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SOIL HEALTH 

EXECUTIVE SUMMARY 
Agriculture is the predominant land use within the Red River of the North Basin (also known as Red River 
Basin and RRB) and largely contributes to the economic base in the region.  Agricultural cropland 
continues to experience soil erosion.  Soil erosion impacts agricultural productivity and the environment 
and continues to be a major resource management concern in the RRB. The landscape within the RRB is 
a mostly flat topography.  Prior to the use of pattern subsurface drainage tile, many soils in the RRB 
were generally drained using surface ditches and had poor soil internal drainage in most areas resulting 
in excess surface water on lands. Floods during snowmelt periods occur frequently due to the small 
slope gradients, northward flow of the Red River towards the direction of snowmelt and poor internal 
drainage prior to the use of patterned subsurface drainage tile.  The major resource concerns within the 
RRB are soil erosion, water quality, flooding and land use conflicts (e.g., wetland restoration versus value 
of other land use) and in particular agricultural land entered into the Conservation Reserve Program 
(CRP).   

Promoting soil health management and conservation practices within the RRB will continue to be key to 
conserving soils on site, reducing erosion, preventing land degradation, and assisting in flood reduction 
efforts.  

It is recommended that the RRB develop a basin-wide set of minimum soil health indicators to assess the 
current soil health conditions within the RRB.  The indicators would help establish a baseline and 
develop trends to evaluate future changes within the RRB. Developing comprehensive land 
management plans for farms within the RRB that address the soil erosion and soil health concerns for 
those particular farms will be important to help with long-term recommendations and solutions for the 
basin.  Voluntary programs such as the Minnesota Department of Agriculture’s Agriculture Water 
Quality Certification Program (MAWQCP) can be a primary driver to help meet solutions. 

Earlier reports developed for the RRB addressed soil conservation as it related to soil erosion and the 
impacts erosion had on the RRB.  This report will look at the basin’s problems from a more 
comprehensive approach of soil health to be able to address the soil’s properties and the impacts the 
health of the soil can have in addressing soil erosion, water quality, flooding and land use problems.   

 

 



Red River of the North – Comprehensive Watershed Management Plan June 2017 
Appendix F – Soil Health 

 

This page is intentionally left blank. 
 

 



Red River of the North – Comprehensive Watershed Management Plan June 2017 
Appendix F – Soil Health 

Table of Contents - i 

SOIL HEALTH 
 

Table of Contents 
 

Executive Summary ........................................................................................................................................ i 

1 Introduction .......................................................................................................................................... 1 

1.1 Framework .................................................................................................................................... 1 

1.2 Red River of the North Watershed ............................................................................................... 1 

1.3 Working Group Process ................................................................................................................ 3 

1.4 Soil Health Working Group Composition ...................................................................................... 3 

2 Background ........................................................................................................................................... 5 

2.1 Existing Information ...................................................................................................................... 5 

2.2 Watershed Conditions .................................................................................................................. 6 

2.3 Problems ....................................................................................................................................... 8 

2.3.1 Conservation Inventory Team (CIT) Report and NRFP .......................................................... 8 

2.3.2 Comprehensive Watershed Management Plan Soil Health ................................................ 11 

2.4 Opportunity ................................................................................................................................. 14 

2.5 Future Conditions........................................................................................................................ 14 

3 Goals and Objectives ........................................................................................................................... 14 

3.1 Conservation Inventory Team Report and NRFP Goals and Objectives ..................................... 14 

3.2 Comprehensive Watershed Management Plan Soil Health Goals and Objectives ..................... 16 

4 Strategies & Actions (Alternatives) ..................................................................................................... 17 

4.1 Conservation Inventory Team Report and NRFP Strategies and Actions ................................... 17 

4.2 Comprehensive Watershed Management Plan Soil Health Strategies and Actions ................... 18 

4.2.1 Benefits and Impacts ........................................................................................................... 21 

5 Evaluate and Compare Alternatives ................................................................................................... 27 

6 Recommendations and Implementation Strategy .............................................................................. 28 

6.1 Conservation Inventory Team Report and NRFP ........................................................................ 28 

6.2 Comprehensive Watershed Management Plan Soil Health Recommendations ........................ 29 

7 Conclusion ........................................................................................................................................... 32 

8 References .......................................................................................................................................... 34 

 



Red River of the North – Comprehensive Watershed Management Plan June 2017 
Appendix F – Soil Health 

Table of Contents - ii 

List of Figures  
Figure F-1: Red River of the North ................................................................................................................ 2 

Figure F-2: Red River Basin Land Cover Percent Area ................................................................................... 7 

Figure F-3: Red River Basin Erosion Rates on Cultivated Cropland ............................................................ 11 

 

List of Tables 
Table F-1: Federal and State Agencies and Programs ................................................................................... 6 

Table F-2: Red River Basin Land Cover Area (Acres) ..................................................................................... 7 

Table F-3: Crop Residue ................................................................................................................................ 8 

Table F-4: Problems Related to Soil Health in the RRRB ............................................................................. 11 

Table F-5: Goals and Objectives .................................................................................................................. 17 

Table F-6: Soil Health Indicators ................................................................................................................. 19 

Table F-7: Strategies and Actions ................................................................................................................ 20 

Table F-8: Soil Health and Conservation Benefits ....................................................................................... 21 

Table F-9: Productivity and Environmental Impacts ................................................................................... 22 

Table F-10: Soil Health Management Systems Benefits and Impacts ......................................................... 25 

Table F-11:  Recommended Actions ........................................................................................................... 31 

 

 



Red River of the North – Comprehensive Watershed Management Plan June 2017 
Appendix F – Soil Health 

 

This page is intentionally left blank. 
 

 



Red River of the North – Comprehensive Watershed Management Plan June 2017 
Appendix F – Soil Health 

F - 1 

SOIL HEALTH 

1 INTRODUCTION  
The U.S. Army Corps of Engineers (Corps) St. Paul 
District, in partnership with the North Dakota Red 
River Joint Water Resource District, the Minnesota 
Red River Watershed Management Board, and the 
Red River Basin Commission (RRBC) has developed a 
Comprehensive Watershed Management Plan 
(CWMP)—a deliverable under the Corps’ 
specifically-authorized Red River Basin Feasibility 
Study (Feasibility Study)—for the Red River of the 
North Basin (also known as Red River Basin and 
RRB). 

1.1 Framework 
The Red River Basin CWMP framework is based 
upon the vision, goals and objectives outlined in the 
RRBC’s Red River Basin Natural Resource Framework 
Plan (NRFP) and supporting inventory reports.  
These reports, completed in 2005, were developed 
with extensive stakeholder input and regional 
participation and using the best available data in the 
watershed.  The CWMP builds upon this effort with a focus on six major resource areas:   

1. Flood Risk Management and Hydrology 
2. Fish, Wildlife and Ecosystem Health  
3. Water Quality  
4. Water Supply  
5. Recreation  
6. Soil Health    

This working group report summarizes the Soil Health focus area. 

1.2  Red River of the North Watershed 
The Red River of the North Basin is an international, multi-jurisdictional watershed of 45,000 square 
miles, with 80 percent of the basin lying in the United States and 20 percent in Manitoba, Canada 
(Figure F-1).  Eighteen Minnesota counties, twenty-two North Dakota counties, two South Dakota and 
one Canadian province lie wholly or partially in the basin. The economic impact of the basin, from both 
urban-generated activity and a vibrant agricultural economy, is significant. This basin is home to more 
than half a million people and serves as a jobs, education and medical hub, in addition to a world-
renowned agricultural producer. 

 

Soil health 
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Figure F-1: Red River of the North 
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1.3 Working Group Process 
Six working groups corresponding to each of the six CWMP resource areas were formed.  The six CWMP 
groups worked closely with the existing RRBC’s NRFP working groups.  A subject matter expert from the 
Corps was identified for each group to serve as the 
secretary.  The secretary role has the primary 
responsibility of writing the report.  Each coordinating 
committee also included a facilitator or chair, in addition 
to subject matter experts from other agencies or 
stakeholder groups.   

Each of the six focus areas collaborated with existing 
NRFP working groups to perform iterations of the Corps’ 
6-step planning process and develop recommendations 
for each focus area.  The collaboration and integration of 
the CWMP working groups and the RRBC’s NRFP working 
groups was done to economize efforts, leverage local 
resources, ensure collaborative stakeholder involvement, generate a broad set of solutions for multiple 
stakeholders and ultimately lead to comprehensive long-term recommendations and actionable 
solutions for the basin.   

Over the course of two years, the working groups held various meetings to work through the 6-step 
planning process described in Economic and Environmental Principles and Guidelines for Water and 
Related Land Resources Implementation Studies (1983) and the Planning Guidance Notebook ER 1105-2-
100 (April 2000).  The six steps in the iterative plan formulation process are:  

1. Specify the water and related land resources problems and opportunities of the study area; 
2. Inventory and forecast existing conditions; 
3. Formulate alternative plans;  
4. Evaluate alternative plans;  
5. Compare alternative plans; and 
6. Select the recommended plan.  

1.4 Soil Health Working Group Composition  
A variety of stakeholders, representing local, state and other federal agencies, as well as varied 
jurisdictional representation to include North Dakota, Minnesota and Manitoba were on each working 
group.  A list of agencies involved with the Soil Health working group is provided below. 

• Agriculture and Agri-Food Canada 
• Manitoba Agriculture, Food and Rural Development 
• Minnesota Board of Water and Soil Resources 
• Minnesota Department of Agriculture 
• Minnesota Department of Natural Resources, Division of Ecological and Water Resources 
• Minnesota Pollution Control Agency 
• Natural Resource Conservation Service (U.S. Department of Agriculture) 
• North Dakota Department of Health, Division of Water Quality 
• Red River Basin Commission (RRBC) 
• University of Manitoba, Department of Soil Science 
• U.S. Army Corps of Engineers  

The collaboration and integration of the 
CWMP groups and the RRBC’s NRFP 

working groups was done to economize 
efforts, leverage local resources, ensure 
collaborative stakeholder involvement, 

generate a broad set of solutions for 
multiple stakeholders and ultimately 

lead to comprehensive long-term 
recommendations and actionable 

solutions for the basin. 
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Soil erosion; photo courtesy of USDA NRCS 
http://photogallery.nrcs.usda.gov 
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2 BACKGROUND 

2.1 Existing Information 
Existing background information available on soil conservation within the Red River Basin has been 
detailed in the Conservation Inventory Team (CIT) Report, dated December 2000 and the 2005 NRFP 
developed by the RRBC.  Updates to the NRFP for the area of soil conservation were done in January 
2008 and 2009 by the NRFP soil conservation working group for the RRBC.  Information on the basin’s 
soil health conditions from these reports are summarized below.   

The RRB Board (now known as the RRBC) developed nine inventory reports to identify and prioritize 
water management issues within the RRB.  Conservation was one of the areas in which an inventory 
work team was assigned the task of assessing and reporting the current status of the RRB’s land and 
water management problems, issues and opportunities.  The inventory process resulted in the 
development of the CIT Report.  The CIT defined conservation as “sustainable development within the 
Red River Basin through the management and maintenance of resources in order to assure their use by 
future generations.” The CIT reviewed conservation planning efforts in the various jurisdictions of the 
RRB including county comprehensive local water management plans, soil conservation district plans and 
watershed district plans.  The major resource concerns identified in all the reviewed plans were soil 
erosion, water quality, flooding and land use conflicts (e.g., wetland restoration versus value of other 
land use) and in particular agricultural land entered into the Conservation Reserve Program (CRP).  
These earlier reports addressed soil conservation as it related to soil erosion and the impacts it had on 
the RRB. 

This report looks at the basin’s problems from a more comprehensive approach of soil health to be able 
to address the soil’s properties and the impacts the health of the soil can have in addressing soil erosion, 
water quality, flooding and land use problems.   

Planning efforts are developed and implemented at the local governmental level through the Minnesota 
Soil and Water Conservation Districts (SWCDs), watershed districts and North Dakota Soil Conservation 
Districts (SCDs). The plans reviewed in the CIT Report recommended a variety of best management 
practices (BMPs) and conservation management techniques with a goal of reducing soil erosion.  Many 
farmers and producers rely on Certified Crop Advisers (CCA) to assist with decisions related to fertilizer, 
agricultural chemical use and implantation of precision agriculture technologies.   

The U.S.  Department of Agriculture (USDA), National Resource Conservation Service (NRCS) is the 
leading federal agency with information and resources available for soil conservation and soil health 
issues.  The USDA NRCS provides technical resources and references, programs, planning efforts, and 
financial and technical assistance for soil health issues and topics.   
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Within the RRB there are several federal and state programs available through multiple agencies 
designed to conserve soil on site including but not limited to those listed in Table F-1. 

Table F-1: Federal and State Agencies and Programs 

Federal and State Programs 

Agency Website 
Federal Programs–United States 
Farm Service Agency (FSA) Programs http://www.fsa.usda.gov/dafp/cepd 
Natural Resources Conservation Services (NRCS) http://www.nrcs.usda.gov/program 
U.S. Fish and Wildlife Programs (USFWS) www.fws.gov  
State of Minnesota Programs 
Minnesota Board of Water and Soil Resources www.bwsr.state.mn.us  
Minnesota Department of Agriculture www.mda.state.mn.us  
Minnesota Department of Natural Resources (DNR) www.dnr.state.mn.us/grants/land  
Minnesota Pollution Control Agency (MPCA) www.pca.state.mn.us  
State of North Dakota Programs 
North Dakota Game and Fish Department www.nd.gov/gnf/info/pli-program.html  
North Dakota Department of Health www.health.state.nd.us/wq/  
North Dakota Forest Service www.ndsu.nodak.edu/forestservice/  
State of South Dakota Programs 
South Dakota Department of Game, Fish and Parks 
Private Lands Program 

www.sdgfp.info/wildlife/privatelands/privateland
sindex.html  

Local Conservation Groups 
North Dakota Association of Soil Conservation Districts www.ndascd.org  
North Dakota State Soil Conservation Committee www.ag.ndsu.nodak.edu/ndsscc  

 

2.2 Watershed Conditions  
The NRFP characterizes the RRB as a very flat, north-south oriented “valley” surrounded by relatively 
steep escarpments to the east and the west.  The CIT identified the basin as having flat topography and 
poor soil internal drainage (prior to the use of patterned subsurface drainage tile) in most areas 
resulting in excess surface water on lands. The subwatersheds of the central basin are characterized as 
flat topography and poor soil internal drainage. The subwatersheds that flank the basin can be 
characterized as rolling topography with intermittent lakes and wetlands connected by natural and 
artificial surface drainage features. The RRB soils are made up of clayey textured soils with poor internal 
drainage. Floods during snowmelt periods occur frequently due to the small slope gradients, northward 
flow of the Red River towards the direction of snowmelt and poor internal drainage.  Land use in the 
RRB is predominately agriculture as illustrated below in Figure F-2.  The USDA NRCS maintain the 
National Resource Inventory (NRI), a statistical database that includes a survey of land use and natural 
resource conditions and trends on U.S. non-federal lands (Table F-2).  The most recent data collected is 
the 2012 NRI.  

http://www.fsa.usda.gov/dafp/cepd
http://www.nrcs.usda.gov/program
http://www.fws.gov/
http://www.bwsr.state.mn.us/
http://www.mda.state.mn.us/
http://www.dnr.state.mn.us/grants/land
http://www.pca.state.mn.us/
http://www.nd.gov/gnf/info/pli-program.html
http://www.health.state.nd.us/wq/
http://www.ndsu.nodak.edu/forestservice/
http://www.sdgfp.info/wildlife/privatelands/privatelandsindex.html
http://www.sdgfp.info/wildlife/privatelands/privatelandsindex.html
http://www.ndascd.org/
http://www.ag.ndsu.nodak.edu/ndsscc
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Figure F-2: Red River Basin Land Cover Percent Area 

 

Table F-2: Red River Basin Land Cover Area (Acres) 

Red River Basin Land Cover – Area (Acres) 
Land Classification Acres 

Cultivated Cropland 14,669,200 
Noncultivated Cropland 698,300 
Pastureland 1,361,400 
Rangeland 1,000,700 
Forest Land 2,964,200 
Other Rural Land 1,125,900 
Urban Built-Up 191,600 
Rural Transport 444,800 
Small Water 118,900 
Large Water 867,800 
Federal Land 415,100 
CRP Land 1,433,600 
Total 25,291,500 
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2.3 Problems  
Soil health problems within the RRB are historically associated with agricultural land use and the 
associated erosion, water quality and flooding impacts this land use can have.  Historically, the clayey 
textured soils with poor internal drainage consisting of silty clay, silt loams and silty clay loams of the 
RRB have been tilled in an effort to reduce moisture and warm the soils to prepare a seedbed for crop 
production.  This activity, along with growing an increasing amount of low residue crops, tends to lead 
to inadequate soil protection ultimately affecting soil health.  Crops that produce higher residue will 
provide better protection to the land (Table F-3). 

Table F-3: Crop Residue 

Crop Residue 
High Residue Crops Low Residue Crops 
• Corn (grain) 
• Corn (grain and cobs) 
• Small grain (winter or spring) 
• Forages (grass or legume) 
• All crops with winter cover crop 

• Corn (grain and residue) 
• Soybeans 
• Sunflower 
• Root crops 
• Vegetable crops 

 

2.3.1 Conservation Inventory Team (CIT) Report and NRFP 

The CIT reviewed conservation planning efforts (including comprehensive and local water plans, soil 
conservation district plans and watershed district plans) in the various jurisdictions of the RRB as part of 
the CIT Report and identified the major resource concerns as soil erosion, water quality, flooding and 
land use conflicts (e.g., wetland restoration versus value of other land use), in particular agricultural land 
entered into the Conservation Reserve Program (CRP).  Soil erosion from both wind and water resulting 

in sedimentation of waterways is a problem 
in the RRB.  Streambanks, gullies and 
agricultural lands are areas where erosion is 
most severe. Other than the obvious loss of 
productive soils from fields, many plans 
reviewed under the CIT expressed concern 
about the increasing costs of ditch and 
waterway maintenance as a result of 
sedimentation caused by erosion.  

Soil Erosion.  Soil erosion refers to the 
movement of topsoil due to external forces 
such as wind or water.  The photo shows a 
soybean field farmed up and down hill with 
severe soil erosion. 

Soil erosion; photo credit: USDA NRCS 
http://photogallery.nrcs.usda.gov 
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Water Erosion.  Water erosion is a dominant 
form of erosion and is the result of loosened 
soil particles being transported down slope by 
the movement of water.  Types of water 
erosion include splash, sheet, gully and rill.  

Wind Erosion.  Wind erosion detaches loose 
soil particles where vegetation cover is 
inadequate and transports it across the 
landscape. Windblown soil particles can 
increase the soil erodibility, and wind erosion 
can damage crops through abrasion and by 
exposing seeds or burying plants.  The 
removal of vegetative cover during the fall 
and spring months from farming operations 

leaves the soil susceptible to wind 
erosion.  Wind erosion can degrade 
surface water bodies in addition to 
reducing soil health.  Maintaining 
windbreaks and shelter belts will help 
reduce wind erosion.  The photo shows 
wind erosion as it blows off an 
unprotected cultivated field. 

Tillage Erosion.  Another major cause of 
soil health degradation is tillage erosion.  
Tillage erosion is associated with farming 
activities caused by chisel plows, tandem 
discs, high disturbance seeders, root crop 
cultivators, root crop harvesters and 
moldboard plows, which are used for 
preparing the land for growing crops.  The 
photo shows landscape eroded by tillage 
erosion. 

Stream Bank Erosion.  Streambank erosion occurs when there is an 
increase of flow in the stream channel.  This flow increase can be due to 
land changes and development that remove vegetation and increases 
runoff into the streambank.  Altering the stream alignment such as 
straightening or widening can also contribute to an increase in 
streambank erosion.  The photo shows streambank erosion caused by 
water as it cuts into crop fields year after year, rain after rain. 

The CIT Report noted land used conflicts as a concern in the RRB, 
including the expiration of many CRP contracts throughout the basin. The 
CRP encourages farmers to convert highly erodible cropland or other 
sensitive acreage to vegetative cover, wildlife plantings or riparian buffers 

Water erosion 

Tillage erosion; photo 
credit: Soil Science 
Dept., University of 
Manitoba, 
http://umanitoba.ca/ 

Wind erosion; photo credit: USDA NRCS 
http://photogallery.nrcs.usda.gov 
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that help reduce erosion.  Land was 
entered into the CRP to treat salinity as 
well.  The concern is that previously 
retired marginal lands could be brought 
back into agricultural production. 
Potential consequences may be a loss of 
vegetative cover leading to increased 
erosion, increased runoff, increased 
salinization, and a loss of wildlife habitat. 

The NRFP identified soil erosion by wind 
and water as a major concern in the RRB 
as it can impact soil productivity, water 
quality and the natural environment.  Soil 
erosion involves soil particles being picked 
up, carried and redeposited by both wind and water.  Streambanks, gullies and agricultural lands are 
more vulnerable to erosion.  Soil erosion in the basin not only impacts agricultural productivity and the 
environment (e.g., water quality and aquatic habitat) but also leads to increased costs of drainage 
system maintenance due to sedimentation.  Landscape alterations due to human activity greatly 
accelerate the soil erosion process and can increase water treatment cost for domestic uses as the Red 
River and its tributaries are a surface water source for domestic use.   

The loss of field windbreaks, farmstead 
windbreaks, fence rows, buffers, etc., basin-
wide in recent years has left the basin with 
more land susceptible to wind erosion than in 
previous years.  Replacing windbreaks and 
other vegetative plantings or adopting 
residue management will be critical in 
preserving soil resources for the future. The 
photo shows field windbreaks in North 
Dakota that help protect the soil against wind 
erosion. 

According to the NRFP, soil erosion is a 
concern on cultivated fields, construction 
sites, roadside ditches and urban storm 

drains. Conservation of this valuable soil resource is essential for sustainable agriculture—when topsoil 
erodes from cultivated fields, productivity declines and results in the need for added fertilizer. Because 
sedimentation has been recognized as the predominant water quality issue in impaired waters, not only 
in the RRB but also in other parts of North America, soil conservation is one of the tools we can use to 
improve water quality and agricultural sustainability for future generations.  Soil erosion impacts 
cropland productivity and pollutes watercourses, wetlands and lakes.  Sediment movement to 
downstream streams and channels can accelerate bank erosion, damage fish habitat, contaminate and 
pollute wetlands and lakes. 

Erosion trends within the U.S. portion of the Red River Basin are illustrated below in Figure F-3 using 
data from the National Resource Inventory (NRI ), a statistical database maintained by the USDA and the 
NRCS.  This figure shows historic wind erosion rates from 1982 through 2012.  The NRI data first 
collected in 1982 indicates a decrease in wind erosion rates within the RRB.  Figure F-3 shows wind 

Streambank erosion; photo credit: USDA NRCS 
http://photogallery.nrcs.usda.gov 

Windbreak; photo credit: USDA NRCS 
http://photogallery.nrcs.usda.gov 
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erosion on cultivated cropland was estimated at 9.2 tons/acre/year but by 2012 the average had 
decreased to nearly 8.2 tons/acre/year.  Water erosion has remained steady at 1.0 tons/acre/year.  This 
trend is consistent with soil and wind erosion on cropland nationwide (USDA 2015). 

 
Figure F-3: Red River Basin Erosion Rates on Cultivated Cropland 

2.3.2 Comprehensive Watershed Management Plan Soil Health 

The earlier reports addressed soil conservation as it related to soil erosion.  The Soil Health working 
group felt it was important to look at the basin’s problems from a more comprehensive approach of soil 
health to be able to address the soil’s properties and the impacts the health of the soil can have in 
addressing soil erosion problems. 

The Soil Health working group identified the poor health of the soil as a potential cause for soil erosion, 
water quality and flooding problems within the Red River Valley and further identified the following 
problems related to soil health within the RRB as listed in Table F-4. 

Table F-4: Problems Related to Soil Health in the RRRB 

Problems 
Surface/Subsurface Runoff, Erosion, & Water 
Quality 

Land Use/Productivity 

• Erosion (sediment transport) 
• Loss of topsoil  
• Land cover 
• Wind 
• Poor drainage 
• Reduced infiltration and water holding 

capacity 
• Water quantity (rate and volume)  
• Runoff, flooding 

• Loss of agricultural land  
• Farming practices 
• Management and crop selections 
• Irresponsible irrigation 
• Reduced agricultural productivity  
• Increasing crop input costs  
• Fertilizers, fuel, manpower, pesticides 
• Lack of stewardship and education 
• Ineffective farm programs 
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• Water supply (drought) 
• Poor water quality 
• Polluted water resources (nutrient 

movement)   
• Salinity 
• Aquatic life impacts 
• High water table 
• Inefficient water cycle 

• Low soil organic matter 
• Poor soil structure 
• Low soil biodiversity, abundance and activity 
• Human activity (altered landscape) 
• Increased compaction 

 

Surface/Subsurface Runoff and Erosion.  Farming practices such as tillage can cause the progressive 
downslope movement of soil resulting in soil loss from the upper-slope (hilltop) landscape positions and 
accumulation on lower-slope (depression) landscape positions.  The topsoil is high in organic matter, 
which is essential for crops.  Exposed subsurface soils tend to have poorer structure, lower organic 
matter with lower nutrient levels that contributes to lower crop yields and less crop cover, which 
provides less protection for the soil.  The exposed subsoil is highly erodible by water or wind. Repetitive 
tillage reduces organic matter in soil, dries the soil before seeding, increases nutrient losses if there is 
wind or water erosion and can decrease the water infiltration rate of soil resulting in increased runoff 
and erosion under certain conditions. This can vary by soil type and by region within the RRB.  Tillage 
and cropping practices that reduce the organic matter in soil, cause poor soil structure and increase soil 
compaction can contribute to an increase in soil erodibility.  The compacted soil can decrease infiltration 
and increase runoff.  

Soil erosion increases if 
there is little or no 
vegetative cover or crop 
residue.  Vegetative 
cover tends to slow 
water runoff and allows 
excess water to 
infiltrate. Applied 
fertilizers and pesticides 
can be transported off 
site with eroded soil 
impacting water quality 
and increasing 
production costs.   

Water Quality.  Erosion 
results in the loss of 
agricultural land and 
reduced water quality.  Eroded soil impacts water quality by increasing the pollutants in downstream 
waters with increased nutrient runoff.  Sediment movement and increased pollutants in downstream 
waterways contributes to impaired water bodies, disruption of lake ecosystems and impacts on wildlife.  
A large amount of phosphorus in surface runoff has the ability to attach to soil and travel with eroded 
sediment. 

Soil erosion 
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Land Use/Productivity.  Farming practices, crop selections and rotations can directly impact the soil 
health, which can result in higher fertilizer and pest control costs, lower yield and reduced agricultural 
productivity and profit.   

Patterned Tile Drainage and Drainage Water Management (DWM).  The use of patterned tile drainage 
will continue to be influenced by economics, climate change, and used in areas where saturated soil 
conditions can delay early crop planting.  Subsurface drainage can be controlled with the use of an in-
field control structure or pumps to regulate the water level.  It can improve water and soil quality by 
retaining drainage water, and it can benefit production. Controlled tile drainage may potentially reduce 
water and nutrient export from agricultural fields to surface water systems thus providing water quality 
benefits.  Properly designed and operated controlled drainage systems may have the potential to reduce 
flooding. 

The impacts of agricultural tile drainage within the Red River Basin has been studied and is available for 
download at http://www.rrbdin.org. The Red River Retention Authority (RRRA) commissioned the 
International Water Institute (IWI) to establish an objective and scientific process to determine the 
impacts of agricultural drainage (tile drainage) on peak flows. The IWI established a Basin Technical and 
Scientific Advisory Committee (BTSAC) comprised of technical representatives from various Red River of 
the North Basin stakeholders to focus on subsurface drainage with objectives to: 

• Identify agricultural drainage design criteria and policies that maximize benefits while 
minimizing downstream impacts. 

• Prepare reports with recommendations for the RRRA: 
o Basin Technical and Scientific Advisory Committee (BTSAC),  Impacts of Subsurface 

Agricultural Drainage on Watershed Peak Flows, Briefing Paper #1 
o Basin Technical and Scientific Advisory Committee (BTSAC), Water Management Options 

for Subsurface Drainage, Briefing Paper #2 
o Addendum “Flood Storage Capacity of Soil” July 2016 

The Red River Valley Drainage Water Management (DWM) Project sponsored by the Minnesota 
Department of Agriculture is a collaborative effort funded by a number of partners including the Clean 
Water Fund via the Clean Water Land & Legacy Amendment.  The study is intended to demonstrate 
water quality and quantity benefits of DWM in the Red River Basin with a goal to minimize the 
environmental impacts of subsurface drainage while maintaining or improving agricultural productivity.  
Drainage Water Management, or controlled drainage, helps producers manage water on their 
fields.  This practice can increase crop production, keep nutrients on the field and send cleaner water 
downstream.  Information can be downloaded at 
http://www.mda.state.mn.us/protecting/cleanwaterfund/onfarmprojects/rrvdwmproject.aspx.  

Information from North Dakota State University (NDSU) regarding subsurface (tile) drainage in North 
Dakota and the Red River Valley can be downloaded at https://www.ag.ndsu.edu/tiledrainage. Farmers 
install tile drainage to control water table situations that affect planting, cultivation or harvest 
conditions.  The installation of subsurface (tile) drainage systems in the Red River of the North Basin has 
increased since the late 1990s as a management practice to control and reduce salinity in poorly drained 
soils and to help control seasonally high water tables. Inadequate drainage can delay spring crop 
planting and hinder crop growth with a negative impact on crop yield.  Controlled drainage systems 
offer the potential to conserve soil water in the root zone and reduce drainage flows and the loss of 
dissolved nutrients (nitrogen and phosphorus) from the field.  If the timing of rainfall is favorable, 
controlled drainage creates the potential to store water for drier periods during the growing season. 

http://www.rrbdin.org/
http://www.rrbdin.org/archives/749
http://www.rrbdin.org/wp-content/uploads/2016/08/FloodStorageCapacityofSoil_160719.pdf
http://www.mda.state.mn.us/protecting/cleanwaterfund/onfarmprojects/rrvdwmproject.aspx
https://www.ag.ndsu.edu/tiledrainage
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U.S. Department of Agriculture NRCS offers technical and financial assistance for Drainage Water 
Management (DWM). 

2.4 Opportunity 
Improving soil health in the RRB can lead to opportunities such as a decrease in erosion and loss of 
topsoil, improvement on water quality and water-holding capacity of the soil.  Additional opportunities 
include introducing alternative farming practices, improve biodiversity and soil organic material content.  

2.5 Future Conditions  
Soil is one of earth’s most valuable natural resources.  Healthy soils are necessary to sustain food 
production vital for human health and the growing population worldwide.  Healthy soils contribute to 
cleaner water and productive crops. 

2015 was identified as the International Year of Soils by the Food and Agriculture Organization (FAO) of 
the United Nations (www.fao.org/soils)  as a way to increase understanding of the importance of soil for 
food security.  Soils can store water, helping to improve resilience to floods and droughts.   

Agricultural management practices will continue to influence the future.  Fields that continue with 
tillage practices will see a decrease in productivity as these fields tend to erode more, infiltrate less and 
experience an overall decline in the health of the soil.  Agricultural management practices, fertilizer and 
pesticides can improve the soil health or can cause damage if not applied correctly.  Agricultural 
education and the promotion of sustainable land use and farming practices in the Red River Basin will be 
necessary for the basin to continue to see economic agricultural growth in the region. 

Future land management discussion and decisions should incorporate conservation and include more 
discussion on precision agricultural activities and knowledge from Certified Crop Advisers (CCAs).  For 
example, Drainage Water Management (DWM) is easier to implement as new tile is being installed 
versus retrofitted. These options for implementing conservation need to be introduced and offered to 
land owners during these initial planning discussions.   

3 GOALS AND OBJECTIVES  

3.1 Conservation Inventory Team Report and NRFP Goals and Objectives 
The NRFP goals and objectives adopted by the RRBC were based on the extensive goals and objectives 
developed for each of the nine inventory areas (including conservation) upon completion of the 
Inventory Team Reports.  The CIT Report consistently identified 
reducing soil erosion as a goal listed on nearly all conservation 
plans reviewed in various jurisdictions within the RRB, and most 
plans included a goal of flood control and ditch or drainage 
management.   

In an effort to achieve the vision of comprehensive integrated 
watershed 
stewardship and management in the Red River Basin, the 
basin-wide goal developed for soil conservation in the 
NRFP was to increase soil conservation efforts within the 
basin.  This goal was developed based on 
recommendations to the RRB derived from the CIT Report 

The CIT Team Report consistently 
identified reducing soil erosion as a 

goal listed on nearly all conservation 
plans reviewed in various 

jurisdictions within the RRB. 

The NRFP basin-wide goal developed for 
soil conservation was to increase soil 
conservation efforts within the basin. 

http://www.fao.org/soils
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that stated the conservation goal was to advance a conservation ethic in the RRB to support the delivery 
of conservation programs for all the land in the RRB.   
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The basin-wide objectives developed for soil conservation in the NRFP were: 

1. Increase availability of conservation programs to landowners by establishing appropriate 
delivery organizations. 

This objective was developed based on recommendations from the CIT Report to support the 
establishment of organizations in places where none exist to provide complete coverage of local 
units of government such as soil conservation districts, soil and water conservation districts and 
conservation districts. 

A primary finding of the CIT was limited delivery of conservation programs resulting in poor 
participation. Top-down programs from the federal, state and provincial governments need 
adequate funding and delivery agencies in order to facilitate participation by landowners. 
Increased participation in conservation programs can also be achieved through increased 
awareness of their economic and environmental benefits. 

2. Manage land and land uses to minimize runoff and maintain soil on site (i.e., through the use of 
BMPs). 

Utilizing conservation management techniques was a frequently stated objective in most plans 
reviewed under the supporting CIT Report.   

The NRFP with supporting CIT summary also identified educational outreach programs aimed at RRB 
residents to promote conservation programs and BMPs, support for local units of government to 
promote conservation message and support for additional funding initiatives for established 
conservation programs as important objectives to consider.  

3.2 Comprehensive Watershed Management Plan Soil Health Goals and 
Objectives 

The soil conservation goals and objectives as identified in the CIT and NRFP were developed with soil 
conservation in mind and are still important to achieve ; they will help support the new CWMP goals of 
improving soil health in the RRB. 

CWMP Soil Health Goal: Maintain and enhance soil health within the Red River Basin to improve the 
physical, chemical and biological properties and effective functions 

Soil Health is defined, in agricultural terms, as the soil’s fitness to support crop growth without 
becoming degraded or otherwise harming the environment. 

In broader terms, soil health is used to describe the state of soil as: 

• Sustaining plant and animal productivity and diversity; 
• Maintaining or enhancing water and air quality; and 
• Supporting human health and habitation. 

Improving and sustaining soil health is a vital component economically and environmentally to all in the 
Red River and Lake Winnipeg Basins.  The RRBC Soil Health working group's mandate is to support the 
RRBC's NRFP's goal and objectives by developing pathways and actions that will lead to projects that the 
RRBC can initiate or support internally or through other organizations or governments. 

The Soil Health working group reviewed the Conservation Team Inventory (CIT) Report and the NRFP to 
identify a goal with supporting objectives in response to the soil health problems that were identified 
within the Red River Basin.  The group developed just one objective, feeling that alternatives that are 
complete, effective, efficient and acceptable in meeting this objective would address the majority of the 
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identified problems and contribute to the overall goal.  The working group developed two strategies to 
achieve the Soil Health goal and objective and further developed a variety of alternatives, activities and 
practices for each strategy.  As the group developed the goal, objective, strategies and actions, it 
focused on the definition of soil health described above.  The goals and objectives related to soil health 
within the RRB are listed in Table F-5. 

Table F-5: Goals and Objectives 

Soil Health Goals and Objectives 

Goals Objectives 
Maintain and enhance soil 
health within the Red River 
Basin to improve the physical, 
chemical and biological 
properties and effective 
functions. 

Improve soils’ ability to store water, nutrients and carbon 
to ensure their effective availability. 
Strategies 
Reduce surface/subsurface runoff. 

Reduce/minimize soil erosion. 

4 STRATEGIES & ACTIONS (ALTERNATIVES)  

4.1 Conservation Inventory Team Report and NRFP Strategies and 
Actions 

The CIT Report, NRFP and subsequent 2008 and 2009 updates to the NRFP identified the following 
solutions and strategies as ongoing efforts needed to continue to accomplish a comprehensive approach 
to resource management in the RRB with conservation issues and 
soil health improvements in mind.  

Conservation Management Techniques and Stormwater Best 
Management Practices 

• Conservation management techniques that have proven 
beneficial to conserve soil on site and reduce soil erosion 
that are key in preventing land degradation and in reducing 
sedimentation that contaminate surface water bodies 
include:  conservation tillage, crop residue management, 
conservation cropping systems, field windbreaks, buffer 
strips, contouring, grassed waterways, terraces, erosion 
control structures, riverbank/shoreline/gully stabilization, 
stormwater management and maintaining native vegetative 
cover.  The photo shows residue management on a cornfield 
showing 70 percent residue for erosion control. 

• High priority objectives for flood control and ditch 
management as listed in the CIT Report and the NRFP included practices such as ring dikes, 
retention ponds, dams, diversions, agricultural diking, levees, wetland restoration, grassed 
buffer strips and maintenance and repair of drainage ditches. 

  

Crop residue; photo 
credit: USDA NRCS 
http://photogallery.nrcs.
usda.gov 



Red River of the North – Comprehensive Watershed Management Plan June 2017 
Appendix F – Soil Health 

F - 18 

Public Education and Outreach 

• Public education was highly emphasized in nearly every plan reviewed. Many conservation 
solutions require the support and assistance of individual landowners. Education is seen as the 
most important and effective means of gaining this support. Informing the public about cost 
share programs was a high priority objective. Education strategies included developing a booklet 
of regulations, developing education programs available for use in schools, implementing youth 
programs and contests, maintaining booths at county fairs, publishing newsletters, holding 
workshops and providing timely information to news media.  Several reference articles are 
available, including: 

o “A Social Science Assessment of Conservation Practices in the Red River Basin of 
Minnesota,“ June 2014, A technical report by Amit Pradhananga, Research Associate, 
Vanessa Perry, Research Assistant, and Mae A. Davenport, Ph.D. (Attachment F-1) 

o “Farm to Stream, Recommendations for Accelerating Soil and Water Stewardship,”  
http://freshwater.org/wp-content/uploads/2015/01/FWS-Farm-to-Stream-pages-
FINAL.pdf. (Attachment F-2) 

Laws, Regulations, and Government Programs 

• Several plans mentioned investigating the possibility of a soil loss limits law.  
• Regulating land use and/or encouraging BMPs on highly erodible lands was identified as a 

priority objective.  
• Encouraging landowner participation in programs were solutions included in most plans 

reviewed under the CIT Report. Informing landowners of cost-share and reimbursement 
assistance available may help accomplish participation.  These programs include the following: 

o Conservation Reserve Program (CRP) through the USDA Farm Service Agency (FSA) 
encourages farmers to remove environmentally sensitive land from agriculture 
production to plant species that will improve environmental quality. 

o Re-invest in Minnesota (RIM) through Minnesota Board of Water and Soil Resources 
(BWSR) encourages landowners to retire environmentally sensitive land from 
agricultural production and enroll in a permanent conservation easement.  

o Environmental Quality Incentives Program (EQIP) through the USDA NRCS focuses on 
producers to plan and implement conservation practices that improve soil, water and 
natural resource concerns on agricultural land. 

4.2 Comprehensive Watershed Management Plan Soil Health Strategies 
and Actions 

Soil health is focused on the function and capacity of the soil to produce food and forage and provide 
environmental and societal benefits.  According to the USDA NRCS, healthy soil provides clean air and 
water, plentiful crops and productive grazing lands by performing five essential functions. The five 
essential functions are regulating water, sustaining plant and animal life, filtering and buffering potential 
pollutants, storing and cycling nutrients and providing physical stability and support. 

The USDA NRCS has identified four basic principles of soil health (USDA NRCS, February 2013).  
Information can be downloaded at 
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1082147.pdf  

Managing for soil health is one of the easiest and most effective ways for farmers to increase crop 
productivity and profitability while improving the environment.  Results are often realized immediately, 

http://freshwater.org/wp-content/uploads/2015/01/FWS-Farm-to-Stream-pages-FINAL.pdf
http://freshwater.org/wp-content/uploads/2015/01/FWS-Farm-to-Stream-pages-FINAL.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1082147.pdf
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and last well into the future. Using these four basic principles is the key to improving the health of your 
soil.  

1. Keep the soil covered as much as possible.  Soil cover helps conserve moisture, reduce 
temperature and suppresses weed growth. 

2. Disturb the soil as little as possible.  Disturbing the soil can result in bare or compacted soil that 
is destructive and disruptive to soil microbes that result in a diminished soil food web. 

3. Keep plants growing throughout the year to feed the soil.  Providing plenty of easily accessible 
food to soil microbes helps cycle nutrients, which plants need to grow. 

4. Diversify as much as possible using crop rotation and cover crops.  Diversifying crop rotation and 
cover crops increases soil function, reduces input costs and increases profitability. 

According to the USDA NRCS, a soil health assessment can tell how well a soil performs all of its 
functions and can evaluate the soil using indicators.  These indicators are measureable properties of the 
soil or plants that provide clues about how well the soil can function. Information can be downloaded at 
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/assessment/.  

The USDA NRCS has developed a set of soil quality indicator sheets to measure the health of soil.  These 
indicators include physical, chemical and biological properties.  Indicators are used to gain a 
comprehensive understanding of the soil evaluated. 

The USDA NRCS Soil Quality Institute, in their Guidelines for Soil Quality Assessment in Conservation 
Planning (USDA NRCS Soil Quality Institute  January 2001), provides guidelines for assessing soil health.  
The soil quality indicators help identify the health of soil.  
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051259.pdf  

A systematic sampling and monitoring system is needed to identify trends in soil health changes within 
the RRB.  Soil organic matter and aggregate stability are both soil quality indicators that describe 
relationships of soil fertility, structure, stability, nutrient retention, soil erosion, available water capacity, 
retention and transport of water and nutrients and habitat for microbes to soil health (Table F-6). 

Table F-6: Soil Health Indicators 

Indicators of Soil Quality 
Soil Quality Indicator Relationship to Soil Health 

Soil organic matter  Soil fertility, structure, stability, nutrient retention, soil 
erosion and available water capacity 

Physical 

Aggregate stability Retention and transport of water and nutrients, habitat for 
microbes and soil erosion 

Available water capacity Water storage and availability 
Infiltration Water movement, porosity and workability 
Chemical 

Phosphorus 
Plant available nutrients and potential for nitrate and 
phosphorus loss 

Soil electrical conductivity Plant growth, microbial activity and salt tolerance 

Soil Nitrate 
Plant available nutrients and potential for nitrate and 
phosphorus loss 

Soil PH Biological and nutrient availability 

http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/assessment/
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051259.pdf
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Biological 
Soil respiration Microbial activity measure 
Source:  USDA NRCS Soil Quality Institute, Guidelines for Soil Quality Assessment in Conservation Planning. January 2001. 

 

In addition to implementing the strategies and actions identified in the CIT and NRFP, the Soil Health 
working group identified the following strategies and actions listed in Table F-7 directly related to soil 
health within the RRB to meet the goal and objectives.   

Table F-7: Strategies and Actions 

Strategies and Actions 

Strategies:   
Reduce surface/subsurface runoff. 
Reduce/minimize soil erosion. 

Actions or Practices 
Structural Efforts 
(involve design by an engineer and installation by a contractor) 

Grassed waterways 
Terraces, contour terraces, water diversion terraces 
Tile outlet terraces, water and sediment control basins (WASCoBs) 
Grade stabilization structures 
Subsurface drainage, tile drainage 
Controlled patterned tile drainage outlets 
Reduce surface drainage 
Controlled surface drainage outlets 
Surface water retention/detention ponds 
Restored wetlands (block drainage structures) 
Soil-landscape restoration, return eroded topsoil to hilltops 

Management Efforts 
(involve planning by landowner and consultation with agronomist) 

Land Management Systems 
Increase permanent vegetative cover (CRP, RIM) 
Filter and buffer strips (contour, vegetative , riparian) 
Windbreaks, reduced fetch length 
Increase conservation cover 
Pasture and hayland planting 

Soil Management Systems 
Conservation tillage (minimum tillage, no-till/zero-till, reduced till) 
Mulching 
Increase annual crop residue cover  
Reduce soil movement during field operations 
Soil-landscape restoration, return eroded topsoil to hilltops (increase organics on hilltops) 

Crop Management Systems 
Diversity crop rotation 
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Strategies and Actions 

Cover and green manure crop 
Contour strip cropping 
Increase stubble height 
Increase cover crops 

Integrated Systems Approach/Conservation Planning Efforts 
Conservation management systems 
Drainage Water Management plans 
Nutrient management plans 
Cropping plans 

Miscellaneous 
Communication 
Land owner/manager extension 
Public awareness and education 

4.2.1 Benefits and Impacts 

Soils with faster infiltration rates, higher level of organic matter and improved soil structure have a 
greater resistance to erosion.   

The Soil Health working group identified the following benefits shown in Table F-8 as improving the 
health of the soil and the associated productivity and environmental impacts as shown in Table F-9  by 
incorporating the strategies and actions noted above.  In addition to implementing the strategies and 
actions identified in the CIT and NRFP, the Soil Health working group identified the strategies and 
actions (listed in Table F-7) directly related to soil health within the RRB to meet the goal and objectives. 

 

Table F-8: Soil Health and Conservation Benefits  

Soil Health and Conservation Benefits 

Soil Health (topsoil) 
A. Enhances soil physical properties 

• Increases soil organic matter content 
• Increases soil structural development (aggregation) 
• Increases structural stability of soil 
• Increases macro-porosity 

B. Enhances soil moisture properties 
• Increases infiltration capacity 
• Increases plant available moisture content 
• Enhances internal drainage of soil (percolation) 
• Improves drainage condition (poor to well) 
• Reduces surface runoff  

C. Enhance soil fertility 
• Increases nutrient holding capacity and availability 

D. Enhances soil biology and ecology 
• Increases soil microbial abundance, diversity, activity 
• Increases beneficial soil fauna (e.g., earthworms) 
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Soil Health and Conservation Benefits 

Soil Conservation 
E. Reduces soil erosion (soil loss) 

• Reduces water erosion (sheet, rill, gully, streambank) 
• Reduces wind erosion 
• Reduces tillage erosion 

F. Reduces soil compaction  
G. Reduces soil salinity 

• Lowers water table below root zone 

 

Table F-9: Productivity and Environmental Impacts 

Productivity and Environmental Impacts 

Crop Health and Farm Profitability 
A. Improves crop production 

• Sustains or increases soil productivity 
• Sustains or increases crop water use efficiency 
• Sustains or increases crop nutrient use efficiency 
• Controls crop pests (weeds, insects, and disease) 
• Sustains or increases crop pesticide use efficiency 
• Decreases use of pesticides 

B. Conserves productive farmland 
• Does not consume productive farmland 

Offsite Environmental Impacts 
C. Improves water quality 

• Reduces sediment turbidity and siltation 
• Reduces phosphorus loading 
• Reduces nitrogen loading 
• Decreases use of pesticides 

D. Decreases Flood Risk 
• Reduces total stream flow discharge 
• Reduces stream peak flow  

E. Improves air quality 
• Reduces dust and siltation 

F.  Increases energy efficiency 
• Reduces fuel consumption 
• Reduces electricity consumption 

G. Conserves natural areas 
H. Creates wildlife habitat 

 

According to the USDA NRCS, improving soil health can increase water infiltration, increase available 
water holding capacity, improve water quality, increase nutrient availability, save energy and improve 
plant health while maintaining or increasing production.  The USDA NRCS through its “Unlock the 
Secrets in the Soil” soil health initiative has prepared soil health literature designed to help farmers 
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learn about soil health management systems and to understand the basics and benefits of soil health.  
Some of the soil health key points include the benefits of a healthy soil. 

Benefits to farmers for managing soil health include: 

• Conserve and protect resource investment  
• Work towards reducing high-cost inputs 
• Reduce exposure to volatile outside inputs 
• Manage risk  
• Maintain and improve production 
• Improve profitability 
• Leave it better for the next generation  
• Achieve yield potential with less inputs  

The USDA NRCS has identified the following soil health management systems as recommended 
conservation practices to improve water and air quality, improve crop production and plant 
productivity, conserve water, to help optimize inputs, protect against drought and increase production:  
Conservation Crop Rotation, Cover Crop, No-till, Reduced Till, Mulching, Nutrient Management, and Pest 
Management (USDA, NRCS February 2013). 

Improving soil health will require implementing several BMPs and management systems.  Once 
implemented, it can take up to five years to start recognizing benefits.  

Conservation Crop Rotation.  Diversify crop rotation by growing a diverse number of crops in a planned 
sequence year by year in order to increase soil organic matter and biodiversity in the soil.   

The effect of the rotation on physical soil properties may depend on the individual crop grown.  For 
example, soils under corn had lower Ksat 
(permeability) and slightly higher bulk 
density than soils under soybeans.  Use of 
grass buffers improved physical soil 
properties as compared to pasture rotation 
and continuous grazing.  Restricting cattle 
grazing in buffer areas lowered the bulk 
density of the soil and increased Ksat, which 
increased the infiltration rate and reduced 
runoff [“Soil Health Literature Summary – 
Effects of Conservation Practices on Soil 
Properties in Areas of Cropland,” USDA NRCS, 
1/9/2015 (Kumar et al., 2010)].  The photo 
shows alternating crop production on a field. 

Cover Crops.  Increase cover crops and permanent vegetative cover.  Use cover crops when rotation 
allows it to improve infiltration, increase organic matter, reduce input costs of fertilizer and weed 
control, enhance nutrient cycling and improve soil biology. Winter biannual cover crops are being used 
in the Red River Valley to improve planting conditions in the spring by using excess moisture before 
soybean plantings. 

Conservation crop rotations; photo credit: USDA 
NRCS http://photogallery.nrcs.usda.gov 
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The use of cover crops in the rotation had 
the greatest effect on physical soil 
properties.  Winter cover crops associated 
under a no-till system improved the stability 
of the aggregates, reduced the bulk density 
and penetration resistance of the surface 
layer, and increased the porosity and 
available water capacity of the soils  [“Soil 
Health Literature Summary – Effects of 
Conservation Practices on Soil Properties in 
Areas of Cropland,” USDA NRCS, 1/9/2015 
(Villamil et al., 2002)].  The photo shows 
cover crops on a field. 

The primary benefit of cover crops is reduction of runoff and soil erosion, which results in improved soil 
productivity.  The integration of cover crops may provide and help conserve nitrogen for grain crops, 
reduce week pressure, and increase soil organic matter content [“Soil Health Literature Summary – 
Effects of Conservation Practices on Soil Properties in Areas of Cropland,” USDA NRCS, 1/9/2015 
(Hartwig and Ammon 2006)].   

No-till.  No-till is a way of growing crops without disturbing the soil 
through tillage, which involves planting crops directly into crop reside 
that has not been tilled.  No-till aims for 100 percent ground cover and 
does not use a plow, disk, etc.  A disadvantage of tillage is that it 
accelerates the breakdown of crop residue which results in the loss of 
soil organic matter (Stubbs et al., 2004).  

The no-till photo is of soybeans growing in a field of corn residues from 
the previous year. The soybeans were planted with a no-till method 
where no tillage was done prior to planting, to save soil, energy, time 
and money. 

Reduced Till and Mulching.  Maintain a high level of crop residue on 
the surface.  Apply plant residue to the soil surface.  Using tillage 
methods where the soil surface is disturbed but maintains a high level 
of crop residue on the surface.  Applying plant residues or other 
suitable materials to the soil surface to compensate for loss of residue 
due to excessive tillage.  Leaving greater than 30 percent crop residue 
until planting can help reduce soil loss due to wind erosion. 

 

  

Cover crops; Photo credit: USDA NRCS 
http://photogallery.nrcs.usda.gov 

No till; photo credit: 
USDA NRCS 
http://photogallery.nrcs.
usda.gov 
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Nutrient Management.  Managing soil nutrients to meet crop production needs.  Applying smaller 
amounts of nitrogen several times over the growing season rather than all at once, at or before planting, 
helps the plants use the nitrogen rather than have it enter water supplies.  The photo shows nitrogen 
being applied to growing corn in a contoured, no-tilled field. 

Pest Management.  Managing pests by following an ecological approach.  The photo shows a crop 
consultant scouting a field for pests as part of an integrated crop management system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The specific benefits and resulting impacts that soil health management systems can have are listed in 
(Table F-10). 

Table F-10: Soil Health Management Systems Benefits and Impacts 

Conservation Practices Benefit Impact 
Conservation crop rotation 
Cover crop 
no-till/reduced till 
mulching 

• Conserves and holds soil 
moisture 

• Improves water holding capacity 
of soils  

• Increases soil moisture for plants 

• Conserves water 
• Improves water efficiency 

Cover crop • Provides nitrogen for plant use 
• Suppresses weeds 

• Decreases use of pesticides 

Conservation crop rotation • Manages plant pest (weeds, 
insects, and disease) 

Mulching • Controls weeds 
Nutrient management • Reduces odors and nitrogen 

emissions 
• Improves air quality 

Pest management; photo 
credit: USDA NRCS 
http://photogallery.nrcs.u
sda.gov] 

Nutrient management; photo credit: USDA NRCS 
http://photogallery.nrcs.usda.gov 
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Conservation Practices Benefit Impact 
Pest management • Reduces threat of chemicals 

entering the air 
Mulching • Reduces dust 
No-till/reduced till • Reduces energy use 

Cover crop 
No till/reduced till 
Mulching 
Pest management 

• Increases soil organic matter • Improves crop production 
• Increases plant productivity 
• Increases plant pollination 

Mulching • Moderates soil temperatures 
Nutrient management • Budgets, supplies, and conserves 

nutrients for plant production 
• Improves the physical, chemical 

and biological properties of the 
soil 

Pest management • Decreases pesticide risk to 
pollinators and other beneficial 
organisms 

Conservation crop rotation • Adds diversity so soil microbes 
can thrive 

Conservation crop rotation 
Cover crop 

• Increases nutrient cycling • Improves nutrient use 
efficiency 

Conservation crop rotation 
Cover crop 
No-till/reduced till mulching 

• Prevents/reduces soil erosion 
from wind and rain 

• Improves water quality 

Nutrient management • Increases plant nutrient uptake 
Pest management • Reduces pesticide risks to water 

quality 
No-till 
Cover crop 

• Decreases compaction 
• Reduces compaction 

• Increases productivity 
• Improves water efficiency 

to crops 
No-till/reduced till • Reduces energy use • Saves renewable resources 

Source: USDA NRCS 

 

The Minnesota Department of Agriculture describes conservation tillage as any method of soil 
cultivation that leaves the previous year's crop residue (such as corn stalks or wheat stubble) on fields 
before and after planting the next crop, to reduce soil erosion and runoff. To provide these conservation 
benefits, at least 30 percent of the soil surface must be covered with residue after planting the next 
crop. Some conservation tillage methods forgo traditional tillage entirely and leave 70 percent residue 
or more.  Conservation tillage includes no-till and mulch-till methods, which are soil health management 
systems recommended by the USDA NRCS.  Farming practices that leave a residue cover can reduce the 
amount of erosion. 
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 The environmental benefits to practicing conservation tillage include: 

• Reducing soil erosion by as much as 60‒90 percent depending on the conservation tillage 
method.  Pieces of crop residue shield soil particles from rain and wind until new plants produce 
a protective canopy over the soil. 

• Improving soil and water quality by adding organic matter as crop residue decomposes; this 
creates an open soil structure that lets water in more easily, reducing runoff. 

• Conserving water by reducing evaporation at the soil surface. 
• Conserving energy due to fewer tractor trips across the field. 
• Reducing potential air pollution from dust and diesel emissions. 
• Crop residue provides food and cover for wildlife. 

The practical benefits to practicing conservation tillage include: 

• Fewer trips across the fields saves time and money (lowers fuel, labor and machinery 
maintenance costs) and reduces soil compaction that can interfere with plant growth. 

• Optimizing soil moisture, enhancing crop growth in dry periods or on droughty soils.  

There are some 
disadvantages to leaving 
crop residue, but they 
can be mitigated through 
management practices 
incorporated into a 
comprehensive land 
management plan.  Too 
much residue from the 
previous season crop, if 
too heavy or not spread 
evenly, can prevent 
seedlings from emerging. 
The farmer also has less 
ability to control weeds 
with mechanical 
equipment during tillage, 
as well as facing potential risk of delayed seeding and planting.  There is a risk of plant diseases that can 
infect crop if not mitigated by rotating crops less susceptible to the same disease. Information on crop 
residue management choices from the USDA NRCS can be downloaded at http://clean-
water.uwex.edu/pubs/pdf/residue.pdf. 

5 EVALUATE AND COMPARE ALTERNATIVES  
Evaluation and screening of alternatives is a process in which various criteria are evaluated to better 
characterize a specific alternative. The evaluation criteria identified in Economic and Environmental 
Principles and Guidelines for Water and Related Land Resources Implementation Studies (completeness, 
effectiveness, efficiency, acceptability), are typically used to identify the alternatives retained for further 
consideration. The purpose of evaluation and screening is to narrow down the number of alternatives.  

This report for soil health is not intended to evaluate and compare all of the strategies and actions listed 
in Section 4 to narrow down alternatives.  The strategies and actions listed in Section 4 are all measures 

Tillage erosion 

http://clean-water.uwex.edu/pubs/pdf/residue.pdf
http://clean-water.uwex.edu/pubs/pdf/residue.pdf
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and practices that can be used to address site specific soil health improvement needs in addition to 
implementing the strategies and actions identified in the CIT and NRFP.  The Soil Health working group 
identified the strategies and actions listed in Table F-7 directly related to soil health within the RRB to 
meet the goals and objectives.   

The strategies and actions identified in Table F-7 are all measures that can be combined to produce 
acceptable alternatives.  To assist in alternative selection process there have been models developed to 
prioritize, target and measure the effects for site specific implementation of conservation practices. This 
assists in planning the best location, for the best BMP, and for the best results. 

6 RECOMMENDATIONS AND IMPLEMENTATION STRATEGY  

6.1 Conservation Inventory Team Report and NRFP 
The CIT Report and NRFP identified the following recommendations in order to accomplish a 
comprehensive approach to water management with conservation issues in mind:  

• Work with landowners at the grassroots levels in 
order to sustain and enhance the environmental, 
aesthetic and economic values of the watershed’s 
lakes, streams, shorelands and wetlands by 
conserving, protecting and/or or enhancing these 
areas. 

• Recognize that soil and water conservation are 
inseparably linked and that soil conservation, water 
retention and the application of appropriate land use practices should be promoted as key 
measures to reduce siltation impacts, downstream flooding and non-point source pollution. 

• Ensure that integrated planning approaches are used in resources management projects, 
whereby all potential impacts and opportunities affecting the water-related ecosystem are 
considered. 

• Adopt conservation criteria in the review and approval of local development plans and 
proposals. 

• Support national and international programs that designate and protect special heritage values 
of waterways. 

• Support the incentive to encourage use of privately owned marginal lands for water retention 
and wetland habitat, and to encourage conversion of developed marginal agricultural lands into 
natural cover, water retention and wetland habitat areas. Support information/data sharing and 
management between the various jurisdictions.  Where data does not exist, new databases may 
need to be developed and maintained. 

• Optimize communication and coordination between various jurisdictions in the area of land 
resources management and soil conservation. 

• Work towards full coverage of conservation districts throughout the entire RRB. 
• Identify key priorities that need to be addressed by using watershed studies. 
• Refine existing beneficial management practices and develop new beneficial management 

practices to increase their effectiveness and reduce impacts on the environment. 
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6.2 Comprehensive Watershed Management Plan Soil Health 
Recommendations 

In addition to implementing the recommendations identified in the CIT and NRFP, the Soil Health 
working group recommends the following studies and projects with the responsible entity suggested to 
implement: 

1. Advise Crop Consultants and Public and Private Technical Advisers.  Many farmers and 
producers rely on certified crop advisors and technical consultants for advice on agronomic 
practices.  Develop a mechanism to help crop consultants (highly influential to producers) 
promote management efforts (farm planning, crop rotations, etc.).  Provide crop consultants 
with a unified message to communicate to landowners the benefits of practicing and promoting 
BMP strategies that achieve healthy soils through training and targeted education. 

a. Certified Crop Advisers (CCA).  Work with CCAs in the RRB to determine how programs 
and initiatives can better fit current farming practices.  CCAs are a critical link to farmers 
and landowners as they make decisions about fertilizer and agricultural chemical use, 
further implementation of precision agriculture technologies, etc. 

b. Other Trusted Advisors.  Determine how agricultural lenders, agricultural tax preparers, 
seed sales representatives, farm implement dealers and others can further the goals 
and objectives of this plan. 

2. Inventory Surveys, Case Studies, Census.  Perform and expand inventory surveys of land 
practices, perform and publish case studies of best management practices and support 
agricultural census to be able to assess the current soil health conditions and identify trends 
within the RRB.   

a. National Resources Inventory (NRI) Surveys/Conservation Effects Assessment Project 
CEAP Census.  Expand the NRI inventory to include specific soil health data to determine 
trends and areas to target for future projects.  Continue to encourage farmers within 
the watershed to support the NRI Conservation Effects Assessment Project (CEAP) 
survey that collects data in an effort to quantify environmental effects of conservation 
practices and programs.  The goal of the survey is to improve conservation practices to 
help farmers make more informed conservation decisions and better manage 
agricultural landscapes.  More information is located at 
http://www.nass.usda.gov/Surveys/Conservation_Effects_Assessment_Project/  

b. Minnesota Board of Water and Soil Resources (BWSR) Tillage and Erosion Survey 
Program. (See Attachment F-3). The Tillage and Erosion Survey Program in partnership 
with the University of Minnesota and Iowa State University is set up to collect data and 
soil erosion estimates to analyze trends in agricultural soil and water management.  Use 
data derived from the program to help establish soil health assessment in the RRB. 

3. Red River Basin Soil Health Assessment.  Develop a basin-wide set of minimum indicators to be 
able to assess the current soil health conditions of the basin, identify trends and to determine a 
baseline assessment within the RRB.  The indicators would need to be relevant to the soil types, 
farming systems and land uses within the RRB to establish a baseline and develop trends.  
Identify locally relevant indicators to evaluate a link with the significant soil and plant properties 
for the region.  Baseline and target values can be set to evaluate future changes within the RRB. 

4. Soil Health Initiative.  Identify the need for a basin-wide soil health strategy regarding an 
integrated systems approach to conservation planning.  Identify partners the RRBC could work 
with to emphasize soil health and the benefits to implement programs at a local level.  
Coordinate planning efforts with various stakeholders (watershed groups) to raise awareness of, 
and expand on, existing programs. This recommendation also meets the CIT objectives to 

http://www.nass.usda.gov/Surveys/Conservation_Effects_Assessment_Project/
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support the establishment of delivery organizations in places where none exist to provide 
complete coverage of local units of government, such as soil conservation districts, soil and 
water conservation districts and conservation districts. Increased participation in conservation 
programs can also be achieved through increased awareness of their economic and 
environmental benefits.  
Land, Soil, Crop Management Systems Case Studies.  Investigate case studies and reports and 
identify actions and activities in the basin that are improving soil health.  Include in an annual 
State of the Basin report to the RRBC to help with education and outreach.  Develop and 
establish a systematic targeted marketing approach (landowner to landowner) on the long-term 
benefits of soil health management systems.  Discovery Farms (Minnesota and North Dakota) 
are case studies within the RRB that work in cooperation with NDSU, North Dakota Department 
of Health, and U.S. Geological Survey.  Discovery Farms Minnesota publishes case studies that 
identify farmers/producers in the Red River Valley that are successfully implementing 
management systems including cover crops and crop rotations.  This recommendation will also 
meet the CIT objective to facilitate communications between producers and agencies so 
programs can be tailored to meet the needs of basin producers and landowners. 

5. Soil Loss Ordinance.  Research and study the benefits and results of implementing soil loss 
ordinances, and identify and explore the effectiveness of soil loss targets. Research the success 
rates of soil loss ordinances that have been previously adopted (e.g., Minnesota counties of 
Fillmore, Goodhue, Mower, Olmsted, Winona).  None of the counties in the RRB have adopted 
soil loss ordinances.   

Minnesota Buffer and Soil Loss Law (State Statutes 103F.48) was recently signed into law with 
amendments (Laws of Minnesota 2016, Chapter 85) to establish riparian buffers and water 
quality practices to protect state water resources from erosion and runoff pollution, stabilize 
soils, shores, and banks; and to protect and provide riparian corridors.  Information can be 
downloaded at http://bwsr.state.mn.us/buffers/.  

Evaluate the effectiveness of the Minnesota Buffer and Soil Loss Law and program and evaluate 
the success of implementing soil loss law in Minnesota.  Minnesota is developing guidance to 
implement. 

6. Education and Outreach Campaign.  The Red River Basin Commission should continue to work 
on opportunities for education and outreach to the general public, landowners, and consultants 
and technical advisors.  Education, awareness, incentives and regulations for soil health are 
essential.  Continue to support the CIT recommendations as a need to promote conservation 
and best management practices through educational outreach programs aimed at Red River 
Basin residents.   

a. Land, Soil, Crop Management Systems. Develop a systematic target campaign 
(landowner to landowner) on the long-term benefits of soil health management systems 
using case studies that identified farmers/producers in the Red River Valley that 
successfully implemented land, soil and crop management systems using cover crops 
and crop rotations. This recommendation also meets the CIT objective to facilitate 
communications between producers and agencies so programs can be tailored to meet 
the needs of Basin producers and landowners.  

b. Red River Basin Stewardship Award.  The Red River Basin Commission would recognize 
producers with an “incentive-based” stewardship award at the annual RRBC conference 
for improving soil health as a way to recognize and encourage “non-program” 

http://bwsr.state.mn.us/buffers/
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conservation activities undertaken by landowners to meet the objective stated in the 
CIT Report. 

c. Red River Basin Soil Health Education.  The Red River Basin Commission would host an 
annual soil health education session (recommended as a pre or post annual RRB 
conference workshop or workshop in agricultural dominate community) for soil 
watershed conservation districts (SWCD) and crop consultants to discuss soil health 
topics in the region (e.g., nutrient management plans, drain tile, DWM). 

d. Drainage Water Management.  Increase awareness of conditions, issues and effects 
patterned tile drainage has on soil health. The RRB should continue to support analysis 
to better understand tile drainage effects on soil health and to support further research 
of the impact it has on peak flows, water quality, crop production, and soil health along 
with the concept of requiring control structures to regulate flow off agricultural land.  
This research could help assist watershed districts with permitting programs and the 
benefits of drainage water management systems to see higher yields relative to 
conventionally drained fields with patterned tile.  Further research is needed on the 
movement of nutrients and impacts on soil health and their relationship to each other.   

7. Comprehensive Resource Management Plans.  Encourage and support agricultural producers to 
participate in developing comprehensive resource management plans for farms within the RRB 
that address the soil erosion, soil health, and resource concerns for those particular farms.  The 
practices listed in (Table F-7) and the soil health management systems listed in (Table F-10) are 
types of approaches that can be evaluated and compared in determining appropriate 
alternatives and measures to use when developing a comprehensive soil and water 
management plan.   

8. Voluntary Programs.  The RRBC will continue to educate and inform residents, landowners and 
leaders in the basin on current, new and innovative voluntary practices being utilized in the RRB 
through its current outreach methods.  Red River Basin Commission will continue to partner and 
support programs within the RRB similar to the Minnesota Department of Agriculture’s  
Minnesota Agricultural Water Quality Certification Program (MAWQCP).  The MAWQCP is a 
voluntary certification program for farmers and agricultural landowners to implement and 
maintain approved farm management practices to protect Minnesota’s lakes, rivers and 
streams.   

 

The recommended alternatives are noted in Table F-11.  

Table F-11:  Recommended Actions 

Recommended Actions 

Recommended Actions Path Forward 

Actions Study Project Suggested Responsible Entity 
1. Advise Crop Consultants and Public 

and Private Technical Advisers. 
A. Certified Crop Advisers. (CCA) 
B. Other Trusted Advisors. 

 
√ 
√ 
√ 

RRBC, Departments of 
Agriculture at universities,  
State departments of 
agriculture, BWSR 

2. Inventory Surveys, Case Studies, 
Census. 
A. NRI Inventory Surveys/CEAP 

Census. 

 √ 

USDA/NRCS, BWSR, Iowa 
State University/University of 
Minnesota 
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B. BWSR Tillage and Erosion Survey 
Program. 

3. RRB Soil Health Assessment.    √  
4. Soil Health Initiative and Land, Soil, 

Crop Management Systems Case 
Studies.   

√  
NRCS in collaboration with 
RRBC Manitoba Ag. 

5. Soil Loss Ordinance. √  RRBC 
6. Education and Outreach Campaign. 

A. Land, Soil, Crop Management 
Systems. 

B. RRB Stewardship Award. 
C. RRB Soil Health Education. 
D. Drainage Water Management. 

√ 
√ 
√ 
√ 

RRBC, Universities’ Dept. of 
Ag., Universities, State 
Agencies (Dept. of Ag.), BWSR, 
NRCS, Drainage Authorities 
(watershed districts, IWI) 

7. Comprehensive Resource 
Management Plans. 

 √ 
Soil and Water Conservation 
Districts, NRCS, Crop 
Consultants 

8. Voluntary Programs.  √ RRBC 

7 CONCLUSION 
Healthy soil is vital to maintaining agricultural productivity within the Red River of the North Basin, as 
agriculture is a major economic resource for the region. 

The Soil Health working group has identified many strategies and actions that can have an impact on soil 
health and realized the environmental benefits to meet the objective of reducing erosion and runoff.  
The recommendations listed will help meet the goal to maintain and enhance soil health within the RRB 
by improving the physical, chemical and biological properties and effective functions. 

The USDA NRCS is a valuable resource for soil health issues and topics.  Their “Unlock the Secrets in the 
Soil” soil health initiative provides technical resources, literature, references, programs, planning efforts, 
and financial and technical assistance.  
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