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Land Acknowledgement

As we gather here today, we acknowledge we are on Treaty 6 Territory and 
the Homeland of the Metis. We pay our respect to the First Nations and 

Metis ancestors of this place and reaffirm our relationship with one another.



Context

• Phosphorus (P) -enriched run-off water may lead to surface water quality 
challenges (Sharpley et al., 2001; Nicholls, 1995).

• Agriculture industry increasingly scrutinized as a non-point P source;

• Manitoba agriculture responsible for 17% of P load entering Lake 
Winnipeg (Flaten et al., 2003).

• To address potential adverse impacts, nutrient application is now 
regulated in certain jurisdictions.



Context

• Beneficial Management Practices (BMP's) are currently an important 
component of a regulatory framework.

• Common objectives include reduction of nutrient application rates, 
limiting erosion, or reducing nutrient load entering run-off water 
(Zammali et al., 2021).

• 4R Nutrient Stewardship is a BMP framework that asks growers 
to consider the nutrient formulation (Right Source), application rate (Right 
Rate), application timing (Right Time), and placement method (Right 
Place) (Grant and Flaten, 2019).



4R Phosphorus Stewardship
• Right Source: MAP is most common, but "new" sources have emerged 

including multi-nutrient blended granules and sustainable fertilizers.
• How do new sources perform agronomically and environmentally?

• Right Rate: Determining optimal P application rate based on soil test 
values can be confusing.

• Poor relationships exist between agronomic and environmental soil 
tests (Kumaragamage et al., 2007).

• Right Time: Goal is to match application event with crop demand.

• Right Place: P application in or near (side-band) the seed row commonly 
recommended to provide early-season nutrition and maximize crop 
uptake, while limit off-site losses (Grant et al., 2001; Wiens et al., 2019).

• Broadcast P application still practiced due to logistical and operational 
efficiency.



4Rs Plus Approach

• 4R Nutrient Stewardship must also be rationalized within the 
management system practiced at the individual farm level.

• Current crop residue management practices;

• Accounting of residual soil nutrients in determining fertilizer application 
rates;

• Crop rotation and inclusion of nitrogen-fixing legumes.



Influence of Topography

• BMP's formed on basis of hydrology as primary driver behind nutrient 
transport mechanisms, as influenced by soil physical and chemical 
characteristics, topography, and climate (Crossman et al., 2014).

• BMP's developed from data collected at the watershed scale may lead to 
sub-optimal outcomes at the local scale (Bruulsema et al., 2008).

• Localized variation in topography and soil characteristics are largely 
overlooked in development of site-specific BMP's.

• While unexplored in the Prairie Pothole Region, research in other 
jurisdictions has shown topography as an important factor driving P load in 
run-off water (Castillo, 2010; Ekholm et al., 2000).



Objectives

• To evaluate the ability of various agricultural management practices to 
influence agronomic performance (e.g. nutrient use efficiency, crop uptake 
and yield) and environmental fate (i.e. nutrient losses in run-off water) of 
applied nutrients.

• To assess the impact that variation in topography across the field has on 
influencing the effectiveness of the beneficial management practice in 
achieving its intended goal of limiting nutrient losses in run-off water.



Study 1: Water Management Project 
Description

• Located at Discovery Farm Langham (E ½ 15-39-8 W3M);

• Working with WSA, eight independent watersheds (i.e. basins) were 
identified in a single field with a common management history;

• Surface ditches were constructed in fall of 2020 to channel water from 
each basin to an approved adequate outlet;

• From March 16-19, 2021, snowmelt run-off water samples were collected 
by hand from each basin during peak run-off and will be analyzed to 
determine baseline water quality characteristics.

• Prior to treatment initiation, surface (0-10 cm) soil samples were collected 
from six locations in a transect across each basin for baseline physical and 
chemical properties.



Study 1: Water Management Project 
Description

• Access to the field site is provided through strategic partnership with 
Glacier FarmMedia.



Water Management Project Site Map



Construction of Surface Ditches



Flume Installation



Water Management Project Treatments

• Variable-Rate Fertilizer 
Application;

• Post-harvest Crop Residue 
Management;

• Poly-cropping of Annual 
Forages; and

• Control: Standard Farming 
Practices.



Variable-Rate Fertilizer Application



Variable-Rate Fertilizer Application



Variable-Rate Fertilizer Application

• SWAT 
management zone 
distribution within 
basins receiving 
Variable-Rate 
Fertilizer 
Application 
treatment.



Variable-Rate Fertilizer Application

• N and P fertilizer 
rates applied at 
each transect 
location in basins 
receiving Variable-
Rate Fertilizer 
Application 
treatment.



Digital Elevation Model (DEM)

• High-resolution DEM of Water Management Project will allow for 
assessment of micro-variation in topography on run-off water volume and 
nutrient characteristics.

• Created from data collected with RPAS equipped with LiDAR. 



Simulated Run-off Experiment



Additional Measurements

Goal is to have a “mass balance” accounting of all relevant N and P pools:

• Different soil extractions for P functional pools (wet chemistry).
• NIR assessment of surface soils. Can relevant relationships to traditional 

soil tests be made?
• Soluble N and P released from crop residue.
• Water Infiltration Assessment.
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Questions?


