
Investigating Nitrates in Southeast MN Streams

September 5, 2019

Minnesota Pollution Control Agency

J. Watkins, G. Johnson, K. Ahmad, N. Rasmussen, A. Streitz, B. Beyerl, J. Roebuck

With slides from Statewide Nitrogen Study (D. Wall, W. Anderson et al)

Minnesota Geological Survey, U of MN, MN DNR



• Background regarding SE MN, nitrates

• Sources, link to land use, pollutant transport

• Planning: goals, tools, prioritization, strategies

• Minnesota’s Nutrient Reduction Strategy

• Optional: SE MN Lysimeter Network

• Expectations and a means of measuring change

Presentation Outline



• Southeast Minnesota

• Nitrate Concerns

Background



Bear Creek 



Source: E. Calvin Alexander, University of Minnesota The landscape of southeast Minnesota is defined by 
coldwater trout streams and karst topography, which is 
characterized by integrated drainage and largely shaped by 
the dissolving action of water on limestone (MPCA). 



Credit: Mark Boswell (printed in Star Tribune, January 30, 2011)

Used with permission of the Star Tribune.

Emphasize: movement through soils



Photo: Jeff Green, MN DNR

Figure from MPCA web page, 2011



From “The Impact of Karst on Agriculture,” 
presentation by E. Calvin Alexander

MN-IA State Line

June 2003 2007





Trout Run pic here

In bedrock-dominated, karst settings, the underlying aquifer readily takes 

on the character of  the land above.  That character is expressed in the 

baseflow of the associated trout streams.  If the land is rich in nitrogen, 

the aquifer will be rich in nitrogen, and so will the trout stream.

Southeast Minnesota



Nitrate pollution is a multi-faceted concern:

•Loading of excess nutrients

•Drinking water

•Aquatic life stressor





Long-standing attention 
in city, county plans



Sources & Transport



- Portage County WI website



Cropland Groundwater

• Travel time to 
streams 
– from minutes to 

centuries

• 30% of statewide 
Nitrogen (N)

• Lower Mississippi 
– 58% of all N

• Minnesota River
– 16% of all N

• Uncertainties with 
groundwater N 
estimates
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Root River Project

Baseflow
vs

Stormflow



Stream Nitrate vs Land Use



Row crops over tile, sand & bedrock
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% of watershed in row crop over tile, sand, or shallow bedrock

Nitrate Concentration vs. % leaky row crop land 





For detailed methods, etc. see poster.  

WWTP 
influence

Y-intercept ~0

Drinking water standard 10 mg/l

Note: these are nearly all rural watersheds.  



• Goals, tools, prioritization, strategies

• Minnesota’s Nutrient Reduction Strategy

Planning & Tools



Nutrient Reduction Strategies

in The Driftless Area 

• Know that/why they exist

• Over of MN Strategy

• Examples of use

• Quick notes on WI, IL, IA

• Overview: you look further

• Many slides from D. Wall & W. Anderson



• Too much phos & 
nitrogen

• A Call for State-
Level Nutrient 
Reduction 
Strategies

• Big stakeholder 
efforts



How we developed a state-level 
nutrient reduction strategy for MN

1. Goals - What are the needed levels of reductions?

2. Sources - What sources should we focus on?

3. Priority areas - What parts of the state are most 
critical for reductions?

4. BMPs - What level of BMP adoption is needed?

5. Stepping up – What changes will increase BMP 
adoption?

6. Research - What new/improved BMPs are needed to 
ensure long term goals achieved?



Why we need a strategy

National Eutrophication

– Gulf of Mexico Task Force

• 45% Reduction in N & P

• 12 states developing 
strategies 

International Eutrophication

– Lake Winnipeg 

• >10% Reduction in N & P

• Goals currently being 
revised

Goals Sources Priority areas BMPs Stepping up Research



Nitrogen sources to surface waters:
differences between basins

Conditions Sources Trends Reductions27



Southern Minnesota high priority 

Protection 

Medium  

High

Protection 

Medium  

High

Phosphorus prioritiesNitrogen priorities

Goals Sources Priority areas BMPs Stepping up Research



Local Prioritization

• Challenging

• Not driven by topography

• Models and GIS aren’t 
enough

This doesn’t help prioritize for N reduction

This isn’t a primary tool for N reductionThis doesn’t help prioritize for N reduction



Base Layer

(mask or domain)

Row Crop Acres

Raster Layers

(for ModelBuilder)

Human health: 
DWSMA 

vulnerability

Aquatic life: N 
stressor and 
impairment 
watersheds

State directive: 
Areas of fastest 

groundwater 
response (from MGS)

Shapefile
Overlays

Nitrogen Fertilizer 
Mngmnt Plan 
Priority TWPs

Volunteer Well 
Monitoring 

Network Points

Significant 
Recreation Value 
Areas (e.g. state parks)

Prioritizing N Reduction in SE MN*

*Not “official” approach

Just some group thinking







Nonpoint Source Strategies

Phosphorus BMPs Acres

1. Crop residue increases 7 million 

2.  Banding & soil P mgmt 2 million

3.  Living vegetative cover 1 million

Chart from Barr Engineering 2004, with 2012 updates – Basins into Miss. R.Goals Sources Priority areas BMPs Stepping up Research

Cropland Nitrogen BMPs Acres

1. Rate & timing optimized 11 million

2.  Drainage water retention 
& management

1 million

3. Living vegetative cover 1 million



Statewide % N reduction to surface waters
If BMPs used on all land suitable for the BMPs



Nitrogen reduction potential and costs 
vary by watershed

$37 M

[$4 M 
saved]

$29 M

[$2 M 
saved]

$5 M

ReductionsGenerally agree with locally-conceived scenarios.



Mississippi River progress and goals

Goals Sources Priority areas BMPs Stepping up Research

www.pca.state.mn.us/nutrientreduction

http://www.pca.state.mn.us/nutrientreduction


Goals Sources Priority areas BMPs Stepping up Research

Research recommendations 

• Cover crop establishment and genetics

• Markets and technologies for perennials

• Fertilizer use efficiency

• Precision and split applications

• Remote sensing tools

• Further research on tile drainage treatment

• BMPs with multiple benefits

• Watershed NBMP tool for N/P/sed



Thank you.  Questions & Discussion.
Could cover lysimeter network if time and interest.



• Depends on where we look:
• On the land

• Under the root zone

• In the springs and trout streams

Expectations

When might we see change?







Southeastern Minnesota Soil 
Water Monitoring Network

Collaborative effort between MPCA, Fillmore SWCD, MN 
Dept. of Ag, and Winona State University

Toby Dogwiler
Director, Southeastern Minnesota Water Resources Center

Professor, Department of Geoscience

Kuehner 5/18/11
Bernau 6/6/11
Dogwiler 8/31/11



Southeastern Minnesota Soil Water 
Monitoring Network

• Purpose: develop a long-term network of soil 
water nitrate monitoring over a variety of 
representative land use cover types and 
nutrient management practices.

• Information will be used for demonstration 
and educational purposes.

“Nitrate-N concentrations in the soil water at 5’ (below the root zone) provide a good basis upon 
which to compare the environmental risks associated with various N management systems.” 

– Randall et al



Network Details

• ~50 lysimeters installed at ~17 different sites (WSU: 
42 lysimeters at 14 sites)

• Installed in April – July 2011

• May install additional sites

• Variety of representative…
– Row-crop, Pasture, Hay, Alfalfa, CRP, Prairie, Golf 

Course, Yard



WSU 
Locations













In Closing

• Many variables

• Not a quick fix

• Goals

• There has been a good amount of study
– And so we have good information

• Strategies

• Technical work and plans support funding ideas
– Consideration: clean water $$ competitive

– Consideration: leadership, FLC, SWCDs, others



Thank you.  Questions & Discussion.


