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Executive Summary of Project

This study quantified the surface water quantity and quality and soil hydrologic characteristics of
perennial vegetation on undisturbed soils in southwest Minnesota, and measured the changes that
occurred following the conversion of a portion of the perennial vegetation to cropland utilizing a
paired watershed design. Two small watersheds were instrumented with H-flumes and monitored
year-round for four years. The perennial vegetation did not produce run-off during non-frozen
soil conditions; however, it did have run-off associated with snowmelt over frozen soils. The
water quality of the snowmelt run-off did have elevated levels of total phosphorus (TP),
primarily in the dissolved molybdate reactive phosphorus (DMRP) form, and contained various
forms of nitrogen, along with low sediment levels. The water leaving the perennial vegetation
did carry nitrogen, phosphorus, and sediment although the run-off volumes were very low
resulting in minimal pollutant exports.

One of the watersheds was converted from perennial vegetation to cropland in May 2013. Four
run-off events from the cropland were observed in June of 2013. These were the only run-off
events on non-frozen soils over the duration of the project. The conversion to cropland did result
in additional total nitrogen (1.8 Ib./acre), total phosphorus (0.24 1b/acre), and sediment (953
Ib/acre) being exported from the watershed compared to the control in June 2013. These
increased losses are more reflective of a shift in hydrology rather than a shift in pollutant
concentrations, due to the lack of run-off observed from the perennial vegetation during non-
frozen soil conditions.

An above and below design was also used to monitor non-point source agriculture run-off as it
entered and exited the perennial vegetation. The vegetation effectively captured pollutants and
run-off with high infiltration rates on a transition zone between a highly productive agriculture
zone and the river valley floodplain.

Goals

Ist  Goal:  Water quality and quantity characterization of perennial vegetation (including
CRP) systems

2nd  Goal:  Quantification of natural background contributions from soil and perennial
vegetation to current water quality impairments related to turbidity, excess
nutrients, and bacteria

3 Goal: Comparison of water quality characteristics among differing land management
practices including: perennial vegetation and conventional row crop
agriculture '



Results that Count

st

2nd

3rd

Result:

Result:

Result:

Three factors were determined to be important in affecting watershed
hydrology, surface runoff, erosion and nutrient loss during the
experiment: 1) precipitation (timing, intensity, frequency and
duration); 2) frozen versus non-frozen soil conditions, and 3) land
management (cultivated versus perennial vegetation).

No run-off occurred from perennial vegetation during periods with
non-frozen soils; therefore no export of sediment or nutrients were
measured from the perennial vegetation during non-frozen periods.
Lack of run-off on non-frozen soil was attributed to the high
infiltration capacity of the perennial vegetation. Sediment yields and
flow-weighted mean concentrations (FWMC) were low for all events
that occurred on frozen soils. Nitrogen losses were small in surface
run-off, as anticipated, since most nitrogen losses occur through
leaching. Total phosphorus (TP) FWMC ranged from 0.68 to 7.73
mg/L from perennial vegetation, however, export loads were low when
combined with run-off volumes. The dominant form of phosphorus
was in the dissolved form (range of 16 to 80 percent, averaged 52
percent). E. coli bacteria counts in run-off from watersheds with
perennial vegetation over frozen soils ranged from <1 to 1046
MPN/100mL, and averaged 375.2 MPN/100mL.

No run-off occurred from perennial vegetation during periods with
non-frozen soils; four run-off events occurred in June of 2013
following conversion to cropland. When comparing the water quality
of perennial vegetation to the recently converted cropland, the recently
converted cropland had higher surface losses (yields) and FWMC for
nitrogen, phosphorus, and sediment, along with much higher E. coli
bacteria counts. A change in hydrology (run-off volumes) was the
primary difference. Perennial vegetation provided better soil cover in
May and June when the largest precipitation events occurred.



S'ite Photos

Description/location:

Monitoring site following hay
cutting, shows slope of the land
leading to the sites.

Monitoring site during the winter.
Sites were maintained through the
winter to ensure accurate results
during snowmelt events.

Monitoring site facing upslope. The
H-flume and instrument shelter are
visible.

Nested monitoring site located
below agricultural field and above
the perennial vegetation. Another
site captured runoff below the
perennial vegetation for the “Above
and Below” assessment.




Acronyms
BMP: Best Management Practice
BWSR: Board of Water and Soil Resources
CEC: Cation exchange capacity
CRP: Conservation Reserve Program
DEM: Digital Elevation Model
DMRP: Dissolved molybdate reactive phosphorus
EC: Electrical conductivity
FWMC: Flow weighted mean concentration
LIDAR: Light detection and ranging
MDA: Minnesota Department of Agriculture
NH4-N: Ammonium-nitrogen
NO3-N: nitrate-nitrogen
NVe: Eastern-most watershed in paired watershed design (see Figure A).
NVm: Middle watershed; “below” watershed in above and below design (see Figure A).

NVm-field: Upper middle watershed; “above” watershed in above and below design (see
Figure A).

NVw: Western-most watershed in paired watershed design (see Figure A).
SWROC: Southwest Research and Outreach Center

TC: Total carbon

TN: Total nitrogen

TP: Total phosphorus

TSS: Total suspended solids

U of MN: University of Minnesota

USDA: United States Department of Agriculture

Partnerships
Brian Hicks: Landowner/operator
BWSR: Vegetation assessment and reporting
MDA : Project management and reporting

SWROC: Site installation, data collection, data management, laboratory analysis,
outreach, and reporting



Section I — Work Plan Review

Two change orders were approved for this project. The first change order was needed to adjust
the timelines due to wet conditions that delayed the start of the project. In early 2014 a second
change order was needed due to the lack of runoff that delayed project plan. Modifications to the
monitoring systems were necessary to account for unanticipated flow conditions. The addition
of a fourth site was installed using in-kind and the re-distribution of some of the grant funds
within an objective to various task. The total grant funding and estimated in-kind did not
change. The additional site was utilized to provide a nested monitoring location within one of
the watersheds. The third watershed allowed for assessment of the effect of the native prairie
vegetation located on the hillslope to treat water leaving the row cropped portion of the
watershed situated at the top of the hillslope. This watershed was evaluated using an above-and-
below design consisting of two watersheds that are monitored, one nested within the other. It
provided useful information on the effectiveness of perennial vegetation as a treatment or BMP.
The site will be used to quantify the water quality benefits from the targeted placement of native
vegetation in critical landscape positions.

Objective 1: Fiscal Management and Planning.

Task 1: Track Project Grant and Matching Funds and Expenditures.
Project budget and fiscal management were tracked and bills paid on-time.

Task 2: Required Reporting and Data Management.
Required reports were submitted and all data was recorded, organized and tracked in
spreadsheets. A Final Research Report is attached in Appendix 1.

Objective 2: Conduct Soil and Water Monitoring of 3 Watersheds
(modification was made to the monitoring system to install a nested monitoring site (4) within
one of the watersheds per change order).

Task 1: Installation of Monitoring Equipment.

A digital elevation model (DEM) was completed at the site and the locations for background soil
sampling and infiltration measurements were identified. Monitoring equipment, wingwalls and
H-flumes were installed in autumn 2010 for all three experimental sub-watersheds. Each
watershed had a plywood wing wall installed perpendicular to flow near the bottom of the
drainage (Stuntebeck, et al, 2008.). Flow was concentrated and forced through a pre-calibrated
1.5 foot H-flume that was equipped with a datalogger and bubbler to record water level,
discharge, rainfall, soil moisture, and soil temperature. Run-off events were recorded on a 1-
minute interval to examine hydrologic characteristics of the watershed. An ISCO 6712
automated water sampler was used to collect flow-based composite samples into 24 1-L bottles.
Water samples were analyzed for ammonium, nitrate, total nitrogen, dissolved reactive

10



phosphorus, total phosphorus, total suspended solids, and E. Coli (Appendix 1). This
information was used to calculate pollutant export (loads) and flow weighted mean
concentrations (FWMC) from the watersheds.

Task 2: Soil Sample each of the Watersheds.

During summer 2011, 32 soil sampling points were identified and geo-referenced across the
study area. Soil samples were collected during fall of 2012 near the geo-referenced points using a
Giddings probe and were separated into discrete depth intervals for physical (bulk density) and
chemical analysis. A subset of these samples, from the 0-10 cm and 10-20 cm depths, were
ground and sent to the University of Minnesota Research Analytical Laboratory for chemical
analysis including: organic matter, pH, cation exchange capacity (CEC), total nitrogen (N), total
carbon (C), and total phosphorus (TP) and textural analysis. These data provided background
information on soil physical and chemical characteristics of the site before treatments were
prescribed. They were also used to determine potential cause and effect of sediment and nutrient
loss after treatment assignment. Infiltration measurements planned for summer 2011 were
postponed until spring 2012. The reason for the postponement was due to excessive wet
conditions in May and June, 2011 followed by extreme dry conditions the remainder of 2011.
Infiltration was successfully measured during 2012 in close proximity (1-2'm) of the 32 geo-
referenced sampling points. After treatment in the NVe watershed and in NVm-field, 15 soil
sample points were resampled and analyzed for bulk density and infiltration.

Task 3: Water Quality Sampling and Laboratory Analysis.

Pre-treatment (calibration) and post-treatment water samples were collected and analyzed for
temperature, electrical conductivity (EC), total suspended solids (TSS), total phosphorus (TP),
total nitrogen (TN), nitrate-nitrogen (NO3-N), ammonium-nitrogen (NH4-N), and E. Coli.
Occasionally temperature was not recorded because samples were not retrieved from the field
site within reasonable amount of time after collection. Dissolved oxygen was not measured for
any of the samples because there was no instrument available for in-field or lab measurement.
The number of samples collected was less than anticipated in the original work plan because
runoff events from the perennial vegetation were limited. 159 water samples were collected for
laboratory analysis in this project.

Objective 3: Compare and Contrast Water Quality and Quantity Characteristics of
Alternative Land Management Strategies to Native Prairie Systems.

Task 1: Data Analysis of Treatment Effects using Paired and Above and Below Watershed
Protocols.

During 2010, a field-scale site consisting of perennial vegetation with no history of artificial
drainage or conventional row crop production agriculture was selected at the Hicks Family Farm
near Tracy, MN. The farm is located within the Cottonwood River Watershed, a tributary of the
Minnesota River. The soil at the site was mapped as a Storden loam with 7-8% slope.
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Conversion (treatment) to conventional row crop system occurred in one of the watersheds in
2013 following the calibration period while the control watershed was maintained in native
prairie vegetation. Due to limited runoff from the perennial vegetation limited calibration data
was collected. The treatment watershed was converted to conventional row crop (corn) common
for the region. Tillage and site-specific nutrient management practices were employed and
documented in the treatment watershed. Year-round monitoring was completed from 2011 —
2014. During 2012 an additional monitoring system was also deployed to monitor a cultivated
crop field contributing runoff to one of the sub-watersheds. The calibration period began in 2011
and ended in April of 2013. Sub-watershed treatment was initiated in May 2013 and continued
through 2014. During the study period, extreme variability in monthly precipitation was
observed. It was not uncommon to observe moderate to extreme drought and flooding conditions
in the same year.

During some years no snowmelt runoff was observed. It was hypothesized that a lack of frost
beneath the snow coupled with slow snowmelt resulted in a lack of measureable runoff. It was
also hypothesized that the infiltration capacity of the soil under the perennial vegetation was very
high, which also would have likely contributed to a lack of runoff. Subsequently, field
measurements of infiltration capacity verified this hypothesis. During 2011 no snowmelt runoff
was recorded and NVm ran once in June. No other runoff was recorded in 2011. In 2012, run-off
over frozen soils occurred 3 times each at NVw and 5 times at NVm. No other run-off was
observed in 2012 at NVw or NVe (both entirely in perennial vegetation). NVm had 6 events in
April and of May of 2012. The occurrence of these events, led to the installation of the NVm-
field to monitor an agricultural field that was releasing water onto NVm. NVm-field was
installed in October of 2012. With the discovery of the agricultural field contribution, NVm was
removed from the paired analysis, and an above and below design was implemented. NVw did
not have run-off in 2013, NVe had 4 run-off events in June after conversion to cropland. NVw
only had 3 run-off events on frozen soils, NVe only had 1 run-off event on frozen soils.

There were no challenges or setbacks with implementation of this aspect of the project. The
native vegetation was plowed in the eastern treatment watershed (NVe) and the site was brought
into production in May of 2013. Corn (Zea mays L.) was planted perpendicular to the hill slope
in 2013 and fertilized with 120 1bs N/acre in 2013. No additional phosphorus or potassium
inputs occurred. Corn was harvest by the farmer but yield data for 2013 was not available from
the combine yield monitor. Corn was planted in 2014 using no-till methods and fertilized with
180 Ibs N/acre. All nitrogen applications were in the form of urea and were broadcasted in June.
Run-off volume from flow events was monitored as described in Section II of this report. Post-
treatment water samples were analyzed for the same constituents as during the calibration period.
Soil infiltration was re-measured in replicate at 15 locations in the NVe and NVm-field sub-
watersheds after planting operations in June 2014. Soil bulk density was re-determined near the
same 15 locations as the infiltration measurements.

12



Section IT — Grant Results

Measurements:

This project collected many different parameters related to hydrology, water quality, GIS spatial
analysis, and soil properties. While two experimental designs (paired watershed and above and
below) were used to meet our goals, the same parameters were measured in both designs. Each
of the parameters will be discussed briefly; a summary of the data and/or results will be
presented in each experimental design section below. A complete analysis of the data and
associated discussion and graphics are presented in the Final Research Report in Appendix 1 of
this report.

Site Characterization Results:

Native vegetation specialists from the Board of Water and Soil Resources (BWSR) conducted a
vegetation survey of the sites in 2013 (Figure 1). Vegetation was determined to be a mixture of
native and non-native (including smooth brome grass (Bromus thermis) and Kentucky
bluegrass(Poa pratensis) among others) vegetation. The native vegetation present was found as
forbs in the understory of a predominantly smooth brome grass stand. Stem densities in the upper
portions of the watershed were between 150 and 177 stems per square foot. Stem densities near
the outlets of the watersheds were between 77 and 144 stems per square foot. The complete
vegetation report is included in Appendix 1.

= > WP

Figure 1. Photos of vegetation survey.

GIS Spatial Analysis Results:

The drainage area for each of the four watersheds was calculated in ArcGIS using the NRCS
Engineering Toolbox, “Watershed Delineation” process. The “Watershed Delineation” process
is a three step process that uses a Digital Elevation Model (DEM) to create a contour map that
can be used to create a hydrologically correct DEM (Figure 2). The hydrologically correct DEM
is used to calculate the drainage area and slope of a user defined outlet. After the “Watershed
Delineation” process is completed, the user is provided with several shape files that provide a
detailed assessment of the topography, hydrology, slope and drainage user defined outlets. A
one-meter DEM was used as the input to the “Watershed Delineation” process. These data were
retrieved from: http://www.mngeo.state.mn.us/chouse/metadata/lidar_ swmn2010.html.

13



Figure 2. Digital elevation model for study sites.

A map of the study area is provided below for reference (Figure 3). The watershed outlets are
shown with yellow stars, watershed boundaries are shown as red lines and stream lines were
added to represent a drainage area greater than 0.25 acre. Following the precipitation section,
data will be presented based on the experimental design type: paired watershed and above and

below. This presentation will allow for the relevant information to be presented in a logical
order. '

NVm

Figure 3. Watersheds included in the Cottonwood River Native Vegetation
Water Quality Study.
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The paired watershed design sites (NVw and NVe) were comparable in size (Table 1), slope, and
slope length. The above and below design sites represent two different landscapes and land uses.
The above field (NVm-field) is flatter, and is used for row crop production while the below field
(N'Vm) has an average slope of 6.3% and is a mixture of cropland (NVm-field) with perennial
vegetation separated by the NVm-field monitoring station.

Table 1. Watershed characteristics of the project area.

Paired Watershed Design
Watershed Size | Average
(acres) Slope (%) SlopeLengti (1
NVw 0.79 7.22 266
NVe 0.98 8.41 277
Above and Below Design
Watershed Size | Average
(acres) Slope (%) Blope Tengih. ()
NVm-field (above) 0.67 2.82 151
NVm (below) (includes NVm-field) 1.70 6.3 394

Cottonwood River Watershed Examination of Comparable Lands

An analysis was completed to find areas within the Cottonwood River Watershed that have a
similar slope as the project monitoring sites. The greater Cottonwood River Watershed consists
primarily of land with slopes under 6 percent, and this analysis compares how much of the total
watershed is comparable to our watersheds included in this study. The initial analysis was
completed using the SSURGO Soils database (Soil Survey Staff 2014) and querying the areas
that were defined as having similar slopes as the monitoring sites (6-12 percent slopes). The area
of each polygon in the SSURGO shape file was deemed too great for a comparison between the
project sites as many areas were greater than one acre. It was decided to complete additional

analysis to compare the slope of areas at a one acre scale over greater Cottonwood River
Watershed.

In order to complete this analysis, six three-meter Digital Elevation Models (DEMs) were
downloaded from MnTOPO (http://arcgis.dnr.state.mn.us/maps/mntopo/) to encompass the
entire CRW. The six DEMs were combined into one DEM using the Mosaic tool in ArcToolbox
and were clipped to the Cottonwood River Watershed. The watershed shape file was downloaded
from the MnDNR Deli. Slope was then calculated for each cell in the watershed wide DEM.

In order to calculate the slope for each one acre plot, the Grid Index Feature was used to create a
one acre grid over the entire Cottonwood River Watershed (a total of 845,225 individual
features) and this shape file was clipped to the watershed boundary. The Grid Index shape file
had too many individual features to calculate Zonal Statistics so the Grid Index shape file was
subdivided into twenty sections. Zonal statistics for the mean was calculated as a table for each
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of the twenty subsections of the Grid Index and exported as a text file. The twenty text files
were combined into one table in Microsoft Excel and saved as a .csv file. The .csv file was
converted to a geodatabase table using the Table to Table tool. The geodatabase table was then
joined to the original Grid Index shape file for the entire Cottonwood River Watershed to
provide the mean slope for each one acre parcel within the watershed. d

The Cottonwood River Watershed was composed primarily of land with slopes under 6 percent
(88.2 %) and land with slopes of greater than 12 percent made up 2.8 percent of the watershed.
Land within the watershed with similar slopes (6-12 %) to our project sites composed 9.0 percent
of the total watershed. This analysis shows that the results from this study should be applied to
the greater Cottonwood River Watershed; however, there are over 75,000 acres with similar
slopes (Figure 4). Land similar to our project sites will be critical in the future as these sensitive
areas may be targeted for BMP’s to mitigate agriculture pollution given their topography and
proximity to the river valley.

Cottonwood River Watershed

D Cottonwood River Watershed

Mean Slope (%) - 1 acre \
<6.00 -“‘-—-
I 5.00-12.00
> 12.00 0 325 65 13 195 26

_— Miles

Figure 4. One acre average slopes for land within the Cottonwood River
Watershed.
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Precipitation

Monthly precipitation data were collected at the experimental site for the study period (2011-
2014) and compared to the 30-year long-term (1980-2010) averages at the Southwest Research
and Outreach Center (SWROC) in Lamberton (Figure 5). SWROC is located approximately 15
miles east/southeast of the study area. Monthly precipitation values in the winter were also taken
from SWROC. Annual precipitation totals in 2011 through 2013 ranged from 20.2 to 23.0
inches compared to the annual average of 26.4 inches (13% to 24% below normal). The United
States Drought Monitor classified the study sites as being in severe drought in the fall of 2011,
extreme drought in the fall of 2012, and moderate drought in the fall of 2013. The distribution of
rainfall was skewed to April through July every year from 2011 through 2014, and precipitation
was below normal for most months from August through December from 2011 through 2013.
Even with the below average annual totals, there were several months with above average
precipitation including May and June of 2011, May of 2012 (the wettest May on record for
SWROC), June of 2013 and June of 2014. In each year of monitoring, there was at least 1 daily
rainfall total in May or June between 1.96 and 2.27 inches.

Monthly Precipitation 2011-2014
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Figure 5. Monthly precipitation totals compared to the 30-year averages.

Watershed Study Experimental Design Methods
Two watershed study experimental designs were used in this study: paired watershed and above
and below (Tollefson et al, 2014). From this point forward, the results from each design will be

presented individually. Each section will include a summary of the experimental design,
information from the study sites, and results.
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Paired Watershed Design

This section describes the main experimental components of the paired watersheds research
project. The project was designed to monitor surface run-off from perennial vegetation and
recently converted perennial vegetation to cropland at the Hick’s family farm near Tracy, MN.
Infrastructure (wing walls, H-flumes, etc.) was installed in October of 2010 and electronic
monitoring equipment was installed in February of 2011 prior to snowmelt. The sites were
managed by the University of Minnesota, Southwest Research and Outreach Center (SWROC).

Two small watersheds (0.79 and 0.98 acres, respectively) were instrumented to monitor surface
run-off. These watersheds are located in the southeast corner of a 160-acre field that was
composed of a mixture of native and nonnative (including smooth brome grass (Bromus inermis)
and Kentucky bluegrass(Poa pratensis) among others) perennial vegetation and was never
cultivated for crop production. Cattle were grazed on the field until 2000, and since then, the
field is harvested for forage in mid-summer. No artificial drainage was installed. The field was
mapped as a Storden loam, a well-drained soil, with moderately high to high permeability on 7.2
and 8.4% slope. Slope lengths were 266 and 277 feet, respectively. The field is a transition
between flat, highly productive agricultural fields to the south and lowland riparian land to the
north. This transitional area is similar to other nearby lands that hold potential as treatment
zones for received run-off, but is not representative of all fields in the region.

The watersheds were monitored utilizing a paired watershed design (Clausen and Spooner,
1993). Each watershed was managed in the perennial vegetation condition during 2011 and 2012
to conduct calibration of the paired watersheds. The vegetation was plowed in the eastern
treatment watershed (NVe) and the site was brought into production in May of 2013. Corn (Zea
mays L.) was planted perpendicular to the hill slope in 2013 and fertilized with 120 lbs N/acre in
2013. Corn was planted in 2014 using no-till methods and fertilized with 180 lbs N/acre. All
nitrogen applications were in the form of urea and were broadcasted in June. The western
watershed (NVw) was managed in perennial vegetation condition throughout the project (2011-
2014) as the control site. '

Hydrology and Run-off

Run-off was limited during the entire study period. During the calibration period (February
2011- April 2013), both NVw and NVe only recorded run-off on three days in 2012. All three of
these events occurred when the soils were frozen and included run-off generated from snowmelt
and from rainfall on frozen ground. The NVw site recorded 0.08 inches of run-off/acre (242
cubic ft) and NVe recorded 0.22 inches of run-off/acre (814 cubic ft) over the three events in
2012. No run-off was observed from either NVw or NVe during non-frozen soil conditions in
the calibration period. Following the treatment (NVe converted to cropland), NVe had 4 run-off
events in June of 2013 that totaled 0.73 inches of run-off/acre (2610 cubic ft). NVw (perennial
vegetation control site) did not record run-off in 2013. Run-off occurred at both NVw and NVe
in 2014 during the snowmelt when soils were frozen. No run-off was observed when the soils
were non-frozen in 2014. The NVw site recorded 0.14 inches of run-off/acre (406 cubic ft) in 3
run-off events and NVe recorded 0.08 inches of run-off/acre (290 cubic ft) in a single run-off
event in 2014. Snowmelt was only recorded in years associated with deep frost levels. Run-off
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was infrequent and of short duration: the average event on frozen soils lasted 5.4 hours; the
average event on non-frozen soils (after NVe converted to cropland only) was 42 minutes.

Sediment

Event sediment yields at NVw averaged 0.24 Ib/acre and flow weighted mean concentrations
(FWMC) averaged 40.7 mg/L. All NVw events occurred during frozen soil conditions. A total
of 1.12 Ibs of sediment was exported from NVw from 2011 through June 2014. The NVe pre-
treatment (perennial vegetation) event sediment yields averaged 0.22 Ibs/acre and FWMC
averaged 64.5 mg/L. All NVe pre-treatment events occurred on frozen soils. The NVe post-
treatment (after conversion to cropland) sediment characteristics varied greatly due to frozen and
non-frozen soil conditions. During frozen soil conditions, a single event at NVe yielded
sediment at 1.94 1b/acre and FWMC was 106.8 mg/L. Event sediment yields at NVe post-
treatment over non-frozen soils averaged 238.2 Ib/acre and FWMC averaged 5,075 mg/L. A
total of 0.64 lbs of sediment was exported from NVe in 2011 and 2012; a total of 935.8 Ibs of
sediment was exported from NVe in 2013 and 2014 after conversion to cropland. Sediment
yields and FWMC were low for all events that occurred on frozen soils. Sediment yields and
FWMC were much greater at NVe after conversion to cropland on non-frozen soils. No run-off
occurred from the perennial vegetation during non-frozen soils; therefore no export of sediment
was measured from the perennial vegetation during non-frozen periods.

Nitrogen

Event total nitrogen (TN) yields at NVw averaged 0.07 Ib/acre and FWMC averaged 5.2 mg/L.
Total nitrogen speciation included 2.1% ammonium, 17.7% nitrate-nitrite, and 80.2% organic
nitrogen. All NVw events occurred during frozen soil conditions. NVe pre-treatment (perennial
vegetation) event TN yields averaged 0.24 lbs/acre and FWMC averaged 31.1 mg/L. Total
nitrogen speciation included 5.7% ammonium, 3.2% nitrate-nitrite, and 91.1% organic nitrogen.
NVe post-treatment (after conversion to cropland) nitrogen characteristics varied greatly due to
frozen and non-frozen soil conditions. During frozen soil conditions, a single event at NVe
yielded TN at 0.15 Ib/acre and FWMC was 8.1 mg/L. Event TN yields at NVe post-treatment
over non-frozen soils averaged 0.45 Ib/acre and FWMC was 9.5 mg/L. Total nitrogen speciation
included 7.0% ammonium, 8.2% nitrate-nitrite, and 84.8% organic nitrogen (Appendix 1). The
largest nitrogen losses were associated with the 4 non-frozen soil events at NVe post-treatment
(after conversion to cropland). Large nitrogen losses through surface run-off were not
anticipated as most nitrogen losses occur through leaching or through artificial drainage (if
present) (Minnesota Discovery Farms 2012 Water Year Monitoring Report, 2013).

Phosphorus

Event total phosphorus (TP) yields at NVw averaged 0.01 Ib/acre and FWMC averaged 0.5 mg/L
(Table 1). Approximately 40% of the TP was in the dissolved molybdate reactive phosphorus
(DMRP) form. All NVw events occurred during frozen soil conditions. The NVe pre-treatment
(perennial vegetation) event TP yields averaged 0.03 lbs/acre and FWMC averaged 4.7 mg/L.
Approximately 79% of the TP was in the DMRP form. All NVe pre-treatment events occurred
on frozen soils. NVe post-treatment (after conversion to cropland) phosphorus characteristics
varied greatly due to frozen and non-frozen soil conditions. During frozen soil conditions, a
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single event at NVe yielded TP at 0.02 Ib/acre and FWMC was 1.0 mg/L. Event TP yields at
NVe post-treatment over non-frozen soils averaged 0.06 Ib/acre and FWMC was 1.2 mg/L.
Approximately 6% of the TP was in the DMRP form for all events at NVe post treatment.

The watersheds managed in perennial vegetation did have elevated TP concentrations; however,
the export loads were low when combined with run-off volumes. The watersheds managed in
perennial vegetation also had a higher fraction of the TP in the DMRP form than from NVe after
conversion to cropland. The events with the largest TP export loads occurred at NVe in 2013
after conversion to cropland. No run-off occurred from the perennial vegetation during non-
frozen soils; therefore no export of TP was measured from the perennial vegetation during non-
frozen periods.

Soil Bulk Density

Soil bulk density increased from 1.25 to 1.40 g/cm’ in first 10 cm depth (Figure 6) following the
conversion from perennial vegetation to cropland (Appendix 1). Soil bulk density also increased
at each interval from 10 to 40 cm below the surface. In the perennial vegetation, soil bulk density
decreased at the 40 to 60 cm depths and normalized around 1.44 g/cm® from 60 to 100 cm depth.
After conversion of perennial vegetation to cropland, the soil bulk density increased at the 40 to
60 cm depth and normalized around 1.75 g/cm”. Soil bulk density measurements of an adjacent
field (NVm-field) with a long history of crop production were collected as a reference point.

The recently converted cropland had soil bulk densities that fell between the perennial vegetation
and NVm-field at the 0-40 cm depth. Soil bulk density in the lower 40-100 cm depth was similar
for the recently converted cropland and NVm-field. It is anticipated that long-term production in
the recently converted cropland would result in greater soil bulk densities in the 0-40 cm depth
over time likely effecting physical soil properties.

Soil Bulk Density
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Figure 6. Soil bulk density of NVe pre-treatment (perennial vegetation)
and NVe post-treatment (corn on corn, no-till in second year of crop
production).
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Infiltration

Hydraulic conductivity was determined at NVe during the control (perennial vegetation, 2012)
and treatment (corn on corn, no-till, 2014). Measurements of the infiltration at NVe pre-
treatment were consistent with hydraulic conductivity of the adjoining perennial vegetation sites
(Figure 7); measurements of the infiltration at NVe post-treatment were consistent with the
hydraulic conductivity of the adjoining field that has been in production for many decades

(Figure 8). These measurements indicate a dramatic decrease in the amount of water that can
infiltrate the soil after conversion to cropland.
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Figure 7. Watershed infiltration rates of three watersheds of native
vegetation.
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Figure 8. Watershed infiltration rates of NVe pre-treatment (perennial
vegetation), NVe post-treatment (corn on corn, no-till), and NVm-field
(crop field with long cropping history).
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Conclusions

This study characterized the hydrology and water quality of perennial vegetation on undisturbed
soils in southwest Minnesota. On the perennial vegetation, lack of run-off during non-frozen soil
conditions was a significant factor in overall run-off losses. Snowmelt run-off from the
perennial vegetation during frozen soil conditions did carry nitrogen, phosphorus and sediment
from the watersheds. After conversion to cropland, the NVe watershed did experience four run-
off events in June of 2013. The observed run-off and associated pollutant loads are likely a
result of the change in land use. Increases in soil bulk density, and lowered infiltration rates
were associated with the conversion into cropland. Additional years of crop production would
likely continue to change the soil properties, and ultimately the hydrology of this site.

22



Above and Below Design

An above and below watershed design is used to isolate differences in land management, such as
a BMP. The above and below watersheds are actually nested within a single watershed. The
above watershed has the same monitoring equipment and objectives as the below. The water
quantity and quality are measured from the above watershed, and then releases the water onto the
below watershed. The below watershed is then monitored at the outlet. The difference between
the water quantity and quality of the above and below monitoring stations is related to the
treatment in the below watershed. The nested design elevates the need for a calibration period
(USDA, National Water Quality Handbook, 2003).

At the beginning of our paired watershed study in 2011, it was unknown that NVm had 0.67
acres of row crop contributing to it. Significant differences in run-off volumes occurred between
NVw, NVe, and NVm in 2011 and 2012. Further site investigation in 2012, as well as the
availability of the high resolution LIDAR data, allowed for the above and below design to be
implemented in October of 2012.

This section describes the main experimental components of the above and below watershed
research project. The project was designed to monitor surface run-off from native vegetation and
row crops at the Hick’s family farm near Tracy, MN. Infrastructure (wing walls, H-flumes, etc.)
was installed in October of 2010 at NVm and in October of 2012 at NVm-field. Monitoring
began at NVm in February of 2011 prior to snowmelt and in October of 2012 at NVm-field,
however, data analysis can only be completed since October 2012. The sites were managed by
the University of Minnesota, Southwest Research and Outreach Center (SWROC).

Two nested watersheds (0.67 and 1.70 acres, respectively) were instrumented to monitor surface
run-off. One watershed (NVm-field) was located within NVm (Figure 9). NVm-field (0.67
acres) had a slope of 2.82% and has a long history of row crop production. The field is mapped
as Ves loam, a well-drained soil, with moderately high to high permeability. This is
representative of many agricultural fields in the Cottonwood River Watershed. NVm-field
watershed drains into NVm. NVm was composed of the NVm-field contributing area that drains
into a mixture of native and nonnative (including smooth brome grass (Bromus thermis) and
Kentucky bluegrass(Poa pratensis) among others) perennial vegetation and was never cultivated
for crop production. Cattle were grazed on the perennial vegetation until 2000, and since then,
the field is harvested for forage in mid-summer. No artificial drainage is present on the NVm
hills lope. NVm’s hills lope was mapped as a Storden loam, a well-drained soil, with moderately
high to high permeability on 6.3% slope. NVm hills lope is a transition between flat, highly
productive agricultural fields to the south and to lowland riparian land to the north.
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Figure 9. Photograph and map of NVm and NVm-field. In photo, NVm-
field is in the foreground, and NVm is visible from the green shelter at
the bottom of the hillslope.

The watersheds were monitored utilizing an above and below watershed design (National Water
Quality Handbook). NVm-field was used for corn (Zea mays L) production since 2012, and
NVm hillslope was in perennial vegetation. The hill slope vegetation was harvested in early July
each year for forage. NVm-field was managed for high yielding corn production throughout the
study, and would be representative of corn field in southwest Minnesota. NVm-field made up
approximately 40% of the NVm watershed; meaning that the contributing area of the corn field

~ was smaller than the treatment zone of the perennial vegetation.

Water Quality and Quantity Monitoring

Each watershed had a plywood wing wall installed perpendicular to flow near the bottom of the
drainage (Stuntebeck, et al, 2008.). Flow was concentrated and forced through a pre-calibrated
1.5, or 2.5, foot H-flume that was equipped with a data logger and bubbler to record water level,
discharge, rainfall, soil moisture, and soil temperature. Run-off events were recorded on a 1-
minute interval to examine hydrologic characteristics of the watershed. An ISCO 6712
automated water sampler was used to collect flow-based composite samples into 24 1-L bottles.
Water samples were analyzed for ammonium, nitrate, total nitrogen, dissolved reactive
phosphorus, total phosphorus, total suspended solids, and E. Coli. This information was used to
calculate pollutant export (loads) and flow weighted mean concentrations (FWMC) from the
watersheds. No water quality or quantity monitoring of vadose zone or ground water was
completed.

Soil Properties - Above and Below Evaluation

Soil properties at 15 locations were measured using a 0.1 acre grid pattern sampling design. Soil
cores were analyzed in replicate at the 0-10 cm and 10-20 cm intervals for organic matter, pH,
total organic carbon, total nitrogen, total phosphorus, cation exchange capacity, calcium,
potassium, magnesium, sodium, and aluminum prior to conversion to cropland. Soil bulk
density was determined in replicate at each of the 15 locations from cores collected at intervals
of 0-10, 10-20, 20-40, 40-60, 60-80, 80-100, and 100-120 cm. Soil bulk density was determined
by slicing 100 cm cores at predetermined intervals and drying at 105° C for 24 hours (Klute,
1986). Soil bulk densities are reported as an average of the specific depths in each watershed.
Soil infiltration was measured in replicate at each of the 15 locations in the fall of 2012 or June
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of 2014. Tension infiltrometers were operated at pressures of -10, -6, -3 and -0.5 cm. (Reynolds
and Elrick, 1991). '

Hydrology and Run-off

Run-off events were broken down into two categories for analysis: frozen soils and non-frozen
soils. Each these categories exhibit different patterns for each watershed. On frozen soils, the
amount of run-off is strongly correlated to the amount of snowpack in the watershed. These two
fields trap snow differently over the winter. Limited snowpack is captured in NVm-field
watershed because sits on top of the ridge and most snow blows off of the watershed. The lack
of snow at NVm-field allows for deep frost, and limits infiltration during snowmelt. NVm
captures a large amount of snow due to the perennial vegetation that traps the snowpack. In
addition, the valley between NVm-field and NVm holds several feet of snow throughout the
winter. NVm has much more snow water equivalent available when snowmelt begins.

The two watersheds also have dramatically different snowmelt periods. The NVm-field
watershed had limited snowpack, allowing the high sun angle in March to penetrate the snow and
expose black soil even before temperatures reach freezing. Much or most of the snow in NVm-
field sublimates before it has the opportunity to run-off. NVm-field has a higher heating
potential, and generally the snowmelt run-off process is shorter than in the NVm watershed. In
2013, NVm-field had 0.43 in/acre of snowmelt run-off that occurred on a single day and in 2014,
NVm-field had 0.86 in/acre of snowmelt run-off that occurred on 3 days. The snowmelt at NVm
is a slower process due to the deeper snowpack not allowing soil to be exposed with
temperatures below melting and the north facing orientation of the slope that does not efficiently
collect the sun’s energy. The third factor is the influence of the perennial vegetation that limits
the depth of the frost and established macropore pathways in the soil. These factors lead to a
slower melt and limit the surface run-off due to infiltration. In 2013, NVm did not have
snowmelt run-off and in 2014, NVm-field had 0.54 in/acre snowmelt run-off. The perennial
vegetation on the NVm hill slope had very little run-off, and also trapped run-off from the NVm-
field portion of the watershed (Figure 10a).

Non-frozen soil run-off events occurred more frequently at NVm-field, and had higher run-off
volumes (Figure 10b). In 2013 at NVm-field a single event in June had 0.44 in/acre run-off, and
in 2014 at NVm-field two events that totaled 0.23 in/acre of run-off. NVm only had two small
run-off events in 2013 totaling 0.03 in/acre of run-off and no run-off was measured in 2014. All
non-frozen soil events in 2013 and 2014 occurred in June. The overall lack of run-off during
non-frozen soil periods at NVm aligns with the two adjoining perennial vegetation watersheds
that did not record run-off from 2011-2014.
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Figure 10. NVm-field and NVm a) frozen and b) non-frozen soil run-off

events.

Sediment

TSS event yields and FWMC need to be broken down into two categories for analysis: frozen
soils and non-frozen soils. Each these categories exhibit different sediment loss patterns for each
watershed. In general, sediment losses on frozen soils are minimal. NVm-field lost between 0 -
27 Ib/acre, and NVm lost between 0.2 — 6 Ib/acre over 6 frozen soil events in 2013 and 2014
(Figure 11a). Event sediment FWMC for both NVm-field and NVm were similar for all 6 events
and ranged from 0-180 mg/L (Figure 11b). Sediment losses from non-frozen soils have higher
variability than frozen soils. NVm-field lost between 0-192 Ib/acres and NVm lost between 0-
1.8 Ib/acre over four non-frozen soil events in 2013 and 2014 (Figure 12a). Total event losses
were mitigated at NVm due to the small amount of surface water run-off compared to NVm-field
(Figure 10a and 10b). Event sediment FWMC were higher for NVm-field (0-1,580 mg/L) than
NVm (0-380 mg/L) during non-frozen soil conditions (Figure 12a and 12b). TSS event yields
and FWMC were greatly influenced by the amount of run-off and the timing when the run-off
event occurred.
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Figure 12. NVm-field and NVm frozen soil a) 1SS event yields. b) TSS
event FWMC

Phosphorus

Total phosphorus (TP) event yields and FWMC need to be broken down into two categories for
analysis: frozen soils and non-frozen soils. Each these categories exhibit different TP loss
patterns for each watershed. In general, TP yields and FWMC on frozen soils were higher for
NVm-field for all events in which NVm-field had run-off measured. NVm-field lost between 0 —
0.4 1b/acre, and NVm lost between 0 — 0.06 1b/acre over 6 frozen soil events in 2013 and 2014
(Figure 13a). Event TP FWMC for NVm-field ranged from 0-2.2 mg/L and NVm from 0-1.5
mg/L (Figure 13b). TP losses from non-frozen soils were similar to frozen soils given run-off
occurred. NVm-field lost between 0-0.12 Ib/acres and NVm lost between 0-0.02 Ib/acre over 4
non-frozen soil events in 2013 and 2014 (Figure 14a). Total event losses were mitigated at NVm
due to the small amount of surface water run-off compared to NVm-field (Figure 10a and 10b).
Event TP FWMC were lower for NVm-field (0-1.2 mg/L) than NVm (0-4.3 mg/L) during non-
frozen soil conditions (Figure 14b); however NVm had very small TP event yields given the
minimal volume of run-off occurring.
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Figure 13. NVm-field and NVm frozen soil total phosphorus a) event
yields and b) FWMC.
NVm-field and NVm Non-frozen Soil TP Event Yields NVm-field and NVm Non-frozen Soil TP Event FWMC
0.14 — m ABOVE (NVm-field) 2 ® ABOVE (NVm-field)
0,12 BELOW NVm) z B “ BELOW NVm)
_ 010 A= W
) =
£008 - E 3 -
£ T3t
o 0.06 P OB DT S
3 H] |
> 0.04 "2 ‘ ;
" g I ,l e
ol e e . .
0.00 4 —_— o0 - - _,,,,,r,,,.,,,,,,v_, —
6/21/13 6/22/13 6/5/14 6/14/14 6/21/13 6/22/13 6/5/14 6/14/14

Figure 14. NVm-field and NVm non-frozen soil total phosphorus a) event
yields and b) FWMC.

Dissolved molybdate reactive phosphorus (DMRP) concentrations were measured in addition to
TP. The DMRP data will be presented as a fraction of the TP. During frozen soil conditions,
most events at both sites had between 20 and 30 percent of the TP as DMRP (Figure 15a). The
event on March 23, 2013 at NVm-field (above) had 80 percent of the TP as DMRP, however,
this was the event with the lowest overall TP yield (Figure 13a) at NVm-above during frozen
conditions. Events during non-frozen soil conditions resulted in a range of 23 to 49 percent TP
as DMRP at NVm-field (above) and approximately 53 percent TP as DMRP at NVm (below)
(Figure 15b).
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Figure 15. NVm-field and NVm DMRP fraction of TP on a) frozen soils
and b) non-frozen soils.
Nitrogen

Total nitrogen (TN) event yields and FWMC need to be broken down into two categories for
analysis: frozen soils and non-frozen soils. Each these categories exhibit different TN loss
patterns for each watershed. In general, TN yields and FWMC on frozen soils were higher for
NVm-field for all event in which NVm-field had run-off measured. NVm-field lost between 0 —
1.98 b/acre, and NVm lost between 0 — 0.41 Ib/acre over 6 frozen soil events in 2013 and 2014
(Figure 16a). Event TN FWMC for NVm-field ranged from 0-18.2 mg/L and NVm from 0-9.4
mg/L (Figure 16b). TN losses from non-frozen soils were similar to frozen soils given run-off
occurred. NVm-field lost between 0-1.0 Ib/acres and NVm lost between 0-0.16 Ib/acre over 4
non-frozen soil events in 2013 and 2014 (Figure 17a). Total event losses were mitigated at NVm
due to the small amount of surface water run-off compared to NVm-field (Figure 10a and 10b).
Event TN FWMC were lower for NVm-field (0-8.2 mg/L) than NVm (0-33.8 mg/L) during non-
frozen soil conditions (Figure 17b); however NVm had very small TN event yields given the
minimal volume of run-off occurring.
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Figure 16. NVm-field and NVm frozen soil total nitrogen a) event yields
and b) FWMC.
NVm-field and NVm Non-frozen Soil TN Event Yields NVm-field and NVm Non-frozen Solil TN Event FWMC
120 m ABOVE (NVm-field) 40 ~ mABOVE (NVm-field)
100 |- : BELOW NVm) 35 BELOW NVm)
30; +— BEE e
= 0.80 e = L
E E 25 ‘
2 060 IR col—2
£ 040 _ - % 5
joidece R BN
0.20 - o s 7[77”77”"777777777
000 {——HNm S S ,._ - [ 8 m— SN -,v,;,,,,,‘,,, ' ,,,,,,,-,,,,,,_‘
6/21/13 6/22/13 6/5/14 6/14/14 6/21/13 6/22/13 6/5/14 6/14/14
Figure 17. NVm-field and NVm non-frozen soil total nitrogen a) event
yields and b) FWMC.
Soil Bulk Density

Soil bulk density was measured from the two watersheds (Figure 18). The data presented for
NVm only includes the perennial vegetation portion (not the NVm-field watershed that is nested
within NVm). NVm had lower bulk densities throughout the soil profile, especially in the
uppermost 20 cm of the soil profile. NVm represents undisturbed soil conditions, while NVm-
field has been used for crop production for decades effecting physical soil properties.

! NVm and NVm-field Soil Bulk Density
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Figure 18. Soil bulk density of NVm (perennial vegetation portion only)
and NVm-field (cropland with long cropping history).
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Infiltration

Hydraulic conductivity was determined at NVm and NVm-field. Measurements of the
infiltration at NVm were consistent with hydraulic conductivity of the adjoining perennial
vegetation sites (Figure 7). Infiltration rates were similar between NVm and NVm-field at the
highest surface pressure potentials; however, it appears the infiltration rates were separating as

pressure potentials approached saturated conditions (Figure 19). These measurements indicate
more water that can infiltrate undisturbed soils.
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Figure 19. NVm and NVm-field infiltration rates.

Conclusions

This study used an above and below design to compare the quality and quantity of run-off from
two different land uses. NVm-field represented a 0.67 acre watershed with a long history or row
crop production and NVm was 1.7 acre watershed that included NVm-field with the remainder in
perennial vegetation and undisturbed soils. Greater run-off volumes were observed at NVm-
field than NVm on both frozen and non-frozen soils. NVm effectively captured the run-off and
associated sediment and nutrients from NVm-field. NVm did occasionally have higher FWMC
than NVm-field; however, the volume of run-off was minimal and therefore yields were low for
NVm. NVm had undisturbed soils with lower bulk density and higher infiltration rates than

NVm-field. The differences in water quality are a reflection of surface water run-off hydrology
at these sites.
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Public outreach and education

There were three primary public outreach and education components that where completed
during the grant period. The first outreach and education component was completed on
November 21*, 2012 and included a 30 minute PowerPoint presentation. This presentation was
completed as part of the U of M’s Department of Soils, Water, and Climate seminar class and
was open to public. Approximately 20 students and U of M faculty attended the presentation that
was focused primarily on project design and background as a result of low run-off occurrence in
the 2010 and 2011 calendar years of monitoring. The presentation is attached, and no materials
were distributed.

A field tour of a group of seven Scientists, Engineers, and graduate students from Agriculture
and Agri-Food Canada and the University of Manitoba was held at the SWROC in 2011. One of
the stops on the tour was the Cottonwood River Native Vegetation Water Quality monitoring
stations. The tour was interested in the scientific design of the project, as well as the particular
details of edge-of-field monitoring. The tour consisted of seven attendees that visited the sites
and discussed the project goals. No materials were formally prepared or handed out at this event.

The primary project public outreach and education component of this project occurred as part of
the 5™ Soil and Water Management Field Day on July 23", 2014 on the Brian Hick’s farm near
Tracy, MN. As part of the field day, about 100 attendees heard an overview of the Cottonwood
River Native Vegetation Water Quality monitoring design, visited the monitoring stations, and
heard preliminary project results. Overview slides and a formal manuscript of the project was
prepared and distributed to all attendees. The presentation and manuscript are attached, and the
field day has a publically accessible website where these documents can be downloaded:
http://swroc.cfans.umn.edu/ResearchandOutreach/SoilManagement/Outreach/index.htm

Future outreach and education will continue after the grant is completed. Planned activities
include thesis preparation and defense, journal article submission, presentations on a local and
state level and development of a guidance document.

Long-term results

This project increased knowledge regarding the potential influence of perennial vegetation and
the removal of perennial vegetation for row crop agriculture on water quality and water quantity.
Perennial vegetation may exist in undisturbed, managed or natural areas dating back to near pre-
settlement times or in lands enrolled in conservation reserve program (CRP) easements. The
former is rare while the latter is relatively common. Recent increases in crop prices paid to
farmers along with the need to grow more food for a growing population, for direct or indirect
consumption, and the expiration of CRP contracts has resulted in land formerly in perennial
vegetation coming into crop production. To date, many total maximum daily load (TMDL)
studies combine loads from human-induced nonpoint source pollution with the natural
background contributions because of a lack of data to make this discernment. Furthermore,
TMDL implementation plans often endorse the use of set aside programs which often utilize
native vegetation to remediate the effects of human-induced nonpoint source pollution. To
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achieve maximum water quality benefits, the position of the set aside acres is critical relative to
the source of pollution and the receiving waterbody.

A better understanding of the vegetation, soil, management, and hydrologic controls that link
spatially variable sediment and nutrient sources and sinks to transport processes at the watershed
scale will help farmers be economically competitive while also inform development of tools and
management approaches that can minimize their environmental impact. Finally, field-scale
measurements can be used by systems analysts to parameterize and calibrate simulation models
in order to link field-scale results to potential watershed-scale impacts.

There was some interest expressed by the Minnesota Agricultural Water Resources Center to

possibly continue this project. No formal discussion or arrangements have occurred at this time.
Interest was expressed in the need to continue water quality monitoring, and to collect more soil
bulk density and infiltration data after a few years of corn production (no current plans to do so)

as well as after the transition is made back to perennial vegetation from row crop production in
NVe.

Lessons Learned

Although the research team was aware that weather variability could impact the project, we did
not anticipate the extremes in precipitation and drought that occurred. It would be possible,
although more expensive, to account for weather extremes, especially drought by being able to
simulate runoff across the watersheds, or extending projects over longer periods of time.

It was very frustrating to our team that the contract execution took so long which inevitably

delayed our project. Any way to expedite and make contract execution more efficient would be
helpful.
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Section III — Final Expenditures

The final project expenditure summary is presented below (Table 2). The detailed project budget
summary is presented on the following page (Table 3).

Table 2. Final project expenditure summary.

Project Sponsors

MPCA 319 Grant amount requested

Clean Water Partnership Loan (for 319
projects only)

A. Project Sponsor - subtotals

State and/or Federal Contributing

Sponsors: '

1. Minnesota Department of Agriculture

2. Minnesota Board of Soil and Water
Resources

3. University of Minnesota Southwest
Research and Outreach Station

C. State and/or Federal Contributing

Sponsors Subtotals:

SUBTOTAL: All project sponsors (A+B+C)

GRAND TOTALS

Cash In-kind Total Project
Contribution Contribution Support (2+3)
To Project (2) | To Project A3)
$183,766.00
$183,766.00 $0.00
$32,943.13 $49,777.01 $82,720.14
$0.00 $3,100.00 $3,100.00
$134,723.29 $90,169.22 $224,892.51
$167,666.42 $143,046.23 $310,712.65
$167,666.42 $143,046.23 $310,712.65
Total Cash Total In-kind | Total Project Cost
$167,666.42 $143,046.23 $310,712.65
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Table 3. Final Project Budget

Revenue Source

(Change Order #2 35/14) T inal Expenditures Balances

LCost Category Crant In- Kind Total Grant In Kind Total Grant In Kind Totol Romuiuivl!
Vi iscal management and planning.

Task 1. Track project grant and matching funds and
MDA Prajact C [ s 1720763] 8 17207 63 [ S 17,767 63 | = S E - s - i
Task 1 Subtotal LS - 1S 17,287.63| S 287635 17287638 17,287.63[ S - 1S S K - 1
Taak 2. Required Reporting e o ) = il Sivemnti
MOA Praject G 1 | g 9] s 3,786 3. -~ Is 197622 |8 1,976 22
Task 2 Subtotal | 2|5 3,706 32 I's - IS 1.976.22 |3 1.976.22 :
Objuctive 1 3 S 210739 l - I3 19762218 197622
Task 1 instatiation of f
U of M SWROC Assistant
Scientist $...1344980) .. |$ _ 13449801S 1344980 1% oo |S 13449801 £ 3 §
U of M SWROG Staff 3 2 800 00 88000 | S S 2080005 2,880 00 [ § 3 s
MDA Staff s 701309|S 701309 S - 1s 701309 (% 701309 (S . B -
Monitoring Equipment for 3
Sites 5 S S S 5 5
1SCO 6712 A B 9207 00 s 9.207.00 |'S 9.207.00 [ S 3000008 12.207.00 | S B (3.00000)['S (3.000.00)
Samplar 24 Bottls C. s 1,056 00 3 105600 | S 056 00 | § 35200|S 1,40800| S s (52 00)| (352 00)
External Dattery Connect for
Autosumplers |s 204 00 | i S 20400 |5 20400 S 6800 |s  27200]|S - s (6800)| S (68.00)
Non ISCO cabla s 164 70 £ 3 16470| S 16470 |5 4038 219638 3 (54 83)| $ (64 B3)
Site #4 Dataloagar. solac
panels. Logger Hox, Radio
Ropait S S s s 148500 |§ 148500 | S s (1485 00)| $ (1,485 00) ;
Time Lapes Camecas (3} Soil
2 s - e - |s 5310003 531000 | S - s (5310.00)| S {5.310.00)
OTT CBS Bubbler and
war/data cablas. s 056 00 s 7.05600 | 5 705600 % 2.35200|% 9.40800 | 5 - s (2352 00)| 5 (2.352 00)
Tuking (100 m tengih) K 48.00 | S _A8.001%S 48.00 |5 B 48.00 | 5 =¥ 3 =
1L wadge shaped bottles (poly) | S 202 00 s 80200 |5 80200 |5 26700 |S 106900 |5 - |s (267 00)| 5 (267 00)
H Humo «a h ) W/ sampler
Ll gituge s 5,125.00 - S 51250018 5,125.00 | § 170800 1% 68330018 $ (1.708 .00} $ (1,708.00)
T Jll'. Bubble Tube s 450 00 s 45000 | S 45000 | 5 5 45000 [ 5 s -
Aidink COMA Cellular Digital
Modem for Venzon Systems
Mounting kit. Antenna. and
1 s 1.341 96 3 134196 | 8 134196 | $ - |s 134196 (S - |s - s -
RE401 900 MHz Spread
Spectium Radio w/ surge
auppresaor kit and mounting
kit s 1.794.00 s 1.794.00 | s 1794008 59500 |8 2392008 - 1s (598.00)| 3 (698.00)
900 MHz 3dBd Omni Antenna
wiType N Female and Mount
Hardware and cable_ s 794,04 s 79404 |s 79404 |3 264003 105804 | S - s (264.00) 5 (264.00)
Enclosures for entire muonitoring
systam s 1.800 00 s 1,80000 | S 1.80000 | S 60000 |5 2.40000 | 5 - 1s (600 00)| & {600 00)
100 Amp hour 12 volt deep
cyele battaries i s 39000 | $ 39%00]ls 39000  13000(% 52000 |5 $ (120.00)} § (130.00)
Hardware for constructing flume
wang walls and momtonng
platforma for oach of the sites | S 2474 00 s 247300|s 247400|s 825008 329900 |8 s (825 00)| § 825 00,
Propane heatars for de-icing
fNumes. 3 200.00 k¥l 20000 | 5 200.00 S 20000 |5s - |s - s .
Shij 310043 310043 s - 1s 3 10043 |8 - 1s - 13 -
3 4945693 | & 9,693 09 49,456 93 | S $ 7e B5(S - |s __(r701389)|s _ (17,013.63)
nple.
M SWROC Assistant
Scrantist s 172527 s 1725278 172527 1S = s 172527 |8 - S - 3 -
Soil Sample Laboratory
Analysis s 3.085 00 s 388500 |5 388500 |5 s 388500 (S s 5
Soll Sample Hydrologic
parameturs J 5 1,500.00 | § 1,500.00 | $ s 150000 | § 1,500.00 | § : . 3
rask 2 s 50702718 150000 § 711027 ]S 5061027|3 1500001 s r11027]s - 1s - s -
Task 3. Waler quuhly Samphing
an
U of M SWROC G T 35.544 00 S 3554400|5  3554400|5 - |5 3554400 [ § - s - 1s -
U
H 18.978.00 - 18.970.00 | § 1097600 ]S L - 18,978 00 |3 -1 - 1s -
U of M SWROC Staff 3 2980374 | S 2980374 | S $ 2980374]|S 2080374(S s s
MDA Stafl s 1.000.00 | S 1,000.00 | s - _1s 1.00000 ]S 1,000.00 | 5 - s - 1s -
SR Staff s 06240 ]S 86240 | 5 - s 06240 |5 86240 |5 C| s 18 -
Compensation to Producer s 20,000.00 .}____ 20,000/00 | $  20,000.00 |5 $ 20,000.00 | § — $ 3 . L
Travel s 3.132 80 3132803 1133005 - 1s 1.13300(%  1999a0 |5 - 1s 1.999 60
Bactena Analysis of Water
Samples s 13,500,00 R s 1350000]|s 22870515 - |s 2,28705]5 11,21295]% =13 11,212.95
Water Chemistry Labaratory
Analysis s 14634008 14,634 00 | 5 - Is 620075 |3 620075 | % - s 835325|% 8.353 25 .
Task 3 Subtotal Js _9n16a8013 46,300.12} § 137,454.94 | S 779420518  37,946891§ 11588894 1§ 13.21275]S B3320)S  21,566.00
Oblactive 2 Sub $  146.222.00 | § 57.693.23 | $ 20391523 (S 133,009.25 [$  66,353.01 |$  199.363.06 |$  13212.75 | (0.660.50)| $ 4,552.17
ORJECTIVE 3: Compare and cantrast water quality and q ty ch istica of tand ios to native prairie
Task 1._Data analyaia of oftocta using paired 3 7
U of M SWROQ Grad Student | § 37,544 00 S 37,544 00| S 3465717 | S s 465717 (S 208683 (S - 15 2,086 83
U of M SWROC Staff ] 6422970 | % 6422970 | S - |s 497ea73|s 43704735 - Is 1524973 14,5624 97
MDA Staff s 12307853 12,307.85 | S - _|s 36761415 367614 |8 - s 8711718 871171
BWSR Statf s 3621051¢ 3621055 - 1s 22376018 2.23760|S = |s 1383451 1.383.45
Task 1 Si s 37.59400] s 80258005  117,76260|s  ssesr17|s  sswrsar|s  9vo2rsesls  zssessls 240207138 27.506.96
Objective 3 Subtotal $ 37.544.00 | $ 0023060 | §  117,782.60 |$ 13465747 |8 5561847 |5 9027664 |$ 208683 (¢ 2462043 | § 27,506.96
OBJECTIVE 1 - TOTAL s - 1s 23.05017 )8 23,0507 |5 - |s - 210739sls  210739s|s - s 19762219 1.976.22
OBJECTIVE 2 - TOTAL S 14622200|5% 57693230 S 20391523 |S 13300926 |S 6635381 |S 19936306 |5 1371275]S (8.660 58)| S 552 17
OBJECTIVE 3 - TOTAL s 3754400 s 8023860 | 11778260 |S 3465717 |S s561847|3 90275645  288683(S 24620133 27,506 96
GRAND TOTAL S 183 76600 [ S 16098200 |5 34474800 |5 16766642 |S 14304623 |S 51071265 |5 1609958 | S (12 34,035 35
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Executive Budget Summary

Project Title: Cottonwood River Native Vegetation Water Quality
Project Start Date: January 31%, 2010
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Executive Summary of Project

To provide context and to better manage our water resources, this study quantified the
surface water quantity and quality and soil hydrologic characteristics of perennial vegetation on
undisturbed soils in southwest Minnesota, and measured the changes that occurred following the
conversion of a portion of the perennial vegetation to cropland utilizing a paired watershed
design. Two small watersheds were instrumented with H-flumes and monitored year-round for
four years. The perennial vegetation did not produce run-off during non-frozen soil conditions;
however, it did have run-off associated with snowmelt over frozen soils. The water quality of the
snowmelt run-off did have elevated levels of total phosphorus (TP), primarily in the dissolved
molybdate reactive phosphorus (DMRP) form, and contained various forms of nitrogen, along
with low sediment levels. The water leaving the perennial vegetation did carry nitrogen,
phosphorus, and sediment although the run-off volumes annually averaged less than 0.1 inches
of runoff/acre resulting in low pollutant exports.

One of the watersheds was converted from perennial vegetation to cropland in May 2013.
Four run-off events from the cropland were observed in June of 2013. These were the only run-
off events on non-frozen soils over the duration of the project. The conversion to cropland did
result in additional total nitrogen (1.8 Ib/acre), total phosphorus (0.24 Ib/acre), and sediment (953
Ib/acre) being exported from the watershed compared to the control in June 2013. These
increased losses are more reflective of a shift in hydrology rather than a shift in pollutant
concentrations, due to the lack of run-off observed from the perennial vegetation during non-
frozen soil conditions. Soil bulk density and hydraulic conductivity were used as indicators of
changes in soil properties after conversion from perennial vegetation to cropland. It is anticipated
that the hydrology and soil properties of this recently converted cropland would continue to
change over time until a “new” equilibrium is reached that is consistent with lands in long-term
crop production.



An above and below design was also used to monitor non-point source agriculture run-off
as it entered the perennial vegetation, and monitored the run-off as it exited the perennial
vegetation near the bottom of a hillside. These nested watersheds provided an opportunity to
quantify the changes in water quantity and quality of non-point source pollution as it moved
through a perennial vegetation. The vegetation effectively captured pollutants and run-off with
high infiltration rates on a transition zone between a highly productive agriculture zone and the
river valley floodplain. Similar areas exist within the Cottonwood River Watershed that hold
potential to serve as a possible best management practice (BMP) treatment area for agriculture
run-off.

A master’s of science thesis report is in production and will be available in 2015.

Introduction

Land use/land cover and water resources are inextricably linked. Land use/land cover
have a direct relationship with environmental characteristics and processes, including soil
characteristics, productivity of the land, species diversity, climate, biogeochemistry and the
hydrologic cycle. Changes in land use over the last century have resulted in observed
concentrations of both sediments and nutrients in the Cottonwood River exceeding applicable
water quality standards and guidelines (Minnesota River Basin Data Center, 2007).

In order to understand current questions about water quality and water quantity in the
U.S. Northern Corn Belt, and specifically in Minnesota, it is necessary to examine the changes
that have occurred in agriculture in the past two centuries. Briefly, the first major shift in land
use began with the conversion of vast amounts of virgin prairie into what is now prime farmland
and municipal uses. This conversion resulted in a shift in the hydrologic cycle, mainly due to the
replacement of perennial vegetation with seasonal vegetation on the landscape. In the case of
municipalities, expanding areas of impervious surface have also impacted water quantity and
water quality. The second major shift in land use began with the installation of artificial drainage
systems in the late 1800’s. Because of drainage, areas which were once unsuitable for
agricultural production, transportation, or municipal expansion could now be developed. In
agricultural regions, many areas previously classified as too wet to farm were converted to row
crop production. Following the Second World War, increased availability of inorganic fertilizers,
primarily nitrogen, led to a separation of crop and livestock production with decreased reliance
on animal manures and legumes to supply the necessary nutrients for crop production. These
changes had a significant, long-lasting, positive impact on increased agricultural productivity and
profitability. On the other hand, they drastically altered agronomic practices and have
contributed to negative changes in soil properties and water quality impairments. Increased crop
production possible under artificially drained, cultivated agricultural land, under some
conditions, led to increased soil erosion, loss of soil carbon and degradation in water quality.

There is a lack of historical records quantifying the natural background levels of soil and
nutrient losses from native prairie and perennial vegetation including conservation reservation
reserve (CRP) lands. Moreover, there is a lack of data quantifying the loss of soil and nutrients
when the native prairies were initially cultivated. To better manage our water resources, it
critical to understand the potential hydrology and water quality impacts associated with our
natural landscapes.



Project Goals and Objectives

Goal:

Objective 1:
Task 1:

Subtask 1:
Subtask 2:
Subtask 3:
Subtask 4:

Task 2:

Subtask 1:
Subtask 2:
Subtask 3:

Objective 2:
Task 1:

Subtask 1:
Subtask 2:
Subtask 3:

Task 2:

Subtask 1:
Subtask 2:

Task 3:

Subtask 1:
Subtask 2:

Objective 3:

Task 1:

Subtask 1:
Subtask 2:

Subtask 3:

Quantify the water quality and quantity characteristics of native prairie
systems and compare it to alternative land management systems endemic to
the region.

Fiscal Management and Planning.

Track Project Grant and Matching Funds and Expenditures
compile and organize invoices

pay bills

obtain in-kind documentation

prepare information for regular reports

Required Reporting and Data Management.

maintain and organize data collected

prepare and complete interim progress reports

prepare and complete final report

Conduct Soil and Water Monitoring of 3 Watersheds.

Installation of Monitoring Equipment

Survey and characterize drainage areas for each of the watersheds

Order and acquire monitoring equipment

Install water monitoring equipment in 3 watersheds

Soil Sample each of the Watersheds

Collect 60 soil samples from the study area using a grid-based approach
Submit samples to U of M laboratory for various chemical and hydrologic
parameters

Water Quality Sampling and Laboratory Analysis

Collect water samples following runoff events.

Analyze samples for various water quality parameters including: pH, DO,
conductivity, temperature, total suspended solids (TSS), total phosphorus (TP),
dissolved reactive phosphorus (DRP), nitrate-nitrogen (NO3-N), ammonium-
nitrogen (NH,-N), total nitrogen (TN), E. Coli, fecal coliform, and dissolved
organic carbon (DOC)

Compare and Contrast Water Quality and Quantity Characteristics of
Alternative Land Management Strategies to Native Prairie Systems.
Data Analysis of Treatment Effects using Paired Watershed Protocols.
Calculate flow and event loads for each of the analytes monitored.

Randomly implement alternative management practices in 1 of the 3
watersheds following an appropriate calibration period (anticipated 2 years).
Statistically evaluate treatment effects on water quality and quantity

using standard paired watershed and above-and-below watershed protocols.



Activities

A milestone table of objectives and tasks is presented below. All planned tasks were
completed. Soil sampling was delayed due to dry and/or wet conditions, however, all planned
sampling occurred within the project timeframe

A summary of the completed measurements/activates is provided below the milestone
table. This project collected many different parameters related to hydrology, water quality, GIS
spatial analysis, and soil properties. Each of the parameters will be discussed briefly, and the data
and/or results will be evaluated in each experimental design section below.



Table 1. Milestone Table

2011 2012
J F MA MJ J A S ONDIJ F MAMIJ J A S OND

Fiscal management and

OBJECTIVE 1: -
planning.
Track project grant and
Task 1 matching funds and D, CHD GD C D GO GRD CRIDEHID i G CE GED D G G D, CD Gl (R0 G GO D (D, G D i €
expenditures.
Task 2 Required Reporting. X X X X
. Conduct soil and water
o monitoring of 3 watersheds.
Task 1 Inst.allatlon of monitoring X
equipment.
Task 2 Soil sample each of the X X
watersheds.
Task 3 Water quality samplingand et Bl i lor e e e i Rl e e i e o x
laboratory analysis.
Compare and contrast water
quality and quantity
OBJECTIVE 3: characteristics of alternative
land management strategies to
native prairie systems.
Data analysis of treatment
Task 1 effects using paired watershed X X X X

protocols.




2013 2014
J FMAMIJJ AS ONDIJFMAMIJIJ AS OND
OBJECTIVE 1: Fiscal management and planning.
Task 1 Track project grant and matching  ESSEEENRE AR AL I o el 0 3¢ xaloe et
funds and expenditures.
Task 2 Required Reporting. X X X X
OBJECTIVE 2: Conduct soil and water monitoring
of 3 watersheds.
Task 1 Inst.allatlon of monitoring
equipment.
Task 2 Soil sample each of the watersheds. X X
Task 3 SRter {TATH pSaryy it ati XSRS le X X X X XM O
laboratory analysis.
Compare and contrast water quality
OBJECTIVE 3: and quantity characteristics of
alternative land management
strategies to native prairie systems.
Task 1 Data analysis of treatment effects X X Sk 0 X Yehase e

using paired watershed protocols.




Table 2. Activity Table

Site Characterization
Measurement Methods

BWSR A plant expert from BWSR
Vegetation conducted a vegetation
Survey survey to determine:

1) vegetation species
present 2) abundance of
each vegetation species 3)
stem density counts

GIS Spatial Analysis

Measurement ~ Methods

Watershed Each of the four

Characteri- watersheds was

zation characterized using the
NRCS Engineering Tools
for watershed size, average
slope, and slope length.

The H-flumes were visible
on the 2011 and 2013
imagery ensuring accurate
placement of watershed

outlets.
Cottonwood To find similar landscapes
River in the broader Cottonwood
Watershed River Watershed, 1 acre

Examination of grids were created across

Comparable the entire watershed and

Lands average slope was
calculated in each 1 acre
grid. The slopes from our
hillside study were then
used to find similar land in
the broader watershed.

Importance Photo(s)
This survey is important
for interpreting the data
and for expanding the
knowledge learned to other
landscapes. Vegetation
species, and stem density
is important when
understanding the
movement of water
through vegetated areas
and for applying our
results to other areas.

Importance Photo(s)
Without the use of these
automated tools, watershed
boundaries, average slope,
and slope length had to be
estimated. These tools
ensure comparability
between watersheds and
allow for a better
understanding of
watershed dynamics.

The hillside in this study is
not comparable to the
entire Cottonwood River
Watershed, but it is
comparable to many
transitional areas between
the highly productive
agricultural land and the
river valleys. This analysis
was completed to
determine how much land
in the watershed has
comparable slopes.
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Hydrology based measurements

Measurement
Precipitation

Discharge
(Run-off)

Air
Temperature

Methods

An electronic tipping
bucket rain gage was
installed at NVw and NVe
to record rainfall on a 0.01
inch interval. Rainfall was
recorded on a 15 minute
interval on the data logger.
Snowfall totals were taken
from SWROC.

Run-off was concentrated
using a plywood wing wall
and forced through a
pre-calibrated H-flume at
the outlet of the watershed.
A data logger and bubbler
recorded water level, and
calculated discharge every
minute.

Air temperature was
recorded on the data
logger. Air temperature
data is not presented in this
report, but it was used
extensively to correct
discharge records.

Importance

Surface run-off is driven
by snowmelt run-off and
rainfall. Rainfall was
summarized on a monthly
basis, as well as with each
rainfall driven run-off
event. Monthly snowfall
values allow for snowpack
estimates during the melt.
These 2 parameters allow
for comparison of the
study period to historical
precipitation records.
Discharge was used to
calculate total run-off
volumes and pollutant
export (load) from each
watershed. Instantaneous
discharges were used to
collect water quality
samples on an equal-flow
increment platform
allowing for pollutant
loads to be calculated.

Air temperature
monitoring is critical for
data processing during
snowmelt periods. On-site
temperature data allows
for determination of ice
formation in the flume.
Without air temperature
data there is no way to
decipher ice in the flume
from actual run-off during
freeze/thaw periods
associated with snowmelt.

12
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Water Quality based measurements
Measurement ~ Methods
Water Quality ~ Water quality samples
Samples were collected using an
ISCO 6712 automated
sampler and 24-bottle
carousel. Twenty-four 1
liter bottles were
composited with 5 equal-
flow increment samples
during run-off events.
Samples were then
collected by SWROC and
were analyzed for various
forms of nitrogen,
phosphorus, sediment, and
bacteria. pH, temperature
and conductivity were
measured at the lab bench.
Annual and After discharge records are
event pollutant  verified, water chemistry
export (loads)  results from the laboratory
where used to calculate a
total mass of each pollutant
leaving the watershed. The
pollutant mass was then
normalized to the
watershed area, to
calculate a “yield” value
(mass/acre).

Importance

Automated samplers are
required to ensure a
representative water
quality sample is collected
from each run-off event.
Events are short duration,
and often occur at night. G |
Event pollutant export
(load) is determined using
the concentration
determined in the
laboratory. Water
chemistry results from
different land uses can also
be examined for
differences.

Photo(s)

Annual and event loads
bring together the water
quantity and quality
leaving a watershed. Loads
provide an opportunity to
normalize pollutant export
based on watershed size,
and serve as the basis for
comparison amongst
different land uses.
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Soil Properties
Measurement
Bulk Density

Infiltration
(hydraulic
conductivity)

Soil chemistry

Methods

Ninety-four 5 cm diameter
by 1 meter long cores were
collected from 47 sites in
the study area with a
tractor operated soil probe.
These cores were then
sliced into 6 soil depth
sections, and a core sample
was sliced off. Samples
were dried at 105° C for 24
hours.

Infiltration measurements
were taken with a tension
infiltrometer at surface
pressure potentials of 100,
60, 30, and 5 mm. This
data was then analyzed to
calculate: infiltration rate,
sorptivity and unsaturated
hydraulic conductivity
function.

Ninety-four 5 cm diameter
by 1 meter long cores were
collected from 47 sites in
the study area with a
tractor operated soil probe.
The cores were then sliced
into 2 soil depth sections
and analyzed for various
components including’
organic matter percentage,
total nitrogen, total
phosphorus, and several
cations.

Importance

Bulk density is the weight
of soil in a given volume.
Soils with high bulk
density have slow
infiltration rates and
restrict root growth, and
soils with low bulk density
tend to have high
infiltration rates and great
aggregate soil structure.
Changes in land use are
reflected in a soil’s bulk
density.

As precipitation falls onto
or runs over soils with
high infiltration capacity,
much of this water may
infiltrate prior to leaving
the watershed. Different
land uses affect the soil’s
natural ability to move
water through its profile.
Hydraulic conductivity
represents a volume of
water that can move
through the soil profile in a
defined period of time.
This study site provided an
opportunity to explore soil
chemistry prior to
conversion of perennial
vegetation to cropland
conversion.

14




Evaluation of Goal Achievement

Goal #1:
Water quality and quantity characterization of Conservation Reserve Program (CRP) systems.

During 2010, a field-scale site consisting of perennial vegetation with no history of artificial
drainage or conventional row crop production agriculture was selected at the Hicks Family Farm
near Tracy, MN. The farm is located within the Cottonwood River Watershed, a tributary of the
Minnesota River. The soil at the site was mapped as a Storden loam with 7-8% slope. Due to
unexpected delays in contract execution, initiation of the project was delayed until autumn 2010.
Consequently, no soil sampling or monitoring were done in 2010. A digital elevation model
(DEM) was completed at the site and the locations for background soil sampling and infiltration
measurements were identified. Monitoring equipment, wingwalls and H-flumes were installed in
autumn 2010 for all three experimental sub-watersheds. Run-off volume from flow events were
monitored as described in Section II of this report. Year-round monitoring was completed from
2011 —2014. During 2012 an additional monitoring system was also deployed to monitor a
cultivated crop field contributing runoff to one of the sub-watersheds. The calibration period
began in 2011 and ended in April of 2013. Sub-watershed treatment was initiated in May 2013
and continued through 2014. During the study period, extreme variability in monthly
precipitation was observed. It was not uncommon to observe moderate to extreme drought and
flooding conditions in the same year.

During some years no snowmelt runoff was observed. It was hypothesized that a lack of frost
beneath the snow coupled with slow snowmelt resulted in a lack of measureable runoff. It was
also hypothesized that the infiltration capacity of the soil under the perennial vegetation was very
high, which also would have likely contributed to a lack of runoff. Subsequently field
measurements of infiltration capacity verified this hypothesis. During 2011 no snowmelt runoff
was recorded and NVm ran once in June. No other runoff was recorded in 2011. In 2012, run-off
over frozen soils occurred 3 times each at NVw and 5 times at NVm. No other run-off was
observed in 2012 at NVw or NVe (both entirely in perennial vegetation). NVm had 6 events in
April and of May of 2012. The occurrence of these events, led to the installation of the NVm-
field to monitor an agricultural field that was releasing water onto NVm. NVm-field was
installed in October of 2012. With the discovery of the agricultural field contribution, NVm was
removed from the paired analysis and an above and below design was implemented. NVw did
not have run-off in 2013; NVe had 4 run-off events in June after conversion to cropland. NVw
only had 3 run-off events on frozen soils; NVe only had 1 run-off event on frozen soils.
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Goal #2:
Quantification of natural background contributions from soil and perennial vegetation to current
water quality impairments related to turbidity, excess nutrients, and bacteria.

During summer 2011, 32 soil sampling points were identified and geo-referenced across the
study area. Soil samples were collected during fall of 2012 near the geo-referenced points using a
Giddings probe and were separated into discrete depth intervals for physical (bulk density) and
chemical analysis. A subset of these samples, from the 0-10 cm and 10-20 cm depths, were
ground and sent to the University of Minnesota Research Analytical Laboratory for chemical
analysis including: organic matter, pH, cation exchange capacity (CEC), total nitrogen (N), total
carbon (C), and total phosphorus (TP) and textural analysis. These data provided background
information on soil physical and chemical characteristics of the site before treatments were
prescribed. They were also used to determine potential cause and effect of sediment and nutrient
loss after treatment assignment. Infiltration measurements planned for summer 2011 were
postponed until spring 2012. The reason for the postponement was due to excessive wet
conditions in May and June, 2011 followed by extreme dry conditions the remainder of 2011.
Infiltration was successfully measured during 2012 in close proximity (1-2 m) of the 32 geo-
referenced sampling points. Run-off volume from flow events was monitored as described in
Section II of this report. Pre-treatment, calibration water samples were collected and analyzed for
temperature, electrical conductivity (EC), total suspended solids (TSS), total phosphorus (TP),
total nitrogen (TN), nitrate-nitrogen (NO3-N), ammonium-nitrogen (NH4-N), and E. coli.
Occasionally temperature was not recorded because samples were not retrieved from the field
site within reasonable amount of time after collection. Dissolved oxygen was not measured for
any of the samples because there was no instrument available for in-field or lab measurement.

Goal #3:

Comparison of water quality characteristics among differing land management practices
including: perennial vegetation and conventional row crop agriculture. Complete.

The native vegetation was plowed in the eastern treatment watershed (NVe) and the site was
brought into production in May of 2013. Corn (Zea mays L.) was planted perpendicular to the
hill slope in 2013 and fertilized with 120 Ibs N/acre in 2013. No additional phosphorus or
potassium inputs occurred. Corn was harvest by the farmer but yield data for 2013 was not
available from the combine yield monitor. Corn was planted in 2014 using no-till methods and
fertilized with 180 Ibs N/acre. All nitrogen applications were in the form of urea and were
broadcasted in June. Run-off volume from flow events was monitored as described in Section II
of this report. Post-treatment water samples were analyzed for the same constituents as during
the calibration period. Soil infiltration was re-measured in replicate at 12 locations in the NVe
sub-watershed after planting operations in June 2014. Soil bulk density was re-determined near
the same 12 locations as the infiltration measurements.
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Long Term Results

This project increased knowledge regarding the potential influence of perennial
vegetation and the removal of perennial vegetation for row crop agriculture on water quality and
water quantity. Perennial vegetation may exist in undisturbed, managed or natural areas dating
back to near pre-settlement times or in lands enrolled in conservation reserve program (CRP)
easements. The former is rare while the latter is relatively common. Recent increases in crop
prices paid to farmers along with the need to grow more food for a growing population, for direct
or indirect consumption, and the expiration of CRP contracts has resulted in land formerly in
perennial vegetation coming into crop production. To date, many total maximum daily load
(TMDL) studies combine loads from human-induced nonpoint source pollution with the natural
background contributions because of a lack of data to make this discernment. Furthermore,
TMDL implementation plans often endorse the use of set aside programs which often utilize
native vegetation to remediate the effects of human-induced nonpoint source pollution. To
achieve maximum water quality benefits, the position of the set aside acres is critical relative to
the source of pollution and the receiving waterbody.

A better understanding of the vegetation, soil, management, and hydrologic controls that
link spatially variable sediment and nutrient sources and sinks to transport processes at the
watershed scale will help farmers be economically competitive while also inform development of
tools and management approaches that can minimize their environmental impact. Finally, field-
scale measurements can be used by systems analysts to parameterize and calibrate simulation
models in order to link field-scale results to potential watershed-scale impacts.

Monitoring Results
Surface Water Improvements

Watershed Study Experimental Design Methods:

Two watershed study experimental designs were used in this study: paired watershed and
above and below (Tollefson et al, 2014). Site characterization, GIS analysis, and precipitation
summary for the entire study area will be presented together and then the results from each
design will be presented individually. Each section will include a summary of the experimental
design, information from the study sites, and results.

BWSR Vegetation Survey

Vegetation was a mixture of native and non-native (including smooth brome grass
(Bromus thermis) and Kentucky bluegrass(Poa pratensis) among others) vegetation. The native
vegetation present was found as forbs in the understory of a dominant smooth brome grass stand.
Stem densities in the upper portions of the watershed were between 150 and 177 stems per
square foot. Stem densities near the outlets of the watersheds were between 77 and 144 stems per
square foot. The complete vegetation report is included as Appendix 1.
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GIS Spatial Analysis Results:

Watershed Characterization

The drainage area for each of the four watersheds was calculated in ArcGIS using the
NRCS Engineering Toolbox, “Watershed Delineation” process. The “Watershed Delineation”
process is a three step process that uses a Digital Elevation Model (DEM) to create a contour
map that can be used to create a hydrologically correct DEM. The hydrologically correct DEM
is used to calculate the drainage area and slope of a user defined outlet. After the “Watershed
Delineation” process is completed, the user is provided with several shapefiles that provide a
detailed assessment of the topography, hydrology, slope and drainage user defined outlets. A
one-meter DEM was used as the input to the “Watershed Delineation” process. These data were
retrieved from: http://www.mngeo.state.mn.us/chouse/metadata/lidar_swmn2010.html.

A map of the study area is provided below for reference (Figure 1). The watershed outlets
are shown with yellow stars, watershed boundaries are shown as red lines and stream lines were
added to represent a drainage area greater than 0.25 acre. Following the precipitation section,
data will be presented based on the experimental design type: paired watershed and above and
below. This presentation will allow for the relevant information to be presented in a logical
order.

| wmes [

Figure 1.Watersheds included in the Cottonwood River Native Vegetation Water Quality Study.

The paired watershed design sites (NVw and NVe) were comparable in size (Table 1),
slope, and slope length. The above and below design sites represent two different landscapes and
land uses. The above field (NVm-field) is flatter, and is used for row crop production while the
below field (NVm) has an average slope of 6.3% and is a mixture of cropland (NVm-field) with
perennial vegetation separated by the NVm-field monitoring station.
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Table 3. Watershed characteristics of the project area.

Paired Watershed Design
Watershed Size Average Slope Slope Length (ft)
(acres) (%)
NVw 0.79 7.22 266
NVe 0.98 8.41 277
Above and Below Design
NVm-field (above) 0.67 2.82 151
NVm (below) (includes NVm-field) 1.70 6.3 394

Cottonwood River Watershed Examination of Comparable Lands

An analysis was completed to find areas within the Cottonwood River Watershed that
have a similar slope as the project monitoring sites. The greater Cottonwood River Watershed
consists primarily of land with slopes under 6 percent, and this analysis compares how much of
the total watershed is comparable to our watersheds included in this study. The initial analysis
was completed using the SSURGO Soils database (Soil Survey Staff 2014) and querying the
areas that were defined as having similar slopes as the monitoring sites (6-12 percent slopes).
The area of each polygon in the SSURGO shapefile was deemed too great for a comparison
between the project sites as many areas were greater than one acre. It was decided to complete

additional analysis to compare the slope of areas at a one acre scale over greater Cottonwood
River Watershed.

In order to complete this analysis, six three-meter Digital Elevation Models (DEMs) were
downloaded from MnTOPO (http://arcgis.dnr.state.mn.us/maps/mntopo/) to encompass the
entire CRW. The six DEMs were combined into one DEM using the Mosaic tool in ArcToolbox
and were clipped to the Cottonwood River Watershed. The watershed shapefile was downloaded
from the MnDNR Deli. Slope was then calculated for each cell in the watershed wide DEM.

In order to calculate the slope for each one acre plot, the Grid Index Feature was used to
create a one acre grid over the entire Cottonwood River Watershed (a total of 845,225 individual
features) and this shapefile was clipped to the watershed boundary. The Grid Index shapefile
had too many individual features to calculate Zonal Statistics so the Grid Index shapefile was
subdivided into twenty sections. Zonal statistics for the mean was calculated as a table for each
of the twenty subsections of the Grid Index and exported as a text file. The twenty text files
were combined into one table in Microsoft Excel and saved as a .csv file. The .csv file was
converted to a geodatabase table using the Table to Table tool. The geodatabase table was then
joined to the original Grid Index shapefile for the entire Cottonwood River Watershed to provide
the mean slope for each one acre parcel within the watershed.

The Cottonwood River Watershed was composed primarily of land with slopes under 6
percent (88.2 %) and land with slopes of greater than 12 percent made up 2.8 percent of the
watershed. Land within the watershed with similar slopes (6-12 %) to our project sites composed
9.0 percent of the total watershed. This analysis shows that the results from this study should be
applied to the greater Cottonwood River Watershed; however, there are over 75,000 acres with
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similar slopes (Figure 2). Land similar to our project sites will be critical in the future as these
sensitive areas may be targeted for BMP’s to mitigate agriculture pollution given their
topography and proximity to the river valley.

Cottonwood River Watershed

m Cottonwood River Watershed

Mean Slope (%) - 1 acre : l
<6.00 “‘—
I 6.00-12.00
>12.00 0 325 65 13 195

[ Miles

Figure 2 . One acre average slopes for land within the Cottonwood River Watershed.

Hydrology Based Measurements

Precipitation

Monthly precipitation data were collected at the experimental site for the study period
(2011-2014) and compared to the 30-year long-term (1980-2010) averages at the Southwest
Research and Outreach Center (SWROC) in Lamberton (Figure 3 and Appendix 2). SWROC is
located approximately 15 miles east/southeast of the study area. Monthly precipitation values in
the winter were also taken from SWROC. Annual precipitation totals in 2011 through 2013
ranged from 20.2 to 23.0 inches compared to the annual average of 26.4 inches (13% to 24%
below normal). The United States Drought Monitor classified the study sites as being in severe
drought in the fall of 2011, extreme drought in the fall of 2012, and moderate drought in the fall
of 2013  (Appendix 3). The distribution of rainfall was skewed to April through July every
year from 2011 through 2014, and precipitation was below normal for most months from August
through December from 2011 through 2013. Even with the below average annual totals, there
were several months with above average precipitation including May and June of 2011, May of
2012 (the wettest May on record for SWROC), June of 2013 and June of 2014. In each year of
monitoring, there was at least 1 daily rainfall total in May or June between 1.96 and 2.27 inches.
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Monthly Precipitation 2011-2014
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Figure 3. Monthly precipitation totals compared to the 30-year averages.

Paired watershed design:

A paired watershed design requires at least two watersheds, and at least two monitoring
periods. One of the watersheds is called the control, and the other watershed is called the
treatment; the first monitoring period is the calibration, and the second period is the treatment.
The two watersheds are managed identically in the first monitoring period (calibration) to
develop a relationship between the basins, and then one of the watersheds undergoes a treatment
The control watershed is managed the same through the calibration and treatment periods as a
check over year-to-year or seasonal climate variation in management practices (National Water
Quality Handbook). Figure 4 presents the management of the two watersheds in our study.

Ideally, a large number of comparative events are observed during both the calibration
and treatment periods. This scenario allows for strong statistical power, and the ability to report
changes in land use as a reflection of land use (i.e. a 30% reduction in pollutant A was observed).
In this study, run-off was extremely limited and a large event based population data was not
available for analysis. To account for this, all event data is presented in each figure.

Calibration Period (2011-2012) | Treatment Period (2013-2014)

NVw
(Control Watershed)

NVe
(Treatment Watershed)

Figure 4. Land management of NVw and NVe watersheds in the paired watershed study.
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This section describes the main experimental components of the paired watersheds
research project. The project was designed to monitor surface run-off from perennial vegetation
and recently converted perennial vegetation to cropland at the Hick’s family farm near Tracy,
MN. Infrastructure (wing walls, H-flumes, etc) was installed in October of 2010 and electronic
monitoring equipment was installed in February of 2011 prior to snowmelt. The sites were
managed by the University of Minnesota, Southwest Research and Outreach Center (SWROC).

Description of Research Sites

Two small watersheds (0.79 and 0.98 acres, respectively) were instrumented to monitor
surface run-off. These watersheds are located in the southeast corner of a 160-acre field that was
composed of a mixture of native and nonnative (including smooth brome grass (Bromus inermis)
and Kentucky bluegrass(Poa pratensis) among others) perennial vegetation and was never
cultivated for crop production. Cattle were grazed on the field until 2000, and since then, the
field is harvested for forage in mid-summer. No artificial drainage was installed. The field was
mapped as a Storden loam, a well-drained soil, with moderately high to high permeability on 7.2
and 8.4% slope. Slope lengths were 266 and 277 feet, respectively. The field is a transition
between flat, highly productive agricultural fields to the south and lowland riparian land to the
north. This transitional area is similar to other nearby lands that hold potential as treatment
zones for received run-off, but is not representative of all fields in the region.

The watersheds were monitored utilizing a paired watershed design (Clausen and
Spooner, 1993). Each watershed was managed in the perennial vegetation condition during 2011
and 2012 to conduct calibration of the paired watersheds. The vegetation was plowed in the
eastern treatment watershed (NVe) and the site was brought into production in May of 2013.
Corn (Zea mays L.) was planted perpendicular to the hill slope in 2013 and fertilized with 120
Ibs N/acre in 2013. Corn was planted in 2014 using no-till methods and fertilized with 180 Ibs
N/acre. All nitrogen applications were in the form of urea and were broadcasted in June. The
western watershed (NVw) was managed in perennial vegetation condition throughout the project
(2011-2014) as the control site.

Water Quality and Quantity Monitoring

Each watershed had a plywood wing wall installed perpendicular to flow near the bottom
of the drainage (Stuntebeck, et al, 2008.). Flow was concentrated and forced through a pre-
calibrated 1.5 foot H-flume that was equipped with a datalogger and bubbler to record water
level, discharge, rainfall, soil moisture, and soil temperature. Run-off events were recorded on a
1-minute interval to examine hydrologic characteristics of the watershed. An ISCO 6712
automated water sampler was used to collect flow-based composite samples into 24 1-L bottles.
Water samples were analyzed for ammonium, nitrate, total nitrogen, dissolved reactive
phosphorus, total phosphorus, total suspended solids, and E. Coli (Appendix 4 and 5). This
information was used to calculate pollutant export (loads) and flow weighted mean
concentrations (FWMC) from the watersheds. No water quality or quantity monitoring of
vadose zone or ground water was completed.
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Soil Properties

Soil properties at 20 locations were measured using a 0.1 acre grid pattern sampling
design. Soil cores were analyzed in replicate at the 0-10 cm and 10-20 cm intervals for organic
matter, pH, total organic carbon, total nitrogen, total phosphorus, cation exchange capacity,
calcium, potassium, magnesium, sodium, and aluminum prior to conversion to cropland
(Appendix 8). Soil bulk density was determined in replicate at each of the 32 locations from
cores collected in the fall of 2012 at intervals of 0-10, 10-20, 20-40, 40-60, 60-80, 80-100, and
100-120 cm. Soil bulk density was re-determined in replicate at the 12 locations in NVe (after
conversion from perennial vegetation to cropland) in June 2014 following the second year of
corn (Zea mays L) planting (first known disturbance of soil). Soil bulk density was determined
by slicing 100 cm cores at predetermined intervals and drying at 105° C for 24 hours (Klute,
1986). Soil bulk densities are reported as an average of the specific depths in each watershed.
Soil infiltration was measured in replicate at each of the 20 locations in the fall of 2012, and re-
measured in replicate at the 12 locations in NVe (after conversion to cropland) in June 2014
following the second year of corn (Zea mays L) planting. Tension infiltrometers were operated
at pressures of -10, -7, -3 and -0.5 cm. (Reynolds and Elrick, 1991).

Results and Discussion
Hydrology and Run-off

Run-off was limited during the entire study period (Appendix 6). During the calibration
period (February 2011- April 2013), both NVw and NVe only recorded run-off on three days in
2012. All three of these events occurred when the soils were frozen and included run-off
generated from snowmelt and from rainfall on frozen ground. The NVw site recorded 0.08
inches of run-off/acre (242 cubic ft) and NVe recorded 0.22 inches of run-off/acre (814 cubic ft)
over the three events in 2012. No run-off was observed from either NVw or NVe during non-
frozen soil conditions in the calibration period. Following the treatment (NVe converted to
cropland), NVe had 4 run-off events in June of 2013 that totaled 0.73 inches of run-off/acre
(2610 cubic ft). NVw (perennial vegetation control site) did not record run-off in 2013. Run-off
occurred at both NVw and NVe in 2014 during the snowmelt when soils were frozen. No run-
off was observed when the soils were non-frozen in 2014. The NVw site recorded 0.14 inches of
run-off/acre (406 cubic ft) in 3 run-off events and NVe recorded 0.08 inches of run-off/acre (290
cubic ft) in a single run-off event in 2014. Snowmelt was only recorded in years associated with
deep frost levels. Run-off was infrequent and of short duration: the average event on frozen soils
lasted 5.4 hours; the average event on non-frozen soils (after NVe converted to cropland only)
was 42 minutes.

Sediment

Event sediment yields at NVw averaged 0.24 Ib/acre and flow weighted mean
concentrations (FWMC) averaged 40.7 mg/L (Appendix 7). All NVw events occurred during
frozen soil conditions. A total of 1.12 lbs of sediment was exported from NVw from 2011
through June 2014. The NVe pre-treatment (perennial vegetation) event sediment yields
averaged 0.22 Ibs/acre and FWMC averaged 64.5 mg/L. All NVe pre-treatment events occurred
on frozen soils. The NVe post-treatment (after conversion to cropland) sediment characteristics
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varied greatly due to frozen and non-frozen soil conditions. During frozen soil conditions, a
single event at NVe yielded sediment at 1.94 1b/acre and FWMC was 106.8 mg/L. Event
sediment yields at NVe post-treatment over non-frozen soils averaged 238.2 Ib/acre and FWMC
averaged 5,075 mg/L. A total of 0.64 Ibs of sediment was exported from NVe in 2011 and 2012;
a total of 935.8 Ibs of sediment was exported from NVe in 2013 and 2014 after conversion to
cropland. Sediment yields and FWMC were low for all events that occurred on frozen soils.
Sediment yields and FWMC were much greater at NVe after conversion to cropland on non-
frozen soils. No run-off occurred from the perennial vegetation during non-frozen soils;
therefore no export of sediment was measured from the perennial vegetation during non-frozen
periods.

Nitrogen

Event total nitrogen (TN) yields at NVw averaged 0.07 Ib/acre and FWMC averaged 5.2
mg/L. Total nitrogen speciation included 2.1% ammonium, 17.7% nitrate-nitrite, and 80.2%
organic nitrogen. All NVw events occurred during frozen soil conditions. NVe pre-treatment
(perennial vegetation) event TN yields averaged 0.24 Ibs/acre and FWMC averaged 31.1 mg/L.
Total nitrogen speciation included 5.7% ammonium, 3.2% nitrate-nitrite, and 91.1% organic
nitrogen. NVe post-treatment (after conversion to cropland) nitrogen characteristics varied
greatly due to frozen and non-frozen soil conditions. During frozen soil conditions, a single
event at NVe yielded TN at 0.15 Ib/acre and FWMC was 8.1 mg/L. Event TN yields at NVe
post-treatment over non-frozen soils averaged 0.45 Ib/acre and FWMC was 9.5 mg/L. Total
nitrogen speciation included 7.0% ammonium, 8.2% nitrate-nitrite, and 84.8% organic nitrogen
(Appendix 4). The largest nitrogen losses were associated with the 4 non-frozen soil events at
NVe post-treatment (after conversion to cropland). Large nitrogen losses through surface run-off
were not anticipated as most nitrogen losses occur through leaching or through artificial drainage
(if present) (Minnesota Discovery Farms 2012 Water Year Monitoring Report, 2013).

Phosphorus

Event total phosphorus (TP) yields at NVw averaged 0.01 Ib/acre and FWMC averaged
0.5 mg/L (Table 1). Approximately 40% of the TP was in the dissolved molybdate reactive
phosphorus (DMRP) form. All NVw events occurred during frozen soil conditions. The NVe
pre-treatment (perennial vegetation) event TP yields averaged 0.03 Ibs/acre and FWMC averaged
4.7 mg/L. Approximately 79% of the TP was in the DMRP form. All NVe pre-treatment events
occurred on frozen soils. NVe post-treatment (after conversion to cropland) phosphorus
characteristics varied greatly due to frozen and non-frozen soil conditions. During frozen soil
conditions, a single event at NVe yielded TP at 0.02 Ib/acre and FWMC was 1.0 mg/L. Event
TP yields at NVe post-treatment over non-frozen soils averaged 0.06 Ib/acre and FWMC was 1.2
mg/L. Approximately 6% of the TP was in the DMRP form for all events at NVe post treatment.

The watersheds managed in perennial vegetation did have elevated TP concentrations;
however, the export loads were low when combined with run-off volumes. The watersheds
managed in perennial vegetation also had a higher fraction of the TP in the DMRP form than
from N'Ve after conversion to cropland. The events with the largest TP export loads occurred at
NVe in 2013 after conversion to cropland. No run-off occurred from the perennial vegetation
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during non-frozen soils; therefore no export of TP was measured from the perennial vegetation
during non-frozen periods.

Soil Bulk Density

Soil bulk density increased from 1.25 to 1.40 g/cm’ in first 10 cm depth (Figure 5)
following the conversion from perennial vegetation to cropland (Appendix 9 and 10). Soil bulk
density also increased at each interval from 10 to 40 cm below the surface. In the perennial
vegetation, soil bulk density decreased at the 40 to 60 cm depths and normalized around 1.44
g/em® from 60 to 100 cm depth. After conversion of perennial vegetation to cropland, the soil
bulk density increased at the 40 to 60 cm depth and normalized around 1.75 g/em®. Soil bulk
density measurements of an adjacent field (NVm-field) with a long history of crop production
were collected as a reference point. The recently converted cropland had soil bulk densities that
fell between the perennial vegetation and NVm-field at the 0-40 cm depth. Soil bulk density in
the lower 40-100 cm depth was similar for the recently converted cropland and NVm-field. It is
anticipated that long-term production in the recently converted cropland would result in greater
soil bulk densities in the 0-40 cm depth over time likely effecting physical soil properties.

Soil Bulk Density

Soil Bulk Density (g/cm”3)
0 0.2 0.4 0.6 0.8 1 1.2

- Nve Pre-Treatment (Native Prairie) L

~—— Nve Post Treatment (Corn on Corn, no-till)

40 = NVm -field (cropland with long cropping
" history)

Soil Core Depth (cm)
3

L

120 e e e

Figure 5. Soil bulk density of NV'e pre-treatment (perennial vegetation) and NV'e post-treatment (corn on
corn, no-till in second year of crop production).

Infiltration

Hydraulic conductivity was determined at NVe during the control (perennial vegetation,
2012) and treatment (corn on corn, no-till, 2014). Measurements of the infiltration at NVe pre-
treatment were consistent with hydraulic conductivity of the adjoining perennial vegetation sites
(Figure 6); measurements of the infiltration at NVe post-treatment were consistent with the
hydraulic conductivity of the adjoining field that has been in production for many decades
(Figure 7). These measurements indicate a dramatic decrease in the amount of water that can
infiltrate the soil after conversion to cropland.
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Native Vegetation Infiltration Rates
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Figure 6. Watershed infiltration rates of three watersheds of native vegetation.
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Figure 7. Watershed infiltration rates of NV'e pre-treatment (perennial vegetation), NV'e post-treatment
(corn on corn, no-till), and NV m-field (crop field with long cropping history).

Conclusion

This study characterized the hydrology and water quality of perennial vegetation on
undisturbed soils in southwest Minnesota. On the perennial vegetation, lack of run-off during
non-frozen soil conditions was a significant factor in overall run-off losses. Snowmelt run-off
from the perennial vegetation during frozen soil conditions did carry nitrogen, phosphorus and
sediment from the watersheds. After conversion to cropland, the NVe watershed did experience
four run-off events in June of 2013. The observed run-off and associated pollutant loads are
likely a result of the change in land use. Increases in soil bulk density, and lowered infiltration
rates were associated with the conversion into cropland. Additional years of crop production
would likely continue to change the soil properties, and ultimately the hydrology of this site.
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Other Monitoring: Edge of Field Data Context

Comparison of Annual Losses to Minnesota Discovery Farms Results:

Minnesota Discovery Farms has been collecting agricultural edge-of-field monitoring
data since 2010 and their results allow for context to the data collected in this project. As of
September 2014, there are 11 core farms that are monitoring a combination of surface and
subsurface drainage systems. For more information about the individual farms, site descriptions,
and agronomic information, please refer to http://www.discoveryfarmsmn.org/ .

For this analysis, the annual Minnesota Discovery Farms data from 2010-2013 (16 site
years) are presented as an annual average for all surface run-off locations. The goal is to provide
a relative data range to provide context for agricultural fields across greater Minnesota. Data is
reported on an annual basis, and this section will focus on annual yields of run-off, total nitrogen,
total phosphorus, and total suspended solids. To compare to the Minnesota Discovery Farms
data, NVw and NVe data will be presented as three different groups: NVw perennial vegetation
(2011-2014), NVe perennial vegetation (2011-2012), and NVe cropland (2013-2014).

The data range for Minnesota Discovery Farms for all parameters is much wider than
observed in our study (Figure 8). This is expected due to the variety of site locations, differences
in soils and geology, and differences in farming operations across Minnesota. The perennial
vegetation at NVw (2011-2014) and NVe (2013-2014) resulted in annual yields of all parameters
that were below the range of observed yields with the Minnesota Discovery Farms network. The
NVe cropland (2013-2014) values for run-off, total nitrogen and total phosphorus fell on the
lower end of the Minnesota Discovery Farms ranges. The NVe cropland (2013-2014) annual
TSS yield range extended on either side of the Minnesota Discovery Farms interquartile range.

When comparing the edge of field annual yield data collected in this study to the data
collected by Minnesota Discovery Farms, a few general inferences can be drawn. The perennial
vegetation annual yields are far below the observed range on Minnesota Discovery Farms
locations. The recently converted cropland at NVe fell on the low end of the data range for run-
off, total nitrogen and total phosphorus. The recently converted cropland at NVe fell within the
data range for total suspended solids.
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Minnesota Edge-of-field Monitoring Results: Run-off Minnesota Edge-of-field Monitoring Results: TN Yield
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Figure 8. Minnesota Discovery Farms and Project Annual Run-off Yields.

Above and Below Design:

An above and below watershed design is used to isolate differences in land management,
such as a BMP. The above and below watersheds are actually nested within a single watershed.
The above watershed has the same monitoring equipment and objectives as the below. The water
quantity and quality are measured from the above watershed, and then releases the water onto the
below watershed. The below watershed is then monitored at the outlet. The difference between
the water quantity and quality of the above and below monitoring stations is related to the
treatment in the below watershed. The nested design elevates the need for a calibration period
(USDA, National Water Quality Handbook, 2003).

At the beginning of our paired watershed study in 2011, it was unknown that NVm had
0.67 acres of row crop contributing to it. Significant differences in run-off volumes occurred
between NVw, NVe, and NVm in 2011 and 2012. Further site investigation in 2012, as well as
the availability of the high resolution LIDAR data, allowed for the above and below design to be
implemented in October of 2012.

This section describes the main experimental components of the above and below
watershed research project. The project was designed to monitor surface run-off from native
vegetation and row crops at the Hick’s family farm near Tracy, MN. Infrastructure (wing walls,
H-flumes, etc) was installed in October of 2010 at NVm and in October of 2012 at NVm-field.
Monitoring began at NVm in February of 2011 prior to snowmelt and in October of 2012 at
NVm-field, however, data analysis can only be completed since October 2012. The sites were
managed by the University of Minnesota, Southwest Research and Outreach Center (SWROC).
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Description of Research Sites

Two nested watersheds (0.67 and 1.70 acres, respectively) were instrumented to monitor
surface run-off. One watershed (NVm-field) was located within NVm (Figure 9). NVm-field
(0.67 acres) had a slope of 2.82% and has a long history of row crop production. The field is
mapped as Ves loam, a well-drained soil, with moderately high to high permeability. This is
representative of many agricultural fields in the Cottonwood River Watershed. NVm-field
watershed drains into NVm. NVm was composed of the NVm-field contributing area that drains
into a mixture of native and nonnative (including smooth brome grass (Bromus thermis) and
Kentucky bluegrass(Poa pratensis) among others) perennial vegetation and was never cultivated
for crop production. Cattle were grazed on the perennial vegetation until 2000, and since then,
the field is harvested for forage in mid-summer. No artificial drainage is present on the NVm
hills lope. NVm’s hills lope was mapped as a Storden loam, a well-drained soil, with moderately
high to high permeability on 6.3% slope. NVm hills lope is a transition between flat, highly
productive agricultural fields to the south and to lowland riparian land to the north.

Figure 9. Photograph and map of NV and NV m-field. In photo, NV m-field is in the foreground, and
NV is visible from the green shelter at the bottom of the hillslope.

The watersheds were monitored utilizing an above and below watershed design (National
Water Quality Handbook). NVm-field was used for corn (Zea mays L) production since 2012,
and NVm hillslope was in perennial vegetation. The hill slope vegetation was harvested in early
July each year for forage. NVm-field was managed for high yielding corn production throughout
the study, and would be representative of corn field in southwest Minnesota. NVm-field made up
approximately 40% of the NVm watershed; meaning that the contributing area of the corn field
was smaller than the treatment zone of the perennial vegetation.

Water Quality and Quantity Monitoring

Each watershed had a plywood wing wall installed perpendicular to flow near the bottom
of the drainage (Stuntebeck, et al, 2008.). Flow was concentrated and forced through a pre-
calibrated 1.5, or 2.5, foot H-flume that was equipped with a data logger and bubbler to record
water level, discharge, rainfall, soil moisture, and soil temperature. Run-off events were
recorded on a 1-minute interval to examine hydrologic characteristics of the watershed. An
ISCO 6712 automated water sampler was used to collect flow-based composite samples into 24
1-L bottles. Water samples were analyzed for ammonium, nitrate, total nitrogen, dissolved
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reactive phosphorus, total phosphorus, total suspended solids, and E. coli. This information was
used to calculate pollutant export (loads) and flow weighted mean concentrations (FWMC) from
the watersheds. No water quality or quantity monitoring of vadose zone or ground water was
completed.

Soil Properties

Soil properties at 15 locations were measured using a 0.1 acre grid pattern sampling
design. Soil cores were analyzed in replicate at the 0-10 cm and 10-20 cm intervals for organic
matter, pH, total organic carbon, total nitrogen, total phosphorus, cation exchange capacity,
calcium, potassium, magnesium, sodium, and aluminum prior to conversion to cropland. Soil
bulk density was determined in replicate at each of the 15 locations from cores collected at
intervals of 0-10, 10-20, 20-40, 40-60, 60-80, 80-100, and 100-120 cm. Soil bulk density was
determined by slicing 100 cm cores at predetermined intervals and drying at 105° C for 24 hours
(Klute, 1986). Soil bulk densities are reported as an average of the specific depths in each
watershed. Soil infiltration was measured in replicate at each of the 15 locations in the fall of
2012 or June of 2014. Tension infiltrometers were operated at pressures of -10, -6, -3 and -0.5
cm. (Reynolds and Elrick, 1991).

Results and Discussion
Hydrology and Run-off

Run-off events need to be broken down into two categories for analysis: frozen soils and
non-frozen soils. Each these categories exhibit different patterns for each watershed. On frozen
soils, the amount of run-off is strongly correlated to the amount of snowpack in the watershed.
These two fields trap snow differently over the winter. Limited snowpack is captured in NVm-
field watershed because sits on top of the ridge and most snow blows off of the watershed. The
lack of snow at NVm-field allows for deep frost, and limits infiltration during snowmelt. NVm
captures a large amount of snow due to the perennial vegetation that traps the snowpack. In
addition, the valley between NVm-field and NVm holds several feet of snow throughout the
winter. NVm has much more snow water equivalent available when snowmelt begins.

The two watersheds also have dramatically different snowmelt periods. The NVm-field
watershed has limited snowpack, allowing the high sun angle in March to penetrate the snow and
expose black soil even before temperatures reach freezing. Much or most of the snow in NVm-
field sublimates before it has the opportunity to run-off. NVm-field has a higher heating
potential, and generally the snowmelt run-off process is shorter than in the NVm watershed. In
2013, NVm-field had 0.43 in/acre of snowmelt run-off that occurred on a single day and in 2014,
NVm-field had 0.86 in/acre of snowmelt run-off that occurred on 3 days. The snowmelt at NVm
is a slower process due to the deeper snowpack not allowing soil to be exposed with
temperatures below melting and the north facing orientation of the slope that does not efficiently
collect the sun’s energy. The third factor is the influence of the perennial vegetation that limits
the depth of the frost and established macropore pathways in the soil. These factors lead to a
slower melt and limit the surface run-off due to infiltration. In 2013, NVm did not have
snowmelt run-off and in 2014, NVm-field had 0.54 in/acre snowmelt run-off. The perennial
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vegetation on the NVm hill slope had very little run-off, and also trapped run-off from the NVm-
field portion of the watershed (Figure 10a).

Non-frozen soil run-off events occurred more frequently at NVm-field, and had higher
run-off volumes (Figure 10b). In 2013 at NVm-field a single event in June had 0.44 in/acre run-
off, and in 2014 at NVm-field two events that totaled 0.23 in/acre of run-off. NVm only had two
small run-off events in 2013 totaling 0.03 in/acre of run-off and no run-off was measured in
2014. All non-frozen soil events in 2013 and 2014 occurred in June. The overall lack of run-off
during non-frozen soil periods at NVm aligns with the two adjoining perennial vegetation
watersheds that did not record run-off from 2011-2014.

NVm-field and NVm Frozen Soil Run-off Events NVm-field and NVm Non-frozen Soil Run-off Events
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Figure 10. NV m-field and NV a) frozen and b) non-frogen soil run-off events.

Sediment

TSS event yields and FWMC need to be broken down into two categories for analysis:
frozen soils and non-frozen soils. Each these categories exhibit different sediment loss patterns
for each watershed. In general, sediment losses on frozen soils are minimal. NVm-field lost
between 0 - 27 1b/acre, and NVm lost between 0.2 — 6 Ib/acre over 6 frozen soil events in 2013
and 2014 (Figure 11a). Event sediment FWMC for both NVm-field and NVm were similar for
all 6 events and ranged from 0-180 mg/L (Figure 11b). Sediment losses from non-frozen soils
have higher variability than frozen soils. NVm-field lost between 0-192 Ib/acres and NVm lost
between 0-1.8 Ib/acre over four non-frozen soil events in 2013 and 2014 (Figure 12a). Total
event losses were mitigated at NVm due to the small amount of surface water run-off compared
to NVm-field (Figure 10a and 10b). Event sediment FWMC were higher for NVm-field (0-
1,580 mg/L) than NVm (0-380 mg/L) during non-frozen soil conditions (Figure 12a and 12b).
TSS event yields and FWMC were greatly influenced by the amount of run-off and the timing
when the run-off event occurred.
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Figure 11. NV in-field and NV m frozen soil a) TSS event yields. b) TSS event FWMC
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Figure 12. NV m-field and NV m non-frozen soil a) TSS event yields. b) TSS event FWMC
Phosphorus

Total phosphorus (TP) event yields and FWMC need to be broken down into two
categories for analysis: frozen soils and non-frozen soils. Each these categories exhibit different
TP loss patterns for each watershed. In general, TP yields and FWMC on frozen soils were
higher for NVm-field for all events in which NVm-field had run-off measured. NVm-field lost
between 0 — 0.4 Ib/acre, and NVm lost between 0 — 0.06 Ib/acre over 6 frozen soil events in 2013
and 2014 (Figure 13a). Event TP FWMC for NVm-field ranged from 0-2.2 mg/L and NVm
from 0-1.5 mg/L (Figure 13b). TP losses from non-frozen soils were similar to frozen soils
given run-off occurred. NVm-field lost between 0-0.12 Ib/acres and NVm lost between 0-0.02
Ib/acre over 4 non-frozen soil events in 2013 and 2014 (Figure 14a). Total event losses were
mitigated at NVm due to the small amount of surface water run-off compared to NVm-field
(Figure 10a and 10b). Event TP FWMC were lower for NVm-field (0-1.2 mg/L) than NVm (0-
4.3 mg/L) during non-frozen soil conditions (14b); however NVm had very small TP event
yields given the minimal volume of run-off occurring.
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NVm-field and NVm Frozen Soil TP Event Yields NVm-field and NVm Frozen Soil TP Event FWMC
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Figure 13. NV m-field and NV m frozen soil total phosphorus a) event yields and b) FWMC.
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Figure 14. NV m-field and NV m non-frozen soil total phosphorus a) event yields and b) FWMC.

Dissolved molybdate reactive phosphorus (DMRP) concentrations were measured in addition to
TP. The DMRP data will be presented as a fraction of the TP. During frozen soil conditions,
most events at both sites had between 20 and 30 percent of the TP as DMRP (Figure 14a). The
event on March 23, 2013 at NVm-field (above) had 80 percent of the TP as DMRP, however,
this was the event with the lowest overall TP yield (Figure 15a) at NVm-above during frozen
conditions. Events during non-frozen soil conditions resulted in a range of 23 to 49 percent TP
as DMRP at NVm-field (above) and approximately 53 percent TP as DMRP at NVm (below)
(Figure 15b).
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Figure 15. NV m-field and NV m DMRP fraction of TP on a) frogen soils and b) non-frozen soils.
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Nitrogen

Total nitrogen (TN) event yields and FWMC need to be broken down into two categories
for analysis: frozen soils and non-frozen soils. Each these categories exhibit different TN loss
patterns for each watershed. In general, TN yields and FWMC on frozen soils were higher for
NVm-field for all event in which NVm-field had run-off measured. NVm-field lost between 0 —
1.98 b/acre, and NVm lost between 0 — 0.41 Ib/acre over 6 frozen soil events in 2013 and 2014
(Figure 16a). Event TN FWMC for NVm-field ranged from 0-18.2 mg/L and NVm from 0-9.4
mg/L (Figure 16b). TN losses from non-frozen soils were similar to frozen soils given run-off
occurred. NVm-field lost between 0-1.0 Ib/acres and NVm lost between 0-0.16 Ib/acre over 4
non-frozen soil events in 2013 and 2014 (Figure 17a). Total event losses were mitigated at NVm
due to the small amount of surface water run-off compared to NVm-field (Figure 9a and 9b).
Event TN FWMC were lower for NVm-field (0-8.2 mg/L) than NVm (0-33.8 mg/L) during non-
frozen soil conditions (Figure 17b); however NVm had very small TN event yields given the
minimal volume of run-off occurring.
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Figure 16. NV m-field and NV m frozen soil total nitrogen a) event yields and b) FWMC.
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