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How Serious of a Problem is it? 

 
Where has Agriculture Made 

Advancements? 
 

 What are Some of the Remaining 
Challenges? 



The Nitrogen Cycle is a Highly Complex Set of 
Chemical and Biological Processes 



Mythbusters 



Driving with your tailgate down increases gas mileage…. 
 

“TRUE or FALSE”?? 



Driving with your tailgate down increases your gas 
mileage?  

Correct Answer---FALSE (BUSTED) 



Crop Selection and their Historic Acreages  Help Explain 
Nitrate Trends in Groundwater…. 

“TRUE or FALSE”?? 



Crops with Low N Loss Leaching Potential 

Alfalfa and Clover Vegetated Pasture 

Native Prairie/CRP 
Plantings Perennial Crops 



Alfalfa, Clovers, Orchard Grass, and Other 
Perennials Are Excellent Nitrogen Scavengers 



Annual Nitrogen Losses Under Corn vs. Alfalfa  
Red Top Farm Demonstration Site 
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South East MN’s Cropping Trends 
1990-2014 
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Trends in “Leaky” Crop Acreage in Minnesota  
 1986-2015 
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Crop Type Has Huge Impacts on Nitrate Leaching…. 
“TRUE or FALSE”?? 

Crop Selection and their Historic Acreages  Help Explain 
Nitrate Trends in Groundwater…. 

“TRUE or FALSE”?? 



We Should Only Be Concerned About Only A Very Small 
Percentage of Our Farmland Potentially Impacting 

Groundwater Supplies? 
 

“TRUE or FALSE”?? 



One Huge Challenge is the Sheer Size:  

Minnesota Has Over 4 Million Acres of Cropland 
Overlying Vulnerable Groundwater Supplies 

17% 

29% 

12% 

10% 
65% 



Nitrogen fertilizer sales have sky-rocketed to support the 
record corn production…. 

“TRUE or FALSE”?? 
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Trends in Minnesota's Corn Acreage and Fertilizer Sales: 
1990-2015 

 
Corn Acres  

(left axis) 

Total Fertilizer Tonnage 
(right axis) 

Nitrogen (Nutrient Tons) 
(right axis) 

Potash and Phosphate (Nutrient Tons) 
(right axis) 

(Updated 2-6-2016) 
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Sales Since 1990 

14% Increase Compared to Last 
25 Years 

Data Source: MDA, TVA, and AAPFCO 

Commercial Nitrogen Fertilizer Sales 
 Trends in Minnesota: 1990-2015 

Decade Averages  1990-1999: 653,817         2000-2009: 648,274   2010-
2015:762,573 (Updated 2-6-2016) 



Relationship Between Production and  
N Fertilizer Inputs on MN Corn  

(1992-2015) 
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“Nitrogen Use Efficiency” for Minnesota 
Corn Production 

1992 to 2015 
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Statewide "NUE" on Corn Using the N Balance Method  

(Updated 2-6-2016) 



Nitrate losses would  not be a problem if farmers would just 
stop putting on nitrogen fertilizer……. 

“TRUE or FALSE”?? 





Partitioning Nitrate-N Losses from 
Mineralization and Fertilizer Applications 

(SROC Waseca, 2000-2003 Wetter than normal years) 
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Data Source: Randall and Vetch, SROC 
Estimated Check using 10 ml/L, 9.3 inches of drainage which is one inch higher due to poorer water use efficiency) 
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Nitrate losses would not be a problem if farmers stopped 
putting on nitrogen fertilizer……. 

“TRUE or FALSE”?? 





New Products Intended to Help Producers Increase Fertilizer 
Efficiencies Have Flooded the Market in Recent Years 

 
“TRUE or FALSE”?? 



Data Source: MDA 

Soil and Plant Amendment Registration Trends 2008-2015 
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Data Source: MDA 
Nitrapyrin Sales: 1996-2015 
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Trends in N-Serve and Instinct Use on Corn  
(Acres Treated Based on 1/2 Pound of AI Per Acre, Label Rate) 





Producers are pouring on the fertilizer with no 
consideration of timing, sources, and rates 

 
“TRUE or FALSE”?? 



Characterizing Regional and Statewide  
Fertilizer Practices 



NASS Corn Grower N Survey-2010 
% of Fields Within UM Recommended N Ranges 

 for Corn Following Corn---Statewide 
 

Details: Analysis included 665 fields. Analysis uses “Nitrogen to corn price ratio” of 0.05  UM Recs at 0.10: 120-165 (140) 
Manured fields not included in this scenario. 



NASS Corn Grower N Survey-2010 
% of Fields Within UM Recommended N Ranges 

 for Corn Following Soybeans---Statewide 
 

Details: Analysis included 2,222 fields. Analysis uses “Nitrogen to corn price ratio” 0.05. UM Recs at 0.10: 90-125 (110) 
Manured fields not included in this scenario.  



NASS Corn Grower N Survey-2010 
Timing of the Major N Source on Corn 
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Producers are pouring on the fertilizer with no 
consideration of timing, sources, and rates 

 
“TRUE or FALSE”?? 

Producers are pouring on the fertilizer 
“TRUE or FALSE”?? 



3 out of 4 Minnesotans get their drinking water 
from GROUNDWATER 

20% 

54% 

26% 
Groundwater-
Private

Groundwater-
Public

Surface-Public

Nitrate in Our Drinking Water---What 10,000 Wells Are Telling Us 





insert 

Hydrologists Use Diverse Approaches 
in the Karst: 

• Streams/Rivers 
• Springs 
• Wells 
• Edge of field (vadose) 



Spring Creek Spring Nitrate Trend Analysis 
Goodhue County 2006-2015 

y = 0.228x - 451.11 
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Spring Creek Spring NO3+NO2 –N Concentrations 

Statistically significant increasing trend in NO3+NO2 
concentrations using Bootstrap linear regression method 
(p < 0.05). Slope of the trend line = 0.228 and y-intercept 
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Middle Branch Whitewater River Nitrate-Nitrogen  
1993-2015 

MDA Data 
 



Middle Branch Whitewater River Nitrate-Nitrogen  
1993-2015 
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Drinking Water 
Standard 

MDA Data 
 



 
Southeast Nitrate Monitoring Network 

Data Source: MDH/MDA  



 
Southeast Private Well Monitoring Network 

2008 to 2012 

Data Source: MDH and MDA  

In general, 9-11% of wells above the Health Standard 

Homeowners Trends 
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MINNESOTA’s TOWNSHIP TESTING 
PROGRAM  

 
A RAPID, HIGH DENSITY APPROACH FOR THE 

ASSESSMENT OF NITRATE IN MINNESOTA PRIVATE 
WELLS 



An Outcome of the 1989 Groundwater Protection Act- 
 
 

Nitrogen Fertilizer Management Plan 
(NFMP) 

The NFMP is the state’s 
blueprint for minimizing 

groundwater impacts from 
the use of nitrogen fertilizer  



Prevention 
Level 
One 

Level 
Two 

Level 
Three 

Level 
Four 

Nitrate 
Levels  

 BMP 
Adoption 

 
 

 
 

Regulatory 
Status 

Acceptable or Undetermined         Not Acceptable 

Increasing 

        Voluntary                Regulatory           

The Revised NFMP must Consider Water Quality and BMP 
Adoption to make Decisions on a Township Level 



Long Term Goal 

 Characterize Nitrate Conditions in 250-300 
Vulnerable Townships by 2018 



In a Nutshell, What Did We Find? 
Based Upon the First 60 Townships Tested (7,342 Wells) 

• Within some of the worst case 
scenarios, 14% of the private 
wells exceeded the 10 PPM 
Health Standard; 

• In Dakota County, 7 of the 15 
townships tested were found to 
have 30% or more above the 
Health Standard; 

• Conversely, results in other 
locations were surprisingly 
better than anticipated. 
 
 



% Townships with 10%+ Wells Exceeding Health Standard 
First 60 Townships Tested (7,342 Wells) 
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Status of the Township Testing Program in SE MN 







Proposed Rules Restricting Timing of 
Nitrogen Fertilizer Applications 

The MDA has started the process for developing rules 
for new regulations following the completion of the 
final NFMP. The rule development process will include 
additional opportunities for public comment. These 
rules will include two parts. 
 
Part One—Proposed rules will restrict the fall 
application and application to frozen ground 
of nitrogen fertilizer in areas that are 
vulnerable to groundwater contamination. 



Proposed Rules Restricting Timing of 
Fertilizer Application 

Where? 
In areas with 
vulnerable 
groundwater. 
Restrictions 
vary by N 
BMP Region  



Bruce Montgomery 
MN Department of Agriculture 

bruce.montgomery@state.mn.us 

Closing Comments 
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