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WHY DID WE DO THIS RESEARCH?
In this report, the term “nitrate” refers to nitrate-nitrogen (NO3

--N). 

Agricultural production depends on nutrient applications that supplement nitrogen, phosphorous and potassium to soils. 
However, residual nutrients from these applications may run off into surface water and cause eutrophication and algae 
blooms, or leach into groundwater and cause contamination. Excessive levels of nitrates in drinking water have also been 
linked to methaemoglobinaemia, or blue baby syndrome.1

Land and nutrient management policies and programs - which can be championed by governments and local watershed 
associations, conservation authorities and other non-governmental organizations - should be informed by economic factors, 
as well as hydrologic and agronomic factors. 

This project (2012 – 2016) identified policy recommendations through two studies:

1. Incentivizing farmer adoption of best management practices (BMPs) to reduce groundwater contamination from nitrates 
in Prince Edward Island (PEI)2 

The residents of Prince Edward Island rely solely on groundwater as their source of drinking water. Groundwater flows 
represent 60-70% of surface waters such as streams and estuaries in PEI.3 Residual nitrates from intensive potato farming 
are non-point source contaminants that have caused eutrophication and recurring anoxic events in estuaries, including 
Winter River, Wheatley River, Mill River, and Boughton River.4 Additionally, nitrates exceeding Health Canada’s drinking water 
guidelines have been measured in some residential groundwater wells. 

There is significant community interest in nitrate reduction in groundwater, as illustrated by the popularity of PEI’s agricultural 
programs that incentivize traditional BMPs (e.g., cover cropping, riparian buffers, and erosion control structures) adoption for 
potato farmers. However, we know relatively little about the costs and benefits of adopting a combination of non-traditional 
BMPs (e.g., spring tillage, growing alternate potato varieties, varied nutrient fertilizer rates, crop rotation, and sensitive land 
retirement) that effectively reduce nitrate leachate on diverse farm landscapes, or how to motivate the adoption of such BMPs 
by Island farmers. 

2. A comparison of recommended nutrient application rates to farmers’ actual behaviour in the Great Lakes region5 

In the Great Lakes region, excess nutrients in surface water have led to harmful toxic algae blooms.6 Historically, regulations 
to reduce nutrient loading have targeted point sources of nutrients from industry, municipal wastewater and livestock 
operations. Regulations and policies targeting non-point sources of nutrients can be more challenging to develop. However, in 
2015, Ontario, Ohio and Michigan pledged to reduce phosphorus entering Lake Erie’s western basin by 40% from 2008 levels 
by 2025.7 

Ontario’s 2002 Nutrient Management Act (NMA) regulates the storage and use of nutrients for all nutrient-generating 
industries, including livestock operations, paper production and sewage treatment, and outlines clear environmental 
protection guidelines.8 The government’s AgriSuite software is available to help farmers manage nutrients at the farm and 
field scale.9,10 Farmers input physical field characteristics like soil type and fertility, previously planted crops, tillage practices 
and desired yield, and a nutrient management plan is generated. These plans are also designed to maximize profits. 
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WHAT DID WE FIND?

Figure 1: The 2012 algae bloom in Lake St. Clair and Lake Erie (Photo Credit: NOAA. CoastWatch.)

INCENTIVIZING BMP ADOPTION TO REDUCE GROUNDWATER CONTAMINATION FROM NITRATES IN 
PRINCE EDWARD ISLAND (PEI) 
An economic – hydrologic optimization model developed by Bishop and Weersink was used to estimate the cost a farmer 
incurs to adopt BMPs that reduce nitrate leachate in groundwater under several scenarios with varied nitrate reduction 
targets. The BMPs considered were sensitive land retirement, crop rotation, Prospect potato variety, nutrient management 
planning fertilizer rates, and spring tillage. 

The model estimates nitrate abatement costs for two representative 157-hectare potato and field crop producing farms on low 
quality and high quality land. For each farmer, the model simulates their production decisions by selecting land management 
practices (either traditional or BMPs). The model maximizes annual gross margin (i.e., revenue minus variable production 
costs, subject to constraints on rented and owned arable land, crop rotations, nutrient fertilizer rates, tillage timings, and 
nitrate abatement targets). This was used to determine the marginal abatement cost of each BMP and estimate the farmer’s 
least cost production decisions under varying nitrate abatement targets.

The model estimates annual gross margins for each farmer within three scenarios: no nitrate abatement targets, as well as 
current and higher targets. The marginal abatement cost calculated in this model represents the additional cost incurred 
by a farmer to abate an additional kilogram (kg) of nitrate, and consequently estimates the cost required to adopt a nitrate-
reducing BMP. 
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SCENARIO 1: NO NITRATE ABATEMENT TARGETS
The model suggests that for farmers on both high and low quality land, growing the traditional Russet Burbank potato variety 
with grower standard practice nitrogen fertilizer rate and fall tillage timing is the most profitable potato farming system when 
no nitrate abatement targets are imposed. 

SCENARIO 2: CURRENT NITRATE ABATEMENT TARGETS 
The currently implemented Prince Edward Island Agricultural Crop Rotation Act (PEI ACRA) necessitates farmers adopt a 
minimum crop rotation in order to reduce soil erosion and indirectly reduce nitrate leachate in groundwater and runoff into 
surface water.

PEI ACRA limits the available crop rotations that farmers can choose to maximize their gross margins. Low quality land is 
assumed to have greater susceptibility to erosion and nitrate leachate; for this reason the farmer has fewer eligible crop 
rotations than the farmer on high quality land. 

With PEI ACRA conditions constrained within the model, farmers on high and low quality land adopt crop rotation as their first 
BMP. To adopt a crop rotation and abate up to 31 kg NO3

--N, it is estimated that farmers on high quality land incur a marginal 
cost of $85 per kg NO3

--N for a total nitrate abatement cost of $2,668, whereas farmers on low quality land incur a considerably 
greater marginal cost of $794 per kg NO3

--N for a total cost of $23,740.

To achieve greater than 31 kg NO3
--N abatement, farmers must adopt the Prospect potato variety in addition to crop rotation, 

with a marginal abatement cost for both low and high quality farmers of $47 per kg NO3
--N. Marginal abatement for Prospect 

potatoes is cost effective as the costs are equalized between farmers.

SCENARIO 3: GREATER NITRATE ABATEMENT TARGETS 
To achieve even greater nitrate abatement targets, nutrient management plan followed by spring tillage must also be adopted. 
For these BMPs, it is estimated that the farmer on high quality land incurs the marginal costs of $373 and $12,009 per kg 
NO3

--N compared to $365 and $11,759 per kg NO3
--N for the farmer on low quality land. 

The farmer on high quality land has the ability to achieve higher nitrate abatement targets because their land quality enables 
more BMPs to be adopted, but the costs are higher for these practices than those incurred by a farmer on low quality land. 
This difference in marginal abatement costs illuminates the value of tailoring incentive instruments to recognize differences in 
cost and effectiveness of nitrate abatement.

The research findings also indicate that the target set by the local watershed association of 970 kg NO3
--N, on either low or 

high quality land, is estimated to never be feasible when the economic factors to meet the target are considered. Integrating 
economic and hydrogeologic modelling is a promising holistic approach that estimates feasible nitrate abatement targets to 
improve groundwater quality.

A COMPARISON OF RECOMMENDED NUTRIENT APPLICATION RATES TO FARMERS’ ACTUAL BEHAVIOUR 
IN THE GREAT LAKES REGION 
In 2010, Ausable Bayfield Conservation Authority conducted a land management survey in the Gully Creek watershed in 
Southwestern Ontario with 16 farmers. Data was collected on field-specific management practices, including crop and tillage 
type and timing, seeding rate and date, fertilizer management (type, application rate, and method) and crop yield. Historical 
observations from 2008-2009 were included, as well as predicted land management practices for the following three years 
(2010-2013). Based on this information, nutrient management plans were created for each field for the six years of observations 
using AgriSuite, which resulted in a recommended application rate (NMAN) for both nitrogen and phosphorus fertilizer.

A profit analysis of the actual application rates of nitrogen and phosphorus fertilizer in corn and winter wheat production 
was conducted to investigate whether farmers were using nutrient management plans and NMAN rates to inform their 
decisions. Two additional application rates were investigated with alternative decision criteria (gross margin maximizing 
and yield maximizing). The actual application rates of nitrogen in corn and winter wheat production were compared to the 
recommended application rates, and to rates that would be expected based on alternate decision criteria. Yield response 
functions for phosphorus were unavailable from the region, so only alternative rates for nitrogen were assessed.  
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NMAN rates vs. the actual rate of nutrient application differ based on crop and fertilizer types. On average, the actual nitrogen 
application rate for corn is similar to the recommended NMAN rate (also similar to the rate that would maximize gross margins 
and support the economic viability of NMAN). However, there is a high level of variability between the application rates of 
individual farmers. Individual nitrogen application rates were found to range upwards of 32% above and 28% below the NMAN 
rate. Of the 16 farmers surveyed, 11 were consistently applying nitrogen in corn production at or below the recommended 
NMAN rate. In contrast to nitrogen, the actual phosphorus application rate is much higher than the NMAN rate.

The average actual application rate of phosphorus in winter wheat production far exceeds the NMAN rate. However, there 
are significant individual variations between farmers in terms of phosphorus application. In one field studied, the actual 
phosphorus application rate was 230% greater than the recommended NMAN rate. Removal of outliers did not change the 
overall results of the analysis, and as such they were not excluded. 

Table 1: Aggregated nutrient application rate comparison (kg/ha) and the p-value comparing the NMAN, gross margin and yield max rates 
to the applied rate

NITROGEN PHOSPHORUS

Applied NMAN Gross Margin Yield Max Applied NMAN

CORN 168.26 169.62 
(0.349)

164.48 
(0.150)

177.68 
(0.005)

32.19 18.69 
(0.000)

WINTER WHEAT 107.59 99.7 
(0.027)

81.39 
(0.000)

172.64 
(0.000)

9.92 2.45 
(0.000)

In winter wheat production, farmers were not using alternative decision criteria (gross margin or maximize yield) to inform 
their nitrogen application decisions, which were slightly higher than the recommended rate. The yield-maximizing rate for 
nitrogen application in corn production did not explain farmers’ nutrient application choices. 

WHAT ARE THE IMPLICATIONS 
FOR POLICY MAKERS?
Agricultural farmers differ with respect to abatement costs and nutrient application behavior, and policies and programs that 
strive to reduce groundwater and surface water contamination may consider recognizing and tailoring incentives based on 
these differences. 

PEI
 p The adoption of the Prospect potato variety is a cost-effective BMP that abates nitrate leachate.
 p When nitrate abatement targets are high, marginal abatement costs differ between farmers such that farmers on lower 

quality land incur higher costs. From a policy perspective, this suggests that there is value in tailoring incentive instruments 
to recognize these differences in marginal abatement costs. 

 p Government and community-implemented economic incentives can be tailored to farmers based on differences in 
marginal abatement costs. These may include water quality markets, cost-share and payment programs, social licensing, 
and consumer standards.

 p The model demonstrates that neither low nor high quality land farmers can feasibly attain the local watershed association’s 
nitrate abatement target given the abatement potential of adoptable BMPs and their costs. 

 p Policy makers should consider economic, as well as hydrogeologic and ecological factors in order to set achievable, 
economically viable nitrate abatement targets.

ONTARIO
 p In many cases, farmers are following the recommended nutrient applications rates. However, voluntary policy that is 

universally applied does not account for individual farmers who are applying excess nutrients. Policy specifically targeting 
these excess applicators may be required to meet the reduced nutrient loadings in water bodies as outlined in international 
agreements.

 p The extension of the NMA to require crop farms to comply with nutrient management plans merits further investigation 
as a possible tool to reduce nutrient loadings in the Great Lakes region.

 p Farmers are considering factors other than the rates examined in this study when making nutrient application decisions, 
like recommended nutrient application, gross margin maximizing and yield maximizing rates. This is consistent with 
U.S. research that found that farmers rely on fertilizer dealers, seed companies and personal experience to inform their 
nutrient application decisions.10,11 

 p Further research explicitly confirming the factors that farmers consider in the Canadian context is warranted, as it may 
inform future policy design.
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TO CONTACT THE RESEARCHER, EMAIL RESEARCHSPOTLIGHT@CWN-RCE.CA.  
VISIT OUR REPORT LIBRARY AT WWW.CWN-RCE.CA

The Water Economics, Policy and Governance Network’s (WEPGN) overarching goal is to build knowledge and facilitate 
exchange between social science researchers and partners, thereby increasing the application of research to decision 
making and enhancing water’s sustainable contribution to Canada’s economy and society while protecting ecosystems. 
WEPGN was established with a SSHRC Partnership Grant. WEPGN’s objectives are to:

 p Create a vibrant and multidisciplinary network of Partnerships amongst researchers, government agencies and 
community groups;

 p Provide Insight by mobilizing knowledge from social science perspectives to improve our understanding of water’s 
role in Canadian society and economy;

 p Strengthen Connections by facilitating a multidirectional flow of knowledge amongst researchers and partners to 
promote more efficient and sustainable water management;

 p Provide high quality Training experiences for students and practitioners with interests in water policy decision-
making and management.

This project by Weersink contributes to each of the above objectives, and is a notable example of a 
project that provides high quality training experiences for students and practitioners with interests 
in water policy decision-making and management.
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