i - 60 N ° O. (1]
As a multiple of crop = o000 0%° o 0°° (o0, joo° ¢
) o 40 - o290%0 o %0 © o o °

removal, Ontario’s roaeees®es®® o e
cumulative P surplus 20 -
is similar to that 0 manure
of the USA. 1954 1964 1974 1984 1994 2004 2014

=> 500 Ib P,O; per cropland acre

7] Dlant

See Bruulsema et al. (2019) J Environ Qual (for USA, Europe, and Brazil)

21

Western Lake Erie Watershed

Cropland PUE almost doubled.
Loss of dissolved P to the lake also doubled.

- Western

Year P outputs, kt --- P |-nputs, kt --- PUE = wm,,m.f; : i
crop removal fertilizer manure 4

1987 30 37 5 72%

2014 49 31 5 135%

unintended consequence” of conservation 5 Aug 2019

tillage with broadcast application of P fertilizer.

Jarvie et al., 2017, J Environ. Qual. 46(1):123-132

Nutrient ise Geographic Information System

22
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Soil Test Levels

Year(s) Element in North America
2001 v Phosphorus

2005 Potassium
2010 Magnesium Create an account to customize your search.

2015 Sulfur

2020 zin

Chloride
Soil Organic Matter
pH THE
FERTILIZER
CANCEL INSTITUTE

http://soiltest.tfi.org

Soil Test Summary

. Plant
by state & province J Rt on
y p \/(/ Canada
23
Soil Test Levels in North America
Phosphorus sample distribution: North America
I 2001; 2,070,609  [HE 2005; 3,332,222 [ 2010; 4,378,442 2015; 7,557,715 [l 2020; 7,704,783
30
20
6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 >50

Bray and Kurtz P1 equivalent soil test level, ppm
Soil Test Levels
in North America

] http://soiltest.tfi.org \Ill Plant
: fi. N Nutrition
m;HEERTILIZER \/(/ Canada

INSTITUTE

12
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Ontario and Ohio 2001-2020 — drawdown of legacy P
Phosphorus sample distribution: Ontario Phosphorus sample distribution: Ohio
= 2001 2005 w2010 w2015 m2020 = 2001 2005 ®2010 w2015 m2020
60% 60%
Z 50% Z 50%
S 9]
S 40% S 40%
g g
I 30% r 30%
4 ()
£ 20% é 20%
& 10% 2 10% III
0% 0%
<25 25-50 >50 <25 25-50 >50
Bray and Kurtz P1 equivalent soil test level, ppm Bray and Kurtz P1 equivalent soil test level, ppm
Soil Test Levels
in North America

Create an account to customize your search.

1L0G ouT

http://soiltest.tfi.org

M"‘E \\‘& rlluat':'}tion
i 7 Canada
Soils of the Canadian Prairies: much lower in P
Phosphorus sample distribution: Prairie Provinces
W 2001 - 77,063
100%
2005 - 93,835
S 80%
g w2010 - 93,699
g 60%
i W 2015 - 119,089
v 40%
£ m 2020 - 124,341
: ]
o
0% . | . - .
1 Norih America <20 20-38 >38
e Olsen-equivalent soil test P level, ppm
5 http://soiltest.tfi.org It plant.
MTESI.'%LZ&" S Cama
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Stratus

Real Story. Better Decisions.

FERTILIZER USE

Ontario
CDN 202

AG RESEARCH

Fertilizer Canada 4R Fertil

2016-2020

izer Use Survey

Key crops in Ontario and Western Canada
Source x rate x time x place
N,P,K&S
Canadian prairies: 95% of fertilizer P is applied
subsurface

port remain the property of Stratus Agri-Verketing
Inc. and cannot be disclosed to any third party without the consent of Stratus.

27

FERTILIZER USE

Ontario
CDN 2020

Grain Corn

3.
@

Stratus

AG RESEARCH

Fertilizer Placement in Corn - % Crop Acres

Nitrogen Placement

(P205)

(K;0)

Sulphur Placement

FALL

Broadcast on soil surface with no
incorporation
Broadcast on soil surface followed
by incorporation

Banded

SPRING BEFORE PLANTING

Broadcast on soil surface with no
incorporation
8roadcast on soil surface followed
by incorporation

Pre-plant Banded

SPRING AT PLANTING

8roadcast on soil surface with no
incorporation

Side banded at planting

Mid row banded at planting

Seed placed

AFTER PLANTING/IN-CROP

Broadcast into standing crop with
noincorporation (top-dress)

Surface banding below crop
canopy (dribble)

Sub-surface banding (side-dress) 345
Foliar spray 15

Fertigation | 0.1

3.4

0.4

13

1.3

25

0 0 220 30 42
% of corn acres treated
using each placement (n = 435)

Note: Nutrients were defined based on the primary component of each fertilizer type

500 10 20 30 40

% of corn acres treated
using each placement (n = 368)

50 0 10 20 30 40

% of corn acres treated
using each placement (n = 374)

500

0 220 30 4
% of corn acres treated
using each placement (n = 245)

50
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FERTILIZER USE

Ontario Nitrogen

Phosphorus (P20s)

Potassium (K;0)

Approaches Used to Decide Fertilizer Rate in Corn

Sulphur

CDN 2020

Soil test report

Calculation based on nutrient

Grain Corn balance

Calculation based on credits

Assessment of corn fields

Past experience

CCA recommendations

Agronomist’s recommendation

Provincial government
recommendations

Variable rate prescription maps

On-farm research

None of the above

64

29

6.4

% of nitrogen users
(n=419)
AG RESEARCH

50 750 25 50

% of phosphorus (P20s) users
(n=365)

750 25 50

% of potassium (K;0) users
(n=357)

75

2 50
% of sulphur users
(n=171)

FERTILIZER USE

Ontario
CDN 2020

W ESN /Super U

Use of EEFs by Timing -

% of Growers

W Nitrogen Stabilizer

- Net All Timings (438)
Grain Corn

Applied in fall of previous year (114)

Applied in the spring before planting
(236)

Applied in the spring at planting (316)

Applied after planting/in-crop (250)

AG RESEARCH 0 10

20 30
% of corn growers who used a primary Nitrogen fertilizer at each timing

4/6/21
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Made possible through

funding by:

FERTILIZER CANADA

NUTRIENT
The 4R Centfication standards were created by the 4R Ontarlo Steering Committee in close STEWARDSHIP
collaboration with the Nutrient Stewardship Council, the Ohio Agri-Business Association and The CERTIFICATION
Fertlzer Insttute in the U.S. o ensure alignment between cross-border effrts to implement Right Source @ Right Rate, Right Time, Right Place®

4R Nutriet Stewardship and minimize nutrent losses under the 4R Certiication Program. The
standards are reflective of the best avallable science, technology and regulatory requirements
for Ontrio conditions.

Members of the 4R Ontario Steering Committee represent a diversiy of stakeholders B
including Fertiizer Canada; the Ontario Ministry of Agricufure, Food and Rural Affairs (OMAFRA); 4rcertified.ca

the Ontarlo Agri Business Association (OABAY; the Grain Farmers of Ontarlo; the Ontario arcertification@fertilizercanada.ca

Federation of Agriculture; the Christian Farmers Federation of Ontario; Conservation Ontario;

‘The Nature Conservancy — Ohio; the Ministry of the Environment and Climate Change; the. (613) 230-2600
Intemational Plant Nutrtion Institute; the Ontario Cerified Crop Advisor Board; and Ontario
agri-etaiers.

2

4R Nutrient Stewardship
Certification Program
FERTILIZER CANADA in Ontario

A G o
CHRISTIAN FARMERS %"@,ﬂlm ﬂ z:-".‘.'.'," Program administered by Voluntary program for Ontario agri-retailers

CORAION Ot NS DRl Fertilizer Canada on behalf of the and nutrient service providers implementing
4R Ontario Steering Committee 4R Nutrient Stewardship

“We All Play a Role”

Conservation
ONTARIO

ol Campions

CERTIFED
CAOP ADVISEF

Collaboration

31

Growing interest in 4R Certification

NUTRIE
STEWARDS|
CERTIFICATI

Interest in 4R Programs
[l Current 4R Certification
Programs
[ Developing 4R Certification
Programs
Inquired About 4R
Certification

7] Active (broadly adopted) 4R
Outreach Programs

Carrie Vollmer-Sanders, The Nature Conservancy

32
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Research w
Fund

Support for research underscores industry
commitment to linking 4R practice to outcomes

r

Initiated 2013.
Delivering ~S1M per year.

Research 2019: $2.7M for new projects
Fund in AZ, AR, CA, UT, VA.

2020: new projects for Canada

34
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Summary

* The fertilizer industry seeks to advance nutrient stewardship through
support for its institutions:
* Plant Nutrition Canada, Fertilizer Canada, TFI
* FAR, 4R Research Fund, 4R Solution

* IFA & the Scientific Panel on Responsible Plant Nutrition

* Soil test, nutrient balance and 4R practice survey data can help inform
policy on changes to management — 4R and beyond — effective in
reducing nutrient loads to water.

* Collaboration invited in the continuing evolution of 4R!

Elant
N utrition
\/(/ Canada

35

4/6/21

18



