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Presenter
Presentation Notes
Hello.  I am Sharon Weyers, a research soil scientist with the USDA Agricultural Research Service in Morris, MN
I will be talking to you today about our study to evaluate the impact of cover crops on nutrient mobility for well head protection areas in Minnesota



Goal: Provide Options for Water Quality 
Mitigation

 70% of MN residents rely on groundwater 30% on surface water as a 
drinking source

 483,000+ private wells
 2,388+ public wells
 Nitrate contamination is of greatest concern in the central region of 

the state
 Municipalities and homeowners on private wells are burdened with 

costs of mitigating drinking water contaminants to meet state and 
federal standards

1990-1996 Information from GWMAP, MPCA https://www.pca.state.mn.us/water/groundwater-faqs
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Presentation Notes
Most of Minnesota residents rely on ground water as a drinking source obtained through nearly half a million private wells and a couple thousand public wells.  
Among many other contaminants, nitrates are a great concern, particularly in the central region of the state.  The costs of providing clean water can be significant not only for communities, but individual homeowners.  



 Wellhead protection areas 
centralized around 
municipalities

 Problems extend to private 
wells

 Minnesota Pollution Control 
Agency monitors both public 
and private wells

Wellhead Protection Areas - Municipal

Presenter
Presentation Notes
Although the state designated well head protection areas are centralized to communities, private wells are also at risk for pollution.



Wellhead Protection Areas

Problem solving area: Central 
Minnesota, Region 2, inclusive of 
Wadena and Todd Counties

On-farm demonstrations

On-station replicated study

Locations approximated

Staples

Browerville

Long Prairie

Presenter
Presentation Notes
Our focus area is in the Central part of the state, where established our experiments on-station at the Central Lakes College Ag Center in Staples as well as on farm with three cooperating landowners near Long Prairie, Browerville and north of Staples. 



Long Prairie River Watershed

 Douglas, Todd, Wadena, Ottertail  & 
Morrison Counties

 Drains northeast into Crow River 
 Sub-watershed of the Upper Mississippi 

River Basin
 Todd County land area = 

2448 km2 (604,914 ac)
 Farm acres = 

55% of land area

https://mrbdc.mnsu.edu/mnnutrients/watersheds/long-prairie-river-watershed

Staples

Browerville

Long Prairie
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Presentation Notes
The Long Prairie River Watershed dominates this central region of focus with the Ag Station and upper on farm sites in the crow wing river watershed.  Both drain into the upper Mississippi river – thus nutrient mobility is not only a drinking water issue but contributes to nutrient  loads moving down to the Gulf Coast.  As exemplifies much of the state - farm acres occupy the greater portion of the land area ……… flip



 Douglas, Todd, Wadena, Ottertail  & 
Morrison Counties

 Drains northeast into Crow River 
 Sub-watershed of the Upper Mississippi 

River Basin
 Todd County land area = 

2448 km2 (604,914 ac)
 Farm acres = 

55% of land area

Long Prairie River Watershed
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Which you can see on this google earth image.  Though a good part of the eastern side of the county is also forested.



Water Table Depth

Minnesota Hydrology Atlas, MN DNR
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Presentation Notes
The water table is generally shallow, accessible within 10 feet, though deeper water table depths occur in a few concentrated areas.



Pollution Sensitivity of near surface material

Minnesota Hydrology Atlas, MN DNR

Presenter
Presentation Notes
The problem of shallow water tables is that it increases the risk for contamination.  The greater risk quite apparent of course in around the riverbed.  On the other hand where the water table depth is greater, there is less risk of contamination. 
Much of this risk is due to the fact that this landscape developed from glacial till, the soils here are sandy and have relatively high hydraulic conductivity. 



CLC – Ag Center Field Site, Staples
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Presentation Notes
The data I will focus on today will be that from the Ag Center, located just north of Staples proper.  



Water Table Depth
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Presentation Notes
And you can see here that the water table is also shallow for this field site.  



Treatments

BMP
Best management 
practice, no cover

KURA
Living mulch system with 

glyphosate/tillage setback

2 yr silage corn-soybean rotation, strip-tillage, RCBD with 4 reps
CAM

Winter camelina after silage 
Soybean relayed in spring
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Presentation Notes
All treatments are a 2yr corn silage – soybean rotation strip-tillage, set in a randomized complete block design with four replications. Our control is “business as usual”, we also have a winter camelina cover crop established after removal of the silage in Mid September.  This is a brassica, it emerges as a low growing rosette, has high tolerance for over wintering, and bolts in early spring.  We relay plant the soybean, and can harvest the winter camelina at maturity as early as mid-June with little damage to the soybean.  The third treatment is a living mulch system using Kura clover.  We established the Kura a year before without corn for silage. The Kura is was set back with strip tillage and glyphosate treatment.   Our first year of data, 2020, was collected during the soybean season, the second 2021, during corn, and next year will return to soybean.  



Water Collection – Nitrate and Soluble Reactive P
Suction cup lysimeters 
60 cm depth  
3 per plot 
sampled every 10-14 days

Cornell Sprinkle-Infiltrometers  
1 per plot as conditions allow 

Presenter
Presentation Notes
In each plot we buried three suction cup lysimeters at 60 cm depth.  They are sample approximately ever 10-14 days.
We also evaluate infiltration versus runoff using these cornel Sprinkle infiltrometers.  We simulated an approximate 1hr rainfall of 20 cm depth, at one location per plot.  Runoff was collected and both soil water and runoff are analyzed for nitrate and soluble reactive Phosphorus. 
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Presentation Notes
Nitrate-N concentrations in mg/L of soil water collected from the lysimeters during the 2020 soybean growing season is shown here with day of year and month on the x access  Concentrations vary some overtime and among treatments…..
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in the Kura treatment  concentrations did not vary over time…
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Other significant differences indicated by different shading
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Presentation Notes
In the camelina treatment N varied mostly between the June and October sample dates, shown here as a difference between the black, gray and white circles. The remaining dates do not differ significantly. 
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Presenter
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IN the BMP nitrate N did not differ during the bulk of the growing season, but decreased significantly towards the end of the growing season and into fall after harvest.   Similarly colored and hatched boxes do not differ significantly 
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Putting these all back together …..
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Presentation Notes
N in soil water did not differ between BMP and Camelina throughout the year, nor were they different from Kura at the end of the growing season and ;into fall.  ……..
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Presentation Notes
N under the Kura was also similar to soil water N under camelina for two sample dates in May and last date in June and all three sample dates in July.   
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Summary :

 Early in the growing season as soybean just starts to grow 
Kura and to some extent Cam take up excess nitrate that 
otherwise might be lost to groundwater.
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Presentation Notes
N under the Kura was also similar to soil water N under camelina for two sample dates in May and last date in June and all three sample dates in July.   



Surface Hydrology – Infiltration v. Runoff, 2020
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Here we show the proportion of the 20 cm depth of rainfall, between infiltration and runoff.  CLICK - We had only three dates



Surface Hydrology – Infiltration v. Runoff, 2020
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… due in part to sets back from Covid – as we were limited by our inability to travel, were waiting on the instruments from Cornell.  As this was our first run, we were able to complete only three of four reps on June 7th, then we had to delay because of rain on the 8th, and returned to run the third replicate again as well as the fourth replicate.  ….



Surface Hydrology – Infiltration v. Runoff, 2020
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Infiltration in BMP was significantly greater in the BMP then in either Camelina and Kura on the 7th, .  At this point in the growing season, soybean was growing fairly robustly in the BMP, but had much less growth, then with the cover treatments.  Such that soil was much dryer under the BMP..  After the rain event, soil moistures evened out and no differences were observed.  In October after soybean harvest, BMP again had greater infiltration.  Also owing to dryer soil.  



Surface Hydrology – Infiltration v. Runoff, 2020
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Presenter
Presentation Notes
Within treatments across dates, infiltration in BMP was much greater on June 7th.



Surface Hydrology – Infiltration v. Runoff, 2020
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Infiltration did not differ within the camelina, but it was greater in Kura in October than on June 7th.  



Surface Hydrology – Infiltration v. Runoff, 2021
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We were able to run the infiltrometers on three dates during the corn growing season this summer….



Surface Hydrology – Infiltration v. Runoff, 2021
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But as you can see, two were in the spring then we had a drought delay during the summer sampling again in October after the silage harvest.  We delayed the tests, because the field site was being irrigated during the summer, every week, and this would have biased the results.  



Surface Hydrology – Infiltration v. Runoff, 2021
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Presentation Notes
Within the sample dates, the only difference was greater infiltration in the BMP over the camelina treatment.  Keep in mind there was no camelina in the system over the winter, so this was a carry over effect and Kura, is still a standing green crop at this point.  



Surface Hydrology – Infiltration v. Runoff, 2021
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Within treatments, infiltration was significantly greater in the spring in the camelina then the fall. 



Surface Hydrology – Infiltration v. Runoff, 2021
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But infiltration in the Kura was greater in June than either May of October.  



Surface Hydrology – Infiltration v. Runoff, 2021
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 Drier soils typically have greater infiltration – crop water 
use, evapotranspiration, or evaporation affect soil 
moisture.

 Also suspect that Kura, as a continual green cover, slows 
down rainfall impact, allowing more infiltration, and 
roots help with water transmission.
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Presenter
Presentation Notes
We have been able to evaluate the nitrate N and soluble reactive P of this runoff.  We calculated this on a mass basis, rather than concentration as the amount of runoff collected varied.  We have yet to analyzed nutrient content for this years lysimeter and runoff water.  
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Treatment differences within date largely indicated that N and P mobility (or solubility) in runoff was often much greater in the Kura treatment, though these are rather small values being under half a kilogram per hectare. 
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Summary :

 Crop nutrient use reduces nutrient availability to be 
solubilized by rainfall water and carried in runoff.

 Nutrients are apparently solubilized from living or 
senescing Kura foliage.

 Runoff is induced by the infiltration procedure, but 
soils are well drained so nutrient loss by surface 
processes is not a real concern.



Conclusions – Alternatives v. BMP 

ADVANTAGES
• Soil water nutrients reduced 

• Kura all season long
• Cam early season only

• Added income  
• Kura – forage
• Cam – seed oil

DISADVANTAGES
• Surface nutrient mobility potentially greater
• Kura and camelina reduce soybean yields
• System, as established, prevents grain-corn 

production, might affect income
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