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NOTE TO CERTIFIED CROP ADVISORS

If this resource is being used as a study reference for the 4R NMS CCA Specialty, please note that while this guide provides 
information relevant to each competency area, it should not be presumed that knowledge of the material in this guide alone is 
sufficient for the Specialty. Depending on the background knowledge of the candidate, it may be necessary to also review and be 
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BACKGROUND1

LAYOUT OF THE GUIDE
Region 1 Performance Objectives. 
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PURPOSE OF THE GUIDE

NOTES ON THE EXAM 

SUGGESTIONS FOR A STUDY PLAN
1. Start Early and Study Often –
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2. Review the Basics 

3. Assess Your Strengths and Weaknesses 

4. Develop Your Own Questions

NOTE: 

5. Form or Join a Study Group 

TIPS FOR WRITING THE EXAM
1. Arrive Early

2. Read Through the Exam 

3. Read the Scenarios Fully Before Answering – 

4. Read the Questions and Alternatives Carefully – 

5. Keep Moving 

6. Look for Consistency 

7. Answer All the Questions 

8. Check Your Work 
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USEFUL RESOURCES 

1. CCA 4R Nutrient Management Specialist Exam Region 1 Performance Objectives

2. Fertilizer Canada eLearning Resources –

Suggested Courses:

4R Essentials 

 4R Nutrient Stewardship Training Parts 1, 2, 3

4R Nutrient Stewardship in Saskatchewan

4R Manitoba

3. Fertilizer Canada 4R Resource Page - 

4. 4R Plant Nutrition Manual  – 

5. 4R CCA Nutrient Management Specialist Study Guide 
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6. Ontario 4R Nutrient Management Stewardship Guide –
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PROFICIENCY AREA 1: 4R NUTRIENT STEWARDSHIP DESIGNATION PROGRAM

Canadian agri-retailers and their accredited professional staff play an integral role in supporting grower productivity goals. The 
emphasis on sustainable crop production is increasing in Canada and crop producers are turning to their agri-retailers for ways 

To help retailers and growers meet these challenges, Fertilizer Canada has developed the 4R Nutrient Stewardship Designation 
Program. 4R Designation is a voluntary program facilitated by Fertilizer Canada that allows agri-retailers and their grower customers 
to solidify their commitment to sustainable crop production through the 4Rs (Right Source @ Right Rate, Right Time, Right Place®). 
The program provides a measure of performance to address economic, environmental and social considerations. Further, food 
companies and sustainable supply chain initiatives recognize the value of the 4R Nutrient Stewardship framework and program 
participation can assist growers in maintaining existing and accessing new markets for their products and realize the vision of 

also helping to quantify the spread of sustainable agriculture in Canada, as the acres they manage are counted and contribute 
to Fertilizer Canada’s goal of capturing 20 million acres under 4R Nutrient Stewardship by 2020. This goal when achieved will 
signify that nutrients on one-quarter of Canadian farmland is being managed using a demonstrably sustainable system – securing 
Canada’s position as a leader in on-farm environmental stewardship. 

for a cropping system in one region may not be appropriate for another.  

Fertilizer Canada has developed a 4R Designation toolkit to streamline the process for agri-retailers entering the program. The 
toolkit includes all required resources and information for becoming a 4R Designated agri-retailer.

Additional information for this competency area can be found on Fertilizer Canada’s website (www.fertilizercanada.ca), under the 
tab Nutrient Stewardship, followed by the heading 4R Designation.  The CCA should be able to identify the objectives and describe 
the purpose of the program. The CCA is encouraged to review various resources on the Fertilizer Canada page, including videos 
and publications, for context. Alternatively, you can also download the 4R Designation Toolkit and review the material it contains. 
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COMPETENCY AREA 1: UNDERSTAND THE MAIN OBJECTIVES AND ORGANIZATION OF THE 
4R STEWARDSHIP DESIGNATION PROGRAM  
Performance Objective 1. Understand the main objectives of the 4R Stewardship Designation 
Program.

A) Demonstrate on farm stewardship in nutrient management.

-
ment Practices for fertilizer use – but as a sector, we need to demonstrate that leadership to the world. Growers need help in 
completing and implementing a 4R Nutrient Stewardship management plan for their farm. Once a grower has completed a plan, 
the 4R Designation program allows us to count their acres and demonstrate the tangible commitment being made by the Canadi-

being done on farms across Canada. Growers are looking for a program like this and grower associations are endorsing it be-
cause more and more end-use customers are demanding evidence of good stewardship practices. 

Counting acres under 4R management is the best way that we can demonstrate to customers and stakeholders what our industry 
is doing to responsibly manage nutrients. When you help your growers get 4R Designated, you are helping them make better nu-
trient management decisions; you are helping the Canadian agriculture industry demonstrate its commitment to sustainable crop 
production; and you are helping yourself gain a deeper understanding of your customers’ fertility requirements.

B) Provide a framework to improve sustainability.

farm. 

practices provides guidance to growers and their crop advisors on the relative Rightness of practices for the crops and growing 
conditions in their region. Performance levels also allow growers to qualify their nutrient management practices as 4R consistent 
and consequently sustainable against an independent standard. Finally, developing suites of Right practices helps the cropping 
community move away from practices that are not sustainable.

Not Yet 4R is used to classify growers that are using practices that are considered non-sustainable in a region. Growers who are 
Not Yet 4R can still develop a 4R Plan and participate in a 4R Designation Program. Their acres are not counted until their practic-
es meet at least the basic 4R threshold.  The general progression through the levels is based on the following concepts:

-

willing to move to them in the short-term (1-2 years). Current adoption rates may be up to 50% of cropped area in a region. 

-
mediate level practices may occur over the medium term (1-3 years) particularly when they involve investment in new technology. 
Current adoption rates of up to 20% of cropped area in a region. 

a full suite of advanced level practices may occur over a longer time frame (3-6 years) particularly when they involve investment in 
new technology. Current adoption rates are generally less than 5% of cropped area in a region. 

Determining what practices are included in a given performance level needs to consider the crops, the regional climate, and other 

acceptable for the different performance levels. This means that practices that are Right for a cropping system in one region may 
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evidence to demonstrate low risk and excluded when the evidence indicates high risk. For example, late fall band-application of am-
monium-based nitrogen sources is considered acceptable at all levels in cold dry winter climates (e.g. the Canadian Prairies) but not 

C) Quantify adoption of 4R planning tools.

One of the key messages to agri-retailers and growers participating in the 4R Designation Program is to Get your Acres Counted. 
Fertilizer Canada has a goal of capturing 20 million acres under 4R Designation by 2020. Registering 4R acres under the program, 

-
veloped with your customers as that stays between you and your customer – all Fertilizer Canada looks for are the acres, crop and 
eco-district. Fertilizer Canada will use this information to communicate the number of 4R acres in Canada which demonstrates the 

D) Provide recognition for farmers and their crop advisors.

implementing the 4R Designation Program in partnership with your farmers helps prove the point. On behalf of the growers, Fertiliz-
er Canada will aggregate and report data to stakeholders over time. Not only will growers become 4R Designated, they’ll be mak-

Canada tagline “Get your acres counted, we’ll get the word out”.

E) Create useful information for policy planning and supply chain requirements.

The principles of 4R are based upon the most up to date, relevant science which puts the crop production industry at the forefront 
of innovation. The industry, which includes a diverse group of stakeholders, has collaborated to provide useful information for policy 
discussion and planning. The crop production industry recognizes the importance of nutrient stewardship and the role of regulation 

application of manure and nutrient containing waste materials. Current regulations are for the most part aimed at environmental pro-
tection of water resources. Voluntary adoption of 4R Nutrient Stewardship by the industry and willingness to participate in programs 
like the 4R Designation Program provides useful information for development of an effective and less intrusive regulatory framework. 

-
able practices. Food companies and sustainable supply chain initiatives recognize the value of the 4R Nutrient Stewardship frame-

challenges and opportunities presented by the growing global demand for sustainably grown ingredients.

Performance Objective 2: Understand the roles of various stakeholders in the 4R Stewardship Designation Program. 
A) Grower
B) 4R Designated Agronomist
C) Agri-retailer
D) Registry Organization (Fertilizer Canada)
E) Other Parties (Government, NGOs, Supply Chain)
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they can use to guide policy and track progress on Canadian farms. 
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Performance Objective 3: Understand the steps in the 4R Stewardship Designation process. 

C) Reporting

F) Review Progress

Refer to the table in the previous section that describes the roles and responsibilities of the different stakeholders during each step 
of the process. Further information can be found on Fertilizer Canada’s website, under the tab Nutrient Stewardship, followed by 4R 
Designation, as well as in the 4R Designation Brochure.
step by step but rather should be able to describe in a few sentences the key components of each step.  Looking through the 
associated publications posted by Fertilizer Canada on their website and reviewing the documents contained in the 4R Designation 

COMPETENCY AREA 2: DEMONSTRATE COMPETENCIES 
REQUIRED TO SIGN OFF AS A 4R DESIGNATED AGRONOMIST
The information for this competency area can be found on Fertilizer Canada’s website, under the tab Nutrient 
Stewardship, followed by 4R Designation. To create a local copy download the 4R Designation Toolkit from the Fertilizer 
Canada site. The CCA should review the material and be able to provide a general description of these tools and their 
purpose. The discussion below may help with understanding. 

Under the 4R Designation Program, a 4R Designated Agronomists  helps farmers complete 4R Nutrient Stewardship 

counted. The role of the 4R Agronomist is pivotal role in delivering the program along with agri-retailers. CCAs must 
meet the following education, training and experience requirements to qualify as a 4R Designated Agronomist in the 
Prairie Region: 

A.
experience criteria.

B. Completion of the full 5.5 CEU 4R Nutrient Stewardship Training course on Fertilizer Canada’s eLearning site
including exams or attended an equivalent face to face workshop.

C.

These competencies should be reassessed every 3 years. Additional training may be required as courses are revised, 
or new courses are introduced.1

personnel and on-going monitoring of competencies and performance of all personnel related to 4R Nutrient Stewardship Designation 

1A 4R Designated Agronomist is a CCA who meets the nutrient management experience and 4R training requirements outlined in the 4R Designation Toolkit 
and registered their participation in the 4R Designation Program with Fertilizer Canada. At present, all CCAs are eligible to become a 4R Designated Agron-

-
ed Agronomist to participate in the Designation Program.
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professional status, competence of personnel working on 4R Nutrient Stewardship Designation assessments.and improvement of 
4R practices. 

Performance Objective 1: Demonstrate knowledge of the available tools for implementing 4R. 

A) 4R BMP Guidance Tables

Canada. The tables have been reviewed by a group of senior industry agronomists, researchers, and crop production specialists. 

guidance table for N is shown below:  

4R Nitrogen Practices for Spring Cereal, Oilseed, and Pulse Rotations in the Canadian Prairies without Manure or 
Compost

Level Right Source Right Rate Right Time Right Place
Suites of 4R N Management Practices

Not Yet 4R X Applies UAN in 
fall.
X Never inoculates 
pulse/legume crops. 
Exception: Not re-
quired for dry beans 
which are typically 
fertilized.

Sets same N rate for 
all �elds.

X Applies N on fro-
zen soil or snow-cov-
ered ground.
X Applies unprotect-
ed N before the soil 
cools. 

X Broadcasts un-
protected N in fall. 
Exceptions: Fall 
broadcast MAP, DAP 
with incorporation 
is acceptable at the 
basic and intermedi-
ate levels.

Basic Uses ammoni-
um-based formula-
tions for fall. 
�Uses any N fertiliz-
er with guaranteed 
analysis in spring. 

Inoculates pulse/le-
gume crops in �elds 
that have not grown 
the crop previously. 

Sets �eld speci�c N 
rates. 

Considers �eld spe-
ci�c yield history and 
soil types and prob-
abilities for weather 
variations when 
setting rates. 

Applies N a�er soil 
cools below 10 ˚C 
in fall or if using a 
protected N source 
within two weeks of 
expected date for soil 
reaching 10 ˚C. 

�Spring Broadcast 
with incorporation.
�Fall broadcast of 
protected N follow-
ing manufacturers 
recommendations on 
incorporation. 
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4R Nitrogen Practices for Spring Cereal, Oilseed, and Pulse Rotations in the Canadian Prairies without Manure or 
Compost

Level Right Source Right Rate Right Time Right Place
Suites of 4R N Management Practices

Intermediate �Uses enhanced ef-
�ciency fertilizers in 
high risk situations.  
�Inoculates pulse/
legume crops in �elds 
that have not grown 
the crop in the past 3 
years.

�Applies N based on 
annual soil test using 
surface and subsur-
face sampling and/
or other estimate of 
residual nitrogen in 
combination with 
estimates of other 
soil supply sources 
(mineralization and 
previous legume 
crop) and/or crop 
response curves.

�Applies N in spring 
before or at seeding.

�Applies in subsur-
face bands/injection.
�Uses enhanced 
e�ciency ammoni-
um-based fertilizers 
or nitrate-based fer-
tilizers for broadcast 
surface applications 
in spring or in sea-
son. 

Advanced �Uses enhanced 
e�ciency fertilizers 
except in low risk 
situations. 
�Inoculates pulse/le-
gume crops each time 
they are seeded.

Intermediate Plus
�Applies N according 
to quanti�ed �eld 
variability using dig-
itized prescriptions 
(advanced variable 
rate).
�Monitor in-season 
and/or post season 
using one or more 
technologies such as 
ground based crop 
sensors, satellite or 
aerial imagery, �eld 
scouting, tissue test-
ing, post-harvest soil 
sampling.   

�Applies all N in-sea-
son or split applies.

�Applies in subsur-
face bands combined 
with subsurface or 
surface bands in-
crop.

a farmer on what are reasonable practices given the unique circumstances of the farm. The tables should also be useful in helping 

uptake. Losses that contribute to greenhouse gas emissions and surface and groundwater contamination as well as reduced yields. 
Consequently, it is a practice set that is considered inconsistent with 4r principles and not yet 4R. 
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B) Designation Program Toolkit

The Designation Program Toolkit is a downloadable package of information documents found on the Fertilizer Canada website. The toolkit 
provides all the necessary information for an agri-retailer (fertilizer dealer or independent agronomist) to register their organization’s partici-

C) 4R Scorecard

-

becomes available it will be a tool to aid the conversation around implementation and improvement of 4R practices. 4R Scorecards are also 
being developed internationally. 

determining if a grower’s practices meet the basic threshold of 4R. They also allow for a qualitative assessment of where grower practices 

advanced practices. Growers are often at different levels across the different Rs and while a minimum threshold can be set to qualify a 4R 

purpose is to illustrate the score carding concept and generate discussion about the pros and cons of such an approach. 

Characteristics of Good Scorecard: The purpose of the proposed scorecard is to provide a tool with the following attributes:

1.

2.
adoption.

3.

4. -
shed, province, or national levels (collective program action).

Level Source Rate Time Place

Not yet 4R 
Source is if unknown 
nutrient content or 

Rates do not consider 
differences among crops 

Timing is high risk in terms 
of nutrient loss.

increases risk of loss.

nutrient content. 

Known mode of action.

set considering the unique 
Reduce high risk timings. 

placement, low 

sources (if available for 
the nutrient) in high risk 
situations.  

variation in soil supply and 
risk of off-site movement.

closer to period of highest 
crop demand.

Concentrate placement 
in subsurface bands.

Sources in all but low risk 
situations.

variation. synchronize timing with 
crop demand and growing 
season conditions. 

Concentrate placement 
in subsurface bands in 

with rooting zone.

Table. 
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Simple Scoring Regime for 4R Practices1 
Level Right Source Right Rate Right Time Right Place
Not Yet 4R 0 0 0 0

1 1 1 1
2 2 2 2
3 3 3 3

Level Not Yet 4R2 
N or P < 4 4-6 7-9 10+
N and P < 8 8-13 14-18 18+
When both N and P are applied 1 in each R for the individual nutrients minimum of 8 required. 

not. 

each crop that they grow. 

Currently the 4R Designation Program uses a simple in or out approach to determine if a grower’s acres can be included. The 

threshold for source, rate, time, and place the acres are included.  
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PROFICIENCY AREA 2 – NUTRIENT MANAGEMENT PLANNING

Provinces within the Prairie Region (Region 1 NMS) differ in their legal frameworks and regulations when it comes to Nutrient 
Management Planning. A CCA should be familiar with the regulatory framework in the province where they practice as well as any 
local regulations or guidelines. For the exam, aim to have a general understanding of the legal framework with regard to Nutrient 
Management Planning within the Prairie Region. Information on the legal framework to be considered within the context of the exam 
scenarios will be provided in the exam. 

Performance Area 2 overlaps with PA7 Management of Manure, Compost, Biosolids, and Wastewater. Detailed information in the right 
source, rate, time, and place for the different nutrients is covered in PAs 3, 4, and 5.

A high-level view of the 4R planning cycle is illustrated below. Once the initial 4R Plan is put in place the plan is reviewed annually 
and adjustments made as necessary. A 4R Plan has an element of continuous improvement with the goal of optimizing nutrient 
management on the farm over time.  

COMPETENCY AREA 1. ROLES AND RESPONSIBILITIES OF PROVINCIAL, LOCAL PUBLIC AND 
PRIVATE ENTITIES IN NUTRIENT MANAGEMENT PLANNING

information for stakeholders regarding education, advocacy, and implementation of crop nutrient stewardship. Several guiding bodies 
endorse and support the 4R principles including: the International Plant Nutrition Institute (IPNI), Fertilizer Canada, The Fertilizer 
Institute (TFI), and the International Fertilizer Industry Association (IFA).

Performance Objective 1. Interpret a CCA’s roles and responsibilities in nutrient management planning as described in the 
following references:

For Performance Objective 1 review the following sources with a view of understanding the key elements of the 4R planning process 
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Training Parts 1 available at the Fertilizer Canada eLearning site. Also review the Designated Agronomist’s roles and responsibilities as 

A) International Plant Nutrition Institute (IPNI) 4R Stewardship 1

and their implementation need be adapted in context to the local region. Interesting side note, 4R is being implemented globally but the
conceptual framework originated on the Prairies.

http://www.ipni.net/4r

Chapter 9 of the 4R Plant Nutrition Manual provides a good review of the general roles, responsibilities, and concepts required to 
integrate 4R planning principles with regional regulatory requirements. 

B) Fertilizer Canada 4R Nutrient Stewardship

i. Fertilizer Canada is an association that represents manufacturers, wholesale and retail distributors of fertilizers. The Nutrient
Stewardship webpage houses Fertilizer Canada’s 4R Nutrient Stewardship provincial programs. Each program shares a common goal

sustainability.

http://fertilizercanada.ca/nutrient-stewardship/

ii. Review documents on 4R planning such as the 4R Nutrient Stewardship Planning Guide in the Manitoba section of the website.

https://fertilizercanada.ca/nutrient-stewardship/4r-designation/

The 4R Designation Program and the CCAs role in the Designation Program is covered in detail in PA1.

C) The Fertilizer Institute 4R Nutrient Stewardship

i. TFI is the US equivalent of Fertilizer Canada representing fertilizer industry interests and supporting 4R research and adoption.

http://www.nutrientstewardship.com/

D) Agriculture and Agri-Food Canada – Nutrient Management Planning:

i. The website below contains general information on nutrient management planning and best management practices for soil conservation
and plant nutrients.

http://www.agr.gc.ca/eng/science-and-innovation/agricultural-practices/soil-and-land/soil-nutrients/nutrient-
management-planning/?id=1187355760327

1 �e agronomic programs of IPNI ceased operations on April 1, 2019. �is website will remain online until the end of 
2019, but no further updates will be made. Questions about past IPNI operations and projects can be forwarded to the 
International Fertilizer Association, �e Fertilizer Institute, or Fertilizer Canada. 
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E) Agriculture and Agri-Food Canada – Agricultural Practices

i. This website provides general information on a range of related topics: agroforestry, climate, soil and land protection and management, 
water issues related to livestock watering, ponds and dugouts, watershed protection, wells and groundwater.

http://www.agr.gc.ca/eng/science-and-innovation/agricultural-practices/?id=1360876327795

F) Alberta Nutrient Management Planning Guide

i. This guide contains information designed for extension agents, agri-business service providers and producers who want to learn more 
about effective nutrient application and management. Contains detailed methodology on numerous aspects of nutrient management

and developing an application plan to optimize yield. Contains lots of practical tips on how to do things like manure sample as well as
the background information needed in nutrient management planning. Keep in mind that some of the examples make reference to the
Alberta regulatory framework and the Alberta Agricultural Operations Practices Act (AOPA).

https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/epw11920

G) Tri Provincial Manure Management Guide

i. The Tri-Provincial partnership is a collaborative and cooperative working relationship between Alberta Agriculture and Rural
Development, Manitoba Agriculture, Food and Rural Initiatives and Saskatchewan Ministry of Agriculture. The partnership focuses on
topics and issues related to sustainable livestock manure management.

The Tri-Provincial Manure Management Website linked below contains information on manure management and treatment technologies. 
The target audience includes producers, farm managers, consultants, specialists, agronomists and engineers servicing the animal 

environmental impact of managing manure. This tool provides users a single portal for manure management information.

http://www.manuremanagement.ca/Info-Publications/tri-provincial.html

Performance Objective 2. Interpret roles and responsibilities of provincial, local public and private entities in nutrient 
management planning.

Provincial Government:

Provincial governments regulate nutrient applications to agricultural land. The focus is largely on nutrients in manure produced by 

application may also be regulated. There is particular emphasis on protection of water resources and nutrient management regulations 
are closely tied to water use and quality regulations in each province. 

While all three provinces have regulations governing nutrient use, there is considerable variance among provinces. A CCA needs to 
understand the regulatory framework in which their clients operate. However, as stated at the beginning of this PA, the exam will focus 

be provided with the scenario. 

Overall roles and responsibilities of Provincial Governments in nutrient management planning are as follows: 
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• Provide training and resources for people subject to the regulation.

• Ensure a timely application approval process.

• Provide inspections and enforcement tools to ensure regulatory compliance.

• Assess regulatory effectiveness and communicate with stakeholders to ensure the regulation is having the intended impact.

• Integrate nutrient management principles into environmental protection planning as it relates to other provincial acts and
regulation governing pollution and air, soil, water, and biodiversity.

If you are unfamiliar with nutrient management regulations for your province, it’s a good idea to familiarize yourself with them before 
the exam. The links below will take you to information on the legislative and regulatory frameworks for the three Prairie Provinces. 
CCAs in the BC Peace Region may want to review BC’s acts and regulations. 

Manitoba

Nutrient Management Regulations fall under the Water Protection Act. 

https://www.gov.mb.ca/waterstewardship/wqmz/

The Livestock Manure and Mortalities Management Regulation under the Environment Act also contains sections that are relevant 
to nutrient management planning. 

https://web2.gov.mb.ca/laws/regs/current/_pdf-regs.php?reg=42/98

Nutrient management regulations are reviewed in Part 3 of the 4R Manitoba course on Fertilizer Canada’s eLearning site. 

Saskatchewan

Nutrient Management fall under the The Agricultural Operations Act and is administered by the Livestock Branch of Saskatchewan 
Ministry of Agriculture.  

http://www.publications.gov.sk.ca/freelaw/documents/English/Statutes/Statutes/A12-1.pdf

Nutrient management regulations are reviewed in Part 3 of the 4R Nutrient Stewardship in Saskatchewan course on Fertilizer Canada’s 
eLearning site. 

Alberta

Nutrient management falls under the Agricultural Operations Practices Act (AOPA) and is administered by the Natural Resources 
Conservation Board (NRCB). 

http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/epw12498

For a quick comparison of nutrient management regulations across the Prairie Provinces (as well as other Canadian provinces), read 
the Jurisdictional Scan of Nutrient Management Regulations by the BC Ministry of Agriculture. 

https://www2.gov.bc.ca/assets/gov/environment/air-land-water/site-permitting-and-compliance/hullcar/
review-docs/631700-3_bc_agri_2017b_jurisdictional_scan_of_nutrient_management_regulations.pdf

Local Public (municipal):

Municipal governments typically have responsibility for land use bylaws and zoning. Municipalities (including rural municipalities such 
as counties or municipal districts) may create land use zones that exclude certain agricultural activities such as CFOs and/or prevent 
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CCAs have a responsibility to be aware of and understand the implications of local land use bylaws that may affect source, rate, time 
and place decisions. 

The second role of municipalities that may touch indirectly on nutrient management planning is the issuing of building permits and 
enforcement of building codes following permitting of new or expanding CFOs. Municipalities may also prevent or prohibit certain types 
of development such as rural residential within a certain distance (minimum distance separation or MDS) of existing CFOs. 

Private (landowner/consultant):

The roles and responsibilities of the CCA and the farmer when engaged in nutrient management planning will change somewhat 
depending on whether the NMP is prepared to meet a regulatory burden or is solely to meet a grower’s enterprise goals to improve 
sustainability. The roles and responsibilities include: 

Landowner (Grower/Operator)

ii) should provide all necessary documentation and information.

iii) be willing to undertake reasonable costs in support of planning such as the cost of soil tests.

iv) be willing to follow the NMP to the extent possible.

CCA (Consultant)

i) know and be willing to assist grower in understanding applicable regulations governing nutrient planning and application.

circumstances.

iii) assist in the development of alternative practices when the NMP cannot be followed due to uncontrollable circumstances.
A 4R NMP should be thought of as Plan A. In some circumstances a Plan B may be required due to unsuitable weather

nutrient management planning.

National:

The Canadian Food Inspection Agency (CFIA) regulates fertilizer materials and soil amendments including biologicals that may be 
based on living organisms. This controls the nutrient products that are available in the marketplace and the type and accuracy of 
information the manufacturers, distributors, and retailers must supply to buyers.  

The federal government regulates pollution under the Canadian Environmental Protection Act (CEPA). This is a catch-all piece of 
legislation that regulates potentially toxic substances. It’s impact on nutrient management planning is largely indirect. At one time, 
ammonia was being considered for inclusion on the toxic substances list under CEPA. 

Under the Fisheries Act, the federal government regulates water pollution and prohibits any discharge of a “deleterious substance” into 

Provincial:

Each province has their own acts and regulations regarding nutrient management and environmental protection for the areas under 
provincial jurisdiction. Some of the topics that effect nutrient management that are addressed by provincial policies or regulations 
include:  



PROFICIENCY AREA 2 – NUTRIENT MANAGEMENT PLANNING

Setting minimum distance separation (MDS) for new construction projects. Impacts where a CFO is sited based on end use (livestock, 
odour, manure storage) and the distance separation from other residences, wells, sensitive features, lot lines, etc.

application must cease in the fall and when it can recommence in the spring. 

source, rate, time and place decisions for manure and/or fertilizer. 

Setting limits that restrict fertilizer or manure application rates. These are usually based on soil test N or P levels. But may also 
take into account soil texture, soil salinity, and soil zone/climate considerations. Each province takes a slightly different approach. 
Manitoba’s limits are based on soil test P and N. Alberta uses N limits. 

safeguarding those water sources. Note that each province is a little different. 

certain zones. For example, bylaws excluding CFOs from certain parts of watersheds that municipalities draw their drinking water from 
are fairly common in Alberta. Provincial Source Water Acts protecting surface and groundwater sources of drinking water may be used 
by municipalities to restrict manure and/or fertilizer application.

Provincial Nutrient Management Regulations, if any.

Each province has its own permitting/licensing process for CFOs, and all require that CFOs develop a manure/nutrient management 
plan. 

sign off on major manure storage facilities such as lagoons. With respect to nutrient application to agricultural land: 

Certain aspects of nutrient/manure planning, such as size and suitability of the land base for application of manure by CFOs, are 
reviewed and approved by the Natural Resources Conservation Board (NRCB) as part of the permitting process. Typically, regulated 
livestock operations would follow a written NMP approved by the NRCB and keep records of where, when and how much manure is 
applied but are not required to submit information annually to NRCB or seek annual approvals prior to application. 

CFOs must produce a Waste Management Plan that is approved by the Ministry of Agriculture in order to land apply manure. Producers 

base, or application practices. 

Manitoba requires regulated livestock operations to submit an annual Manure Management Plan (MMP) to Manitoba Sustainable 

Management Planner. Manure Management Planners that prepare plans required by Manitoba Sustainable Development must have 
successfully completed the Manure Management Planner Course and be members in good standing of the Manitoba Institute of 

Nutrient management planning is considered the practice of agrology in all three Prairie provinces. All three provinces treat agrology as 
a regulated profession. In Alberta and Saskatchewan, the respective acts are considered mandatory which in the simplest interpretation 
means that if you are practicing agrology you must be a member of the AIA or SIA. The Manitoba act is not considered mandatory, but 
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regulations.

Performance Objective 5. Identify responsible parties and their roles in implementing each component 
of a nutrient management plan following the nutrient management regulations and the logistics needed 
to apply the right source of nutrients at the right rate, at the right time, and in the right place.

will vary depending on whether the NMP is required by regulation or is developed and implemented as part of a voluntary nutrient 
stewardship program. A general summary of roles and responsibilities is provided below. 

Role Responsibilities
Farmer

implement NMP, note deviations or contingencies that were implemented, provide feedback to CCA 
for further adjustment of plan. Manage logistics of NMP implementation including calibration of 
application and other equipment required to meet NMP goals and measures. 

CCA Provide advice on Right Source, Rate, Time, and Place. Use appropriate tools to access risks. 
Interpret technical information such as soil test results and manure analysis. Keep records of NMP as 
developed. Understand regulations that are applicable to NMPs in local area. 

Applicator Follow NMP including adhering to prescribed rates and ensuring setbacks are met. Keep records and 
provide to grower and/or CCA. Ensure equipment is calibrated. 

Regulator Review and approve NMPs when required by regulation. Enforce regulatory breeches. Work with 
nutrient management community to increase understanding of regulatory framework. 

COMPETENCY AREA 2. CCA’S RESPONSIBILITY IN INTEGRATING 4RS WITH A NUTRIENT 
MANAGEMENT PLAN

A) Know the major regulatory framework agencies and rules within each Province.

See CA1,PO2 this section for links to the provincial regulations.

B) Know any reporting requirements and approval processes.

These vary by province. Common elements include:

I. Identifying operations and/or materials that are regulated.

II.

III. Filing of an NMP where required with appropriate regulatory agency generally as part of the approval process.

IV. Seeking approval for deviations from the regulations. For example, emergency manure applications on frozen ground.

CCAs should know what the approval and reporting requirements are in the province where they work. 
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Comparison of Regulated and 4R Nutrient Management Planning1 
Regulated Nutrient Management Planning 4R Nutrient Management Planning

Goal

Goal is to meet the regulatory burden in order for 
the operation to stay within the legal boundaries 
governing the type of operation. The underlying 
goal of the regulations is typically to ensure 

to minimize environmental impacts and reduce rural 

Goal is to develop BMPs using 4R principles and meet balanced 
economic, social and environmental goals set by the farm enterprise. 

Right Source 

Regulations are aimed at management of 
particular sources, typically waste materials from 
agriculture and non-agriculture operations that can, 
if appropriately applied, provide crop production 

biosolids and other organic material. 

Select right sources to match crop requirements and ensure sources selected are 
compatible with rate, time and place practices. 

Use source selection to mitigate economic and environmental risk. 

equipment and operational logistics.  

Right Rate

Rate considerations in regulated nutrient 
management are aimed at balancing between 
crop demands and allowable limits on product 
application. These limits may be based on soil test 
values for N, P, salts, or metals depending on the 
material.

Rate limiting factors are in place to prevent 
environmental damage rather than optimize crop 
response. 

Since regulated materials are often bulky and not 
all nutrients are immediately crop available, rates 
that exceed crop demand for a single year are often 
used. 

Rates are generally set to meet crop demands in the year of application 
with exceptions when manure or some other organic source is used, or 
higher rates are used to build soil reserves.

Additional rate setting principles are used such as assessing all nutrient 

economics of the rate chosen.

Right Time

Application time may be regulated within certain 

decision is to fall within the prescribed time period. 

Timing options may also be restricted by the 
nature of the regulated source and requirements 
for placement. For example, incorporation of solid 

nutrient loss but is not feasible in a growing crop. 

Selection of time practices seeks to balance among principles including 

against loss during high risk periods. Time decisions are further 

weather and equipment. 

Right Place Placement in the regulatory framework is generally 
driven by reduction of environmental harm and may 
require setbacks from water bodies, wells etc. This 
may result in nutrient limitations for crops in the 
excluded areas. 

Other placement requirements such as 
incorporation are dual purpose. Reducing nuisance 

Placement decisions based on principles that aim to improve nutrient 

such as direct seeding. 

One of the features of 4R management is attention to spatial differences 

and is fully compatible with variable rate approaches. 

1 Note 4R can and should be used within a regulatory framework. 
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Performance Objective 2. Be able to advise on the right source(s), at the right rate(s), at the right 

The 4R Nutrient Stewardship approach is principle based and universal in application in that it can be adapted to any cropping 
system. The key to providing 4R based advice is best management practices that have been locally adapted and broadly accepted as 
meeting 4R principles. Not all practices used by farmers or recommended by agronomists in the past meet the threshold for a 4R BMP. 
Application of N or P fertilizer or manure on snow covered or frozen ground is an obvious example of a practice that has occasionally 
been used and even recommended that is not considered 4R due to the high risk of nutrient loss. The 4R principles are given below 

Right Source 

Consider Rate, Time and Place

Ensure Balanced Supply

Suit Soil Chemical and Physical Properties

Supply Nutrients in Plant Available Form 

Recognize Synergisms Among Nutrients

Recognize Blend Compatibility 

Recognize Effects of Associated Elements

Recognize Effects of Non-Nutrient Elements

Right Rate

Consider Source, Time and Place

Assess Plant Nutrient Demand

Assess Soil Nutrient Supply

Assess All Available Nutrient Sources

Consider Soil Resource Impacts

Right Time 

Consider Source, Rate and Place

Assess Timing of Plant Uptake

Assess Dynamics of Soil Nutrient Supply

Recognize Dynamics of Soil Nutrient Loss

Evaluate Logistics of Field Operations 

Right Place

Consider Source, Rate and Time

Consider Where Plant Roots are Growing

Consider Soil Chemical Reactions

Suit the Goals of the Tillage System

Manage Spatial Variability 

Right Source:

Supply nutrients in plant available forms, or in a form that will be in plant available form at time of crop requirement. For N sources, 
consider loss potential in relation to method and timing of application when selecting products. Consider potential and mechanism 

of all applied nutrients. Be aware of potential nutrient interactions such as high soil P level or high P application rates restricting Zn 
availability and plant uptake.

Know that some fertilizer materials are hygroscopic, and products can take-on moisture from the atmosphere. As well, understand that 
fertilizer granules vary in size and density and certain combinations of products may segregate when used in bulk blends. Differences 
in size and density can also affect uniformity of application. For example, a spin spreader will not throw a less dense granule as far as 
a more dense granule even if they are of similar diameter

Right Rate:
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environmental interactions all affect rate recommendations. Assess crop nutrient requirements and soil supply through appropriate 

research data. Account for all available nutrient sources being applied or that have been applied (e.g. past manure applications and/
or previous legume crops) and potential mineralization of nutrients from these sources when setting rates.

environmental outcomes. Use nutrient balance where appropriate to track nutrient removals by crops against inputs. Consider the 
differences in practices required for nutrients that may be held-over in the soil (e.g. P and K) as opposed to those nutrients (e.g. N and 
S) that may only have “annual residence” and may be lost from the soil if not taken up in the year of application.

cropping system. In applying 4R rates are adjusted for differences in nutrient supply and yield potential among 

would outweigh logistical drawbacks.  

Right Time:

The timing of plant nutrient uptake varies with crop type as well as nutrient type. Soil properties and environmental conditions, 
planting date and method (e.g. seeding rate, row spacing, depth of planting), and plant growth stage all interact to control the balance 

environmental conditions.

The CCA needs to consider that the timing of processes such as mineralization of soil organic matter and decomposition of crop 
residues are additional factors that may affect the application timing decision. Synchrony between uptake and availability improve use 

Right Place:

Nutrients need to be placed where they will be accessible by the plant when needed. Consider close placements (e.g. seed row, side 
band, concentrated bands) for immobile nutrients. When placing blends (e.g. N and P or P and S) consider how the concentration of 
two or more sources may affect availability. For example, dual banding N and P can improve P availability up to a point (approx.70 lb N/
acre). Above that threshold P may be trapped within the band and availability may be delayed.  Understand that placement options will 
be affected by the producer’s tillage practices and that placement can directly impact availability as well as loss potential.Performance 
Objective 3. Consider in the available equipment, labor, and nutrient sources when implementing a 4R nutrient management plan for 
a given operation.

Performance Objective 3. Consider the available equipment, labor, and nutrient sources when 
implementing a 4R nutrient management plan for a given operation.

A 4R nutrient management plan must consider the interactive and iterative factors in the farm operation and the practicality of 

operations, equipment and labour availability, input costs and timing of purchase, storage facilities, etc. will impact how the plan will 
be developed, adjusted and implemented.

Performance Objective 4. Discuss the concept of using established and regionally calibrated soil tests 
for making nutrient recommendations.

Soil test calibration is the process through which a soil test method is correlated with crop response in a region. The most commonly 



PROFICIENCY AREA 2 – NUTRIENT MANAGEMENT PLANNING

check plots can be aggregated across a range of soils, crops, and years and statistically analyzed to determine a critical limit. The 

factors such as sampling depth and sampling time are held as constant as possible. A calibrated soil test comes with depth and time 

generally calibrated for a 0-6-inch sampling depth. Since available P tends to be more concentrated near the soil surface, interpreting 
P levels in a 0-12 inch sample using the guidelines for 0-6 inch will typically underestimate the available P and result in high P fertilizer 
recommendations.   

For some analyses like soil test P, there are a number of different methods available. Not all of these methods have been calibrated against 
crop response under Prairie soils and environmental conditions. When interpreting soil test results and/or using recommendations 
provided by labs, CCAs need to be aware if the recommendations are based on local response, calibration and correlation data 

growing region and nutrient determination) are primary considerations in laboratory selection and use.

Soil testing on the Prairies is provided by a number of private sector labs in the region. With modern courier and digital communication, 
it is also feasible to send samples to and receive timely results from labs located outside the Prairies. While provincial governments 
no longer maintain soil testing facilities nor oversee a soil testing laboratory accreditation program, modern commercial labs have 

programs are aimed at accrediting particular methods performed by the laboratory rather than the overall laboratory operation. The 

and what methods they are using for the various tests. Labs using methods that have not been calibrated for Prairie cropping systems 
should be avoided. 

Critical limits and response probabilities of N and P are discussed further in PA3 and PA4. Note that a number of the micronutrient 

provided with these tests may be based on data obtained outside the Prairie region and may not be relevant to Prairie soils and crops.  

Performance Objective 5. Identify the best management actions that could be considered if nutrients 
need to be applied outside the optimum 4R nutrient management plan.

A 4R nutrient management plan must be interactive and adaptable, not only with each “other R”, but with all farm operations, economics, 
logistics, regulatory change and prevailing environments. Considerable deviation from the plan may be required when unforeseen 
factors come into play. The ability to adapt as conditions change and consideration to adopting the “next best R” would be a prudent 
part of the management plan at the outset and help manage risk.

Alternate practices for nutrient source, rate, time and application method should be considered in relation to the most likely contingencies. 
Changes in weather, crop development, equipment failures and changes in economic climate can all impact successful implementation.

At the outset of nutrient management planning, consider identifying alternate nutrient sources and placement methods, along with any 
required rate alterations and equipment logistics should the original plan need be changed. Nutrients applied using practices other than 
those in the plan should still be considered within the 4R framework (right source @ the right rate, time, and place) and application 
aimed at achieving best management under the changed circumstances.

Performance Objective 6. Discuss the rationale (agronomic and environmental advantages and 
consequences) of increasing soil nutrient levels above the crop nutrient response level.

Liebig’s Law of the Minimum states that crop response to an added nutrient occurs when the added nutrient is limiting crop growth. 
If the nutrient is already available in the soil in adequate amounts, crops do not respond to additions. Certain nutrients (e.g. P and K) 
lend themselves to a maintain and/or build strategy in which nutrient levels are raised and kept slightly above the response threshold 
or critical soil test limit, while others (e.g. N and S) do not. The decision to build soil test levels must consider environmental liability 
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can be an issue for sensitive crops such as canola and pulses. Building P levels through higher than required applications on the less 
sensitive crops in the rotation and/or placements away from the seed at rates higher than crop removal may over time alleviate the 

a nutrient for later use (in the situation of rising fertilizer nutrient cost). But failure to recognize loss potential will negate the economic 

The decision to apply a nutrient in excess of crop demand is predicated on farm management operations, economic risk, and 
characteristics of the particular nutrient. While soil “banking” P and K may have immediate and longer-term attractiveness on land 
owned by the operator, it is far less attractive on leased land where the tenure is not secure. Fertilizer N cannot be reliably banked, and 
excess N applications can lead to undesirable results such as lodging, delayed maturity, increased disease potential, as well as the 
high risk of loss. Excessive and poorly balanced fertility programs can lead to poor crop quality, yield reductions and reduced nutrient 

Performance Objective 7. Discuss the components of a 4R nutrient management plan that should be 
monitored and tracked over time and the impacts of any changes.

Aside from the initial plan development and the next best potential options to deal with contingencies, a 4R nutrient management plan 
should include a set of performance measures and indicators to evaluate the BMPs selected and identify further needs or adjustments. 
A 4R Plan contains an element of continuous improvement and should be evaluated and renewed on an annual basis as part of the 
cropping cycle. It’s important to decide on performance indicators prior to implementation and ensure that the necessary information 
and data to allow assessment is collected during implementation. 

Good record keeping in addition to nutrient source, rate, time and place information should include crops and varieties/hybrids planted, 

weed spectrum, insecticide applications, harvest date, yield and particular environmental conditions around application timing and the 
growing season.

Additionally, note tillage practice(s) employed and any change(s) implemented (and why), harvest management practice, soil and tissue 
test data collected, information/analyses on manure application, equipment issues/concerns around any input placement (e.g. wearing 
openers, hoses, nozzles, etc.), soil property/quality information related to changes (e.g. erosional events, pH change, compaction, 
etc.), animal production records (e.g. number of animals, manure production, changes in manure use/storage, etc.), water information 
related to events such as drainage, run-off, dug-out and well water levels and quality, if any environmental farm plan initiatives have 
been undertaken and their impact on the farm operation and nutrient management planning process.
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Measure or Indicator Description
Yield Amount of crop harvested per unit of cropland per unit of time.
Quality Sugar, protein, minerals, vitamins or other attributes that add value to the harvested product.

Yield produced or nutrient removed per unit of nutrient applied.
Yield per unit of water applied or available.

Crop yield per unit of energy input.
Volume and value of crop produced relative to all costs of production.

Return on Investment
Adoption Proportion of producers using or acres receiving particular BMPs.
Soil Productivity Soil fertility levels, and other soil quality indicators.
Soil Organic Carbon
Yield Stability Resilience of crop yields to variations in weather and pests.
Farm Income Improvements in livelihood.
Working conditions Quality of life issues, worker satisfaction, employee turnover.
Water & Air Quality Nutrient concentration and loading in watersheds or airsheds.
Ecosystem Services
Biodiversity

Soil Erosion Degree of soil coverage by actively growing crops and crop residues, and/or reductions in mass of 
soil loss per unit land area.

of root zone, and top of crop canopy.
Nutrient Balance

best place to start.   
Source: 4R Plant Nutrition Manual. 

Performance Objective 8. Analyze various changes in the farm operation that will require updates or 
adjustments to a 4R nutrient management plan such as:

frequently occurring changes in farm operations that may require changes in a 4R Plan are discussed below. 

A) Cropping System or Rotation

Any unplanned change in the crop to be grown in the current cropping season will require an adjustment of the 4R nutrient management 
plan. Consideration must be given to the nutrient balance/source(s), application rate, method and time of crop nutrient uptake (in 
respect to application time, source and availability) for the crop change. When making a crop change, consider nutrients already 
applied (e.g. a N rate predicated on a canola crop selection, that will now change to a crop requiring less N or no N). In a change to 
wheat scenario - lodging, disease, delayed maturity, or higher yield and protein are some possible considerations. In a change to pea 
scenario – similar considerations exist as for the wheat selection, but also potential for “left-over” N and effect that will have on the N 
rate to be applied for the subsequent crop.

changes in time 4R practices.
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B) Soil Test Results

Soil testing aids in decision making regarding nutrient source and application rate for the crop. Soil testing can also provide information 
related to any nutrient build-up or draw-down, as well as any changes in soil pH and salinity. Soil testing can help identify changes 

tracking tool to help evaluate the 4R nutrient management plan. For example, high soil test N following a season where yield goals 
were met can be an indicator of too high an N rate. A downward trend in soil test P over time may indicate the P inputs are not keeping 
pace with removals. This may be desirable if soil test P is well above critical P limits but detrimental if soil test P is falling into the low 
or very low range.  

C) Livestock Housing or Animal Numbers

Manage manure application based on nutrient content and expected availability. Be aware that manure applications based on crop N 
needs will over-apply P and K. Changes in animal production practices such as new housing facilities or a change in manure storage 
may impact manure nutritive content. Following major changes, consider taking manure samples annually for three years, followed 

information. Recognize how nutrients may be concentrated in solid versus liquid manures, residence time in storage and impact on 
nutrient value, as well as the need for/impact of agitation.

Change in animal numbers may require additional land base for manure spreading in the case of an increase or supplementation with 
fertilizer if the numbers are reduced.  

D) Application Rate

Nutrient application rate affects current crop as well as potentially impacting subsequent cropping options and nutrient requirement. 
Change of crop sequence in the rotation and/or adverse growing conditions may impact soil test levels and/or nutrient availability for 
the current and subsequent crop. 

Manure application may over-supply crop P requirements. In situations where soil test P levels have reached regulatory limits and/
or risk of P loss to surface waters is unacceptable, consider high P using crops in the rotation and reducing or eliminating fertilizer P. 
Additionally, N applied with manure application may be excessive for some cropping goals (e.g. keeping protein level in malt barley 
below the thresholds established by maltsters). 

A subsequent crop selection choice would consider the potential to draw down or take advantage of increased soil nutrient levels. 

E) Yields

Nutrient recommendations should be based on reasonable yield goals. When previous crop yields were lower than expected, the 
need to calculate a carry over or soil test for residuals is sometimes necessary. If applied nutrients were not removed, then soil test 

considering residual N. Fertilizer P rates for most crops tend to be in a range that a single year’s application is unlikely to make a 
noticeable difference in the soil test P. 

Consideration need be given as to why the applied nutrients may not have been taken up, or if they were taken up, when they may be 

residue before they are available. 

F) Equipment

A grower’s equipment selection places limitations on 4R BMP selection. Ability to handle liquid, gas, or granular will set boundaries on 
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and open up new possibilities in source, rate, time and place practices. For example, acquisition of high clearance sprayers by farms 

planning cycle. 

G) Technology tools

can both be a driver for changing the 4R Plan or be driven by 4R Plan development. Use of remote sensing in combination with 

variable rate application. Harvest monitors linked to GPS enable yield mapping and allow more detailed assessment of performance 

One of the key areas to emerge in recent years is digital record keeping based on passive data collection. In these new generation 
information management systems, data is collected and increasingly analyzed automatically through decision support systems 
providing CCAs and crop managers with the information required for data driven decisions. Aggregated data across the farm or 
pooled over multiple farms can be used to establish performance baselines. These baselines can be used to quantify the performance 

Record keeping is becoming a necessary element of sustainability programs in various supply chains. Adoption of new information 

Performance Objective 9. Discuss the record keeping requirements and responsibilities and the follow-
up process with the operator/client and any or all parties involved with components of the plan both 
annually and over multiple years.

There are no dictated or required elements to a 4R Plan and it can take various forms. In order for a 4R Plan to be effective as a vehicle 
for practice change, a certain amount of record keeping is both necessary and desirable. CCAs working with farms to develop and 

seeded, and details of the source, rate, time, and place practices. Examples are provided on the Fertilizer Canada website. (Refer also 
to PA1 for record keeping requirements within the 4R Designation Program.) 

https://fertilizercanada-ksiu6qbsd.netdna-ssl.com/wp-content/uploads/2015/07/4R-Nutrient-Stewardship-Planning-Guide-for-
Manitoba-English.pdf

The CCA should keep a copy of the 4R plan and provide the grower with a copy or electronic access to the plan for their records. After 

coming crop cycle. Ongoing records should include notes on deviations, changes, and tracking of performance indicators.

As previously mentioned, a 4R nutrient management plan uses adaptive management and incremental change as a driver in the 

The 4R nutrient management planning process is annual and the annual assessment and update should begin well before the 
cropping season and the plan should be reviewed and revised as the cropping season approaches. Consideration should be given 
during the review and actual implementation process for any adaptations required in the face of changing farm operation factors and 

adjustments in advance of the following cropping season.

Some review items might be:
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• changes in the community development bylaws, municipal, provincial or federal regulatory change.

for growers, their employees, service providers, and government agencies such as crop insurers. Records that allow traceability of 
practices are also becoming an important element of both regulatory compliance when using regulated source materials like manure 
and market access. In addition to nutrient management, records of which products have been used and what crops have been grown 

traceability of/for crop end users.

mitigating practices related to nutrient management planning.

Providing agronomic advice related to nutrient management planning carries the same professional ethics requirements and legal 
responsibilities as other types of business advice. CCAs must avoid and discourage sensational, exaggerated, or unwarranted claims 
or recommendations that might encourage growers to participate in unsound practices. CCAs should not give a professional opinion 
or make a recommendation without being as thoroughly informed as possible regarding the products, practices and services being 
recommended and the individual client’s/customer’s farming operation. CCAs also have an ethical obligation to inform their clients if 
they discover a material error in their recommendations. 

Regardless of the particular service rendered or the capacity in which a CCA functions, advisors should protect the integrity of their 

professionals is appropriate or referral to other professionals necessary.

taking into account and complying with legislation and regulation. Public good may also be a key factor in terms of environmental 
stewardship.

A key element in mitigating professional risk is continuing education. Staying current not only helps the CCA avoid bad decisions and 

to their recommendations. Independent CCAs working as crop consultants are well advised to have errors and omissions insurance. 
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COMPETENCY AREA 3: ECONOMICS OF NUTRIENT MANAGEMENT PLANNING/BUDGET FOR 
OPERATION CHANGES DUE TO 4R
CCAs need to consider and may be asked for the economic rationale behind their recommendations. They should have a reasonable 
working knowledge of the economics of crop production.  

Cost of production budgets consider costs associated with production and expected revenue from the crop produced. To develop an 
accurate budget actual per unit costs and prices received are required. Required items will include:

• Direct Variable Cost — expenses for commodity production (will change with production type and input cost, e.g., seed,
fertilizer, pesticides, etc.)

• Indirect Variable Costs — all expenses related to production, e.g. crop insurance, fuel, labour and utilities.

insurance and depreciation.

While current or expected prices for the current year are generally preferred, cost of production information should be reviewed for the 

Breakeven points may be used to set sell and buy points for the commodities produced. The following can be used in determination 
of breakeven points:

Breakeven price to cover variable costs: 

Total variable costs ÷ Expected yield = $ / unit produced.

Breakeven price to cover total costs:

Total costs ÷ Expected yield = $ / unit produced.

Breakeven yield:

Total costs ÷ Expected price = unit # required to cover all costs associated with production of that unit. 

Provincial Agriculture Departments and other entities provide information on cost of production. Apps for automating the calculations 
are available from a number of private and public sources. The links below provide additional crop and livestock production and 
budgetary information for the Prairie Provinces. In addition to looking at the sample budgets provided through the links, you may want 
to download and familiarize yourself with one of the crop budget apps. 

https://www.gov.mb.ca/agriculture/farm-management/production-economics/cost-of-production.html

http://publications.gov.sk.ca/documents/20/105239-Crop%20Planning%20Guide%202018%20FINAL%20
(Dark%20Brown%20Soil%20Zone).pdf

https://www.saskatchewan.ca/business/agriculture-natural-resources-and-industry/agribusiness-farmers-
and-ranchers/farm-business-management

https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/econ16572

https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/econ10219
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implementing 4R practices including:

A) Changing Fertilizer or manure placement methods:

A change in application method may be required to better match timing of nutrient availability to crop uptake and reduction in loss 

yields or allow lower fertilizer rates without yield loss. Costs depend on the magnitude of the change and economic pay back periods 
will be longer for higher cost changes such as changing drills. 

B) Changing sources of nutrients, including manure:

through source selection. As well, source interacts with environment, timing and method of application. Understand that manure 
sources vary in their nutrient balance, content and timing of availability of contained nutrient(s). 

The 4R nutrient management plan will take into account a holistic approach to farm nutrient management, by accounting for all 
nutrients available in the cropping and soil system. 

only be offset by higher yields if N was limiting at the previously used rates. In cases where rates were not limiting, they may need to 

C) Freight (logistics of handling fertilizer products or manure):

Storage availability, fertilizer material interactions, pricing, transport/hauling and equipment availability must be included in the decision 
of which products and forms are selected.

The subsequent section on N (PA 3) discusses the use of stabilizers and additives in detail. Stabilizers and additives can be used to 

E) Choice of Timing Changes:

farm operations often dictate nutrient applications occur well in advance of major uptake demand. For example, fall applied N may 

moving to split application may mediate against N loss potential and may reduce the economic risk of over applying N in years when 
moisture might be limiting at seeding but will accrue added application cost.

F) Yield changes:

Establishing yield potential and setting reasonable target yields enable the determination of a cost effective fertilizer recommendation. 
Changes in yield potential for any reason may require changes to the fertility program, and that will have an impact upon not only rate, 
but potentially source, timing and application method for the cropping system. Yield also relates to nutrient removals and can affect 
long-term nutrient management planning (e.g. P and K soil levels and management). Achieving higher yields increases gross revenue 
but may require higher nutrient inputs increasing costs and increasing production risk and potential economic losses if the targeted 
yields are not achieved. 
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G) Alternate cropping options:

system. Alternate cropping systems may require different equipment. Growers must learn how to manage a new crop and introducing 

growers become familiar with the production practices required for a new crop. 

CCAs need to be aware of new cropping possibilities and educate themselves on the nutrient and other production practices that may 
need to be adjusted to manage a new crop in their region. New crops need not be special crops but simply new to a region. The spread 
of corn-soybean cropping systems on the Prairies is an example of a mainstream crop with an expanded range. Quinoa is an example 
of a specialty crop that has increased acreage on the Prairies over the past decade. 

H) Crop Insurance (regulations and premiums):

Crop insurance provides farm operators with a production guarantee on crop loss(es) that are caused by natural perils. This may 

and wildlife damage. Coverage is typically available at varying levels. Crop insurance allows growers to mitigate risk at a cost. Uptake 
varies across the Prairies and tends to be lower in Alberta than Manitoba or Saskatchewan. All three provincial governments backstop 
crop insurance on the Prairies which is available through government agencies. Private crop insurance products are starting to appear 
as well. Growers must supply production information when applying for crop insurance and are subject to on-farm audits of their 
records.  

Crops need a supply of available nutrient that meets their requirements during the growing season. However, yield response to added 
nutrients is a diminishing return function. Each additional increment of nutrient produces less response than the previous. A point is 
reached where additional nutrient produces no yield response. This is often referred to as the agronomic optimum nutrient rate and 

reached at a lower rate than that required for maximum yield. Fertilizing to guarantee maximum yield requires rates that are higher 

N in excess of crop demand increases the risk of loss from the cropping system and may also result in lodging, delayed maturity, and 
potentially higher susceptibility to disease. This concept is discussed in detail in PA3, CA2, PO2 and PO3.  

Performance Objective 3. Estimate the costs for nutrient management plans including: plan preparation, 
record keeping, soil tests, manure tests, and labor.

operational cost and environmental pressure. In many situations, improving practices generates both economic and environmental 

increase when considering the long-term income stream.

improve return on nutrient dollars as well as maintain soil productivity and reduce environmental liability.

Costs of planning vary depending on who is doing the plan, the intensity and frequency of soil testing or manure testing, and the level 
of record keeping required. Annual costs in the range of $2 to $10/acre are to be expected. 

management plan.
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A 4R nutrient management plan aids in matching the nutrient needs of the crop and nutrient availability. The focus is on economic, 
environmental, and agronomic optimization of the nutrient program. Financial risk or exposure can occur when non 4R practices such 
as un-necessary or “insurance” application of nutrients are used, unrealistic yield goals are set, or source, time, and place practices 

COMPETENCY AREA 4. ENVIRONMENTAL AND SOCIAL RISK ANALYSIS
Performance Objective 1. Justify why nutrient management is important to the environment and public 
health.

The world’s population requires access to adequate, healthy and sustainable food. If not managed appropriately, agriculture negatively 
impacts the environment including impacts that reduce the sustainability and resilience of the agricultural systems themselves. 

N and P losses on surface and ground water as well as the role played by N and manure in greenhouse gas emissions is covered in 

can cause harm to human, wild and domestic animal, and aquatic life. Lost nutrients can add additional costs and on occasion cause 
failures in processes necessary to maintain human health such as drinking water treatment. The impact of lost nutrients, for example 

risks. 

Implementation of a 4R nutrient management plan, adoption of appropriate BMPs, and using performance indicators to measure 

based agriculture is carried out responsibly.

Performance Objective 2. Discuss why environmental risk analysis is an important component of 
nutrient management planning.

Societal interest, awareness and access to information regarding water quality, soil degradation, and GHG emissions and how nutrient 
pollution can affect the environment has increased. Consumers are demanding a higher level of care in food production systems. 
Nutrient management planning helps reduce losses and mitigates against these concerns increasing. 

farming operation. The potential for offsite nutrient movement and environment/groundwater contamination varies from farm to farm 

Tools such as the Environmental Farm Plan have formalized procedures for assessing risks.

Performance Objective 3. Discuss the importance of broader social and local community concerns in 
nutrient management planning.

Concerns about the sustainability and environmental impacts in food production fall under the concept of social license or the ongoing 
acceptance of farming practices by stakeholders and the general public. In the best sense, social license creates a dialog between 
producers and consumers as well as other stakeholders on what is expected and what people are willing to pay for through food 
prices or through public money. In recent years, advocacy groups have corrupted the social license process by making demands on 
agriculture that are either unrealistic, unreasonable, and in many cases not supported by science. The continuing resistance by radical 

The nutrient management planning process addresses the storage, handling and application of farm nutrients such as manure and 
fertilizer in a way that is demonstrable and shows due diligence. The aim is to protect rural soil and water and give farm operators 
clear instruction on what they need to do to manage nutrients responsibly and in some situations such as manure application meet 
legislative requirements. 

Farmers and their non-farming neighbours have a vested interest in local soil and water quality. Both want their community to thrive 
economically. Both prefer a rural way of life. And like people everywhere, they value harmonious relations with their neighbours. 
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succeed.  

Increasingly farms are surrounded by relative newcomers that have migrated from urban areas in search of a pastoral lifestyle in the 
countryside. The rise of rural residential and other concurrent trends seems tailor-made to generate misunderstandings. Farmers 
should be proactive in establishing communication channels with their neighbours. The best approach is an informal one that brings 

on a life of their own.

Making demonstrable efforts to adopt environment friendly practices on cropland, along water bodies, and in and around farm buildings 
is a farmer’s best defence. While adopting best management practices is important, they do little to pacify neighbours who do not 
understand or appreciate the efforts and investment farmers are making in environmental quality or agriculture’s contribution to the 
economy in general. Simple one-on-one conversations can do much to prevent problems.

It is important to reinforce these conversations with comprehensive planning. These planning efforts demonstrate proactive 

The most common source of neighbor complaints in rural settings is the nuisance odour associated with manure application. There 

impacts. 

allowed to comment. While identifying potential concerns in the community this process also allows agreed upon solutions to be 
reached before a problem occurs. 

Performance Objective 4. Discuss how regulatory requirements may supersede the results of a risk 
assessment.

Provincial regulations requiring a nutrient management plan are focussed on land spreading of manure.   Certain aspects of the 
regulations or in certain situations the regulations may also apply to fertilizer application. For example, Manitoba regulates the timing of 
nutrient application (fertilizer or manure) with a stop date in the fall and a start date in the spring. Regulations may have been based on 
traditionally accepted common or standard management practices. Regulations are often designed to meet the worst-case scenario or 

that a risk is low, and the practice imposed by the regulatory standard is excessive. In these cases, a 4R plan should be based on the 

more rigorous standard. Case in point are the various soil test N and P limits imposed by regulation. In landscapes where there is high 
risk of movement to surface waters, the allowable limits may be overly generous.      

Performance Objective 5. Recognize the value and limitations of using standard soil test results in 
environmental risk analysis.

Soil testing is a starting point for nutrient management planning. Determination of existing nutrients in the context of crop requirements, 
and matching all input sources with crop need, helps to develop the nutrient application plan. 

(e.g. soil build of P and K) and to manage nutrient level excess (e.g. soil build P and K).

The limitation of soil testing may well not be the test itself, but how it is interpreted and integrated with the over-all farm nutrient 

phosphorus test is correlated with risk of P loss (other tests like Olsen P correlate less well). This should be interpreted in the sense 
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that the higher the soil test P, the more mobile P is in the system and a greater quantity of P is likely to be lost should runoff occur. Soil 
tests for N and P are reasonable indicators of potential mobility but the risk of actual loss also needs to consider transport processes 

Performance Objective 6. Be aware of required anhydrous ammonia safety protocols and training.

The Transportation of Dangerous Goods Act is in place to protect the public and environment from hazards associated with shipping 
dangerous goods. Anhydrous ammonia is listed under the act. Persons handling, offering for transport, or transporting anhydrous 

handling of the product. CCAs need to be aware of ammonia handling and application protocols and be able to make growers aware 
of the hazards and safe handling requirements. This is particularly important when CCAs are developing recommendations based on 
anhydrous ammonia with growers that are unfamiliar with the product.

Anhydrous ammonia information and training is available at the sites listed below. 

https://fertilizercanada.ca/wp-content/uploads/2017/02/Anhydrous-Ammonia-Safety-and-the-Farmer-2017.
pdf

https://caar.org/training/anhydrous-ammonia-tdg

https://caar.org/ag-retail-news/596-caar-updates-anhydrous-ammonia-training-modules

Performance Objective 7. Understand manure handling health and safety risks e.g., H2S, timing of 
incorporation after application.

There are a number of health and safety risks associated with manure handling and application. The hazard varies with the manure 
source, handling system, and application method. Hydrogen sulphide (H2S) is produced in liquid manure storage lagoons and may 
gas off at hazardous level when the lagoon is stirred prior to application. Presence of low levels of H2S is indicated by the tell-tale 

released during manure handling and application. 

Performance Objective 8. Understand the implications of applying fertilizer or manure to saturated, 
frozen and/or snow-covered ground.

Snowmelt in many parts of the Prairies results in melt water running off over frozen soil. Snowmelt is the major runoff event on the 

saturated layer even at low temperatures. 

These issues are discussed in more detail in PA 3, CA 3, PO2 and PA4, CA3, PO1 – PO3.
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PROFICIENCY AREA 3 - NITROGEN

Nitrogen (N) is the most common limiting nutrient in non-leguminous cropping systems on the Canadian Prairies. It is also the nutrient 
applied in the largest amounts as fertilizer. Limits on the N supply reduces yield and crop quality while excess N can cause issues 
such as lodging in cereals and delayed maturity. The processes transforming and/or transporting N in cropping systems is complex. 
In addition to cycling internally through soil organic matter, crop residues and the soil biomass; N can be gained or lost from the 

the greenhouse gas (GHG) emissions attributable to Canadian agriculture while losses to surface and ground water can seriously 

hand, the higher yields achieved with N additions help build soil organic matter and result in sequestration of atmospheric carbon 

Nitrate
3

-) is extremely soluble and one of two forms of plant available N. It does not bind with the negatively charged surfaces of 
clay minerals nor does it form low solubility compounds with other elements. It moves with soil water, so delivery to the root surface is 
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Nitrite
2

-) is an intermediate product in the bacterial mediated conversion of ammonium into nitrate. It seldom accumulates in the 
soil, since the conversion from nitrite to nitrate is generally much faster than the conversion from ammonium to nitrite. Nitrite moves 

Ammonia/Ammonium
+) the ion and ammonia (NH3) the gas exist in equilibrium in soil. The equilibrium moves towards ammonia as pH 

atmosphere but it also highly water soluble and can be held in the soil solution.

Temp pH
C 6.0 6.5 7.0 7.5 8.0 8.5

10 0.018 0.058 0.186 0.586 1.83 5.56
20 0.039 0.125 0.396 3.82 11.2
30 0.080 0.799 20.3
Emerson et al. 1975

ammonium directly but because it is held on the cation exchange complex, transport to the root surface is through diffusion or contact 

sulphate) or high rates of manure are applied to soil bands. High ammonia levels in the band disrupt the conversion to nitrate and 
ammonium can persist.

Organic-N

incorporate N in soil organic matter and wide variation in stability and turnover rates. What they all have in common is attachment to a 
carbon (C) in some form of organic molecule. Stability and turnover of organic-N is in part controlled by the structural chemistry of the 

Mineralization/Immobilization
Mineralization and immobilization are the processes that add and remove N from the organic-N pool. Both processes are biological 
involving the soil biota (living organisms). Immobilization
internal nitrogen needs. Subsequent chemical and physical transformations can result in stabilized N forms in the soil organic matter. 
Mineralization 
any excess N is released into the ammonium pool. Mineralization sources can include dead soil organisms, crop residues, and the soil 
organic matter. The carbon: nitrogen ratio of the substrate generally controls the balance between immobilization and mineralization 

during the growing season. 

Nitrosomonas sp., Nitrosospira sp.) (Nitrobacter 
sp.)

2

2
+

of all ammonium forms of fertilizer are acidifying and lower soil pH over time. This includes urea, anhydrous ammonia, and Urea 
-  and raises pH, their net effect is 



4 PROFICIENCY AREA 3 - NITROGEN

buffered. The pH will not drop until all the lime has been neutralized. 

Chemoautotrophs are an interesting group of soil organisms. Like plants they can manufacture all of the 
components they need for growth and completion of their lifecycle from essential elements. Unlike plants 
they obtain the energy they require to reduce carbon from oxidation of chemical forms rather than sunlight. 

as well as conversions of iron and manganese in soils.   

2) gas or other intermediate reduced nitrogen compounds. 
Under conditions of low oxygen, soil microbes use nitrate as a replacement for oxygen as the terminal electron acceptor in an 

will be emitted as the green house  gas nitrous oxide.      

Leaching   
Downward and lateral movement of water through the rooting zone and possibly towards agricultural tile drainage systems driven 

carrying soluble N with it. Nitrate is the primary form of N leached in Prairie soils.  

Volatilization
Volatilization occurs when ammonia is lost to the air. Warm, dry, windy conditions enhance volatilization. Volatilization potential increases 

particulate matter. 

Nitrogen Fixation

Rhizobium
systems. 

COMPETENCY AREA 1. DETERMINING THE RIGHT SOURCE OF NITROGEN 

economics must also be considered when choosing an N source. 

Performance Objective 1. Discuss the most common sources of nitrogen used in the Prairie Provinces. 
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geographies (for example, ammonium nitrate and calcium nitrate) are not available except as minor use specialty products on the 
prairies. 

Study Tip – Know the chemical formula and the grade of all the common N containing fertilizers. Know the 

*
Source Formula/Grade Notes

(20-25%)*

NH3

82-0-0

applied as gas

Note: Under pressure 

is liquid allowing for 

transportation and 
handling.  

Initial reaction with water yields ammonium hydroxide (NH
+) enters into cation exchange 

conditions of high temperature and pressure using the Haber-Bosch process using 
dinitrogen (N2) from the air and hydrogen gas (H2) from natural gas. The resulting 

Urea

(50-55%)

(NH2)2

granular

Urea is the most widely used N fertilizer on the Prairies. It is manufactured by 
reacting NH3 2) to form ammonium carbonate ((NH2)2 2). 
The subsequent removal of an oxygen results in urea. The initial hydrolysis 
reaction in soil to form NH3 is catalyzed by the enzyme urease which is widely 
distributed in crops, crop residues and soils. The initial reactions of urea raise the 

Sulphate

(6-8%)

(NH )2

granular

is less susceptible to volatilization than urea and anhydrous ammonia because its 
initial reactions do not raise the soil pH.  

Nitrate

(12-15%)

28-0-0

Liquid

* Typical proportion of total N applied on the Canadian Prairies. Shifts among N
sources vary by year and by province depending on prices, product availability,

applications may reduce use of anhydrous ammonia.

a granule; and ii) formulation or additives that inhibit the biological or chemical conversion processes. These are sometimes referred 
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1

Product/Mode of Action Examples2

Urease inhibitors
delay the hydrolysis of urea by disrupting the action of the urease enzyme. 
Urease enzymes are widely distributed in soil and crop residues, and 
urease catalyzes the hydrolysis of urea into carbon dioxide and ammonia. 

 (NH2)2CO  +  H2O  + urease    CO2  +  2NH3  +  urease

It is used primarily to reduce volatile losses of ammonia (NH3) from surface 
or shallowly incorporated urea.

The most common urease inhibitor is N-(n-Butyl) 
thiophosphoric triamide (NBTPT or NBPT)

formulation available in Canada.

 are additives used with ammonium-based 

of ammonium to nitrite by ammonium oxidizing bacteria (Nitrosomonas 
sp
oxidized N forms under saturated, or low oxygen, soil conditions. Both 

2
of the nitrogen is emitted as nitrous oxide, a potent greenhouse gas during 

application situations to reduce over winter loss. 

It has recently been registered for use in Canada 
in the products N-Serve™ and eNtrench™. 
Dicyandiamide (DCD) is a second example, it is 

Controlled-release nitrogen products are granular products 
that have a semi-permeable polymer coating. Under warm and moist 
soil conditions the coating becomes more permeable allowing N to pass 
through the polymer coating into the soil solution. The purpose of these 
products is to delay release of soluble N so that availability is more closely 
synchronized with the period of high crop demand. Because they release N 
slowly, they can be used at higher rates in the seed row than conventional 
urea-N sources. 

available in Western Canada. 

Slow-release nitrogen  come in two general forms. 

(e.g., sulfur-coated urea). The other is a N fertilizer reacted with another 
compound to form a low solubility complex that will be released over time 

fertilizer, isobutylidene diurea, or an inorganic salt such as struvite). These 
products are widely used for forestry horticultural, greenhouse, and turf 
crops to provide a prolonged supply of N in the root zone and minimize 
environmental losses. Their use for agronomic crops is less common.

manufactured in W. Canada from N and P recovered 
from municipal waste water.  

1

Product/Mode of Action Examples2

root zone and minimize environmental losses. Their use for agronomic 
crops is less common.
1 The content of this table was adapted from material provided by IPNI.
2 Products listed are used as examples only and does not constitute endorsement. 

Performance Objective 3. Determine the Right Source of Nitrogen Based on:
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source decision. The factors discussed below are also relevant (perhaps more relevant) to the rate, time and place decisions. We will 

and place competency areas. 

A) Crop Type and Cropping System (including drainage and irrigation)

crops tend to prefer nitrate while some horticultural crops prefer ammonium. Crops vary in the time of highest N demand, using an

based on decisions around placement equipment, application timing, rate considerations, and other logistic factors rather than the

The microbial and chemical processes in the nitrogen cycle tend to speed up when soils are warmer and slow down when soils

temperature due to the presence of a larger nitrifying community at the end compared to the start of the growing season. Using

band inhibits the activity of nitrifying bacteria as well as other microbes.

Warm temperatures encourage ammonia volatilization. Surface applied sources that contain urea will volatilize to a greater extent than 

sources are not readily available on the prairies. Using urease inhibited sources can slow conversion and reduce volatilization.

High Volatilization Potential Low Volatilization Potential 
Climate

Less than one half inch of rainfall Greater than one half inch of rainfall
High soil temperature Low soil temperature
Moist soil surface Dry soil surface
High wind speed Low wind speed

Soil Properties
Coarse soil texture
Low organic matter High organic matter content
High lime content (calcium carbonate) Low lime content

Soil texture impacts N dynamics in a number of ways. Coarse textured soils typically have low water holding capacity and tend to
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have a higher runoff potential. 

Nitrosomonas sp., the main ammonium 
oxidizing bacteria, have an optimal pH between 7.0 and 8.0. The optimum pH range for Nitrobacter sp., the main nitrite oxidizing 
bacteria, is approximately 7.5 to 8.0. Conversion of ammonium to nitrate is slowed (and nitrite may even accumulate) in acid compared 

towards ammonia as pH increases from 7 to 8. Volatilization losses increase with higher soil pH, more crop residues and with higher 

with their higher CEC and greater buffer capacity, tend to retain ammonium better and experience less ammonia volatilization than 

Nitrogen losses to surface water can lead to more rapid eutrophication, algae blooms, and oxygen depletion resulting in lower water 

be redeposited in surface water or on soils and subsequently moved into surface waters. Both ammonia/ammonium and nitrate forms 
can negatively impact aquatic ecosystem function.

Nitrous oxide (N2

2

conversion of ammonium to nitrite, nitrous oxide is generated as a by-product. Higher concentration of ammonium resulting in more 
rapid transformation tend to drive proportionally more N into the nitrous oxide form. Slowing conversion of ammonium to nitrite reduces 

urease inhibitors, polymer coated urea) that slow upstream processes can also reduce the conversion rate and reduce nitrous oxide 

reduced to dinitrogen (N2
Under partial reducing conditions, nitrous oxide can accumulate and escape to the atmosphere before it can be further reduced to 
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E) Crop Stage

inconsequential in the overall N requirements of the crop.

rooting zone during crop stages when demand is highest.  

Additional Resources Right Source of Nitrogen

https://elearning.fertilizercanada.ca

https://elearning.fertilizercanada.ca

http://www.ipni.net

COMPETENCY AREA 2. DETERMINING THE RIGHT RATE OF NITROGEN

considerations. 

Nitrogen is only partially conserved in the cropping system. Excess applications that result in a large available N pool increase the 

impacts of weather on both crop demand, soil supply, and system losses.  

A) The Nitrogen Soil Test
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rather than a direct measure of the crop available form of the nutrient.  

The STN is usually reported as a value with a class descriptor for the range the value falls in as shown below.

soil test nitrogen in the 0 to 24 inch (0 - 60 cm) depth of soil.

Soil test nitrate-N in lb/ac 
Rating

Irrigated
0-30 0-60

31-60 61-120 Marginal
61- 80

121-160 Adequate

80+ 160+ Excess
Compiled from Alberta Agriculture Agdex 541-1 & Agdex 100/541-1. https://www1.agric.gov.ab.ca

Laboratories and other sources vary in how they describe the different classes and where they draw the boundaries. The general 

diminishing returns as outlined below. 

large incremental yield response per unit of N applied; ii) a region of diminishing response where the yield increment is still positive 

but is becoming less with each additional increment of N; iii) a maximum or plateau where yield no longer increases; and iv) a region 
of decline where additional increments of N actually lead to yield reductions. 

Nitrogen response curves or response functions can be used to assign N fertilizer rates. These response curves are developed by 
growing crops on soils with different STN levels and then adding increments of fertilizer N. The experiments are conducted over a 

range of moisture conditions and soil types for different crops.
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economic optimums.

under the next Performance Objective (PO3) below before working through the discussion of agronomic and 
environmental risk. 

Crops need a supply of available N that meets their requirements during the growing season. Nitrogen in excess of crop demand 

high an N rate include lodging in cereals, delayed maturity, and potentially higher susceptibility to disease. 

since MEY is always less than maximum achievable yield. 

The generalized diagram below illustrates the concept. Nitrous oxide emissions increase slowly in response to N rate and then rise 

2) and less nitrous oxide (N2
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Performance Objective 3. Explain the Considerations for Nitrogen Application Rate Based on:

A) Economics
When setting N rates, the emphasis should be on Maximum Economic Yield (MEY), the yield where the highest net return from N

to other nutrients, it is particularly relevant, given that N is only partially conserved in cropping systems, to the discussion of N rates. It
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The Canadian Prairies are located near the northern limit for agricultural production. The length of the growing season, the time 

that can be grown. Unusually late spring frosts or early fall frosts can have serious consequences reducing both crop yield and quality. 
Temperatures during the growing season can also be a limitation. Cooler than normal summers can slow crop development, delay 

demands of the crop or evapotranspiration on average exceeds the growing season precipitation.

Since available water tends to be a yield limiting factor in dryland Prairie agriculture, yield goals and N rates need to consider expected 

cooler fringe areas. Southern Manitoba is somewhat of an exception with more of a warm wet growing season relative to the rest of 
the Prairies.  

Stored soil moisture at time of seedings is an important N rate consideration on the Prairies. Growing season precipitation is always

or estimated with reasonable accuracy through measurement and/or modelling. The graph below shows the potential effects of stored
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Study Tip: Convert the above yield increase to bushels per acre and multiply by the current wheat price to get an 

samples; or calculated using various equations (models).  

Water storage capacity varies with soil type. Soil texture is the main controlling characteristic. Soil organic matter tends to increase 

capacity. 
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Soil textural class

Sand, Loamy Sand 100 - 120
Sandy Loam 150
Loam, Silt Loam, Silt 200
Clay Loam, Sandy Clay Loam, Silty Clay Loam 220
Sandy Clay, Silty Clay, Clay 200

D) Irrigation
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season potatoes tends to be lower than longer season varieties. 

varieties are selected for local suitability across a range of traits including yield based on variety trials where N rates are held constant. 

(at least 50% of total rate) at or before seeding so that the crop is not N stressed prior to the in-season application. The graph below 

by many factors including:

• Genetics – crop type and adaption of the cultivar selected to the region.

• Growing Environment – climate and soil type.

•
aspect with yield potential of each crop in the rotation generally increasing with longer rotations.

rates but other factors such as higher levels of soil organic matter and potential for N mineralization also need to be accounted for in 

that need to be handled during the seeding operation including seed and, other nutrient sources, as well as the N source.Equipment
for applying anhydrous ammonia may have a lower operating threshold below which the applicator does not function properly.
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Hail and frost can slow growth, reduce above ground biomass and generally reduce N demand by the crop. Environmental stress can 

to nitrite in plant shoots. High nitrate levels in forage crops or damaged annual crops being harvested for forages can lead to nitrate 

accumulation is increased by high N rates from fertilizer or manure.  

fall to spring on N losses should be part of the evaluation of residual N availability to the subsequent crop. 

Performance Objective 5. Discuss the considerations for nitrogen application rate based on potential 

Setting N Rates Considering Site Conditions
Leaching 

How would you 

down)? What 
source, time, 
place practices 
would reduce loss 
at a given rate? 

Is minimized when 
nitrate levels in the 
rooting zone are low 
during periods when 

crop recovery depth. 

Is minimized when nitrate 
levels in the rooting zone are 
low during periods when soil 

Is minimized when 
ammonium and nitrate are 
physically separated from 
high C:N ratio residues.  

Is minimized under 
acidic conditions, urea 
hydrolysis is slowed, 
contact of ammonia/
ammonium from 
fertilizer or manure 
with the atmosphere is 
reduced or disrupted 
through incorporation. 

a) Soil
Characteristics

Higher in coarse 
textured soils. Lower organic matter soils. Lower in 

coarse textured, low organic 
matter soils. 

Soil moisture imposes 

immobilization. Coarse 
textured soils tend to 

textured under water 
limited conditions. 

textured soils have 
greater capacity to hold 
ammonium and reduce 
atmospheric contact. 

Conditions
High residue levels 
reduce erosion and 
runoff and increase 

May change soil water 
dynamics and provide 
carbon source for denitrifying 
bacteria. 

Incorporated high C:N ratio 
residues tend to increase 
immobilization in the soil. 
Immobilization by microbes 

residues can occur when 
N is surface applied. Straw 
and chaff management can 
reduce losses. 

Crop residues are 
a source of urease. 
Can lead to rapid 
conversion of surface 
applied urea. 
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Setting N Rates Considering Site Conditions
Leaching 

c) Topography and Slope steepness and 
length effect runoff 
and erosion. Slope 
position effects soil 

can accumulate in 
lower slopes and 
depressions and 
move through rooting 
zone. w

Slope and slope position 
effect runoff and soil moisture. 

lower slopes and depressions 
and saturate soil for longer 
periods.

Immobilization tends to 
increase downslope with 
better moisture conditions 
and higher residue levels. 

Differences in moisture, 
residue, temperature 
may result in different 
volatilization loss rates 
in lower compared to 
higher slope positions.  

d) Crop Type and
Growth Stage

Matching N rate to the 

crop will reduce 
nitrate residuals in 
soil. 

e) Seasonal
Moisture
Conditions

Leaching potential is 
high when snowmelt 
accumulates in 
depressions and 

growing crop. 

when snowmelt saturates 
surface soil above frozen 
soil layer and or snowmelt 
accumulates in depressions. 

crop. 

Tends to be higher 
during periods of the 
year when soils are at 

Lower soil moisture slows 
immobilization.  

periods of higher 
rainfall will generally 
result in lower losses. 

N, losses will be lower 
and higher rates can 
be applied when soil 

applied N, higher rates 
on drier soil will result 
in higher losses.

f) Time of
application more 
closely to time of rapid 

and/or in-crop). 

application more closely to 

(spring and/or in-crop).

drier periods may slow 
immobilization. 

into the soil where 
ammonium following 
hydrolysis is held by 
the cation exchange. 

rain or during cool 
weather reduces 
losses. 

Performance Objective 6. Estimate nitrogen credits from:
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for the different soil zones under conventional and minimal tillage are shown below. Note that the values for minimum tillage are for
mature systems.

Depending on the way the recommendation has been developed the amount of N mineralized from soil organic matter 
may have already been taken into account in determining the N rate. Be sure to understand whether that is the case with 
your recommendation source. Regional response curves, for example, are a recommendation approach that accounts 
implicitly for the mineralization contribution.  

7% in Year 3.
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How the manure is handled and applied will affect the amount of N delivered to the crop. Surface application without incorporation can 

Study Tip: To more fully understand manure rate calculations work through the rate setting examples found in 

https://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/epw11920

. 

of heavy metals compared to livest . Land application rates are generally regulated on the Prairies in terms of individual
applications, frequency of application, and lifetime applications in order to limit heavy metal build up. The regulatory guidelines tend
to be conservative and limit application well below levels that would be considered environmentally damaging. Credits for nutrients
supplied from application of biosolids should be included in a Nutrient Management Plan. The treatment plant providing the biosolids
or the regulating agency will usually provide information related to the N concentration and the expected N release rate.

The nitrate concentration of the irrigation water should be tested and monitored, whether it is coming from surface or groundwater. The
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groundwater may have higher concentrations of nutrients than surface water, especially N, S, 

Usually an N credit is given for growing a non-legume crop after a legume crop. This credit may be based on the yield of the previous

, but rather reduced immobilization of N

Typical N Credits Following a Pulse Crop

Multiply pulse yield by crediting factor to estimate credit applicable to following crop. 

on their C:N ratio result in additional immobilization and reduce the available N pool in the soil for the subsequent crop. 

are largely controlled, the mineralized N accumulates as nitrate. The accumulated nitrate is exposed to loss from leaching and 

Nitrate levels following fallow are best assessed by a soil test. 

Cropping systems that regularly included fallow such as crop-fallow and crop-crop-fallow systems have largely been replaced by 
continuous cropping on the Prairies. In some drier parts of the brown soil zone, chemical fallow is still included in some rotations. This 

fallow reduces soil organic matter particularly repeated tillage is used for weed control. 

Performance Objective 7. Discuss the use of technologies to make ongoing adjustments to the nutrient 
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off the crop foliage compared to the light emitted. The sensors may be handheld or mounted on a tractor (sometimes referred to as 

choice of platform depends on the intended application, required frequency of observation, and required resolution. These tools 
generally give an estimate of the amount of crop biomass and greenness (chlorophyll content) of the crop foliage. Using algorithms 

NDVI distinguishes between active and less active plant biomass and provides a relative indicator of crop health and has been 

as described above. 

the density and activity of biomass and a general indicator of crop health. It is not a direct measure of the N status of the crop. Crops 

or some other factor.

magnitude as the crop develops and then drop off once the crop is mature. In some crops, canola for example, NDVI drops off rapidly 

Many indexes (literally hundreds) have been developed for use with cropping systems based on spectral data from remote and 

The range of wavelengths sensed and the width of the bands within that range vary depending on sensor. Visible and near infrared 
bands are often correlated with various aspects of plant health, while bands in the microwave or radar region correlate with factors 
such as soil moisture.  



PROFICIENCY AREA 3 - NITROGEN

of plans including decisions about in-season applications, the nitrate test can provide information on the current state of the available

Nitrate tests are of no value beyond the cropping cycle in which they were obtained.

Plant tissue analysis is a diagnostic technique based on the concentration of total mineral nutrient elements in the plant. The

in a paper sample bag, and sent to a plant analysis laboratory to measure the total N concentration. The N concentration of the sample

additional fertilizer may be needed to improve the N status of the crop. Tissue testing can be used in many crops to determine if

is the cause of the poor growth.

Conversely if the plant has ample N, it draws sparingly on this N. If N is available in surplus amounts, then nitrate levels can be quite

whether the crop was inadequately, excessively or appropriately fertilized with N. The thresholds for inadequately, excessively or

of Manitoba.

1

to target higher proteins and apply more N to capitalize on protein premiums.

• Growing conditions that permitted higher yield potentials than expected.

•

•

required to meet protein goals in years with good to excellent growing conditions due to the reasons outlined.

1 Explanation of Post Season Stalk Nitrate Test in Corn and Grain Protein adapted from Manitoba Agriculture Website. 
https://www.gov.mb.ca/agriculture/crops/soil-fertility/post-harvest-assessment-tools-of-soil-fertility-practices.html 
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management, the core technologies are Global Positioning  Systems (GPS), Geographic Information Systems (GIS), and variable

application or during application and Decision Support Systems (DSS) that can be used to calculate rates. The underlying premise of

Map Based VRA is pre-planned, and applications are based on prescription maps that an agronomist or advisor prepares based 

38 electrical conductivity mapping), yield maps from previous years, gridded soil sampling etc. These data sources may be used 

map loaded into the rate controller on the fertilizer application equipment. During application GPS is used to determine where the 

are related to the level of salts in the soil. In non-saline soils, conductivity is related to the proportion of clay in the soil. Conductivity 

electrodes need to be introduced into the soil. With the Veris system coulters are used as electrodes and the system resembles a 

Sensor Based VRA is calculated real-time, based on sensors that are local to the variable rate applicator. The sensor based approach 

commercialized or adopted. 

in yield potential are not all due to differences in nutrient levels. Differences in salinity, texture, pH, and compaction to name but a few 

prescription map. This may involve soil sampling or other forms of ground truthing. 

equipment restrictions apply for sensor based systems; but systems are now becoming available that have a sensor for every row 
or nozzle. In row crops such as corn, where row spacing and plants spacing within the row are relatively wide this starts to approach 
varying the N rate at the individual plant level. 

COMPETENCY AREA 3. DETERMINING THE RIGHT TIMING OF NITROGEN APPLICATION
Performance Objective 1: Discuss how the timing of soil nitrogen tests can impact test levels.

application gives a more accurate portrayal of the soil nitrate pool. Soil testing after the soil has thawed and before planting provides 
the most accurate assessment of the nitrate-N pool for spring-seeded and fertilized crops. The regional soil calibration and crop 
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based on an N balance approach using target yields will generally improve when spring sampled nitrate-N values are used. 

When it comes to time of sampling what is best in terms of accuracy and what is achievable logistically are not well matched. The short 

for purchase and delivery of the required products particularly when custom blends are being used. 

Source: D. Heaney unpublished data. 

in advance this is called uncertainty. 
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practices. 

Eutrophication or nutrient enrichment of surface waters leads to algal blooms, nuisance aquatic plant growth, low oxygen levels in 

indirect emissions as the lost N can be subsequently converted to nitrous oxide once it has escaped the cropping system.

contamination of water to be a groundwater issue, tile drains divert leaching nitrates to surface water bodies and surface applied 
ammonium N sources can be lost with surface runoff if runoff occurs shortly after N application. 

A) Climate

the soil is frozen and consequently move laterally.

Temperature and Precipitation Normals on the Canadian Prairies

Source: Environment Canada

B) Season

characteristics and soil moisture.
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Soil climate categories
Dry Medium Wet Irrigated

Spring broadcast and incorporation 100 100 100 100
Spring banded 120 110 105 110

90 75 65 95
120 110 85 110

Dry = Well drained soils that are seldom saturated during spring thaw.  
Medium = Well to moderately drained soils that are occasionally saturated during spring thaw for short periods. 
Wet = Poorly to moderately drained soils that are saturated for extended periods during spring thaw.  

from Manitoba illustrates this idea. 

Effect of application on spring wheat grain yields from fall-banded urea relative to spring-banded urea at three sites near Winnipeg 
and one site near Brandon (2001-2002).

Tiessen et al.  (2003)  
pdf
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loam soil, an inch of rain will only penetrate about a third as deep as in a sand. 

Soil Texture
Penetration

(inch soil/inch rain)
Clay Loam 3

Sandy Loam 5

Sand 10

is usually expressed in terms of hydraulic conductivity. 

Textural Class
(Mg/m3) (%) (cm/s)

Sand 1.55 42 1.2 x 10-1 to 2.0 x 10-3

Loam 1.20 55 1.7 x 10-4 to 1.7 x 10-7

1.05 60 2.5 x 10-9 to 1.0 x 10-9

Saturated Hydraulic Conductivity
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a scenario where water is ponded over a saturated soil. Movement below the rooting zone would potentially occur in hours in a sandy 

off carrying soluble N forms at or near the soil surface. When runoff results in erosion, ammonium can also be carried with the runoff
water attached to clays and organic matter as part of the sediment load. Nitrogen in runoff may be redeposited downslope or carried

to prevent build-up of salts in the rooting zone. By using improved water management practices that control the amount of water

lower leaching compared to older furrow irrigation methods. Drip and sub-surface drip irrigation systems target water more effectively
to where plant roots are growing. They reduce surface ponding which helps minimizes nitrate leaching loss. However, these systems
are generally not practical for broadacre annual crops.

Leaching potential can be considered as the integration of the factors discussed above. The ability of a soil to retain water depends

also be relatively wetter or drier based on their slope position.

soils formed on till or lacustrine parent material are some of the reasons that N leaching losses on the Prairies are relatively low. 

including timing of application. These models require extensive data sets on soil characteristics, local weather, and crop types. These 

Covered Soils.

-

with runoff before it can be converted to ammonium and enter exchange reactions. 
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-

envision situations in certain landscapes where saturated depressions or drainage channels may be broadcast with urea from equip-

time and place principles. 

Yield (bu/acre) Protein (%)

Soil frosted, not deeply frozen, 
November 

13.8

Soil deeply frozen, December 27.6 12.7
Soil deeply frozen, March 33.3 13

incorporated
LSD 5% 5.0 0.5

Source: Carrington, Endres, Schatz and Franzen, North Dakota State

Performance Objective 3: Discuss How the Timing of Nitrogen Application is Dependent Upon the 
Nutrient Source.

PCUs such as ESN perform about equally when broadcast and incorporated or not incorporated but banding would be the preferred 
practice. 

Spring prior to Seeding 

Spring at Seeding 

In-Season 

-
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-

Source: IPNI

In the case of corn, for instance, all of the N should be delivered to the plant before ears are set. This occurs later in the growing 

after stem elongation may increase protein but will have minimal impact on yield. Canola seeded at the same time as wheat initiates 

cut recharges the available N pool prior to regrowth. 

available form and enter the root zone.  

•
prices or protein premiums.

•
cannot handle the full N rate at seeding.
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Crops and Supplemental Nitrogen Application Timing.

Cover crops are not widely used on the Prairies but when used can have an impact on N availability. Low adoption rates are in part 

The shortness of the season is another factor that reduces their practicality. In situations where they are used; fall-seeded crops such 
as fall rye can scavenge residual N and prevent loss. Spring seeded legumes or mixtures including legumes can be grown as green 
manure (or plough down) and provide N to cash crops that follow. Green manuring plays an important role in organic farming systems. 

The effect of cover crops on available N will vary on the crop type, when it is terminated, and the environmental conditions that control 

supplemental fertilizer N may be more effective in-season. 

Applications for Protected N Sources. 

availability in the near term and the delay in availability needs to be factored into the timing decision.  

under conditions when volatilization is expected such as spring broadcast or shallow spring banding. Less effective as a single

if surface applied or shallow banded.

Several products (for example, SuperU) combine UI and NI chemistry. These are effective when applied in fall as the combination 
slows conversion to nitrate more than an NI alone. Spring application generally does not require the NI component as the danger of 

as urea or nitrate but not as ammonium.  

C) Controlled and/or Slow Release Nitrogen Products.
Polymer coated urea (ESN for example) is the most widely used of these products in broadacre crop production. Slow release
sources are common in horticulture and turf grass applications. The polymer coating slows release of the urea into the soil under

ammonium and nitrate. Problems can arise when surface applied to dry soil, as the product needs to be in contact with moisture to
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COMPETENCY AREA 4. DETERMINING THE RIGHT PLACEMENT/METHOD OF APPLICATION FOR 
NITROGEN
Performance Objective 1: Discuss how the source of the nitrogen will determine the best placement 
or method of application.

Granular or prilled urea rapidly hydrolyzes to NH +. Losses increase with higher soil pH, more crop residues and with higher 

(dry or liquid). Choice of appropriate placement practices is under most circumstances the single biggest factor in improving the 

hydrolysis. Under conditions favorable to dissolution and hydrolysis about two-thirds of urea-N converts to ammonia/ammonium-N 

Broadcast with/without incorporation: If urea is surface applied and not incorporated (either by rain or tillage), N losses through 

move urea into the soil. Given the potentially rapid hydrolysis of urea, incorporation should occur as soon as possible after broadcasting 
to prevent losses.

Banding: Below the soil surface in a band is the preferred placement for granular urea. Banding can be effective in fall after the soil 
has cooled, in spring before seeding, or at seeding in a mid-row or side band. Deeper bands, narrower openers and wider row spacing 
all tend to slow conversion to nitrate. Shallow band with narrow openers and wider row spacing may lead to some volatilization losses 

conditions that favour rapid production of ammonia result in seedling toxicity. Poor separation can be a result of the opener(s) design, 
misalignment or may come about as openers wear down.

Mid-row Banding Side-Banding 
Not drawn to scale. 

Seed Row Placement: 
the salt effect tends to be the primary damaging mechanisms when seed row tolerance is exceeded. Increasing seedbed utilization, 

example. Suggested safe rates of seed row urea tend to be lower for Manitoba due to the preponderance of calcareous soils. The pH 
of the surface horizon needs to be considered when setting seed row urea rates regardless of location.
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Source: Saskatchewan Agriculture

Urea-Ammonium Nitrate Solution (UAN) (28-0-0 to 32-0-0)

herbicides. Volatilization losses when compared to broadcast urea would tend to be lower at similar N rates as only half the N is in urea 

conditions will determine the extent of damage but 20 lbs N/acre is often used as an upper limit.  
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Dribble Banded: 

application. Streams that hit leaves tend to run off and less of the total leaf area is exposed to damage.

the worst case losses approach 12% of applied N. The data represented in the graph below shows the interaction between source and 

and there are a number of source-place options that can reduce losses. 

Volatilization losses with different sources and placements. 

John Heard – unpublished data, single site year- Carman

Subsurface Banded: 

Seed Row Placement: 
ammonia/ammonium. 

Anhydrous Ammonia (82-0-0)

soluble in water so not only does good soil moisture allow for rapid hydrolysis and cation exchange, it helps hold the gas form in the 
soil as well. 

Banding:
The concentration of ammonia in the band creates a sterile zone eliminating or suppressing the soil biota including soil nitrifying 
bacteria. Banding at depth reduces contact with nitrifying and immobilizing microbes, and a portion of the nitrogen is maintained in the 
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soils.

drier or in coarse textured soils.

and rate are recommended to minimize or eliminate seedling damage.

Ammonium Sulphate (21-0-0)

source for canola and forage legumes. 

Broadcast with/without incorporation: 

Banding:
occurs in blends where it is added to provide sulphur.

Seed Row Placement: 
index of any of the common N fertilizer meaning that per unit of N applied it will be more osmotically damaging in the seed row than 
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seed bed utilization, texture, and moisture as well as the cumulative effects when combined with other products in a starter blend.

utilization, texture, and moisture as well as the cumulative effects when combined with other products in a starter blend.

Salt Index and Partial Salt Index of Common N Sources Used on the Prairies. 
Source Salt Index Partial Salt Index per Unit of N

1 0.572
2 2.990

69.0 3.253
Monoammonium Phosphate
Urea1 1.618

2 95.0

applied.  

management will impact the proper placement or method of application.

parts of the prairies. Deep fall banding after the soil has cooled can perform better than spring banding in situations where reducing 

where banding and broadcasting are compared using the same rates and similar yields are achieved even though condition suggest 

needs, then there will be no yield reduction. The implication in the above scenario is not that broadcasting and banding are equally 

Climate 

region and time period such as 30-years. 

Choosing the right place requires the right equipment and is consequently harder to change in relation to short term variations in 

periods in spring or during the growing season; these are conditions associated with the wetter parts of the Prairies. 
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Tillage Practices

vary widely. Systems that minimize surface disturbance will tend to be the least effective in incorporating broadcast N and preventing 
volatilization and immobilization.

Tillage 
System

Description N Placements

No Till Characterized by the use of low disturbance 
openers and wider row spacings with the aim of 
reducing soil disturbance and retaining residue on 

storage, increased soil organic matter levels, and 

application in fall on 15 in spacing using narrow 

pass direct seeding using mid-row or side band 
placement. 

Banding is the preferred N placement with No Till 
systems. Broadcasting of unprotected N sources 

losses.   

Reduced 
Till

residue is still retained on the soil surface. 

Example heavy duty cultivator in fall, spring harrowing 
followed by mid-row, side band or seed placement of 
fertilizer at seeding. Seed placement typically done 
with high SBU openers. 

Tillage implements that minimize surface disturbance will 
tend to be the least effective in incorporating broadcast N 
and preventing volatilization and immobilization. Banding 
in reduced tillage systems will be most effective if the 

Level of incorporation of solid manure or surface applied 
liquid will depend on disturbance level of equipment.   

Multiple passes for weed control, residue 
management, fertilizer application, seed bed 
preparation with high disturbance equipment with 
little or no residue remaining on the surface prior to 
seeding.

broadcasting N. 

Most effective for incorporation of broadcast N. Banding 
in conventional tillage systems will be most effective if the 

Surface applied liquid or solid manure can be fully 
incorporated. 

Strip Till/
Vertical 
Tillage

There is little consensus on where these tillage 

continuum of disturbance. The level of disturbance 

tillage systems result in more vertical mixing than 
implements that slide horizontally under the soil 

layers. Widely used with corn in the US and becoming 
more popular in Canada as corn acreage increases. 
Promoted for moisture management during wet years. 

Effective for incorporating dribble banded N or N can be 
banded into the disturbed strip. Side-banding with the drill 
or seeder is also compatible with these systems. 
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Residue Management 
Placing N in contact with high C:N ratio crop residues tends to increase immobilization. Some of the immobilized N will be released 
through mineralization once the immobilizing organisms start to die off. Whether that occurs in the current or subsequent crop seasons 
depends on the quantity and quality of residue and environmental conditions. Warm and moist favours rapid turnover while cool and 
dry slows release of immobilized N. 

N below the residue layer, reduces soil contact by concentrating the placement, and inhibits microbial activity in the nearby soil. 

areas of concentrated straw and chaff and increased immobilization. Heavy residue strips can interfere with accurate placement and 

method of application.

brief recap with a focus on the feasibility of different placements based on crop and stage is given below:

• Placements prior to seeding is generally unrestricted by crop type. Seedlings of more sensitive crops may be affected where the
seed row crosses a recently applied shallow urea or anhydrous ammonia band.

• Placements at time of seeding needs to consider crop type. Crops vary in their sensitivity to seed placed nitrogen. Cereals are

banding essentially eliminates issues with seed safety for all crops. However, it may reduce early season N availability depending

• Placement after seeding needs to consider both crop type and crop stage. Granular N can be broadcast at any time from

or irrigation to move N into the rooting zone. Liquid N sources can be sprayed, or dribble banded after seeding. In addition
to equipment constraints, crop tolerance for tissue damage varies by crop type and stage and needs to be factored in when
placement involves foliar contact. Sub-surface banding after the crop has emerged is restricted to row crops such as corn and
potato and requires specialized equipment.

Performance Objective 4: Discuss how planting pattern (narrow or wide row/solid seeded or row crop) 
will determine the placement or method of application.

• Wider row spacing increases the concentration of N per linear foot of band or seed row. Wider row spacing at the same rate with
the same opener reduce the safe level of seed row N and could theoretically at least increase the required separation for side

to the N.

• In-season placements on the soil surface while avoiding foliar contact are more feasible in row crops than solid seeded crops.

nitrogen placement or method of application for:
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with a focus on placement is provided below:

reduce ammonia toxicity and improve seedling safety when used in the seed row or banding below the seed. However, when using

C) Controlled and/or slow release nitrogen products.
Polymer coated urea can be used to increase safe rates of seed placed urea. PCUs can also be used in broadcast application to
reduce volatilizations losses, for example, spring applications on winter wheat or forage stands. PCUs generally reduce overwinter
N loss compared to standard urea when fall broadcast with or without incorporation. They can be used in fall banding to reduce
overwinter N loss and in spring banding to delay N availability to more closely match crop demand. Delayed release under dry surface
conditions can be a problem when surface applied in-crop including winter wheat, forages and spring seeded crops.

An expert sums up...

not close the gap between in-soil banding and surface applications, they can narrow the gap if used correctly. Surface 

provide advantages in other areas of the farming operation, including more rapid seeding, reduced soil disturbance, less 

after seeding may also allow assessment of yield potential before the nitrogen is purchased, potentially reducing the 
inputs into a low-yielding crops or allowing greater N applications on a better than expected crop. In-crop applications may 
also play a role in protein management in high-quality wheat production. 
Since the decision to use surface application rather than in-soil banding requires consideration of the potential costs and 

assessment of how important savings in time, soil disturbance, draft requirements, fuel and equipment costs, or increased 

management principles will help to ensure that the best decisions are made for the overall farming operation.

Extracted from Surface versus banded nitrogen: Do new products close the gap?

management planning.

•
in-crop application to provide additional N if moisture conditions improve.

•
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• Increase protein levels in wheat. In-season N application between stem elongation and the start of heading tends to build protein
levels rather than increasing yield.

•

application was not completed due to any reason (late harvest, early freeze up, soil too wet or too dry).

•
of the S curve) and reduces the exposure of N to loss.

threshold, N is added to the irrigation water.   

Additional Resources
Dr. Cindy Grant did a nice review of source by place interactions in Surface versus Banded Nitrogen: Do new products close the gap? 

https://umanitoba.ca/faculties/afs/agronomists_conf/media/Grant_-_Surface_versus_Banded_Nitrogen_-_paper.pdf

COMPETENCY AREA 5. ENVIRONMENTAL RISK ANALYSIS FOR NITROGEN

(groundwater and surface water).

Eutrophication is the process of nutrient enrichment in aquatic ecosystems. Surface waters on much of the Prairies tend to
be naturally eutrophic or nutrient rich supporting abundant plant growth. They are generally phosphorus limited meaning

when the P limitation is removed, N is the next limiting nutrient. Nitrogen loading can consequently act synergistically with
P loading to increase algae growth beyond what it would be with P loading alone. Photosynthesis produces oxygen and

can become anoxic. Greater production of algae in a boom and bust cycle can increase the frequency and duration of
hypoxic events where oxygen levels fall below the concentration required to sustain animal life.
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Nitrogen management practices that increase losses from the cropping system to surface waters can lead to eutrophication. This 

is a fairly minor component, a portion of volatilized N will also be redeposited on water bodies or on soil where it can convert to nitrate 

through tile drains and surface runoff will help reduce eutrophication. 

through nitrogen cycle processes. The guideline for ammonia for the protection of aquatic life, NH3 (g) often referred to as un-ionized 
ammonia, in freshwater is 0.019 mg/L or 19 parts per billion. 

C) Drinking water quality relative to the standards.

3
-

3-N) and nitrite to nitrite-N is shown below.
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observed in the environment.

Performance Objective 2: Evaluate management strategies that will reduce nitrogen loss impacts to 

The N cycle3

meet the regulatory burden. 

Implementing practices that reduce N loss from cropping systems will reduce fertilizer and manure N impacts on the environment. 

a geographically dispersed production in a cropping system to geographically concentrated consumption (feedlots and cities, for 

a right source or placement selection. In some circumstances there is no further advantage or additionality from combining practices. 

Volatilization

into the soil. Shallow banding, poor furrow closure, excessively wide band spacings in relation to rate can also result in ammonia 

greatly reducing the fertilizer value of the manure. However, the concentrations of ammonia released are not high enough to cause 
direct environmental or human health harm outdoors, and most of the ammonia is re-deposited within a few hundred meters of where 
it was released. Volatilization does contribute in a minor way to the N loading of surface waters and a portion of the volatilized N is 

impact the economics of crop production. 
Main strategies to reduce volatilization include:
• Use of protected N or less volatile N sources in surface application. This can include pre-treatment of manure to stabilize N.
•
•

forage crops.
•

unprotected fertilizer N sources are used.
• 
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from snowmelt, shallow groundwater or heavy rainfall. The other triggering factor is accumulation of nitrate. Practices that slow or 

• Selection of ammonium-based sources or protected N sources over nitrate containing sources.

• Ensuring that rates do not exceed crop demand by setting reasonable yield goals and accounting for soil N sources when setting
rates. This ensures low residual nitrate at the end of the growing season.

•

•

Leaching
Leaching occurs in cropping systems with fast internal drainage (coarse texture) where saturation from snowmelt or heavy rainfall 
allows water to move below the rooting zone. The other triggering factor is accumulation of nitrate. Practices that slow or reduce 
the accumulation of nitrate will tend to reduce leaching losses. The environmental impact of leaching occurs when nitrate enters 
groundwater and reduces the water quality. Leached nitrate can also reach surface waters through drains or groundwater contribution 

oxide to the atmosphere. 

Main strategies to reduce leaching include:

• Selection of ammonium-based sources or protected N sources over nitrate containing sources.

• Ensuring that rates do not exceed crop demand by setting reasonable yield goals and accounting for soil N sources when setting
rates. This ensures low residual nitrate at the end of the growing season.

•

•

water.

Runoff
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Meltwater running over frozen soil can carry soluble N forms in solution and less soluble exchangeable forms in sediment. Practices 
that slow or reduce runoff and/or avoid surface accumulation of mobile N forms will tend to reduce runoff losses. The environmental 

nitrous oxide to the atmosphere. 

Main strategies to reduce N loss in runoff include:

•

• Incorporate manure.

•
tenths of an inch (8-12 mm) will move surface applied urea into the rooting zone. Greater amounts may result in runoff losses

•

Secondary Practices and Strategies to Reduce N Losses
•

• When planning nitrogen applications, account for contributions from all sources, previous legume crops, manure or biosolid
application. Most importantly factor in an estimate of N mineralization.

•

•

effectiveness of buffer strips is reduced when snowmelt is moving across buffer strips where the soil is still frozen.
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Performance Objective 3: Discuss the role of nitrogen management in greenhouse gas (GHG) emissions 
and particulate matter development.

GHG emissions from cropping systems can include carbon dioxide, methane, and nitrous oxide. Nitrous oxide and methane emissions 

tillage and stubble burning. 

2 emissions associated with energy use.

from the atmosphere during photosynthesis and a portion ends up in soil organic matter. 

losses through volatilization, leaching, and runoff also reduces indirect nitrous oxide emissions. 

Nitrogen management also plays an important role in carbon dioxide emissions. The advent of reduced and zero tillage cropping 

removals of carbon dioxide from the atmosphere.  Higher yielding crops produce more residue and adequate nitrogen supply ensures 

on the environmental impacts of nitrogen on surface and groundwater resources.

during nutrient management planning. 

Prairie landscapes are the result of relatively recent (10,000 years BP) glaciation and Prairie soils have developed on glacial drift 

denitrify before it is leached. N losses may not be of much concern environmentally in these situations. Even if the nitrate moves 

-
ers are paid for the carbon dioxide they capture. 
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Water Movement and Leaching in Prairie Landscapes

In landscapes with closed basins, water moves downslope with runoff and collects in depressions. Leaching potential is higher 
in depressions (precipitation plus runoff) than it is upslope (precipitation minus runoff). There is more water to move through the 

frozen or snow-covered soil moves with melt water and can move through to groundwater in depressions or can be lost through 

water from closed basins into surface waters, connecting leached nitrogen to downstream surface waters. The semi-arid climate on 

be low (a few percent of fall-applied N and have little effect agronomically), but if the watershed is large and drains into a stream or 
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PHOSPHORUS

PROFICIENCY AREA 4 - PHOSPHORUS

Source IPNI 

Phosphorus (P) is an essential plant nutrient. Reduced soil P availability can result in reduced emergence and reduced early season 
growth, delay in maturity and reduced crop yield. Phosphorus is immobile in soil but mobile in plants and will be translocated to the 

leaf and leaf tip blunting with browning ends. 

fair amount of repetition of important points.
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Source: D.L. Armstrong PPIC

Phosphorus is relatively immobile in soils and is generally retained by the soil and its component fractions. Added P can be precipitated 
out as sparingly soluble compounds of calcium, magnesium, iron, and aluminum. Added P can also be adsorbed onto soil surfaces.  
Plant available P is generally in greatest availability between soil pH of 6.0 and 7.0. Plants absorb most of their P as primary 
orthophosphate (H2 PO4

-
4

2-); this balance depends on pH 
and the ionic species HPO4

2-   can be dominant in soils with pH above 7.5. 

particles and dissolved P in soil water. Source, rate, time and placement of P are important considerations in limiting P movement 

production goals in an environmentally acceptable manner that meet social objectives. 

COMPETENCY AREA 1. DETERMINING THE RIGHT SOURCE OF PHOSPHORUS 

Performance Objective 1. Discuss the most common sources of phosphorus used in the Prairie 
Provinces. 

2O5

The product dissociates into NH4
+ and H2PO4

-

broadcast and incorporated.

orthophosphates (H2 PO4
-

4
2- )  
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 Graph courtesy of Dr. Tee Boon Goh

Performance Objective 2. Discuss considerations to determine the right source of phosphorus.

available P forms), the main considerations in source selection are cost and logistics related to rate, time, and place. Crop type, rooting 

secondary factors to consider in P source selection.

COMPETENCY AREA 2. DETERMINING THE RIGHT RATE OF PHOSPHORUS 
 P2O5

P2O5 2O5).

Encouraging growers to establish a soil testing program is critical in determining the right rate and understanding which approach 
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Performance Objective 1. Interpret how soil test phosphorus levels relate to crop yield response and 
potential environmental impacts.

. Proper P 
management, through the use of soil testing parameters, can aid in 
or field drainage water. 

phosphorus (STP) levels with yield. Trials are run for different crops at multiple locations over a number of years. Sites are selected for 

 Critical Values from Soil Test Calibration

 Source:IPNI
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Soil Test as a Probability Function
Soil Test Class Probability of Response STP Range (mg/kg)1

26-40

Critical Value 20

limits and recommendations vary by crop and region and different labs may use different soil test methods with different critical limits. 

in areas with high STP surface waters tend to contain more P. 
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Adapted from Salvano and Flaten.  2006.  Phosphorus risk indicators:  Correlation with water quality in Manitoba.

Source: Ige et al. 2007. 
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The plant root simulator probes (PRS) is also in use on the Prairies and offer insight to P, availability and supply power. The PRS 

-

and the amount of P determined by standard analytical methods. The idea behind the PRS approach is that it behaves in a similar 

the method.

more labour intensive than sampling with a probe. Proportionally sampling, such as two cores away from the band for every core near 

where the band location can’t be determined.

Build-up of Residual P

Adapted from IPNI

Performance Objective 4. Discuss the pros and cons of applying phosphorus above crop response 
optimums.

Applications and incorporation at a high rate prior to establishing perennial forage crops can be used to provide P for a number of years 

all the P in manure is available immediately and will release over a period of years.
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Performance Objective 5. Justify phosphorus application rate based on:

A) Soil characteristics including leaching

P increases with clay content. Precipitation as Ca-P increases as pH increases and Fe-P and Al-P precipitate as pH decreases. The 

Phosphorus Reactions and Soil pH

Phosphorus does not generally leach from soils due to precipitation and adsorption reactions. Soils can hold only so much P, before P 

Runoff is strongly controlled by topography. Slope steepness, length, and connectivity to water courses will determine if P contained 

to increase P losses when runoff occurs. 

C) Crop conditions, crop type and growth stage

Phosphorus moves through the soil solution to the plant root by diffusion; diffusion rates increase at higher temperatures and soil  
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removal.

A build and maintain philosophy is based on the idea that crops are more resilient and perform better over a wider range of growing 
conditions when soil test P levels are at or slightly above the critical value or in the non-responsive range. Soil test P levels are 

Then the soil test level is maintained through annual P application rates that match crop removal rates. 

Drawdown is a strategy used when P soil tests levels are well above the critical levels. Applications are stopped and no further P is 

levels are drawn down to or below the maintenance range. A variant of the drawdown strategy is often used with manure applications 

Adapted from Ontario Ministry of Agriculture, Food and Rural Affairs.
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A) Previous crop

soil and is released as the straw and roots decompose. Phosphorus from crop residues is generally not directly credited when setting 
rates on the Prairies. 

the current season’s applied P. High P removal in canola grain often means a draw down in soil test P levels relatively to cereal crops. 

association which may be one of the reasons it draws more heavily on recently applied P. Fields that have grown canola for several 

B) Previous phosphorus application

build soil test P in the face of economics, agronomics (e.g. raising low P testing soils) or a strategy for future P supply, when application 

applied P2O5

C) Manure, biosolids and other organic amendments

These materials can vary considerably in their P content and the availability of P. They tend to be applied at rates that will meet N 

materials is covered in detail in PA 7.  

D) Wastewater

Prairies. The CCA should consider that these lower solubility materials will behave somewhat differently in soil than conventional 

Performance Objective 8. Justify the potential need to adjust the phosphorus application rate based 
on historic phosphorus use.

further drops in soil test levels. The diagram below illustrates the general issue with allowing available phosphorus to fall too far 

of application. Roots have a limited capacity to absorb P per unit area of root surface. While they may proliferate around a P band, they 
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reduction in the relative application rate. Typically, to provide a similar yield increase, broadcast P must be applied at a rate that is 2X 

cold or dry springs.

COMPETENCY AREA 3. DETERMINING THE RIGHT TIMING AND PLACEMENT OF PHOSPHORUS 
APPLICATION
Performance Objective 1. Discuss the mechanisms of phosphorus loss to surface water.

in surface water, dissolved P is immediately available and particulate P is more slowly available.
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Surface run-off events transport P in both soluble and particulate form. Particulate P transport is tied to soil erosion and will only 
contribute directly to P loading if the sediment is deposited in surface water. Once deposited, particulate P can recharge the soluble P 

surface waters by recharging runoff that passes over or through it.

dissolved P.

B) Leaching

C) Tile drainage

Performance Objective 2. Discuss the relationship between tillage practices/system on phosphorus 
management.

Reduced and no-till practices are effective in reducing particulate P loss, but may lead to increased dissolved P loss from vegetative 

.

Performance Objective 3. Discuss the importance of the following in determining the optimal timing 
and placement or method of application of phosphorus management:

A) Precipitation (intensity, type, duration)

water interacts with the surface and near surface soil. Since P concentrations in rainwater are generally lower than the soil solution, 

surface drainage. 

Rainfall intensity and duration are controlling factors in particulate P movement. Water erosion is initiated when large high energy rain 

surface drainage system. 
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response.

A) Seed row, side band, mid row

Seed row, side band, and mid row placements are primarily used as annual P application methods. Seed row applied P is particularly 
effective in cold soils, but caution needs be used to ensure application rates are within seed tolerances for the crop type. Side band 

B) Broadcast

Broadcast P may in some circumstance be used as an annual application method, but more often is used as a soil P loading strategy 
for both annual and perennial crop types. Given its relative immobility, P is best placed in a position where early season developing 

runoff losses. 

C) Foliar

burning plants. At these low concentrations, the amount of P applied is generally not high enough to increase yield.

Performance Objective 5. Discuss the implications and interactions of co-banding phosphorus with 
other nutrients.

band may temporarily discourage root proliferation and reduce root absorption of the P within the band. The immobile P in effect 

Performance Objective 6. Compare and contrast reduction strategies and management for particulate 
phosphorus loss due to soil erosion, and reduction strategies and management for dissolved 
phosphorus loss.

and sub-surface banding of P will reduce P loss in runoff. On the Prairies, DRP levels in runoff tend to be correlated with soil test P 

cropping practices that drawdown soil P levels will over time reduce the potential for DRP movement in runoff. Additionally, occasional 
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Performance Objective 7. Discuss the considerations for phosphorus timing, placement and method 

most cases than fall application. 

For most spring and winter annuals, banding or seed placement at time of seeding is both good agronomic and environmental 

the landscape may be disconnected from surface water features. When broadcasting must be used because of operational 

Performance Objective 8. Plan the best timing, placement or application method for phosphorus to 

Since most P loss in the Prairies is due to surface runoff and erosion, placing P be

annual crops. For forages, spring application after snowmelt is probably the best timing placement combination for reducing loss to 

COMPETENCY AREA 4. ENVIRONMENTAL RISK ANALYSIS FOR PHOSPHORUS

this to occur, there must be a mobile source of P and a transport mechanism.

Performance Objective 1. Discuss how to use water quality vulnerability or risk assessment tools 

A relevant (Provincial or Federal if applicable) water source protection plan, related to the prevailing jurisdiction, must be followed for 

and planning relate to animal and manure management practice.

Each province has its own version of the Environmental Farm Plan. The EFP is a tool for assessing and managing environmental 
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Management Practices that will Reduce P 
losses

Example of BMPs

Soil Erosion Any practice to reduce soil erosion. Reduce slope length; tillage reduction to increase surface 
residue; plant cover crops; crop rotation, strip cropping, 
contour tillage.

Water Runoff 
Class

instances, tile drainage 
installation may change the effective soil 
hydrologic group rating.

Tile drains may reduce runoff water volumes and thus 
. They may increase 

loss through tile drains by increasing connectivity. 

P Soil Test The management 
ap- plication methods will control the 
rate at which the P concentration in the 
soil changes.

The P concentration a long-
term basis by reducing application rates of 

higher P removal capabilities.

Commercial 
Fertilizer 
Application 
Rate

the of P loss accordingly.
An agronomically appropriate reduction in the commercial 

 rate in conjunction with improved 
application methodology

Commercial 
Fertilizer 
Application 
Method

The use of an application method that 
incor- 

result in a lower rating 
factor.

Changing the application method from broadcast 
unincorporated to seed  p laced ,  s ide -banded  o r  m id 
row banded .

Manure/Biosolid

Application Rate
the concentration of P accordingly.

A reduction in the rate.

Manure or 
Biosolid

Application 
Method

The use of an application method that 
incor- 

Changing the application method from u n - incorporated on 

Performance Objective 3. Evaluate management strategies and BMP’s, which reduce phosphorus loss 
to surface and groundwater.

A) Tile drainage

events but may transport P though internal drainage. Phosphorus moving with water towards drains may be adsorbed or precipitated 

 

Prairie region is not consistent or substantial, partly because the vegetation in buffers are dead or dormant and the underlying soil 
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C) Cover crops

Cover crops offer protective surface cover and P interception properties; particulate P may be reduced, but DRP could be increased. 

damaged tissue.

D) Wetlands

Performance Objective 4. Discuss how to use drainage water management to reduce phosphorus 
nutrient losses to surface water.

used on the Prairies can effectively reroute water across slopes rather than down slope. This reduces erosion and runoff, allows 

or outlet.

of phosphorus.

Courtesy Agvise Laboratories (Olsen soil test P – ppm)

The acreage of full tillage row crops (corn, soybean, potato) is increasing on the Prairies. Practices such as strip-tillage and contour 
tillage can reduce runoff, erosion, and both particulate and dissolved P losses.

(e.g. local, regional, national) on environmental impacts of phosphorus on surface and groundwater 
resources.
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Prairie climate is not uniform with annual precipitation in wetter regions approaching double that found in the drier regions. Snowmelt 

Understanding of historical climate patterns, temporal and spatial distribution within the geography of concern can help the practitioner  
to integrate and understanding 4R nutrient management stewardship with respect to P application method, timing and preventative or 

Performance Objective 7. Discuss the role of phosphorus, including legacy phosphorus, in the 
eutrophication process and the potential consequences of eutrophication.

Water body sensitivity to added P depends upon a myriad of interacting factors. One of the most important is whether P is a limiting 

rich historically, P was the limiting nutrient setting the upper limit on photosynthesis in surface water.

Phosphorus application to farmland and discharge of urban sewage among other practices have increased the P loading of Prairie 

or remove during treatment. 

to loading and downstream transport of P.  
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MAGNESIUM AND MICRONUTRIENTS

PROFICIENCY AREA 5 - POTASSIUM, SULPHUR, CALCIUM, MAGNESIUM AND MICRONUTRIENTS

Potassium (K) is an essential plant nutrient and is taken up primarily through diffusion as the cation K+

cell wall structure and strength, protein synthesis, water regulations within plant cells, translocation of sugars, starch production and 

Source: T.L Roberts, IPNI
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4
2-) and can 

2
nodulation in legumes, aids in seed production and is required for chlorophyll formation. The sulphur cycle is similar to the nitrogen 
cycle in many respects. 

4
2-

symptom.
2+

Magnesium (Mg) is taken up as the Mg 2+ cation. Magnesium is largely contained in the chlorophyll molecule and is  essential 

particularly in wet years on calcareous soils. 

COMPETENCY AREA 1. DETERMINING THE RIGHT SOURCE OF 
POTASSIUM

Region. 

in the wetter parts of the Prairies or under irrigation. 
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International Plant Nutrition Institute (IPNI)

Performance Objective 2. Discuss the most common sources of potassium used in the Prairie Region. 

2 4

2 4

2 4 4
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Performance Objective 3. Discuss considerations that may be used to determine the right source of 
potassium, sulphur, calcium, magnesium, and micronutrients based on:

a) Crop type

secondary and micronutrients, no crop will respond to additions if the soil supply is already adequate to meet crop demands. 

b) Tillage and cropping system:

c) Crop growth stage:

d) Soil test or tissue test:
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E) Timing and placement of application:

-
3 3 4

2- 

Performance Objective 4. Discuss how managing the 4Rs for potassium, sulphur, calcium, magnesium, 

micronutrients.

COMPETENCY AREA 2. DETERMINING THE RIGHT RATE OF 
POTASSIUM
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Performance Objective 1. Interpret how soil test potassium levels relate to crop yield response and 
potential environmental impacts.
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limited or no response to added K. 

Source: IPNI 2015 Soil Test survey
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may include: 

A) Cation exchange capacity:

B) Organic matter:

+

C) Texture:

µ

D) Clay type:

Feldspar weathers slowly to form clay minerals in the smectite or kaolinite groups. Mica weathers more quickly to form illites, smectites 

weathering in place.
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Source: IPNI

PERFORMANCE OBJECTIVE 3. DISCUSS THE CONTRIBUTION OF POTASSIUM FROM: 
A) Previous potassium application:

B) Manure:
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C) Biosolids:

D) Previous crop residue:

E) Wastewater:

Performance Objective 4. Discuss the impact of timing and placement on the rate of potassium applied. 

Performance Objective 5. Recognize how environmental conditions may modify the need for potassium, 
including soil moisture and temperature.

COMPETENCY AREA 3. DETERMINING THE RIGHT TIMING AND 
PLACEMENT/METHOD OF POTASSIUM APPLICATION.
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Performance Objective 1. Discuss how the timing and method of potassium application can impact 
crop response. 

Performance Objective 2. Recognize toxicity concerns with excess rates of seed row placed potassium. 

Performance Objective 3. Discuss considerations to determine the proper placement and method of 
application of potassium based on the:

A) Crop type:

B) Cropping system:
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C) Method of tillage:

Performance Objective 4. Recognize the options for placement and method of application of potassium 
based on current potassium soil test levels and soil texture. 

COMPETENCY AREA 4. DETERMINING THE RIGHT SOURCE, RATE, 
TIMING AND PLACEMENT/METHOD OF SULPHUR.

4
2- ) as close to time of major demand 
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4 2

Performance Objective 2. Discuss the most common sources of sulfur in the Prairie Region.

A) Sulphate based (recognizing solubility differences):

B) Elemental-Sulphur:

following spring. 

C) Liquid ammonium thiosulphate:

D) Combined sulphate and elemental-S products:

potential.
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E) Recognize interactions among sources, timing and placements:

large application rate. 

Performance Objective 3. Discuss considerations that may be used to determine the right source of 
sulphur based on:

A) Crop Type:

containing sources.

B) Tillage and cropping system:

C) Crop growth stage:

D) Soil test or tissue test:
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E) Timing and placement of application:

phosphorus losses to surface and groundwater.
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Performance Objective 5. Discuss considerations that may be used to determine the right rate of 
sulphur based on:

A) Source of sulphur:

B) Crop type:

Factor Factor

Triticale
Uptake

Uptake Uptake

Uptake Uptake

Uptake Uptake

Uptake
Mustard

Uptake

Uptake Uptake

Barley, Feed
Uptake

Bean3
Uptake

Barley, Malt
Uptake Uptake

Uptake Uptake

and Fall
Uptake

Potatoes3
Uptake

C) Tillage and cropping system:
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D) Crop growth stage:

E) Soil test or tissue test:

in future cropping situations.

F) Timing and placement of application:

G) Irrigation:

source (groundwater > surface water) and time of year, typically highest in June and then tapering off through the remainder of the 
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H) Atmospheric deposition of sulphur:

COMPETENCY AREA 5. DETERMINING THE RIGHT SOURCE, RATE, 
TIMING AND PLACEMENT OF CALCIUM AND MAGNESIUM.

the Prairie Region.

•

•

•

•

•

quite pronounced on new growth.
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Non-calcareous

All soils

�e vast majority of Prairie agronomists have never encountered and are not likely to encounter an actual Ca or Mg de-
�ciency. �at said, agronomist working in areas with coarse textured acid soils, sodic soils, and horticultural crops such 
as potatoes should be aware of the symptoms and remedies for Ca or Mg de�ciency. 

Consider the following worse-case scenario. An acidic sandy soil at pH 5 and a CEC of 6 me/100 g•soil, would 
still have a base saturation of approximately 50%. If, as is likely, the most common basic cation was Ca2+ and it 
occupied 40% of the cation exchange then the Ca concentration would be 480 ppm or roughly 1000 pounds of 
available Ca in the top 6 inches.

Performance Objective 2. Discuss the most common sources of calcium and magnesium used in the 
Prairie Region.

Performance Objective 3. Discuss considerations that may be used to determine the right source of 
calcium and magnesium based on:

A) Crop type:

B) Tillage and cropping system:
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C) Crop and growth stage:

D) Soil test or tissue test:

E) Timing and placement of application:

nitrogen and phosphorus losses to surface and groundwater.

Magnesium and N are closely linked in plant growth as constituents of the chlorophyll molecule. Magnesium aids in phosphate 

effects on N and P loss.

Performance Objective 5. Discuss considerations to determine the proper rate, timing and placement/
method of calcium based on the:

A) Crop type:

B) Cropping system:

D) Crop and growth stage:

E) Soil test or tissue test:
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Base Cation Saturation Ratios (BCSR) and Crop Response 

F) Timing and method of application:

Performance Objective 6. Discuss considerations to determine the proper rate, timing and placement/
method of magnesium based on the:

A) Crop type:

B) Cropping system:

C) Crop and growth stage:

within the plant.



2PROFICIENCY AREA 5 - POTASSIUM, SULPHUR, CALCIUM, MAGNESIUM AND MICRONUTRIENTS

D) Soil test or tissue test:

E) Timing and method of application:

COMPETENCY AREA 6. DETERMINING THE RIGHT SOURCE, RATE, 
TIMING AND PLACEMENT OF MICRONUTRIENTS.

increase the yield response. The right rate is a function of the source, time and place decisions rather than meeting a desired yield 
goal.

Source: IPNI
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Region.

A) Copper:

B) Manganese:

C) Zinc

D) Boron

are highly leached. 

E) Iron

F) Chloride

Performance Objective 2. Discuss the most common sources of micronutrients used in the Prairie 
Region.
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Performance Objective 3. Discuss considerations that may be used to determine the right source of 
micronutrients based on:

A) Crop type:

 
portion used for analysis

 
 Boron 

(B)
 

(Fe)
 

Alfalfa - hay
Barley - grain

- straw -
- grain 2

-
- grain -
- straw - -

Peas - -
Potatoes

- grain
- straw - 2
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B) Tillage and cropping system:

C) Crop growth stage:

D) Soil test or tissue test:
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E) Timing and placement of application:

phosphorus losses to surface and groundwater.

N and P loss.



PROFICIENCY AREA 5 - POTASSIUM, SULPHUR, CALCIUM, MAGNESIUM AND MICRONUTRIENTS

Performance Objective 5. Discuss considerations to determine the proper source, rate, timing and 
placement of copper based on the:

rather than a single element.

Product Chemical Cu Content

A) Crop type and variety:

soils.

B) Cropping system:

C) Crop growth stage:

D) Soil test or tissue test:
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E) Timing of application:

Performance Objective 6. Discuss considerations to determine the proper source, rate, timing and 
placement of zinc based on the:

A) Crop type and variety:

B) Cropping system:

C) Crop growth stage:

D) Soil test or tissue test:
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E) Timing of application:

Performance Objective 7. Discuss considerations to determine the proper source, rate, timing and 
placement of iron based on the:

A) Crop type and variety:

B) Cropping system:

C) Crop growth stage:

D) Soil test or tissue test:

E) Timing of application:

Performance Objective 8. Discuss considerations to determine the proper source, rate, timing and 
placement of manganese based on the:

A) Crop type and variety:

B) Cropping system:
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C) Crop growth stage:

adequate.

D) Soil test or tissue test:

E) Timing of application:

Performance Objective 9. Discuss considerations to determine the proper source, rate, timing and 
placement of boron based on the:

A) Crop type and variety:

B) Cropping system:

C) Crop growth stage:

D) Soil test or tissue test:
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E) Timing of application:

PERFORMANCE OBJECTIVE 10. DISCUSS CONSIDERATIONS TO DETERMINE THE PROPER 
SOURCE, RATE, TIMING AND PLACEMENT OF CHLORIDE BASED ON THE:
A) Crop type and variety:

B) Cropping system:

C) Crop growth stage:

D) Soil test or tissue test:

E) Timing of application:
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A soil amendment is a material added to soil to improve its physical or chemical properties. Lime is the most commonly thought of soil 
amendment; it is a calcium or calcium and magnesium compound used to reduce soil acidity. Other common soil amendments are 
gypsum and elemental S. Less commonly used soil amendments are biochar (a biomass-derived carbon product that is a by product 
of the pyrolysis processing of any organic feedstock), humic materials (composed of humins, humic and fulvic acids) and biostimulant 

nutrient(s) source while an amendment is applied to alter soil chemical or physical properties.

COMPETENCY AREA 1. DETERMINING THE PROPER SOURCE, 
RIGHT RATE, TIMING AND PLACEMENT OF LIMING MATERIALS 
FOR PH ADJUSTMENT
Performance Objective 1. Understand reasons to use liming materials.

Lime is primarily used to reduce soil acidity, improve soil physical and biological properties, reduce potential toxicities (e.g. aluminum 

rainwater, it forms carbonic acid. As a result, rainfall is naturally acidic and becoming more acidic as atmospheric carbon dioxide levels 

in large part associated with forest vegetation and higher moisture regimes. Acid soils are least common in the brown soil zone and 

the Solodized Solonetz and Solod great groups tend to have acidic surface horizon. 

supplements in animal diets often results in manure having a mildly liming effect.  
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Lime and Lime Spreading

Photos Courtesy of IPNI

Performance Objective 2. Discuss suitability of sources of liming materials:

A) Industrial by-products used for liming:

B) Agriculture liming materials:

reactivity/neutralizing value, particle size, impurity level (e.g. clay content) and moisture content are important factors in determining 

suitable for dealing with smaller areas of acidity but need to be used cautiously as unlike the other sources of ag lime, they can drive 
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3 100

Dolomitic limestone (Dolomite) 3)2 110

2 140

Variable 70-90

Variable 55-65

C) Wood ash:

Nitrogen levels are typically very low as the N escapes as gas during combustion.

the major cost factors. Additional costs may include soil and material sampling and any costs associated with professional advice. 

a lime application may be as long as 15 to 20 years.

E) Contaminants:

Liming materials available from commercial sources may/should have information on contaminant levels. A laboratory analysis to 
characterize contaminants should be completed for use of non-traditional liming materials.

F) Particle size:

Sieving to determine different particle size fractions is performed as a standard test in determining the effectiveness of liming materials. 

skin and eyes.

G) Calcium carbonate equivalent (CCE):

effectiveness.
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Performance Objective 3. Discuss considerations to determine the proper rate, timing, and placement 
of liming materials (e.g. agricultural lime, industrial by-products and wood ash) based on:

Source: Alberta Agriculture

lime rates are generally based on pure dry calcium carbonate as the liming material. Setting an actual lime rate needs to take into account the 
-
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Source: Alberta Agriculture

Effective Neutralizing Value1 

Limestone size fraction
passing 60 mesh 100
30 to 60 mesh 50
10 to 30 mesh 20
retained on 10 mesh 5
Source: Agdex 534-1

Limestone size 
fraction

% lime per 
size fraction

 
factor

Fineness 

70 100 70
mesh 30-60 mesh 20 50 10
10-30 mesh 10 20 2
Retained on 10 mesh 0 5 0

Source: Agdex 534-1
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years rather than weeks or months. 

needs to be worked into the rate calculation. 

A) Target pH by crop:

best above 6.0. 

Tolerance to Soil Acidity Common Annual and Perennial Crops 

Tolerance to Soil Acidity of Pulse Crops and Soybean 

Lentil 

Dry Bean

Soybean
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which they are most available. Nutrient and non-nutrient elements that are more soluble in acid soils may reach toxic levels as the soil 

Rhizobium have low tolerance 

B) Soil test pH and buffer pH, and magnesium:

C) Timing of application:
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will do better than a rotation that has a sensitive crop like barley earlier in the rotation.   

D) Method of application:

depth. 

E) Major nutrient contribution from lime:

COMPETENCY AREA 2. DETERMINING THE PROPER SOURCE, 
RIGHT RATE, TIMING AND PLACEMENT OF AMENDMENTS FOR 
SODIC AND SOLONETZIC SOILS

affect soil structure. Structural issues can lead to poor germination through crusting, poor root penetration through hardpan formation, 

extract. 

SAR cannot be calculated from the exchangeable sodium, magnesium, and calcium values reported on a standard agricultural soil 

SAR. 

me/100g soil or cmol(+)/kg soil. 
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Characteristics of Saline and Sodic Soils

Electrical 
Conductivity1

(dS/m)
Soil pH

Exchangeable 
Sodium 
Percentage 

%

Sodium 
Adsorption 
Ratio

Soil Physical Condition

Saline >4.0 <15 <13 Normal
Sodic <4.0 >15 >13
Saline-Sodic >4.0 >15 >13 Normal

to draw nutrients. Soils of this order tend to have a neutral to acidic A horizon. Solonetzic soils are commonly found in associations 

in drier years.  

yield well in good moisture years but will show the effects of drought earlier and more severely in drier years. 

Unlike Solonetzic soils, saline soils do not generally have structure problems. Reductions in crop growth are due to the reduction in 
available water; high osmotic potential, not a shallow rooting zone, prevent the plants from taking up water. 

wet that prevents water penetration below the B. 
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Performance Objective 1. Gypsum 

4 2

in solution than calcium carbonate, salinity tends to go up slightly when gypsum or elemental S is added to sodic soil. 

2S + 3O2 2 2SO4

2SO4 3
2+

2 2O + SO4
2-

2+ +

2+ + SO4
2-

4

sodic horizons and disrupt the hard pan. Deep plowing usually involves displacing the A horizon, disrupting the B horizon and inverting 

B) Indicate the additional requirements and mechanisms for remediation of sodic and Solonetzic soils when using gypsum
or elemental sulphur.

COMPETENCY AREA 3. BE AWARE OF CONSIDERATIONS IN 
USING SOIL AMENDMENT AND SOIL/PLANT ADDITIVES AND THE 
ROLE THEY MAY PLAY IN MANAGEMENT OF SOIL AND PLANT 
NUTRIENTS
Performance Objective 1. Understand the role the following amendments can play in nutrient 
management and soil health.

A) Biochar:

be highly varied and results in varying characteristics of the end product. Biochar additions to soil are considered a form of carbon 

potentially creates a carbon credit.
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Slow pyrolysis biochar Fast pyrolysis biochar

hours. minutes. 
Source: Jeff Schoenau, Dept. of Soil Science, University of 
Saskatchewan. 

and improving soil water holding capacity.

Biochars vary considerably in nutrient content and are generally not added as a nutrient source but to ameliorate soil problems or alter 
soil processes.  

N S

91.3 0.92 0.15 0.05 99

71.4

1.54 2.95 0.12 46

Source: Jeff Schoenau, Dept. of Soil Science, Univ. of Sask

also reduce the soil activity and mobility of certain pesticides; however, these interactions are very dependent on the type of char used.  

gas emissions.  

B) Humic materials:
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2) uptake and plant respiration; the synthesis 

widely based on source, rate, time and place as well as the characteristics of the soil and crop. 

to be registered, and how to check if they are registered:

Note: The classes of soil/plant additives or supplements (biological, nutritional, enzymes/proteins) listed in the Performance 
Objectives do not match exactly with the terminology used in the Fertilizer Act and Regulations.

A) Biological

Supplements based on living organisms. A common example is Rhizobium sp. inoculum for legume crops.

B) Nutritional

and specialty fertilizers as well as soil amendments or supplements. 

A fertilizer is any substance or mixture of substances, containing nitrogen, phosphorus, potassium or other plant food, manufactured, 
sold or represented for use as a plant nutrient.* 

A supplement is any substance or mixture of substances, other than a fertilizer, that is manufactured, sold or represented for use in 
the improvement of the physical condition of soils or to aid plant growth or crop yields.

Supplements may act directly on the plant or in the soil. They may be microorganisms, derivatives from naturally occurring or engineered 
organisms, naturally occurring materials or chemicals, and synthesized chemicals. They may act to change soil properties, solubilize 
nutrients, mimic or induce plant hormones, or alter soil or plant properties and processes in any other way that enhances growth.    

All fertilizers and supplements when sold or imported into Canada are regulated under the federal Fertilizers Act and Regulations. 
Pursuant to these Regulations, the products must be safe with respect to plant, animal, human health and the environment, and 
properly labelled to ensure safe and appropriate use.*

Some fertilizers and most supplements are subject to mandatory pre-market assessment and registration by the Fertilizer Safety 
Section of the Canadian Food Inspection Agency (CFIA), which is responsible for administering the Fertilizers Act and Regulations. 

the Act, Regulations and prescribed standards. Please note that all ingredients in the product (both active and inert) as well as the 
potential contaminants and degradation products are considered when reviewing product safety.*

All regulated products, including those requiring registration and those exempt from registration, in the Canadian marketplace must 

under the Fertilizers Act and Regulations largely depends on label claims (i.e. how the product is represented in the marketplace). This 
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Registration of a product is not a guarantee that the product will work as intended or promoted. 

action are well documented. 

The following types of products are exempt from registration under the Fertilizers Act and Regulations:*

1. Customer-formula fertilizers which contain a pesticide registered under the Pest Control Products Act for the purpose stated
on the label [Section 3.1(1) Fertilizers Regulations].

2. Single ingredient fertilizers and supplements that are listed in Schedule II of the Fertilizers Regulations [Section 3.1 (3)(a)
Fertilizers Regulations].

3. Mixed farm fertilizers that contain nutrients in a mineral form (obtained by extraction or by physical or chemical processes) and
that do not contain pesticides [Section 3.1(3)(b) Fertilizers Regulations].

4. Supplements sold only for correction of soil acidity or alkalinity [Section 3.1(3)(c) Fertilizers Regulations]

5. Supplements that consist of seeds that are treated with a fertilizer or a supplement that: (i) is exempt from registration, or (ii)
is registered, and whose label indicates that it is for use in treating seeds [Section 3.1(3)(d) Fertilizers Regulations]

physical conditions of the soil [Section 3.1(3)(e) Fertilizers Regulations]

7. Customer-formula fertilizers (prepared in accordance with a written formula that sets forth the name, amount and analysis of
each ingredient, the fertilizer grade of the total mixture and the signature of the person for whose use for fertilizer purposes it has been
prepared) [Section 3.1 (3)(f) Fertilizers Regulations].

8. Specialty fertilizers (a fertilizer recommended for use only on household plants, urban gardens, lawns or golf courses or in
nurseries or greenhouses) [Section 3.1(3)(g) Fertilizers Regulations].

9. Potting soils that contain a fertilizer or a supplement that: (i) is exempt from registration, or (ii) is registered, and whose label
indicates that it is for use in potting soils [Section 3.1(3)(h) Fertilizers Regulations].

Registered products will have a registration number displayed on the packaging. Registered products are listed on the CFIA website 

The diagrams below can help to determine if a fertilizer or supplement is exempt from registration or needs to be registered . 
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Fertilizers – Product Exemptions and Mandatory Registrations under The Fertilizer Act

Source: CFIA
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Note: Schedule II is part of the regulations and is available at Source: 
CFIA

• performance claims (e.g. slowly available plant nutrients, improving soil structure, testimonials/endorsements, taller plants, improves

• comparative claims against another product/product type (e.g. best, better, superior, faster-acting, etc.).

A fuller explanation of what is considered acceptable and misleading in product claims can be accessed using the link below.

http://www.inspection.gc.ca/plants/fertilizers/program-overview/clarify-policy-on-the-term-misleading/eng/139
3815218767/1393815296946 

products to their farm clients. 
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Area. We have tried to place the bulk of the information under the PO where it is most appropriate and cross reference the different 

are in place in all three Prairie Provinces. Since land application generally falls under provincial jurisdiction, the regulations vary from 
province to province. As a CCA providing advice on the use of these materials in cropping systems, it is important to understand the 

Manure – unprocessed animal wastes. They may have been stored for some time prior to application or applied almost immediately. 
Manure may be applied directly by the animal through grazing of stubble, cover crops or perennial pasture. They are also deposited 

stabilization such as anaerobic digestion and composting. Typical source on the Prairies is municipal sewage treatment plants. 

Information Sources 

 – This is a comprehensive guide for nutrient management with a strong 
emphasis on manure management. Principles and practices covered generally apply to all three provinces. Keep in mind that regulatory 

strongly recommended that you consult this resource in order to get a more fully understanding of various topics covered under the 

 – This publication was developed jointly by the three Prairie Provinces to 
provide guidance on best management practices for manure use. There are three versions of the guide one for each of the provinces 

These will be referred to collectively as waste materials, materials, or organic amendments in this Performance Area.
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Alberta

Saskatchewan

Search for .

Manitoba

Units
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COMPETENCY AREA 1. SOURCE, OF MANURE, BIOSOLIDS AND WASTEWATER
Performance Objective 1. Discuss the availability of manure, compost, biosolids and wastewater in 
the Prairie Region.

application to areas within a relatively short distance of the production site. 

Manure

Compost 

volatile ammonia during compost. 

Biosolids are produced by municipal sewage plants and may be available for land application around major municipal centres. 

Wastewater

or alternative disposal during the winter. Septage is produced locally in rural areas mainly from small community or private septic 
systems. 

Performance Objective 2. Discuss the most common sources of manure, compost, biosolids and 
wastewater used in Prairie Region.

Manure

Compost
separation is used may compost the solids. Several urban centres compost municipal solid wastes typically joined to some form 

Fertilizer Act. Land application of compost from some sources is regulated provincially and not all 
composts can be applied unrestricted to land.

Biosolids from municipal wastewater treatment plants are land applied around a number of major urban centres including Calgary 

aimed at removing heavy metals and other undesirable components prior to land application. The trend in biosolid management is to 

Wastewater suitable for land application is usually associated with food processing facilities located in or near rural areas. This may 
include operation such as potato processing plants.

Performance Objective 3. Discuss considerations that may be used to determine the right source of 
manure, compost, biosolids, and wastewater based on:

A) Crop type
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should consult the relevant provincial regulations.

B) Tillage and cropping system

important in matching source with the tillage regime. 

incorporated as soon as possible after application. Application to forages and direct seeded land is allowed with some restrictions 

C) Crop growth stage

D) Soil test or tissue test

E) Analysis of manure, biosolids and wastewater

they contain. 
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can be used but are not a good substitute for analysis of the actual manure that will be applied. Testing manure prior to or at time of 
application over several years and developing an average for the operation can provide both a good estimate of the typical composition 
and an understanding of the variability.

Sample Layout of Manure Analysis Report

Notes on Reading a Manure Analysis Report:

in case analysis must be repeated to verify unusual results. Some reports will also include reference to the procedure or analytical 

moist basis or dry basis. 

nutrient claims.
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include fecal coliforms such as E. coli and Salmonella sp. 

refer to the provincial guidelines in the province where the material will be applied.

Guidelines for Compost Quality 

F) Timing and placement of application.

Source characteristics that need to be considered when choosing timing and placement options include nutrient availability in relation 

or close seeded annual crop stands while feasible may cause considerable damage. 

application on a dormant stand. 

Manitoba regulates application times with a fall stop date and a spring start date. The date may be varied from year to year depending 
on weather. 

Performance Objective 4. Discuss how managing the 4Rs for manure, compost, biosolids and 
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over time greatly reduce losses from the present levels. 

COMPETENCY AREA 2. RATE, TIMING AND PLACEMENT/METHOD OF MANURE, COMPOST, 
BIOSOLIDS AND WASTEWATER
Performance Objective 1. Interpret how soil test levels relate to crop yield response and potential 
environmental impacts.

of application. 

at the time of application. Soils hold on to Pi less tightly as STP levels increase. Typically manure applications contain more P than 

include:

A) Cation exchange capacity (CEC)

phosphorus.

B) Organic matter

C) Texture
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D) Clay type.

careful consideration of the aforementioned factors as well as the landscape, climate, crop selection, soil test values, and manure 
source. 

Performance Objective 3. Discuss considerations to determine the proper rate, timing and placement 
based on the following: 

rather than every year.

A) Crop type and variety;

B) Cropping system;

C) Crop growth stage;

Volatilization losses when surface applying to perennial forage stands tend to be reduced if the crop is actively growing. Some sources 

seeding. 

D) Soil test or tissue test;

E) Timing of application;
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F) Method of application;

G) Relative balance of available nutrients.

be relatively high in Cu due to feed supplementation, but the copper may be bound up and not readily plant available. Consideration 

COMPETENCY AREA 3. WHOLE-HERD OR WHOLE-FLOCK TOTAL ANNUAL MANURE AND 
NUTRIENT PRODUCTION

be able to calculate the total number of animal units in an operation given appropriate information.
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Comparison of Animal Units Across the Three Prairie Provinces
Alberta Saskatchewan Manitoba

Two feeder cattle

4 calves

Performance Objective 2. Discuss the use of software and/or charts to estimate the total amount of 
manure produced in a year by an operation.
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Standard daily manure production values for different classes of livestock.

guidelines.  

Software and or spreadsheets can be used to estimate annual manure output based on animal units. Alberta and Manitoba have 
provided calculation software in the past through their respective websites. When using manure management software to calculate 

various provinces. 
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operations.html

values with respect to developing a nutrient management plan. 

Performance Objective 4. Calculate the total nitrogen, phosphorus and potassium in the manure 
produced by an operation in a year using published or test values of manure nutrients.

• Total animal units by species and type that were contributing manure.

•

•
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•

Standard Manure Nutrient Characteristic (as removed) for Common Classes of Livestock Adapted from the Agricultural 
Operation Practices Act (Province of Alberta 2001).

A sample calculation is shown below. You may want to create your own scenarios for various animal types and become familiar with the math.

Sample Calculation for a Small Beef Feedlot in an Open Lot System Using Book Values.

Total P Produced

Total K Produced

in a year.
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COMPETENCY AREA 4. ADEQUACY OF THE LAND BASE FOR APPLYING MANURE, COMPOST, 
BIOSOLIDS, AND WASTEWATER

N and P loss

Landscape – Slope length and steepness and connectivity and continuity of runoff source areas with offsite drainage needs to be 

Cropping System – Type of tillage, annual or perennial crop, and erosion potential are factors that depending on practice may 
ameliorate or increase loss of nutrient loss.

from manure depending on application method.

Odour12

nuisance issue, it can be a source of psychological stress, and in some cases, is reported to be the source of physical symptoms 

application is very effective in reducing or eliminating odours during land application.

•

•
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•

•

•

•

•

Excluding land and/or setbacks

Examples of Required Setbacks 

Performance Objective 2. Evaluate the adequacy of the cropland available for spreading manure, 
biosolids, and wastewater by comparing the total available product to the land base.

by crops over the longer term.
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Sample Strategies

P strategy – P removal for multiple years. 

Study Hint: Fully laid out examples of the threshold concept as well as examples for calculating rates based on 
various strategies can be found in Chapter 6.1 of the Nutrient Management Planning Guide. Strongly recommended 
that you work through the examples in the Guide. The Guide is available on-line and is referenced at the beginning 

Performance Objective 3. Understand restrictions on crops, vegetables, or forages based on application 
of manure, biosolids or wastewater due to build-up of nutrients, metals, pathogens, and salinity.

Build-up of Nutrients

manure application need to be aware of the limits in their province and understand how they may affect manure rates. There are two 

P limits from Manitoba are shown here to illustrate the different approaches.

Alberta Nitrate-Nitrogen limits in soil
Farming 
method Soil group

Sandy (>45% sand 
and water table <4 m)

Sandy (>45% sand 
and water table >4 m)

Grey
All groups

Phosphorus based manure application limits under Manitoba regulations. 

Allowable Phosphorus 
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load a multiyear P rate.

Metals

Metals are primarily a concern in biosolid applications. The provinces limit application of biosolids to soils that test below a threshold 

designed to ensure that trace metals do not reach problem levels. Although, some of the regulated trace metals are plant nutrients 

manure based compost applications may also lead to metal accumulations in soil. Metals such as copper and zinc may be accumulating 
but may not be plant available due to tie up by various organic fractions in the manure.

Pathogens

discharge of sewage treatment systems. Many of these pathogens can also be found in faeces from wildlife, birds, pets and open 

properly sealed to prevent water moving down the bore hole on the outside of the well casing. 

Management practices that reduce nutrient movement also tend to reduce pathogen movement into surface and groundwater. These 

guidelines vary by province and material. CCAs should understand the regulations and guidelines for their province when developing 
recommendations based on these materials.   
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Salinity

They can be concentrated as solid manure dries down and during composting as moisture and mass is reduced. Salts added with 

is the most reliable way to monitor changes in salinity. 

COMPETENCY AREA 5. CREDITING THE NUTRIENTS IN MANURE FOR CROP PRODUCTION

phosphorus and potassium in manure as outlined in the Tri-Provincial Manure Application and Use 
Guidelines.

Sample calculations for various aspects of nutrient availability in manure and application rates are provided in great detail in Sections 

Nitrogen

 The amount drops by half and half again 
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Application and Incorporation Strategy Weather Conditions During Application 
Average Cool-Wet Cool-Dry Warm-Wet Warm-Dry

Cover Crop

Phosphorus

Potassium

Example Calculation Available N, P, and K per Tonne Solid Manure Based on Manure Analysis. 
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Performance Objective 2. Describe how to credit the phosphorus and potassium in manure for the 
crop requirements recommended by soil tests using the nutrient recommendations of Tri-Provincial 
Manure Application and Use Guidelines and how to adjust manure spreading rates accordingly for 

Soil tests for P and K are generally interpreted in terms of probability of response and P and K rates adjusted accordingly. This may 

Convert to P

situations in which it is appropriate to use each tool:

applications.

A) Fall soil nitrate test (PPNT);

A fall soil nitrate test may be useful prior to application of manure or other organics application in determining a baseline.
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B) Pre-sidedress soil nitrate test (PSNT);

C) Post-season stalk nitrate for corn;

post mortem rather than a diagnostic 

•

•

•

indications are that the approach has merit but until more data accumulates one should approach the results cautiously. 

D) Grain protein content for wheat;4

4  This section adapted from Manitoba Agriculture website. 
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•

•

losses.

•

E) Virtual soil test with historical application documentation;

 The 

management systems.

manure.  

manure application. 

F) Residual nutrients (P, K, S, and micronutrients);

G) Nutrient balance.
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COMPETENCY AREA 6. OTHER MANAGEMENT CONSIDERATIONS 
Performance Objective 1. Understand practices that contribute to lodging and how this is related to the 4Rs NM 
concepts.

Lodging in crops is a result of a combination of factors including crop type, cultivar, weather, and nutrient status. Cereal crops growing 

high soil organic matter and abundant moisture.   

Performance Objective 2. Explain the relationship between grass tetany and manure application. 

there is no buffering mechanism in the manure that slows its release into the soil.

While hypomagnesemic tetany is often associate with spring grazing on grass, it can also occur when any forage or feed has a low K 

tetany.6

to increase and predispose animals to tetany.

Element To Convert from % to mEq per kg, multiply by:
Potassium
Calcium
Magnesium

Performance Objective 3. Recognize the contribution of soluble salts to soils and crops. 

4 4 4

4

Manure, compost, biosolids, and waste water all contain salts either in solid or dissolved phase. Animal digestion of plant materials 
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on the sewage treatment methods.

Additions of organic amendments can help ameliorate or cause degradation of soil. Materials with relatively low salt content can 
improve saline soils by increasing soil water holding capacity. More saline materials may increase the salinity of the soil. The various 

Waste water is a special case. Used in an irrigation system, mildly saline waste water can maintain available water in a range where 

through evaporation.

Soil salinity rating and electrical conductivity value

M o d e r a t e l y 
Saline

Strongly

Saline
Very Strongly Saline

Crops vary in their sensitivity to salinity. Salinity reduces available water due to high osmotic potential. At moderate salinity levels, 

only specialized halophytic plants will grow. More salt tolerant crops may grow at higher salinity levels but that does not mean that their 

in years with average or below average moisture yields will be reduced. 

Performance Objective 4. Be able to understand the restrictions on heavy metal accumulation when 
using manure, compost, biosolids, wastewater, and fertilizers.

application, understand the concentration in the materials applied, and the fate of the metals in the cropping systems. A number of the metals of 

as cleaners that get into the sewage stream.  
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problems for animal and human health.



7PROFICIENCY AREA 7 – MANAGEMENT OF MANURE, COMPOST, BIOSOLIDS, AND WASTEWATER

An example of metals becoming a problem occurred in the 1990s, when Canadian durum was excluded from 
Europe based on high cadmium levels. Phosphorus fertilizer was implicated as a source of Cd. The solution was 
in part to use MAP that had been manufactured with source rock that was low in CD and in part to breed varieties 
that took up less Cd. Managing the rotation was also part of the solution. Flax tends to not only accumulate Cd, it 

of the strategy for reducing Cd content of exported grain. Biosolids (depending on source) can be high in Cd as 
can municipal solid waste compost.  

Performance Objective 5. Discuss unique considerations of manure, compost, biosolids and wastewater 

area of the watershed contributing runoff. 

The biggest factor in determining whether runoff reaches surface waters is topography. Much of the Prairie landscape is morainal 

waters.

B) Downstream impacts.

C) Tillage and incorporation.
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E) Management of adjacent riparian areas.

barriers during spring snowmelt. 

F) Timing of application.

G) Placement of manure in accordance with setback requirements.

Required setbacks from common water bodies for surface application of manure to forage stands, direct seeded crops, 
and snow-covered ground (AOPA).1 

leading to common water body. 
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Performance Objective 6. Explain the relationship between manure and other organic amendments 
and soil organic matter content.

in soils. The activity of soil microbes is primarily responsible for good soil structure. The positive effects of organic amendments tend 

in the soil is relatively small.

A soil with 4% soil organic matter in the surface 15 cm contains (assuming a bulk density of 1.2 t/m3) approximately 
72 t/ha of soil organic matter and 42 t/ha of soil organic carbon. 

the available N is 2.0 kg N/1000 L: 

If the same manure is 92% moisture and 8% solids, with C accounting for half the solids or approximate 4% 
organic carbon.

If approximately half the 2 t C/ha will mineralize (leaving the soil as carbon dioxide) in the year of application and 
half of the half in the year after. Two years after application the remaining C (0.5 t/ha) would be approximately 
1.2% of the C present before application.  




