July 1, 2001
LCMR Final Work Program Report

I. PROJECT TITLE: Improved Agricultural Systems Overlying Sensitive
Aquifers in Southwestern Minnesota

Program Manager: Bruce Montgomery

Address: MN Department of Agriculture, 90 W. Plato Blvd., St. Paul, MN 55107
Phone: (651) 297-7178 FAX (651) 296-7386

E-Mail: Bruce.Montgomery@state.mn.us

Total Biennial Project Budget:

$LCMR: $200,000 $Match: (No match required)
-$LCMR Amount Spent: $200,000 $Match Amount Spent:  ---—----
$LCMR Balance: $ -0- $Match Balance: -------—--

A. Legal Citation: ML 1999, Chap. 231, Sec. 16, Subd. 7 (e).

Appropriation Language: $200,000 is from the future resources fund to
the commissioner of agriculture for an agreement with the University of
Minnesota, Southwest Experiment Station, to provide technical support,
research, systems evaluation and advisory teams to protect sensitive
alluvial aquifers threatened by nitrate contamination in southwest
Minnesota.

B. Status of Match Requirement:
No match required for this appropriation.

Il. and lll. PROJECT REPORT SUMMARY

Overall Project Outcome and Results

Water supplies from Lincoln Pipestone Rural Water System District's (LPRWSD) are
seriously threatened by elevated nitrate levels. This project was highly successful in
bringing various state and federal agencies, UM, area farmers and ag professionals
together to develop a response strategy. Local county offices secured EQIP and EPA
319 funds for cost share incentives. LCMR funds provided the technical expertise to
develop and coordinate nutrient management plans. Over 40% of the cropland within the
Verdi well field enrolled in EQIP. Similar efforts are now taking place in the Holland well
field. A grant from LPRWSD will continue plan writing and technical support through
2003.

Current nitrogen recommendations were reexamined in these critical recharge areas.
Research found that delaying N applications, using anhydrous ammonia, and/or using
band application methods all would be preferred management methods. Continuation of



this research, made possible by a grant from LPRWSD, will allow three full cropping
seasons to revise existing BMPS.

Public drinking water compliance often requires nitrate removal treatment. An alternative
approach for shallow water table aquifers may be phytofiltration. Perennial forages,
irrigated with the nitrate-rich ground water during the growing season, remove nitrate
and thus reduce nitrate concentrations in recharge water. This research found that this
remediation approach has potential in areas where ground water can be readily
influenced by leaching. This research will also be continued through 2003. Computer
simulation output provided valuable insight into the relationships between management,
crop types, and nutrient inputs across soil types in both well fields; this data will be very
beneficial in future land use management planning efforts.

Project Results Use and Dissemination

Numerous education events were conducted with local producers, dealerships, and
water planners. Local media coverage was excellent. “One-on-one” interaction with
producers during the nutrient plan writing and implementation was highly effective.

All of these various components will have a number of publications, revised BMPs, and
subsequent Extension bulletins developed upon conclusion in 2003.

IV. OUTLINE OF PROJECT RESULTS:

Result 1: Provide technical assistance to farmers within groundwater
sensitive regions including the development and evaluation of NRCS
approved nutrient management plans (EQIP cost share), a variety of
educational activities such as on-farm demonstration plots, and targeted
training programs.

LCMR Budget: $ 117,500 Ending Balance: $0.00

PLEASE NOTE: Due to the numerous details, particularly in the research
components of Results 2-4, that only the highlights of each result will be supplied
in “IV. Outline of Project Results”. Additional details are provided in the attached
Appendix.

Highlights of Result One:

o “Sign Up” goals were exceeded: The project’s original goal was to enroll
33% of the cropland acres within the Verdi Wellhead Protection Area. Nutrient
management plans were developed for more than 40% of the acres (see
Figure 1) and these plans will be implemented for the 5-year duration as
specified by EQIP requirements. Another 10% of the acreage was enrolled
into the Conservation Reserve Program (CRP).

e Response from local producers was excellent: Due to the excellent
response from farmers willing to participate in the program, all available EQIP
funds ($235,540) designated for Lincoln County were quickly exhausted.



Much of this success was due to the fact a nutrient management plan writer
was available (due to LCMR funds) which in turn made the federal funds
readily available for implementation.

Numerous educational events for producers, Ag professionals and
water resource staff were provided: Project funding allowed for the
facilitation of many excellent educational events including summer workshops
for both Verdi and Holland Wellhead Protection Areas; annual workshops with
crop retailers; annual winter meetings with farmers, landowners and
interested parties; and the distribution of a quarterly newsletter with a mailing
distribution of approximately 250 readers.

Additional cost share dollars successfully obtained: Additional cost share
funds (approximately $37,500) through an EPA 319 grant (Wellhead
Management for the Holland and Edgerton Wellhead Protection Areas) were
successfully obtained by the Pipestone County Conservation and Zoning
Office. Initial planning steps with 16 farm operations within the Holland
Wellhead Protection Area were made. These plans will be written and
implemented for the 2002-2003 crop years;

Lincoln Pipestone Rural Water System pledges funds to continue efforts
through 2003: Effective July 1, 2002, additional funding ($25,000) will be
provided to the Southwest Research and Outreach Center by the Lincoln
Pipestone Rural Water System (LPRWS) for the continuation on nutrient
management planning in both the Verdi and Holland Wellhead Protection
Areas through the 2003 cropping season. LPRWS also gifted the UM and
USDA-ARS to continue field research components in Results 2 and 3.

The MN Pollution Control Agency teams up with LCMR cooperators to
install a ground water monitoring network: The emphasis on the LCMR
project was to focus on improving agricultural practices within the Holland and
Verdi Wellhead Protection Areas. Due to funding limitations, it was not
possible to construct a groundwater monitoring network. Fortunately the PCA
‘recognized the need for this type of companion project and established a
network in the Verdi wellfield which will allow researchers to evaluate the
long-term impacts of agricultural practices on groundwater. See Appendix
Seven for additional details and a Web site location.
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Figure 1. Areas of the VYerdi
DMSMA that are either enrolled in
EQIP (Nutrient Management
Planning) or the Conservation
Reserve Program (CRP).

VERDI

Result 2: Conduct research to refine existing Best Management Practices
for nitrogen fertilizer and manure management specific for soils, geologic
conditions and cropping systems in groundwater sensitive areas.

LCMR Budget: $ 32,500 Estimated Balance: $ 0.00
Highlights:

During the 2000 growing season, field research was done using manure and
fertilizer-N at multiple locations. Results at all sites point to some important
principles for maximizing agronomic benefits while minimizing economic
liabilities. Nitrogen management factors such as time of application, placement,
rate, and source of N all played major roles influencing the amount of inorganic
soil N during the growing season. These variations in inorganic soil N did not,
however, manifest themselves in yield data. This indicates that soil N



concentrations for the 2000 growing season on the treated plots were more than
sufficient for normal corn growth and development. To prevent application of
unneeded N, reducing expense and environmental risk, diagnostic tests during
the growing season such as soil sampling for inorganic N and chlorophyll meter
readings could be used. These diagnostic tests, along with several others, were
used to determine optimum N management practices for sufficient, yet not
excessive, N for corn growth and development. Results indicate that delaying N
applications, using anhydrous ammonia, and/or using band application methods
all would create N situations that maximize N available to plants and minimize N
loss potential to the environment.

Effective July 1, 2001, additional funds ($19,250) will be provided by the Lincoln
Pipestone Rural Water Board for continuing a portion of research through 2003.

Please see Appendix 2 for a detailed report. An extension publication on the
findings of this field research is in progress and will be made available on the
web and in hard copy.

Result 3: Determine the effectiveness of "phytofiltration” (filtering
contaminated water through plant root systems) of high nitrate ground
water by irrigating perennial forages (alfalfa, bromegrass, and
orchardgrass) to improve ground water quality.

LCMR Budget: $ 15,000 Est. Balance: $0.00
Highlights:

Compliance with the public drinking water standard for nitrate often involves
construction and maintenance of a water treatment facility. An alternative
approach for shallow water table aquifers may be phytofiltration. Perennial
forages, irrigated with the nitrate-rich ground water during the growing season,
remove nitrate and thus reduce nitrate concentrations in recharge water. We
conducted an experiment at two sites in Minnesota (Pipestone and Sherburne
Counties). About 2.5 cm of water was applied 2X weekly during the growing
season to 2 or 4 replicates of 3 or 4 species (Medicago sativa, Bromus inermis,
Dactylis glomerata, and Glycine max) at irrigation water concentrations ranging
from approx. 15 to 50 mg N/L). Highest yield and N removal were obtained with
alfalfa, lowest with smooth bromegrass. Soil solution nitrate concentrations were
generally very low under the perennial forages and considerably higher under
soybean. Removal of nitrate appears to involve both N uptake and denitrification.
This remediation approach has potential in areas where ground water can be
readily influenced by leaching. More generally, it appears that perennial forages
could be used to remove nitrate from sources such as wastewater or aerobic
lagoon water applied through irrigation systems to prevent ground water
contamination.



Effective July 1, 2001, additional funds ($15,000) will be provided to USDA-ARS
by the Lincoln Pipestone Rural Water Board for continuing this research through
2003.

Please see the Appendix-Result 3 for the detailed report.

Professional Presentation: These findings were presented at the annual joint
meeting of the ASA-CSSA-SSSA in Charlotte, NC, October 2001. Title:
Phytofiltration to remediate high-nitrate ground water: Initial tests of the concept.
Authors: M.P. Russelle*, D.W. Kelley, M.D. Trojan, E.P. Eid, J.F.S. Lamb, and
J.A. Wright. USDA-ARS. Univ. of St. Thomas, Minnesota PCA, and Univ. of
Minnesota.

Result 4: Validate existing nitrogen leaching simulation models; predict
impacts of improved N management at larger scales (i.e. wellhead recharge
area).

LCMR Budget: $ 35,000 Est. Balance: $0.00

A computer simulation model called GLEAMS (Groundwater Loading Effects of
Agricultural Management Systems) was used with soil information from the Verdi
and Holland Wellhead Protection Areas along with ten years (1989-1998) of local
historical weather data. We first calibrated and validated GLEAMS using detailed
data from experiments conducted by others at the University of Minnesota
Research and Outreach Centers at Morris and Lamberton. We simulated the
effects of growing alfalfa, continuous corn at three N rates (100, 130, and 160 Ib
N/acre), and corn-soybean rotations at one N rate (90 Ib N/acre on corn) on all
major soils in both WMAs. For the corn-soybean rotation, we ran the simulation
with corn in even-numbered years, repeated the simulation with corn in odd-
numbered years, and then averaged the results by year over the two crops.
Additional details, assumptions and results can be found in the Appendix-Result
4. ‘

GLEAMS predictions supported our hypothesis that nitrate leaching under alfalfa
is lower than under annual crops like corn and soybean (Tables 1-4 in the
Appendix). The model predicted only rare leaching events under alfalfa, but it
predicted high nitrate concentrations in the soil solution. This latter result does
not agree with data from Result 3 and many other experiments, which show that
soil solution nitrate-N concentrations under alfalfa are typically much lower than
10 ppm. However, the model results confirm that leaching can occur in
Minnesota, even under high-producing perennial forage crops. We expect that
nitrate leaching losses under native perennial prairie species would be similarly
low, although water loss in spring may be higher, since many of these species
are warm-season types that do not begin rapid growth until mid-June (e.g.,
switchgrass, big bluestem, etc.). If water escapes the root zone of perennial



forages during spring, it may help improve ground water quality as long as the
nitrate concentration of this percolating water is low.

Average predicted corn grain yield increased on some soils with 130 compared
to 100 Ib N/acre, but little further gain was achieved with 160 Ib N/acre. This
result also occurred in simulations using a higher yield potential, lending
credence to University of Minnesota fertilizer recommendations. The amount of
water percolating below the corn root zone did not change with fertilizer N rate,
but nitrate concentrations in that water increased rapidly when excessive fertilizer
N was applied, leading to very high N losses on some soils. For example,
predicted nitrate losses under Kranzburg soils were very small with modest N
additions, whereas losses were high under the same conditions on Athelwold,
Estelline, Reshaw, and Trosky soils.

Irrigation increased leaching losses, mainly due to increased water percolation
during May through August, because of decreased soil water storage capacity
when heavy rainfall occurred. In addition, late season irrigation reduces the
capacity of soil to store snowmelt and rainfall in spring. Even with the
conservative irrigation regime in this simulation, the amount of water percolating
below the root zone increased by an average of 30 to 35% on most soils, and
nitrate concentration increased to a variable degree.

These results are best visualized in maps of the Holland WMA, which is
comprised of several soil types (Figure 2 in Appendix-Result 4), many of which
are underlain by a deep sand and gravel deposit that allows percolating water to
move quickly into the water table. We applied the model output to each
respective soil in the WMA, assuming that a given crop management scenario
was being practiced across the entire area. This could be done on a field-by-field
basis, but we did not have specific cropping information at that level of detail, nor
do we have a GIS layer of field boundaries.

The maps of predicted nitrate leaching loss under different cropping scenarios
(Figure 3 in Appendix-Result 4) illustrate the general likelihood that certain soils
in the WMA to lose N by this pathway. There is high variability in leaching loss
from year to year, which we attempted to capture by using a 10-year weather
record. Shallow soils restrict both the amount of water a soil can hold against
gravity and the depth of rooting of the crops, resulting in higher probability and
amount of nitrate loss. The corn/soybean rotation is the main cropping system
used in the area, according to an on-farm survey by the Minnesota Department
of Agriculture. Although we did not run simulations with higher N rates in this
rotation, one could expect increases in nitrate leaching as was predicted for the
continuous corn system with greater fertilizer N.

We estimated the total average annual N loss via leaching by combining the per
acre loss and the area of each modeled soil in the Holland WMA (Tables 5 and
6). We modeled losses on soils covering 97% of the WMA. The numbers quickly



become quite significant when spread over the 22,213 acres modeled in the
Holland WMA.. Even when per acre leaching losses were small, total losses were
predicted to be over 29,000 Ib N if the entire WMA were growing continuous corn
under nonirrigated conditions with 100 Ib N/acre spring fertilizer applications.
Under nonirrigated conditions, total nitrate-N losses under continuous corn tripled
as fertilizer N rate increased from 100 to 130 Ib N/acre, and doubled again when
rate increased to 160 Ib/acre. Nitrate losses were similar for a corn/soybean
rotation and for continuous corn with modest N rates under dryland conditions,
but 40% more nitrate was lost under the corn/soybean rotation than under
continuous corn under irrigation. We think this is due to lower water use and
lower nitrate uptake by the soybean than by corn, even though more than twice
as much fertilizer N is applied in the continuous corn system.

We simulated late fall (October 26) applications of urea fertilizer with immediate
incorporation on four soils in the Holland WMA and five soils in the Verdi WMA.
Applications of fertilizer N are not recommended before soil temperatures stay
below 50 F, because of the risk that fertilizer N will be converted to nitrate and
lost before the crop can use it. Averaged over 10 years of weather data, there
was no difference in predicted corn yield between late October and late April
fertilizer N application times. A slight increase in nitrate leaching (averaging 1 Ib
N/acre for nonirrigated and 1.4 Ib N/acre for irrigated continuous corn) was
predicted for fall application compared to spring. This small per acre loss
translates into very large amounts of nitrate loss over the entire WMA. As there is
rarely a yield benefit, and occasionally a yield loss, due to fall N application, we
recommend spring application be used in the WMAs.

It is clear that nonpoint nitrate losses below the root zone of annual crops in the
WMA may be contributing to the increasing nitrate concentrations measured in
the water table aquifer. It is possible that less diffuse sources (e.g., barnyards
with excessive manure deposition, leaky septic systems, surface water affected
by tile drainage, etc.) are sources of nitrate as well. This analysis does not
include all possible management scenarios, and although results cannot be
considered exact, these results should be useful for designing cropping systems
to improve and protect future ground water quality in the Holland WMA.

Once we have reviewed all the results and have reviews by other experts, we
intend to write technical articles for publication, with appropriate attribution of the
funding sources. We are also likely to present this information at scientific
meetings, although no abstracts have been written at this time.

V. DISSEMINATION: Short term demonstration plot work and research results
will be shared with area farmers and affiliated agency/university staff at the
various scheduled field days, potential newsletters, and educational programs
listed in “PROJECT RESULTS” section. Additionally portions of the project may
be suitable for developing a documentary film for such educational shows as the



Environmental Journal. Near or after project completion, various research
components will be presented at state and national professional conferences.

If this type of approach is success, similar programs would be implemented in
other wellhead protection areas or areas experiencing elevated nitrate problems.

V1. CONTEXT:

A: Significance: A number of community water supplies in southwest
Minnesota, such as the Lincoln-Pipestone Rural Water Supply District, are
currently threatened by nitrate contamination. Recent losses of CRP acreage
within the recharge areas will intensify existing problems. An interagency
technical committee, convened in the fall of 1997, identified several potential
ways to reduce nitrogen loading to groundwater. This project will directly deal
with many of the major agricultural non-point source issues. Many of the
techniques and strategies will be transferable to other source water protection
areas throughout the state.

B: Time: Due to the “time lags” involved from the implementation phases to
realizing measurable environmental improvements in water quality, it is
recommended that a scaled down continuation be considered during the 2001-
2003 funding cycle.

C. Budget Context

A. LCMR Budget History: $0

B. Non-LCMR Budget History:  $0

C. Total: $0

1. BUDGET

Personnel $143,860 (72%)

Equipment $ 6,000 for two computers (3%)
Acquisition $ 0

Development $ 0

Other $ 50,140 (See Attachment A)
Total $200,000

2. BUDGET-Attachment A
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Attachment A Deliverable
Products and Related S ;
Budget ;
LCMR Project Biennial Budget OBJECTIVES
i JResult 1-A_ Result1-B Result 2 Result 3 Result 4 .
Budget item Develop nutrient "Expert teant’ formed: Refine BMPs thru Phytofiltration researchValidation and
plans; implement and evaluations test plot research. :on field scale irrigation: prediction of N
demonstrations conducted. systems. losses thru simulation models.

Aliocation within Workplan: : § 100,000} § 17,500 | § 32,500 § 15,000 § 35,000.00 Subtotals
Primary Recipient: : UM-SW Exp. UM-Soil, Water | UM-Soil, Water ARS-USDA ARS-USDA
e Station and Climate and Climate
Wages, salaries & benefits $ 86,360 | $ 5,000 | $ 18,000 | $ 7,500 | § 27,000.00 $ 143,860.00
Space rental, maintenance &
utilities T
Printing and Advertising $ 500 $ 50000
Communicélions, telephone, 2,000 $ 1,000.00 $ 3,000.00
mail, etc.
NG B - e — P WS t—

Professional/Technic | $ 1,000 $ 7,500 $ 8,500.00

Other contracts
Local automobile mileage paid : § 3,500 $ 2,500 ; $ 1,500 : § 2,000 : $ 1,000.00 ¢ 10,500.00
Other travel expenses in Minnes 1,500 ¢ $ 2,000 | $ 1,500 : § 1,000 $ 500.00 $ 6,500.00
Trawel outside Minnesota

lies B $ 71,000.00 1§ 2,00 i
Other Supplies $ $ 1,000 ¢ $ 1,500 | $ 2,000 | $ 3,000.00 $  8,140.00
Educalional Matenais/Suppiies S AP0 SRS ST ....% 400000
Tools and equipment - $ $  2500:% 2,500 § 1,500.00 $  7,000.00
Office equipment & cdmpulers 3,000 : $ 3,000 $ 6,000.00
Other Capital equipment R B .
Other direct operating‘cosls
Land acquisition :
Land rights acquisition i - -
Building or other land
improvements i
T T ” SRS SRR S .

TOTALS $ 100,000 : $ 17,500 : $ 32,500 | $ 15,000 ; $ 35,000.00 $ 200,000.00




VIl. COOPERATION:

Cooperat Affiliation %

Mr. Roberf Bymés Extension UM/MES Lyon County 1%

o Educator Extension Office
Mr A éébfée " Rehm Soil Scientist UM/MES/Dept of Soil, 1%
Water & Climate

 Mr. Jierry" o Purdin District R ”N'KCS-"Pipest'one Co. o ‘5\%

Conservationist
Mr. Dennis Johnson District NRCS-Lincoln County 5%
. Pauline ~.- Moen "T:DlsmctManager © SWCD:-Lincoln County - =~ 7
_ James  Japs Manager ~ MN DNR-Waters
- Brude . . Olsen’ . Supervisor. . ° MN Dept of Health A%
David Wall Hydrologxst MN PCA/ Water Quahty 1%
Div.

VIll. LOCATION: Southwest Minnesota including the following counties:
Pipestone, Lincoln, Rock, Lyon, Redwood, Murray, Cottonwood, Nobles and
Jackson.

! Time estimates of involvement of related cooperators; No project dollars expended.

2 Pauline Nickel will oversee activities related to Result 1 and will administer $100,000 of project
funds.

3 Michael Russelle will oversee activities related to Result 3 and 4 and will administer $50,000 of
project funds.

4 Mike Schmitt will oversee activities related to Result 2 and will administer $50,000 of project funds.
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Appendix Contents

e Appendix One: Result 1
e Appendix Two: Result 2
e Appendix Three: Result 3
e Appendix Four: Result 4
¢ Appendix Five:
Related News Releases and Education Event

Announcements

o Appendix Six:
Affiliated Grants

e Appendix Seven: Groundwater Monitoring Network

PCA “Ground Water Monitoring in the Verdi Wellhead
Protection Area-2000 Annual Report”, March, 2001

o Appendix Eight: Related News Releases
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Appendix Result 1

Report submitted by Steve lverson, Nutrient Management Plan Writer for this
project, Southwest Research and Outreach Center

Result 1: Provide technical assistance to farmers within groundwater
sensitive regions including the development and evaluation of NRCS
approved nutrient management plans (EQIP cost share), a variety of
educational activities such as on-farm demonstration plots, and targeted
training programs.

1. Nutrient management, pest management and crop residue plans were
written by the nutrient management specialist and implemented for the
second year for 5 Lincoln County farms and 13 Lincoln County farms for
the initial yearly plan

2. The management plans for these 18 farms will be written each year for 3
years with requirement for 2 additional years of follow thru of similar
management.

3. The initial goal of the grant was to enroll 33% of the cropland located in
the wellhead protection area in this program. The 18 farm operations
have approximately 40% of the wellhead cropland enrolled in the EQIP
program.

4. Two on farm trial plots have been conducted to provide additional
information on nitrogen rates.

5. Educational meetings have been held yearly in July at research plot sites
near Holland and Verdi. Researchers presented results of their research
and tours of the plots were held.

6. Yearly summer meetings with local fertilizer dealers and crop consultants
have been presented to provide information on nutrient management
needs special to this area. The meeting also allowed U of M personnel
to gather insight on local nutrient management ideas.

7. In July of 2000 a U of M expert panel made 5 on-farm visits to give
farmer’s additional information and give U of M personnel an opportunity
to get first hand knowledge of local farm management concerns.

8. Winter meeting have been held the past 2 years to discuss results of U of

M research on Nutrient Management with farmers, land owners and
others interested in the conservation needs of the area.

~13-



9. The project coordinator assisted U of M research personnel with locating
plot sites for 2001, finding a manure source for the plots and giving
general updates on the plot conditions. This process is beginning for the
2002 crop year.

10.MPCA personnel were assisted in obtaining easements for development
of wells for ground water monitoring sites.

11.Local Extension Educators were given assistance in local farm operator
meetings.

12.LPRW was given assistance in developing their wellhead protection plan.

13.A newsletter is being published with distribution to local residents,
landowners, local government official and various governmental
agencies to provide information about the wellhead protection project
and conservation efforts in the area. To date 3 issues have been
published with a mailing list of 256.

14.Assistance has been provided to the Pipestone County Environmental and
Zoning off ice in making the initial contact with farm operators in
Pipestone County for cooperators interested in participating in the MPCA
319 funded program. The critical area of the Holland Well field was the
targeted area and 16 farm operators have requested funds from the
program. The one additional farm operator with significant acreage in the
area has expressed interest as well.

15. The project has not reached its potential in Pipestone County. MPCA 319
funds were not released until the 2001 crop season was in progress.
Work will begin with the farmer operators for the 2002 to 2003 crop
years to help farm operators adopt the proposed improved management

“plans.

16.Funding has been provided by the Lincoin Pipestone Rural Water System
to continue the work started under funding by the LCMR grant. This
funding will allow farm management plans to be written as called for by
the EQIP and MPCA 319 grants. Plot research and information meeting
will continue thru the 2003 crop years.

-14-



Appendix-Result 2

Research conducted and reported by Dr. Michael A. Schmitt, Professor of Soil
Science, University of Minnesota

Result 2: Conduct research to refine existing Best Management Practices
for nitrogen fertilizer and manure management specific for soils, geologic
conditions and cropping systems in groundwater sensitive areas.

Abstract

This project examined a number of nitrogen
management strategies in the sensitive aquifer region
of southwestern Minnesota. Field research found that
delaying N applications, using anhydrous ammonia,
and/or using band application methods all would be
good management methods for providing maximum N
to corn while reducing N loss to the environment.
Third, an extension publication on the findings of this
field research is in progress and will be made
available on the web and in hard copy.
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Executive Summary

The objective of this study was to conduct research evaluating existing Best
Management Practices for nitrogen fertilizer and manure management specific to
the soils, geologic conditions, and cropping systems in the groundwater sensitive
areas of southwestern Minnesota.

During the 2000 growing season, field research was done using manure and
fertilizer-N at multiple locations. Results at all sites point to some important
principles for maximizing agronomic benefits while minimizing economic
liabilities. Nitrogen management factors such as time of application, placement,
rate, and source of N all played major roles influencing the amount of inorganic
soil N during the growing season. These variations in inorganic soil N did not,
however, manifest themselves in yield data. This indicates that soil N
concentrations for the 2000 growing season on the treated plots were more than
sufficient for normal corn growth and development. To prevent application of
unneeded N, reducing expense and environmental risk, diagnostic tests during
the growing season such as soil sampling for inorganic N and chlorophyll meter
readings could be used. These diagnostic tests, along with several others, were
used to determine optimum N management practices for sufficient, yet not
excessive, N for corn growth and development. Results indicate that delaying N
applications, using anhydrous ammonia, and/or using band application methods
all would create N situations that maximize N available to plants and minimize N
loss potential to the environment.

Objective 2: Conduct research to refine existing Best Management
Practices for nitrogen fertilizer and manure management specific for soils,
geologic conditions and cropping systems in groundwater sensitive areas.

Introduction

The Lincoln Pipestone Rural Water Supply District (LPRWSD) operates three
main wellfields (Holland, Verdi and Burr) which serve 24 communities (10,000
individuals) and 3,000 farms in southwestern Minnesota. Similar to many
distribution systems in this area, the Verdi and Holland wellfields are seriously
impacted by elevated nitrate levels. Maintaining acceptable water quality is
challenging due to thin permeable soils and shallow water tables. Losses of
Conservation Reserve Program (CRP) acres over the last several years have
created additional complexities. Additionally, recent studies within these areas
indicate that 20-50 Ib/N/A/Year from nitrogen inputs could be trimmed without
yield reductions.

In 1991, the University of Minnesota released a series of nitrogen Best Management

Practices (BMPs) that included statewide and region-specific strategies based on
climate, soils and cropping rotations. Due to the unique
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characteristics of this area, existing N BMPs for SW Minnesota need to be
refined. Examination of the efficacy of fall fertilization and the proper timing and
rate of hog manure could lead to a set of truer Best Management Practices for
this region.

Significance

A number of community water supplies in southwest Minnesota, such as the
Lincoln-Pipestone Rural Water Supply District, are currently threatened by nitrate
contamination. Recent losses of CRP acreage within the recharge areas will
intensify existing problems. An interagency technical committee, convened in the
fall of 1997, identified several potential ways to reduce nitrogen loading to
groundwater. This project directly deals with many of the major agricultural non-
point source issues. Many of the techniques and strategies used here could be
transferable to other source water protection areas throughout the state.

Background and Hypothesis

In southwest Minnesota, fall application of manure and fertilizer N is considered a
BMP and is commonplace. The actual application rates of N are often greater
than recommended because of the lack of confidence in organic N
mineralization. The combination of these factors creates a high potential for N
losses. Because the soils in these sensitive areas are coarse-textured and
relatively shallow (to the water table), leaching of N is an important process in
need of control. Our hypothesis is that current N management recommendation
for the area as a whole may not be applicable to the sensitive areas and that a
refinement of fall N management and education regarding N rates are key to
reducing the risk of leaching N.

Description of project, priorities, goals and factors:

» Refine and modify Best Management Practices (BMPs) for nitrogen,
including both manure and fertilizer N, for cropping systems specific for
the unique soils/geology found in this region of the state;

e Develop replicated small plot research plots at 2 to 4 sites; variables will
be timing of application (i.e. early fall, late fall and spring) and a series of
N rates;

'« Evaluate manure management strategies for preventing negative nitrate
impacts;

o Estimate manure and fertilizer N use efficiency of various nutrient and
crop management systems for crop systems in this area;
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e Integrate plot research/demonstrations and subsequent results with efforts
in Result 1, 3 and 4 to form a comprehensive educational package.

Procedures

In-field research/demonstration plots were established in the fall of 1999 at three
locations in the Lincoln-Pipestone Wellhead Protection Area. The objective of
these plots was two-fold. First, the plots would serve as a demonstration tool for
educational programming, such as field tours, and also create visible activity for
the project in local areas. Second, these plots provide field data that can be
used to emphasize the validity of Best Management Practices for the area.

Manure Management Demonstration Site

One plot site was established in the Holland wellfield to demonstrate the effects
of manure application time, method, and rate. Two manure application times
were used: early October, when soil temperatures are still above 50 degrees,
and late October, when soil temperatures are below 50 degrees. Manure was
applied either in injection zones placed 8 inches beneath the soil surface on 30-
inch spacing or broadcast on the soil surface. In addition to a control plot,
manure rates were 2500, 5000, or 7500 gallons per acre of finishing hog manure.
This range in rates was intended to be representative of low and high rates, with
the optimum rate in the middle. Table 1 lists the nutrient contents of the manure
at each application date.

The approximate 2-acre site was located on a loess-derived soil and had been
cropped to soybeans in 1999. Soil nutrient properties are listed in Table 1. No
tillage was done prior to manure application and no tillage was done until the
spring of 2000—after all the treatments were applied. Manure was applied using
a research-plot manure application unit that was equipped with a flow meter to
regulate application rate. Plots were 50 feet in length and 20 feet in width. Four
replications of the 13 treatments were used.

Corn was grown during the 2000 growing season. All production practices,
including pest control management, were done in accordance with the
landowners’ general practices for the area, by the landowner, with their
equipment.

Soil samples were collected from each of the plots in early May after corn had
been planted and in mid June when the corn was approximately 12 inches tall.
Eight cores were collected and composited from the middle of each plot. A
systematic sampling scheme was used. Two random areas were selected and
four vertical soil cores taken at 7.5-inch intervals on a transect perpendicular to
the direction of the plant rows and possible manure application zones. These
soil samples were collected from a 24-inch depth, in 12-inch increments in early
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May and a 12-inch depth in mid June. All soil samples were then dried, ground,
and analyzed for nitrate nitrogen.

Chlorophyll measurements were taken in mid July to quantify the greenness of
the corn plants at this time. These measurements were collected using a hand-
held chlorophyll SPAD meter which measured light reflectance of the corn tissue.
Readings were collected from the middle of the leaves next to the midrib from the
uppermost fully developed leaf. Twenty plants were sampled in each plot. Grain
yields were taken at physiological maturity by harvesting the center two rows,
which were end-trimmed to a 40-ft length, with a small plot combine. Seed
moisture content was also determined and yields were then expressed on a dry
matter basis.

After harvest, corn stalks were tested for nitrate content. The amount of nitrate in
the base area of corn stalks is a way to tell if excess nitrogen was available to the
corn. Corn plants store excess nitrate in the stalk before it is translocated to the
leaves and grain. A low stalk nitrate value does not necessarily mean that the
corn was nitrogen deficient, but a high nitrate value does indicate sufficient, and
in most cases, excessive amounts of N for normal corn growth and yield.
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Nitrogen Fertilizer Mahagement Sites

Two plot sites were established to demonstrate the effects of nitrogen fertilizer
application time, source, and rate—one in the Holland wellfield and one in the
Verdi wellfield. Three N fertilizer application times were used: early October,
when soil temperatures are still above 50 degrees, late October, when soil
temperatures are below 50 degrees, and mid April, before planting. Nitrogen
sources were either anhydrous ammonia, applied in injection zones placed 8
inches beneath the soil surface on 30-inch spacing, or urea, broadcast

on the soil surface. In addition to a control plot, N fertilizer rates were 60, 90,
120, and 150 Ib N/acre. This range in rates was intended to bracket the
predicted optimum rate with insufficient and excessive rates.

Both 2+-acre sites were located on a loess-derived soil and had been cropped to
soybeans in 1999. Soil nutrient properties are listed in Table 1. No tillage was
done prior to manure application and no tillage was done until the spring of
2000—after all the treatments were applied. Fertilizer application was made
using a plot-sized tractor, and for the urea treatments a pneumatic, three-point
hitch fertilizer spreader, and for the anhydrous ammonia treatments a 7.5 ft tool
bar with a 200 Ib self-contained ammonia tank. Plots were 30 feet in length and
10 feet in width. Four replications of the 25 treatments were used.

Corn was grown during the 2000 growing season. All production practices,
including pest control management, were done in accordance with the
landowners’ general practices for the area, by the landowner, with their
equipment.

Soil samples were collected from each of the plots in mid June when the corn
was approximately 12 inches tall. Eight cores were collected and composited
from the middle of each plot. A systematic sampling scheme was used. Two
random areas were selected and four vertical soil cores taken at 7.5-inch
intervals on a transect perpendicular to the direction of the plant rows and
possible fertilizer application zones. These soil samples were collected from a
12-inch depth. All soil samples were then dried, ground and analyzed for nitrate-
and ammonium-N.

Chlorophyll measurements were taken in mid July to quantify the greenness of
the corn plants at this time. These measurements were collected using a hand-
held chlorophyll SPAD meter which measured light reflectance of the corn tissue.
Readings were collected from the middle of the leaves next to the midrib from the
uppermost fully developed leaf. Twenty plants were sampled in each plot. Grain
yields were taken at physiological maturity by harvesting the center two rows,
which were end-trimmed to a 40-ft length, with a small plot combine. Seed
moisture content was also determined and yields were then expressed on a dry
matter basis.
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After harvest, corn stalks were tested for nitrate content. The amount of nitrate in
the base area of corn stalks is a way to tell if excess nitrogen was available to the
corn. Corn plants store excess nitrate in the stalk before it is translocated to the
leaves and grain. A low stalk nitrate value does not necessarily mean that the
corn was nitrogen deficient, but a high nitrate value does indicate sufficient, and
in most cases, excessive amounts of N for normal corn growth and yield.

Results and Discussion

The climatic conditions in the fall of 1999, as well as in the spring and early
summer of 2000, were atypical for southwest Minnesota. Fall conditions were
dry and very warm, and the soil did not freeze until the third week of December,
approximately one month later than normal. Spring weather allowed for very
early planting in April that was followed by extremely cold, windy, and rainy
conditions through mid June. After the corn emerged, hail, frost, and high winds
all stressed the plants at various times. Growing season heat units and.
precipitation were near normal for all sites. A late season dry spell combined
with very high temperatures caused the corn to quickly “shut down” and mature
. approximately two weeks early.

Manure Management Demonstration Site

Grain yields from this site are listed in Table 2. Mean yields ranged from 104
bu/acre for the control treatment (no manure/N) to 155 bu/acre for the 7500 GPA
broadcast and 2500 GPA injected treatments. There was no significant
relationship between yield with the two methods of manure application or the two
date of manure application—yields averaged 152 bu/acre regardless of these
treatment factors (Table 3). There was an effect of manure application rate;
however, the effect was only between the control and the lowest application rate
as all three manure rates yielded the same. Thus, the amount of N supplied in
the 2500 GPA manure rate supplied adequate available such that N was not a
limiting factor with all greater rates. There were no interactions between the
treatment factors.

Whereas grain yield can provide an indicator of available N when N is below the
sufficiency level, soil inorganic N concentrations can provide a more absolute
indicator of treatment factors. Soil nitrate-N measured in early May represents
the net amount of N released from the manure (and soil organic matter) from the
time of application.

Soil nitrate-N concentrations in the top 12 inches of soil in May are listed in Table
4. The control plot had 8.4 ppm nitrate-N. Because no manure was applied to
this plot, the nitrate-N present was either carryover from the previous year or
nitrate released from organic matter. All other treatments, compared to the
control, can provide the net effect of manure N release by subtracting control plot
value from the manure treatment’s value. Application date had a significant
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effect on soil nitrate-N (Pr.>F=0.0212, see Table 5), with the earlier application
date providing more (27.2 vs. 24.2 ppm) nitrate-N. This would be plausible
because the earlier application had a longer period of time to decompose in the
soil compared to the later application. The relationship between soil nitrate-N
and method of application was highly significant (Pr.>F=0.0001, see Table 5).
Injected manure applications averaged 33.2 ppm nitrate-N compared to only 18.3
ppm nitrate-N for broadcast applications. Soil nitrate-N concentrations were
correlated to manure application rate (Pr.>F=0.0001, Table 5), although this
relationship was not linear. The initial 2500 GPA increment increased nitrate-N
by 15.2 ppm whereas the second and third increment increased nitrate-N by 15.8
and 21.9 ppm, respectively.

Soil nitrate-N measurements in the top 24 inches in early May provides an
indication of possible nitrate-N leaching occurring, as significant increases in
nitrate-N in the second foot combined with the top foot would indicate N
movement. Data shown in Table 6 do not provide any evidence of nitrate N
movement as the concentrations reflect normal background levels in the second
foot combined with the treatment effects in the top foot. Therefore, the effects of
the treatment factors are the same as with the top foot’s data in Table 4. The dry
1999 fall conditions allowed the spring rains to absorb into the soils with minimal
nitrate-N movement.

Soil nitrate-N measurements collected in mid June represent the peak nitrate-N
release activity in the soil. After this time, the corn plant starts to uptake N from
the soil, generally at a rate greater than the release of N from manure/organic
matter. There is no significant difference between application date data (19.0 vs.
18.7 ppm) at this time (Table 7 and Table 8). There still is greater nitrate-N from
the injected treatments (21.1 ppm) compared to the broadcast treatments (16.6
ppm), although these differences are less than from the comparable treatment
comparisons in early May. The amount of soil nitrates in the 0-12 inch layer in
June was less than in May (Table 9). This loss of nitrate over the month time
period was most evident with the injected manure in comparison to the broadcast
applied. The manure rate effect is still reflected in the in-season nitrate-N
measurements. Soil nitrate-N measured at this time from the top foot of soil has
been shown to be indicative of grain yield sufficiency/ response in numerous
lowa studies. These lowa researchers have concluded that if there is
approximately 15 ppm nitrate-N in the soil, there will be sufficient N for maximum
grain yield response. Our data indicates that, except for the control treatment,
nitrate-N concentrations were near or above this 15 ppm threshold. Therefore,
the similarity of grain yields measured is not surprising (Table 2).

Similar to grain yield, chlorophyll meter readings in July are also an indicator of
plant N sufficiency. Chlorophyll readings were similar (62.0) for all manure .
treatments (Table 10), with no statistical relationship to any variable (Table 3).
Note, however, that the readings were less for the control plot, which also had
significantly lower yields.
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Measuring the concentration of nitrate in the basal corn stalk is a way to see if
adequate N was present for growth, and if that N was excessive. Stalk nitrates
on plots applied with manure were much higher than the control, 1992 ppm vs.
119 ppm (Table 11). Basal stalk nitrates were highly related to method of
application (Pr.>F=0.0001, Table 3). The stalk nitrates were higher on the
injected manure plots in comparison to the broadcast plots, and higher for early
application in comparison to late application. These results indicate that more
than enough N for normal corn growth and development was present in the soils
treated with manure, but that the soils that were injected with manure provided
the most N to the corn plant. This agrees with soil nitrate values, where injected
soils had higher soil nitrate values than those soils with manure broadcast
applied.

Nitrogen Fertilizer Management Sites

Grain yield for the individual sites are listed in Tables 12 and 13. Yields
averaged approximately 130 bu/acre at the Holland site while the yields
averaged only 85 bu/acre at the Verdi sites. A combination of late planting and
the early maturing of the grain contributed to this lower yield. At neither of the
sites was there a significant effect on yield from time of fertilizer application
(Tables 14 and 15)—the variation in treatment means is from natural variability
among the blocks of replicates at each site rather than due to the treatments.
Although University of Minnesota Best Management Practices for fertilizer N
applications would not recommend fertilizer N applications in early October, the
lack of a yield effect this year is not surprising since the lack of fall precipitation
greatly reduced the potential for N losses when the spring moisture did arrive.

There was also no significant difference in grain yield due to the effect of N
source in our data sets (Tables 12 and 13). University of Minnesota Best
Management Practices would recommend either source of N in this area. Again,
most likely due to the lack of N loss potential at the sites, no yield differences
were realized.

The rate of N application did not have a highly significant effect on grain yield at
either of our sites in 2000 (Pr.>F=0.0073, Table 14)(Tables 12 and 13). The
yield fluctuations between N rates at both of the sites indicate that there was a
great deal of variation between the blocks of treatments. Even with the relatively
lower yields at the Verdi site (Table 13), the lack of any response to N rate is
surprising. Evaluation of soil N concentrations may be able to explain this.

Soil nitrate-N concentrations in the top 12 inches of soil for the fertilizer
management studies are listed in Tables 16 and 17. Soil nitrate-N measurements
collected in mid June represent the peak nitrate-N release activity in the soil.
After this time the corn plant starts to significantly uptake N from the soil,
generally at a rate greater than the release of N from manure/organic matter.
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The control plots had 13.2 and 7.0 ppm nitrate-N at Holland and Verdi,
respectively. Because no fertilizer was applied to these plots, the nitrate-N
present was either from carryover nitrate-N from the previous year or from nitrate
released from organic matter. All other treatments, compared to the control, can
provide the net effect of fertilizer N release by subtracting control plot value from
the fertilizer treatments’ value.

At both sites, there was a significant effect of fertilizer N application time on soil |
nitrate concentrations (Pr.>F=0.0001 for both sites, Tables 18 and 19). At the
Holland site, soil nitrate-N averaged 15.8, 18.5, and 28.8 ppm for early October,
late October, and April application dates, respectively (Table 16). At the Verdi
site, soil nitrate-N averaged 12.5, 13.7, and 28.5 ppm for early October, late
October, and April application dates, respectively (Table 17). Note that the
difference between the two fall application dates was more pronounced at the
Holland site than at the Verdi site. The increase in soil nitrate-N with later
application dates is consistent with soil fertility literature—the fall N treatments
have probably been subjected to many more N movement and/or loss
opportunities, which may or may not have a direct effect on yield.

The source of N was significant on soil nitrate-N at both sites (Pr.>F=0.0001 for
both sites, Tables 18 and 19) (Tables 16 and 17). There was a consistent 25-
50% increase in nitrate-N concentrations with anhydrous ammonia compared to
urea. Overall nitrate-N concentrations at the Holland site were 23.7 and 18.4
ppm nitrate-N for the anhydrous and urea treatments, respectively, and were
21.8 and 14.6 ppm nitrate-N at the Verdi site for the anhydrous and urea
treatments, respectively. Anhydrous ammonia, due to its inherent chemical
properties and its banded application method, would naturally slow the
nitrification process more than urea. Therefore, anhydrous ammonia provides
greater amounts of nitrate-N in the top foot of soil in mid June.

Soil nitrate-N measured at this time from the top foot of soil has been shown to
indicate grain yield sufficiency/response in numerous lowa studies. These lowa
researchers concluded that if there is approximately 15 ppm nitrate-N in the soil,
there will be sufficient N for maximum grain yield response. It appears that
almost all of the treatments at the Holland site and the majority of treatments at
the Verdi site were near or above this threshold. This supports the finding that
the grain yields were all similar despite different treatment variables.

Ammonium-N measurements are useful in fertilizer N experiments because they
indicate an additional source of plant available nutrients in the soil. When
subtracting the control plot’s value from any treatment value, the difference is the
amount of inorganic N from the additional fertilizer. For both sites, only the
treatments with spring applications of fertilizer still had additional ammonium-N
available for conversion to nitrate-N (Tables 20 and 21). All fall N treatments—
either early or late applications—had undergone full conversion to nitrate N by
mid June.
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Soil ammonium-N was most significantly related to nitrogen source
(Pr.>F=0.0001 for both sites, Tables 18 and 19). Anhydrous ammonia
treatments resulted in greater ammonium-N than did urea treatments, especially
with increasing N rates and with spring application (Tables 20 and 21). Due to
the chemical characteristics of anhydrous ammonia and its application via
banding, ammonium conversion to nitrate is naturally slowed. Overall, this is a
positive result as ammonium-N is available for plant uptake but is not susceptible
to other N loss processes. Although the ammonium-N concentrations were not
indicative of yield responses in this study (Tables 12 and 13), management
“practices that prolong and/or preserve ammonium-N concentrations will have
positive agronomic and environmental potential to crop producers.

Similar to grain yield, July chlorophyll meter readings are also an indicator of
plant N sufficiency. Chlorophyll readings were similar for all fertilizer treatments
(Tables 22 and 23) and were not significantly related to any treatment factor
(Tables 14 and 15). Note, however, that chlorophyll readings were significantly
different between the two locations. Because factors such as corn hybrid
selection, crop growth stage, moisture stress, etc. all affect corn leaf greenness,
the differences between sites is not alarming. The significant decrease in
chlorophyll readings for the control plot at Verdi (Table 23) was associated with
proportional yield decreases (Table 13).

Measuring the concentration of nitrate in the basal corn stalk is a way to see if
adequate N was present for growth, and if that N was excessive. Stalk nitrates
on plots applied with fertilizer N were higher than the control, 1607 ppm vs. 901
ppm (Tables 24 and 25). Basal stalk nitrates were significantly related to source
of fertilizer-N (Pr.>F=0.0001 for both sites, Tables 14 and 15) and time of
application (Pr.>F=0.0005 at Holland site, Pr.>F=0.0001 at Verdi site, Tables 14
and 15). The stalk nitrates were higher on the anhydrous ammonia treatments in
comparison to the urea treatments, and higher for spring application in
comparison to either fall application times. These results indicate that more than
enough N for normal corn growth and development was present in the soils
treated with fertilizer N, but that the soils that were treated with anhydrous
ammonia provided the most N to the corn plant. This makes sense considering
that the soils with anhydrous ammonia had higher soil nitrate values than those
soils treated with urea. A higher basal stalk nitrate value with spring application
also makes sense, since fewer nitrates are lost between application and planting
with spring application.

Conclusions

Results from both studies at all sites illustrate some important principles and
examples of how crop and livestock producers should be managing their N
programs to maximize agronomic benefits while minimizing economic liabilities.
Nitrogen management factors (application timing, placement, rate, and source)
all played major roles in influencing the amount of inorganic soil N during the
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growing season. All soil fertility principles regarding these factors were easily
justified with soil N measurements. Thus, from this data, conclusions could be
reached that would indicate that delaying N applications, using anhydrous
ammonia, and/or using band application methods all would create N situations
that maximize N available to the plant and minimize N loss potential to the
environment.

Soil inorganic N does not necessarily translate to grain yield responsiveness. If
N concentrations are less than sufficient, N management scenarios that effect
amount of N in the soil will presumably result in yield differences. However, if soll
N concentrations are greater than sufficiency thresholds, the effects of N
management practices will not be expressed via yield. This is the situation, for
the most part, that occurred with the 2000 corn-growing season. The treatments
provided a wide range of soil N differences, but due to minimal N losses and
normal to low yields, expression of N management was not very evident in yield
responses. Determining when yield responds to additional N is therefore very
important based on the results of this study so far. What rates of applied N
provide sufficient N for optimum yield? Based on the data we have analyzed, it is
clear that N diagnostic tests such as soil sampling and analysis for inorganic N
(especially during the growing season), as well as chlorophyll meter readings,
can contribute to an economically and environmentally sound N management
program.

Recognizing N principles associated with N management practices along with N
diagnostic practices can be an excellent comprehensive management tool. This
strategy would work for the crop producer using commercial N fertilizers or the
livestock producers including animal manures in their nutrient programs. Limiting
the potential for N loss and quantifying the sufficiency of soil N for optimum grain
yield is a workable strategy for corn production in an environmentally sensitive
area.
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Table 1. Soil chemical/nutrient properties for sites in both wellfields and the
manure nutrient characteristics for the manure management study.

Soil Analysis
Location pH Bray P1 K NO;-N (0-2 ft)
ppm
Holland 6 44 5.3 189
Verdi 6 8 3.9 140
Manure Analysis
Application
_ Date Dry Matter N P,0s5 K,0 S
% Ibs/1000 gal.---------------
10/05/99 4 51 18 38 3
10/26/99 3 39 10 25 2

Table 2. The effect of manure application method, date, and rate on corn grain

yield, 2000.
Manure Application Rate (gal./acre)
0 2500 5000 7500 average
Application Method bu/acre
Injection 104.2 153.1 149.7 150.0 150.9
Broadcast 146.7 152.9 152.6 150.7
Application Timing
Early Application 149.1 150.6 153.1 150.9
Late Application 150.6 162.1 149.6 150.8
Method x Timing
Early--Injection 155.2 148.7 150.9 151.6
Early--Broadcast 143.1 162.5 155.3 150.3
Late--Injection 151.0 150.8 149.2 150.3
Late--Broadcast 150.3 153.4 150.0 151.2
Average - 1499 151.3 151.3
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Table 3. The statistical significance of measured variables as affected by time,
method, and rate of manure application, 2000.

Factor Grain Yield Basal Stalk NO5 Chlorophyill
--------------- ProF----ecmmeaee -
Rep 0.0316 0.1713 0.0001
Application Time 0.8910 0.0214 0.8465
Method 0.6905 0.0001 0.4322
Time x Method 0.7738 0.3661 0.9139
Rate 0.9403 0.0039 0.5258
Time x Rate 0.6581 0.5991 0.1470
Method x Rate 0.3572 0.7922 0.2579
Time x Rate x Method 0.6841 0.0433 0.4629

Table 4. The effect of manure application method, date, and rate on soil nitrate
at soil depth 0-12 inches in May, 2000.

Manure Application Rate (gal./acre)

0 2500 5000 7500 average
Application Method ppm
Injection 8.4 28.7 31.8 39.1 33.2
Broadcast 16.6 16.7 215 18.3
Application Timing
Early Application 241 26.0 315 27.2
Late Application 21.2 22.5 291 24.2
Method x Timing
Early--Injection 29.7 33.1 42.6 35.1
Early--Broadcast 18.5 18.9 204 19.3
Late--Injection 27.7 30.4 35.5 31.2
Late--Broadcast 14.8 14.5 22.6 17.3
Average 22.6 242 30.3
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Table 5. The statistical significance of May soil variables as affected by time,
method, and rate of manure application, 2000.

May Soil Variables

Factor Soil NOg, 0-12"  Soil NO3, 0-24"  Soil NOg, 12-24"
--------------- ProF ---c-emmmeee o
Application Time 0.0212 0.0148 0.3292
Method 0.0001 0.0001 0.0001
Time x Method 0.4245 0.1785 0.1287
Rate 0.0001 0.0001 0.0790
Time x Rate 0.9375 0.5378 0.1244
Method x Rate 0.1949 0.0513 0.0934
Time x Rate x Method 0.1188 0.0839 0.5285

Table 6. The effect of manure application method, date, and rate on soil nitrate
at soil depth 0-24 inches, May, 2000.

Manure Application Rate (gal./acre)

0 2500 5000 7500 average
Application Method : ppm
Injection 7.6 19.6 216 26.3 225
Broadcast 12.6 12.9 15.1 13.5
Application Timing
Early Application 16.6 18.6 214 18.9
Late Application 15.6 15.9 20.0 17.1
Method x Timing
Early--Injection 19.9 23.0 28.5 23.8
Early--Broadcast 13.3 14.2 14.3 13.9
Late--Injection 19.3 20.3 24.0 21.2
Late--Broadcast 11.9 1.5 16.0 13.1
Average 16.1 17.2 20.7
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Table 7. The effect of manure application method, date, and rate on soil nitrate
at soil depth 0-12 inches, mid-June, 2000.

Manure Application Rate (gal./acre)

0 2500 5000 7500 average
Application Method ppm
Injection 9.1 21.6 18.6 232 211
Broadcast 15.2 15.6 19.0 16.6
Application Timing
Early Application 18.7 17.4 20.9 19.0
Late Application 18.1 16.8 21.3 18.7
Method x Timing
Early--Injection 21.5 18.0 22.8 20.8
Early--Broadcast 15.9 16.8 19.0 17.2
Late--Injection 216 19.1 235 214
Late--Broadcast 14.6 14.5 19.1 16.0
Average 18.4 171 211

Table 8. The statistical significance of June soil variables as affected by time,
method, and rate of manure application, 2000.

June Soil Variables
(June NOg, 0-12") - (May

Factor Soil NO3', 0-12" NOs, 0-12")
--------------- ProF--v-cecmame oo
Application Time 0.9174 0.0679
Method 0.0030 0.0001
Time x Method 0.4498 0.1936
Rate 0.0513 0.0214
Time x Rate 0.9444 0.9753
Method x Rate 0.5349 0.0672
Time x Rate x Method 0.8595 0.2834
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Table 9. The effect of manure application method, date, and rate on difference
in soil nitrate at soil depth 0-12 inches from May to June, 2000.

Manure Application Rate (gal./acre)

0 2500 5000 7500 average

Application Method ppm

Injection 0.6 -7.1 -12.8 -15.9 -11.9

Broadcast -1.4 -1.1 -2.5 -1.7

Application Timing

Early Application -5.4 -8.2 -10.6 -8.0

Late Application -3.2 -5.7 -7.8 -5.5

Method x Timing

Early--Injection -8.1 -14.2 -19.8 -14.1

Early--Broadcast -2.6 -2.1 -1.5 -2.0
~ Late--Injection -6.1 -11.3 -12.0 -9.8

Late--Broadcast -0.2 -0.1 -3.5 -1.3

Average -3.8 -6.1 -8.2

Table 10. The effect of manure application method, date, and rate on
standardized chlorophyll meter readings, mid-June, 2000.

Manure Application Rate (gal./acre)

Application Method

Injection
Broadcast

Application Timing

Early Application
Late Application

Method x Timing
Early--Injection
Early--Broadcast

~ Late--Injection
Late--Broadcast

Average

2500 5000 7500 average
standardized chlorophyll meter reading

63.0 61.2 62.1 62.1
61.4 61.9 62.4 61.9
62.8 61.3 62.0 62.1
61.5 61.9 62.5 61.9
63.1 60.8 62.2 62.0
62.6 61.7 61.9 62.1
62.9 61.6 61.9 62.1
60.1 62.1 63.0 61.7
62.2 61.6 62.2
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’ Table 11. The effect of manure application method, date, and rate on basal
’ stalk nitrate, 2000.

Manure Application Rate (gal./acre)

0 2500 5000 7500 average
Application Method @~ - basal stalk NO;™ (ppm)-----------
Injection 119.5 2210.3 2676.7 31258 2670.9
Broadcast 997.0 13205 16221 1313.2
Application Timing
Early Application 1702.5 23135  2587.3 22011
Late Application 1504.9 1683.7 2160.6 1783.1
Method x Timing
Early--Injection 2133.2 3028.8 3715.8 2959.3
Early--Broadcast 1271.8  1598.3  1458.7 1442.9
Late--Injection 2287.4  2324.7 25357 2382.6
Late--Broadcast 722.3 1042.7 1785.6 1183.5
Average 7 1603.7 19986 2374.0
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Table 12. The effect of N application time, source, and rate on corn grain yield at Holland,

2000.
N Application Rate (Ib N/acre)
0 60 90 120 150 Average

Application Time bu/acre
Early October 127.4 127.4 126.5 121.4 132.8 127.0
Late October 131.1 129.1 138.1 136.1 133.6
April 131.2 134.4 113.0 138.4 129.3
N Source
Anhydrous Ammonia 132.0 135.3 131.5 1353 133.5
Urea 127.8 123.7 116.8 136.5 126.2
Source x Time ,
Early October--AA 130.6 136.9 121.7 134.7 13,1 .0
Early October--Urea 124.2 116.0 1211 131.4 123.2
Late October--AA 136.0 137.6 148.8 135.1 139.4
Late October--Urea 126.2 117.8 127.5 137.2 127 1
April--AA 129.4 131.4 124 .1 136.0 130.2
April--Urea 133.1 137.4 101.9 140.9 128.3
Average 129.9 129.6 124.2 135.9
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Table 13. The effect of N application time, source, and rate on corn grain yield at Verdi,

2000.
N Application Rate (Ib N/acre)
Application Time 0 60 90 120 150 Average
bu/acre
Early October 80.2 91.1 82.0 80.8 99.2 88.3
Late October 96.5 86.3 85.4 78.2 86.6
April 90.8 88.5 86.9 73.3 84.9
N Source
Anhydrous Ammonia 96.3 86.5 90.2 87.9 90.2
Urea 89.3 851 79.1 80.3 83.5
Source x Time ‘
Early October--AA 89.0 90.3 92.8 99.5 92.9
Early October--Urea 93.3 75.8 71.8 99.0 85.0
Late October--AA 109.3 83.2 89.4 90.1 93.0
Late October--Urea 83.8 89.3 80.0 69.3 80.6
April--AA 90.7 86.0 88.3 74.2 84.8
April--Urea 90.9 90.3 85.5 72.7 84.9
Average 92.8 85.8 84.6 84.0

Table 14. The statistical significance of measured variables as affected by
time, source, and rate of fertilizer-N application, Holland 2000.

Factor Grain Yield Basal Stalk NO;  Chlorophyll
--------------- ProF---ceeeemmiaa e

Application Time 0.1540 0.0005 0.1459
Source 0.1607 0.0001 0.0592
Time x Source 0.0300 0.6615 0.8951
Rate 0.0073 0.0022 0.1626
Time x Rate 0.1124 0.8965 0.0985
Source x Rate 0.3054 0.0001 0.1505
Time x Rate x Source 0.1619 0.5619 0.4423
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Table 15. The statistical significance of measured variables as affected by
time, source, and rate of fertilizer-N application, Verdi 2000.

Factor Grain Yield Basal Stalk NO3  Chlorophyll
--------------- ProF-----cccmceeaea o
Application Time 0.0469 0.0001 0.5537
Source 0.4368 0.0001 0.7302
Time x Source 0.0053 0.0899 0.1766
Rate 0.0078 0.0001 0.8874
Time x Rate 0.6431 0.9834 0.1650
Source x Rate 0.1457 0.0084 0.3945
Time x Rate x Source 0.0689 0.6609 0.0288

Table 16. The effect of N application time, source, and rate on soil nitrate at soil depth 0-
12 inches in mid-June, Holland, 2000.

N Application Rate (Ib N/acre)

Application Time 0 60 90 120 150 average
ppm

Early October 13.2 12.9 14.9 16.4 19.0 15.8
Late October 13.3 16.9 17.3 26.3 18.5
April 20.6 255 31.0 38.2 28.8
N Source

Anhydrous Ammonia 17.4 21.8 24.7 30.9 237
Urea 13.9 16.4 18.4 248 18.4

Source x Time

Early October--AA 13.3 16.4 13.7 17.7 15.2
Early October--Urea 12.6 13.4 19.0 20.4 16.3
Late October--AA 12.4 15.4 17.6 26.9 18.1
Late October--Urea 14.2 18.4 171 257 18.8
Aprit--AA 26.4 33.7 42.8 48.0 37.7
April--Urea 14.8 17.4 19.1 28.4 19.9
Average 15.6 19.1 21.5 27.8
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Table 17. The effect of N application time, source, and rate on soil nitrate at soil depth
0-12 inches in mid-June, Verdi, 2000.

N Application Rate (Ib N/acre)

0 60 90 120 150 .average
Application Time ppm
Early October 7.0 9.8 10.1 13.1 17.1 12.5
Late October 9.9 13.0 13.3 18.5 13.7
April 16.2 252 31.7 40.7 28.5
N Source
Anhydrous Ammonia 13.6 19.9 22.3 314 21.8
Urea 104 12.3 16.3 19.6 14.6
Source x Time
Early October--AA 9.7 11.0 14.2 20.1 13.7
Early October--Urea 9.8 9.1 11.6 14.2 11.2
Late October--AA 10.6 14.5 14.4 19.6 14.8
Late October--Urea 9.2 11.5 12.2 17.5 12.6
April--AA 20.4 34.2 38.3 54.5 36.9
April--Urea 121 16.2 251 27.0 20.1
Average 12.0 16.1 19.3 25.5

Table 18. The statistical significance of June soil variables as
affected by time, source, and rate of fertilizer-N
application, Holland 2000.

June Soil Variables

Factor ' Soil NO3', 0-12"  Soil NH,, 0-12"
--------- Pr>F----c-e-n--
Application Time 0.0001 0.0352
Source 0.0001 0.0001
Time x Source 0.1919 0.0157
Rate 0.0001 0.0001
Time x Rate 0.8570 0.0087
Source x Rate 0.0001 0.0001
Time x Rate x Source 0.4377 0.0137
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Table 19. The statistical significance of June soil variables as
affected by time, source, and rate of fertilizer-N
application, Verdi 2000.

June Soil Variables

Factor Soil NO5', 0-12"  Soil NH,4, 0-12"
--------- Pr>F -----------
Rep 0.6551 0.0004
Application Time 0.0001 0.0001
Source 0.0001 0.0001
Time x Source 0.0004 0.0001
Rate 0.0001 0.0001
Time x Rate 0.0511 0.0001
Source x Rate 0.0001 0.0001
Time x Rate x Source 0.3132 0.0001

Table 20. The effect of N application time, source, and rate on soil ammonium at soil
depth 0-12 inches in mid-June, Holland, 2000.

N Application Rate (Ib N/acre)

0 60 90 120 150 Average
Application Time ppm
Early October 7.15 8.1 8.5 8.5 9.0 8.5
Late October 8.6 7.7 8.2 7.8 8.1
April 9.1 13.7 17.2 17.9 14.5
N Source
Anhydrous Ammonia 8.5 11.6 14.2 15.3 12.4
Urea 8.6 8.4 8.5 7.9 8.3
Source x Time
Early October--AA 7.3 7.6 9.4 9.6 8.5
Early October--Urea 8.9 9.5 77 . 84 8.6
Late October--AA 8.7 7.0 8.0 7.7 7.9
Late October--Urea 8.5 8.3 8.4 7.9 8.3
April--AA 9.7 20.1 251 28.5 20.8
April--Urea 8.6 7.3 9.3 7.4 8.2
Average 8.6 10.0 11.3 11.6
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Table 21. The effect of N application time, source, and rate on soil ammonium at soil
depth 0-12 inches in mid-June, Verdi, 2000.

N Application Rate (Ib N/acre)

0 60 90 120 150 Average
Application Time ppm
Early October 4.6 51 5.3 6.8 7.0 6.1
Late October 4.6 6.2 5.2 6.4 5.6
April 6.7 16.4 231 38.5 21.2
N Source
Anhydrous Ammonia 6.3 13.4 18.2 291 16.7
Urea 4.7 5.2 5.3 5.5 5.2
Source x Time 4
Early October--AA 5.5 6.0 8.8 8.6 7.2
Early October--Urea 4.8 4.7 49 5.5 5.0
Late October--AA 5.0 7.0 6.1 7.8 6.5
Late October--Urea 4.1 53 4.4 4.9 4.7
April--AA 8.4 27.2 39.7 70.8 36.5
April--Urea 51 5.6 6.6 6.3 59
Average 5.5 9.3 11.7 17.3
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Table 22. The effect of N application time, source, and rate on standardized chlorophyll
meter reading, Holland, 2000.

N Application Rate (lb N/acre)

0 60 90 120 150 average
Application Time standardized chlorophyll reading
Early October 61.3 63.8 64.3 64.2 64.2 64.1
Late October 64.1 63.3 64.0 65.3 64.2
April 64.8 64.7 64.5 65.0 64.7
N Source
Anhydrous Ammonia 63.7 64.3 63.8 64.3 64.0
Urea 64.8 64.0 64.9 65.4 64.8
Source x Time
Early October--AA 62.5 64.0 62.7 63.4 63.1
Early October--Urea 65.2 64.8 66.2 65.1 65.3
Late October--AA 63.9 63.1 63.7 65.2 64.0
Late October--Urea 64.3 63.6 64.4 65.3 64.4
April--AA 64.6 65.8 65.0 64.2 64.9
April--Urea 64.9 63.6 64.0 65.9 64.6
Average 64.2 64.1 64.3 64.8
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Table 23. The effect of N application time, source, and rate on standardized chlorophyll
meter reading, Verdi, 2000.
N Application Rate (Ib N/acre)
0 60 90 120 150 average
Application Time standardized chlorophyll reading
Early October 45.2 50.2 50.3 50.8 48.7 50.0
Late October 50.1 48.9 51.7 50.9 50.4
April 499 50.9 50.0 50.6 50.4
N Source
Anhydrous Ammonia 50.5 49.7 51.6 49.5 50.3
Urea 49.7 50.4 50.1 50.7 50.2
Source x Time
Early October--AA 51.7 51.4 50.0 48.2 50.3
Early October--Urea 48.7 49.2 51.6 49.2 49.7
Late October--AA 49.3 48.2 52.4 50.2 50.0
L.ate October--Urea 50.9 49.7 51.1 51.7 50.9
April--AA 50.4 49.5 52.4 50.0 50.6
April--Urea 49.5 52.4 47.7 51.2 50.2
Average 50.1 50.1 50.9 50.1
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Table 24. The effect of N application time, source, and rate on basal stalk nitrate values,

Holland, 2000.
N Application Rate (Ib N/acre)

0 60 90 120 150 average
Application Time basal stalk NO3;™ (ppm)
Early October 1097.0 1686.9 1678.7 22829 22722 1980.2
Late October 1343.2 2367.0 2258.3 2534.2 21257
April 2162.6 2896.9 3336.2 3294.6 2922.6
N Source
Anhydrous Ammonia 20571 25827 2937.8 2861.3 2609.7
Urea 1410.3 20456 2313.8 25394 2077.3
Source x Time
Early October--AA 1823.7 18754 20574 23936 2037.5
Early October--Urea 15560.1  1482.0 2508.5 2150.9 1922.9
Late October--AA 1184.4 24084 2268.8 2422.0 2070.9
Late October--Urea 1564.9 23255 22478 2646.5 2193.7
April--AA 3163.2 3464.5 44872 3768.3 3720.8
April--Urea 1162.1  2329.3 21851 2820.9 2124.3
Average 1736.2 23142 2625.8 2700.3
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' Table 25. The effect of N application time, source, and rate on basal stalk nitrate values,
| Verdi, 2000.
N Application Rate (Ib N/acre)
| 0 60 90 120 150 average
Application Time basal stalk NO3™ (ppm)
Early October 901.8 746.8 836.9 2007.2 1602.8 12984
Late October 761.8 774.3 1756.4 1694.1 1246.7
April 14996  2211.8 2419.5 3001.3 2283.0
N Source
Anhydrous Ammonia 1266.4  1529.7  2267.3  2340.3 1850.9
Urea 739.0 1018.9 1854.7 1858.5 1367.8
Source x Time
Early October--AA 945.6 1107.6 21383 1903.8 1523.8
Early October--Urea 548.1 566.2 1876.1 1301.7 1073.0
Late October--AA 725.3 797.2 1709.1 1900.3 1282.9
Late October--Urea 798.3 751.4 1803.8 1488.0 12104
April--AA 21284 26844 29547 3216.8 2746.1
, April--Urea 870.7 1739.2 1884.3 2785.8 1820.0
; Average 1002.7 12743 2061.0 20994
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Appendix-Result 3

Result 3: Determine the effectiveness of "phytofiltration” (filtering
contaminated water through plant root systems) of high nitrate ground
water by irrigating perennial forages (alfalfa, bromegrass, and
orchardgrass) to improve ground water quality.

Report submitted by Drs. Michael Russelle, USDA-ARS, St. Paul, MN, and David
Kelley, University of St. Thomas (formerly USDA-ARS), St. Paul, MN

A) Sherburne County — Drip Irrigation System:

This experiment continued on plots established in 1999 at the Sand Plain
Irrigation Farm in Sherburne County, MN, to contrast the effectiveness of
phytofiltration by perennial and annual crops in the "worst-case scenario" of a
coarse-textured (loamy sand) soil. Such soils are prone to large losses of nitrate
by leaching, increasing the risk of ground water contamination under these soils.

Suction cup samplers have been used to sample soil solution at the base of the
root zone (about 40 inches deep in this soil). We inserted additional suction cup
samplers in May 2001 to improve estimates of nitrate concentration in the
drainage water. In this experiment, we have used stable tracers for nitrate, which
allow us to estimate nitrate uptake by the crops. Both "®N-labeled nitrate, a stable
isotope of N, and bromide (Br), a chemical analog of nitrate, were used in 2000
and 2001. Results from the 2000 cropping system suggest that alfalfa and
orchardgrass recovered about 55% of the applied nitrate, whereas bromegrass
and soybean recovered only 25%. Bromegrass stands have been poorer than
desirable throughout this experiment at both sites. Soybean does not begin rapid
growth until early June, but irrigation began in May to maximize the amount of N
applied during the growing season.

The 2001 growing season is not complete at the time of writing, so we report
yield results from the first two forage harvests from Sherburne Co. Only the first
harvest has been analyzed for total N at this time; tracer analyses are underway.
As was seen in the first two cropping seasons, alfalfa yielded the most forage dry
matter (DM), 4500 Ib DM/acre at first harvest and 3100 Ib DM/acre at the second.
Orchardgrass was second most productive, 3000 Ib DM/acre at first and 1900 Ib
DM/acre at the second harvest, and bromegrass was least productive, 2100 and
900 Ib DM/acre for the first and second harvest, respectively. Plots did not
receive fertilizer N during the experiment, and the grasses had to rely on N
applied in irrigation water and N mineralized from soil organic matter. There was
no effect of nitrate concentration in the irrigation water on yield, so it is unlikely
the grasses would have responded to additional fertilizer N.
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The consistency of yield differences among these three cool season forage
species over the course of this experiment suggests that alfalfa would be the
best choice for a farmer wishing to utilize or sell the forage produced under these
conditions. Alfalfa typically has much higher value in the market, making this
species the best choice of these three.

First harvest forage contained 3.2% N in alfalfa, 1.7% N in orchardgrass, and
1.9% N in bromegrass. Total N removal from the plots averaged 145 Ib N/acre for
alfalfa, 50 Ib N/acre for orchardgrass, and 40 Ib N/acre for bromegrass. This
relationship confirms results from 1999 and 2000. As we have not completed the
tracer analyses, we cannot evaluate the proportion of N derived from the added
nitrate in 2001 at this time.

During the 2000 cropping season, difficulties were experienced in collection of
soil solution from the ceramic suction cup samplers. The most reliable samples
were obtained in September. All crop species maintained the soil solution below
10 ppm nitrate-N at the bottom of the root zone in the 24.4 ppm treatment, but
solution concentrations exceeded the drinking water limit under all species in the
42.7 ppm treatment in September (Figure 1). Both water and N use decline in
autumn as annual crops mature and as growth of winterhardy perennial crops
slows. This implies that the potential for phytofiltration will be limited during the
last weeks of the growing season.

Results from the first two regrowth periods of the perennial crops in 2001 showed
that all three maintained soil solution concentrations below 10 ppm nitrate-N, but
that leachate water under soybean was consistently at or above the public
drinking water limit, regardless of the nitrate concentration of the irrigation water.
These results suggest that perennial forage grasses and alfalfa may be able to
reduce nitrate concentration in the soil solution, even under conditions when
excess water is applied to the crop.
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Figure 1. Average soil solution nitrate concentrations in plots of alfalfa,
bromegrass, orchardgrass, and soybean on a loamy sand in Sherburne Co., MN,
when overirrigated with water containing about 16 to 48 ppm nitrate-N. Data
points are averages of all ceramic suction cup samplers that yielded solution on
the indicated date, ranging from one to 7 samplers.

Within the context of a two-year grant funding cycle that encompasses only one
complete cropping season, we cannot conclude with assurance which species
would be the best in recovering nitrate applied in irrigation water. Although
soybean and alfalfa accumulated similar amounts of aboveground N in 2000,
alfalfa and orchardgrass removed twice as much of the applied N in the
harvested forage than either bromegrass or soybean. The disparity between the
uptake estimates using >N and Br tracers and the disappearance of nitrate from
the soil solution under all the perennial forages implies that nitrate may also be
removed by denitrification as well as by uptake by the plants. Both mechanisms
would help protect the water table aquifer from nitrate influx in recharge water.

B) Pipestone County — Overhead Sprinkler System:

This experiment was established outside the Holland wellhead protection zone to
test the concept of phytofiltration on plots large enough to directly assess effects
on the shallow water table aquifer. Plots had been established using other funds
on the farm of Keith and Pearl Pritchett in Pipestone Co. in 1999, aligned with the
presumed ground water flow direction. Push-probe samples of ground water in
January 2000 indicated that flow direction was perpendicular to expectations,
probably due to water inflow from the North Branch of Pipestone Creek, about
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one quarter mile to the NW of the plots. Plots alfalfa, bromegrass, and
orchardgrass were reestablished in May 2000 in the new orientation. Plots were
irrigated twice weekly through a solid-set sprinkler system when the Pritchett's
schedule allowed beginning in August 2000, with about 1 inch of water applied
each time at a concentration of 22.7 ppm nitrate-N. Results from the 2000
cropping season were reported previously.

The first harvest in 2001 was delayed by more than three weeks due to rain.
Alfalfa yielded 4300 Ib DM/acre, orchardgrass yielded 2700 Ib DM/acre, and
bromegrass yielded 2500 Ib DM/acre. Alfalfa forage contained the highest N
concentration (3.2%) and bromegrass contained more N (1.5%) than
orchardgrass (1.3%).Total N harvested was higher in alfalfa (140 Ib N/acre) than
in the two grasses (40 Ib N/acre).

The delayed harvest also delayed onset of irrigation with nitrate-containing water
until late June 2001. We installed both stainless steel suction cup samplers and
tension lysimeters in 2000, but these have not performed satisfactorily. New
ceramic suction cup samplers were installed in spring 2001. Soil solution
concentrations were determined on July 2, 10, and 17, 2001. These averaged
5.7 ppm nitrate-N. Too few samples were available for valid statistical
comparisons, but all concentrations were less than the public health standard of
10 ppm nitrate-N.

In May 2001, personnel from the Minnesota Pollution Control Agency obtained
water samples from the aquifer under the plot area. Three upgradient sites were
probed and samples were obtained from a downgradient position in each plot
with a push probe. The water table was between 22 and 26 feet below the soil
surface. The aquifer was sampled at three depths in most locations and water
was analyzed for nitrate-N. No differences between upgradient and downgradient
sites were detected, nor were there differences among treatments. Nitrate
concentration declined with depth in the aquifer from about 16 ppm nitrate-N at
the top of the water table to about 9 ppm nitrate-N 10 feet below the water table
(Figure 2). If the ground water in the area contains about 16 ppm nitrate and the
water leaching from the plots is less than 10 ppm, one would expect dilution of
the ground water beginning at the water table. The lack of change in nitrate
concentration may be due to insufficient water influx, which means we would
need to add more irrigation water during the season to promote more leaching.
The plots were newly established in 2000 and irrigation was more limited than
would occur in most production years. Thus, both the flux of recharge water and
nitrate removal were limited in 2000.
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Figure 2. Nitrate concentrations in ground water under the Pipestone Co.
experimental site, May 14-16, 2001. Each data point is a single measurement of
water collected at the indicated depth and location. Nitrate concentration was
affected by depth only.

Two processes must occur for phytofiltration to be successful. These initial tests
of the phytofiltration concept at two field locations in Minnesota indicate that the
first of these processes does occur, that is, nitrate concentrations decline
substantially as water passes through the root zone of perennial forages in
particular, due to both nitrate uptake and perhaps denitrification. However, we did
not detect a change in ground water nitrate concentration at the Pipestone Co.
site after one partial growing season of treatment. In these experiments, we
applied 2 acre-inches of water per week. Future research should evaluate higher
water application rates. Clearly, phytofiltration would be applicable only on sites
with rather shallow water table aquifers that are readily affected by percolating
water. Although this potential water treatment strategy shows promise, it should
not be used until further research demonstrates its effectiveness in reducing
ground water nitrate concentrations.

Dr. Russelle will report on these findings at the annual joint meeting of the
American Society of Agronomy, the Crop Science Society of America, and the
Soil Science Society of America in October in Charlotte, NC. A copy of the
abstract is attached to this final report. In addition, as data are finalized, we will
write technical articles reporting these results, with attribution of this funding
source.
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Appendix-Result 4

Result 4: Validate existing nitrogen leaching simulation models; predict
impacts of improved N management at larger scales (i.e., wellhead
recharge area).

Report submitted by Drs. Michael Russelle, USDA-ARS, St. Paul, MN, and David
Kelley, University of St. Thomas (formerly USDA-ARS), St. Paul, MN

To predict effects of crop management on nitrate leaching in the Verdi and
Holland Wellhead Management Areas (WMA), we used a computer simulation
model called GLEAMS (Groundwater Loading Effects of Agricultural
Management Systems) with soils information from the area and ten years (1989-
1998) of local historical weather data. We first calibrated and validated GLEAMS
using detailed data from experiments conducted by others at the University of
Minnesota Research and Outreach Centers at Morris and Lamberton. We
simulated the effects of growing alfalfa, continuous corn at three N rates (100,
130, and 160 Ib N/acre), and corn-soybean rotations at one N rate (90 Ib N/acre
on corn) on all major soils in both WMAs. For the corn-soybean rotation, we ran
the simulation with corn in even-numbered years, repeated the simulation with
corn in odd-numbered years, and then averaged the results by year over the two
crops.

We assumed maximum yields were 140 bu/acre for corn, 65 bu/acre for
soybean, and 4 tons dry matter/acre for alfalfa. We recently learned that local
farmers attain higher corn yields in many years and especially under irrigation,
and that yields of alfalfa can attain 5 tons/acre. We have checked the model
output using higher maximum corn yields on three diverse soils, but found little
effect on predicted nitrate leaching, even though predicted yields were generally
higher. This result is important, because it indicates that long-term average
nitrate leaching losses are not regulated as much by crop yield potential than by
the amount of N added to the field and the amount of excess water received.
Running and compiling the results of these simulations is quite labor-intensive,
and we did not revise the modeled output for this report. Readers should,
however, be aware that the yield predictions are likely lower than good farmers
can achieve, so economic comparisons among cropping scenarios should be
avoided.

Urea was the assumed N source, and was applied and immediately incorporated
in the model in late Apfil, one week before planting corn. In addition, we
evaluated the effects of fall versus spring application of fertilizer N. Simulations
were conducted twice, once using precipitation only and once with supplemental
irrigation. The modeled irrigation regime was conservative; water was not applied
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until the soil dried to 25% of the available soil water holding capacity, and water
was added only to 90% of the water holding capacity, so irrigation per se did not
exacerbate leaching. Applied water was assumed to contain 5 ppm nitrate-N. No
attempt was made to delay irrigation if precipitation would occur within a day or
two, and thus, the model reflected the reality farmers face in needing to irrigate
when precipitation is not a certainty.

Because the soil survey in Pipestone Co. has been digitized, we were able to
produce maps of predicted nitrate leaching in the Holland WMA based on the
results for each major soil. We understand that the soil survey in Lincoln Co. is
likely to be digitized by the end of 2001. After we get this GIS data layer, we plan
to produce similar maps of the Verdi WMA.

Perennial crops can help reduce nitrate leaching by reducing both nitrate
concentrations in the soil solution (see Result 3) and water flux during spring,
when leaching losses are usually highest in the North Central Region. An
example comparing alfalfa and corn water use is shown in Figure 1. Spring
growth of alfalfa and other cool season perennial forages results in higher water
use through evapotranspiration than with corn (evaporation only), and reduces
the amount of water loss by gravity through the soil. Nitrate leaching on fine-
textured soils is uncommon during late summer, when crop water use is high, so
neither corn nor alfalfa are likely to lose nitrate via leaching during this time.
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Figure 1. GLEAMS simulation results of water use and soil water storage under
alfalfa (triangles) and corn (circles) using three consecutive years of weather
data. The water use and precipitation curves are cumulative by calendar year,
whereas the soil data are continuous from January 1, 1993.
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GLEAMS predictions supported our hypothesis that nitrate leaching under alfalfa
is lower than under annual crops like corn and soybean (Tables 1-4). The model
predicted only rare leaching events under alfalfa, but it predicted high nitrate
concentrations in the soil solution. This latter result does not agree with data from
Result 3 and many other experiments, which show that soil solution nitrate-N
concentrations under alfalfa are typically much lower than 10 ppm. However, the
model results confirm that leaching can occur in Minnesota, even under high-
producing perennial forage crops. We expect that nitrate leaching losses under
native perennial prairie species would be similarly low, although water loss in
spring may be higher, since many of these species are warm-season types that
do not begin rapid growth until mid-June (e.g., switchgrass, big bluestem, etc.). If
water escapes the root zone of perennial forages during spring, it may help
improve ground water quality as long as the nitrate concentration of this
percolating water is low.

Average predicted corn grain yield increased on some soils with 130 compared
to 100 Ib N/acre, but little further gain was achieved with 160 Ib N/acre. This
result also occurred in simulations using a higher yield potential, lending
credence to University of Minnesota fertilizer recommendations. The amount of
water percolating below the corn root zone did not change with fertilizer N rate,
but nitrate concentrations in that water increased rapidly when excessive fertilizer
N was applied, leading to very high N losses on some soils. For example,
predicted nitrate losses under Kranzburg soils were very small with modest N
additions, whereas losses were high under the same conditions on Athelwold,
Estelline, Reshaw, and Trosky soils. ‘

Irrigation increased leaching losses, mainly due to increased water percolation
during May through August, because of decreased soil water storage capacity
when heavy rainfall occurred. In addition, late season irrigation reduces the
capacity of soil to store snowmelt and rainfall in spring. Even with the
conservative irrigation regime in this simulation, the amount of water percolating
below the root zone increased by an average of 30 to 35% on most soils, and
nitrate concentration increased to a variable degree.

These results are best visualized in maps of the Holland WMA, which is
comprised of several soil types (Figure 2), many of which are underlain by a
deep sand and gravel deposit that allows percolating water to move quickly into
the water table. We applied the model output to each respective soil in the WMA,
assuming that a given crop management scenario was being practiced across
the entire area. This could be done on a field-by-field basis, but we did not have
specific cropping information at that level of detail, nor do we have a GIS layer of
field boundaries.

The maps of predicted nitrate leaching loss under different cropping scenarios
(Figure 3) illustrate the general likelihood that certain soils in the WMA to lose N
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by this pathway. There is high variability in leaching loss from year to year, which
we attempted to capture by using a 10-year weather record. Shallow soils restrict
both the amount of water a soil can hold against gravity and the depth of rooting
of the crops, resulting in higher probability and amount of nitrate loss. The
corn/soybean rotation is the main cropping system used in the area, according to
an on-farm survey by the Minnesota Department of Agriculture. Although we did
not run simulations with higher N rates in this rotation, one could expect
increases in nitrate leaching as was predicted for the continuous corn system
with greater fertilizer N.

We estimated the total average annual N loss via leaching by combining the per
acre loss and the area of each modeled soil in the Holland WMA (Tables 5 and
6). We modeled losses on soils covering 97% of the WMA. The numbers quickly
become quite significant when spread over the 22,213 acres modeled in the
Holland WMA. Even when per acre leaching losses were small, total losses were
predicted to be over 29,000 Ib N if the entire WMA were growing continuous corn
under nonirrigated conditions with 100 Ib N/acre spring fertilizer applications.
Under nonirrigated conditions, total nitrate-N losses under continuous corn tripled
as fertilizer N rate increased from 100 to 130 Ib N/acre, and doubled again when
rate increased to 160 Ib/acre. Nitrate losses were similar for a corn/soybean
rotation and for continuous corn with modest N rates under dryland conditions,
but 40% more nitrate was lost under the corn/soybean rotation than under
continuous corn under irrigation. We think this is due to lower water use and
lower nitrate uptake by the soybean than by corn, even though more than twice
as much fertilizer N is applied in the continuous corn system.

We simulated late fall (October 26) applications of urea fertilizer with immediate
incorporation on four soils in the Holland WMA and five soils in the Verdi WMA.
Applications of fertilizer N are not recommended before soil temperatures stay
below 50 F, because of the risk that fertilizer N will be converted to nitrate and
lost before the crop can use it. Averaged over 10 years of weather data, there
was no difference in predicted corn yield between late October and late April
fertilizer N application times. A slight increase in nitrate leaching (averaging 1 Ib
N/acre for nonirrigated and 1.4 Ib N/acre for irrigated continuous corn) was
predicted for fall application compared to spring. This small per acre loss
translates into very large amounts of nitrate loss over the entire WMA. As there is
rarely a yield benefit, and occasionally a yield loss, due to fall N application, we
recommend spring application be used in the WMAs.

It is clear that nonpoint nitrate losses below the root zone of annual crops in the
WMA may be contributing to the increasing nitrate concentrations measured in
the water table aquifer. It is possible that less diffuse sources (e.g., barnyards
with excessive manure deposition, leaky septic systems, surface water affected
by tile drainage, etc.) are sources of nitrate as well. This analysis does not
include all possible management scenarios, and although results cannot be
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considered exact, these results should be useful for designing cropping systems
to improve and protect future ground water quality in the Holland WMA. '

Once we have reviewed all the results and have reviews by other experts, we
intend to write technical articles for publication, with appropriate attribution of the
funding sources. We are also likely to present this information at scientific
meetings, although no abstracts have been written at this time.
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Figure 2. Soils map of the Holland Wellhead Management Area. Lincoln Pipestone
Rural Water District wells are shown as teal-colored circles in the lower SW corner of
the area.
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Figure 3. Predicted nitrate leaching in the Holland Wellhead Management Area.
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Table 1. Holland WMA, nonirrigated scenario: annual crop yield, nitrate leaching losses, water percolation below the root zone, and flow-weighted concentration
of leachate water, as predicted by GLEAMS on the indicated soils using local weather data from 1989 through 1998.

Cropping system and Soil series

management Athelwold Bames Brooking Estelline Estelline deep Flom Hidewood Kranzbur Lamoure Renshaw Svea  Trosky Vienna Whitewood
s g
Alfalfa

Yield (dry tons/acre) 1.6 1.5 1.5 1.6 2.0 15 1.5 1.5 1.5 1.7 1.5 16 15 1.5
Percolation (inches) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Concentration (ppm) 280 0.0 0.0 255 0.0 0.0 0.0 0.0 0.0 223 0.0 0.0 0.0 0.0
Nitrate loss (Ib N/acre) 0.2 0.0 0.0 . 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0

Continuous com -
160 Ib N/acre . .
Yield (bu/acre) 1271 137.4 137.56 1271 137.7 137.5 137.5 137.6 137.6 126.9 137.6 127.8 137.9 137.5

Percolation (inches) 1.0 0.9 0.7 1.0 06 0.7 0.7 0.5 0.6 1.1 0.9 0.8 0.6 0.7
Concentration (ppm) 86.4 336 40.1 83.4 39.6 451 433 414 43.8 79.0 348 84.6 39.6 47.2
Nitrate loss (ib N/acre) 19.1 6.6 6.4 18.5 5.0 7.5 6.6 42 6.1 20.5 6.7 15.9 5.1 71
Continuous com -
130 Ib N/acre
Yield (bu/acre) 1271 137.2 136.6 127.1 137.6 137.4 137.4 137.4 137.5 126.9 136.8 127.8 137.8 137.4
Percolation (inches) 1.0 0.9 1.0 1.0 0.6 0.7 0.7 0.5 0.6 1.1 0.9 0.8 0.6 0.7
Concentration (ppm) 376 10.7 146 43.2 11.7 15.8 16.2 38.7 15.8 35.3 9.5 43.4 13.1 6.4
Nitrate loss (Ib N/acre) 8.3 21 23 9.6 1.5 26 23 1.3 22 9.2 1.8 8.2 1.8 1.0
Continuous corn -
100 Ib N/acre
Yield (bu/acre) 125.1 132.2 136.6 125.7 134.0 133.8 133.8 132.9 134.4 124.8 1324 126.4 133.7 133.8
Percolation (inches) 1.0 0.9 1.0 1.0 0.6 0.7 0.7 0.5 0.6 11 0.9 0.8 0.6 0.7
Concentration (ppm) 20.2 4.3 27 19.6 21 25 25 11.4 3.8 18.5 38 19.0 3.7 26
Nitrate loss (Ib N/acre) 4.5 0.8 0.4 43 0.3 0.4 04 0.2 0.5 4.8 0.7 3.6 0.5 0.4

Corn/Soybean - 90 Ib
N/acre on comn

Corn yield (bu/acre) 126.9 137.2 136.7 126.8 136.8 137.2 137.1 136.7 137.1 127.0 137.1 127.7 137.3 136.7

' Soybean yield 50.8 63.5 63.2 50.8 62.5 63.2 63.1 62.2 62.8 511 63.5 50.7 62.7 64.2
(bu/acre)

Percolation (inches) 0.6 0.4 0.3 0.6 0.2 0.3 0.3 0.2 0.3 07 ~ 04 0.5 0.2 0.3

Concentration (ppm) 225 13.0 124 251 16.4 16.7 15.4 22 13.6 227 131 21.4 17.3 16.8

Nitrate loss (b N/acre) 29 1.2 0.9 33 0.8 1.2 1.0 0.6 0.8 35 1.2 24 1.0 1.0
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. Holland WMA, irrigated scenario: annual crop yield, nitrate leaching losses, water percolation below the root zone, and flow-weighted concentration
* of leachate water, as predicted by GLEAMS on the indicated soils using local weather data from 1989 through 1998.

Cropping system and Soil series
management Athelwold Barnes . Brooking Estelline Estelline deep Flom Hidewood Kranzbur Lamoure Renshaw Svea Trosky  Vienna Whitewood
s g9
Alfalfa
Yield (dry tons/acre) 29 29 29 29 29 29 29 2.9 29 29 29 29 2.9 29
Percolation (inches) 0.5 02 0.1 0.6 0.2 0.1 0.1 0.1 01"~ 0.8 0.1 0.4 0.0 0.0
Concentration (ppm) 26.4 443 49.4 272 459 52.3 44.2 499 422 34.1 44.4 292 0.0 485
Nitrate loss (ib 32 1.9 1.2 35 1.9 0.8 1.5 0.8 0.8 6.4 0.8 27 0.0 0.1
N/acre)
Continuous corn -
160 Ib N/acre
Yield (bu/acre) 127.1 137.4 136.6 136.2 138.8 136.2 136.8 138.3 137.2 137.5 138.1 138.2 137.4 137.6
Percolation (inches) 1.0 1.1 1.0 1.3 0.8 1.1 1.0 0.7 0.8 1.4 1.1 1.0 0.8 0.9
Concentration (ppm}) 86.4 456 65.0 96.6 - 616 67.7 66.4 61.3 68.7 821 54.9 97.5 57.0 63.7
Nitrate loss (Ib 19.1 1.7 14.2 273 1.2 16.1 14.5 10.4 13.0 26.5 13.6 22.4 1.1 14.4
Nlacre)
Continuous corn -
130 b N/acre
Yield (bu/acre) 136.4 137.4 136.6 135.7 138.4 136.2 136.8 137.9 137.2 137.5 138.0 138.2° 137.4 137.5
Percolation (inches) 1.2 1.1 1.0 1.3 0.8 1.1 1.0 0.7 0.8 1.4 1.1 1.0 0.9 0.9
Concentration (ppm) 498 276 485 51.8 38.1 41.8 41.8 342 432 396 345 496 36.3 433
Nitrate loss (Ib 13.2 71 10.6 14.6 6.9 9.9 9.1 58 8.1 12.8 8.6 11.4 7.0 8.8
N/acre)
Continuous com -
100 Ib N/acre
Yield (bu/acre) 135.9 136.9 136.0 135.2 1383 135.8 136.3 137.4 136.7 136.9 137.5 137.3 137.3 137.5
Percolation {inches) 1.2 1.1 1.0 13 0.8 1.1 1.0 07 0.8 1.4 1.1 1.0 0.9 0.9
Concentration (ppm) 211 6.7 11.9 246 85 10.5 9.7 7.3 11.1 17.3 7.2 19.6 8.2 1.7
- Nitrate loss (Ib 56 17 26 7.0 1.5 25 21 1.2 21 5.6 1.8 45 1.6 24
N/acre)
Cormn/Soybean - 90
Ib N/acre on corn :
Corn yield (bu/acre) 136.5 137.4 135.7 135.8 138.4 135.0 136.4 137.4 136.8 137.2 137.9 137.8 137.6 137.7
Soybean yield 63.9 64.7 64.6 63.8 64.7 64.7 64.7 64.7 64.7 64.2 64.8 64.0 64.8 647
‘ (bu/acre)
solation (inches) 0.8 1.0 0.7 0.9 0.6 0.7 0.8 06 0.6 1.1 0.9 0.8 09 0.8
Concentration (ppm) 265 203 28.0 31.1 288 32.9 27.8 246 30.5 212 211 275 30.0 28.2
Nitrate loss (Ib 53 4.4 45 6.4 4.0 55 47 35 3.9 52 41 5.1 58 48
N/acre) .
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Table 3. Verdi WMA, nonirrigated scenario: annual crop yield, nitrate leaching losses, water percolation below the root zone, and flow-weighted concentration

of leachate water, as predicted by GLEAMS on the indicated soils using local weather data from 1989 through 1998.

Cropping system and Soil series
and slope
(%)
management Arvilla  Arvilla 2-6 Beotia Beotia2-4 Brookings Dickey 2-6  Estelline Flandreau Fordville 2-6 Hidewood Kranzbur Kranzburg2-6  LaPrairie
9
Alfalfa
Yield (dry tons/acre) 2.0 2.0 1.5 1.6 1.5 1.7 1.6 1.5 17 1.5 1.4 1.4 1.5
Percolation (inches) 0.2 0.2 0.0 0.0 0.0 0.0 0.1 0.0 0.3 0.0 0.0 0.0 0.0
Concentration (ppm) 11.4 11.4 0.0 0.0 0.0 0.0 252 0.0 10.5 0.0 0.0 0.0 0.0
Nitrate loss (Ib N/acre) 04 0.4 0.0 0.0 0.0 0.0 0.2 0.0 0.7 0.0 00 0.0 0.0
Continuous com - 160
Ib N/acre .
Yield (bu/acre) 126.1 126.1 137.0 137.0 137.5 139.0 125.0 137.2 110.1 137.5 137.4 137.4 137.1
Percolation (inches) 19 19 0.8 0.8 0.7 0.1 1.0 0.5 23 0.7 06 0.6 0.7
Concentration (ppm) 96.4 96.4 375 375 40.1 4.4 80.1 31.7 71.4 433 301 30.1 37.5
Nitrate loss (Ib N/acre) 425 425 74 7.1 6.4 1.4 18.4 37 36.8 6.6 37 37 6.3
Continuous corn - 130
Ib N/acre
Yield (bu/acre) 126.0 126.0 136.9 136.9 137.4 138.9 125.0 137.0 108.6 137.4 137.2 137.2 137.0
Percolation (inches) 1.9 1.9 0.8 0.8 0.7 0.1 1.0 0.5 23 0.7 06 0.6 07
Concentration (ppm) 748 74.8 135 13.5 146 35.3 37.8 82 44.2 15.2 79 7.9 147
Nitrate loss (Ib N/acre) 329 329 26 26 23 1.2 8.7 1.0 22.8 23 1.0 1.0 25
Continuous corn - 100
Ib N/acre
Yield (bu/acre) 125.9 125.9 131.0 131.0 133.0 138.7 122.6 131.3 108.0 133.8 130.2 130.2 131.8
Percolation (inches) 1.9 1.9 08 0.8 0.7 0.1 1.0 0.5 23 0.7 06 0.6 07
Concentration (ppm) 55.8 565.8 4.4 4.4 2.7 2.2 18.6 39 299 25 37 37 47
Nitrate loss (lb N/acre) 246 246 0.8 0.8 0.4 0.1 43 0.5 15.4 0.4 05 0.5 0.8
Com/Soybean - 90 Ib
N/acre on comn
Corn yield (bu/acre) 1234 1234 135.9 135.9 136.7 138.4 1245 136.6 109.4 137.4 136.3 136.3 135.2
Soybean yield (bu/acre) 55.8 55.8 67.8 67.8 67.7 67.8 53.3 66.8 51.5 67.6 66.7 66.7 67.6
Percolation (inches) 1.2 1.2 0.4 0.4 0.3 0.0 0.6 0.2 1.5 - 03 0.2 0.2 0.3
Concentration (ppm) 49.1 491 16.0 16.0 12.4 14.8 238 242 27.4 14.8 123 12.3 18.2
Nitrate loss (Ib N/acre) 13.4 13.4 1.4 1.4 0.9 0.1 3.1 0.7 9.3 1.0 0.6 0.6 1.4
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4. Verdi WMA, irrigated scenario: annual crop yield, nitrate leaching losses, water percolation below the root zone, and flow-weighted concentration
" of leachate water, as predicted by GLEAMS on the indicated soils using local weather data from 1989 through 1998,

Cropping system and Soil series
and slope
(%)
management Arvilla Arvilla 2-6 Beotia Beotia 2-4 Brookings Dickey2-6  Estelline Flandreau Fordville 26 Hidewood Kranzbur Kranzburg2-6 LaPrairie
g
Alfalfa
Yield (dry tonsfacre) 29 2.9 29 29 29 29 29 29 29 29 29 29 29
Percolation (inches) 1.1 1.1 0.0 0.0 0.1 0.0 0.7 0.1 20 0.1 0.2 0.2 0.0
Concentration (ppm) 21.0 21.0 0.0 0.0 484 0.0 257 49.4 14.2 44.2 53.5 535 434
Nitrate loss (Ib N/acre) 53 53 0.0 0.0 1.2 0.0 3.9 1.0 6.5 1.5 23 23 0.1
Continuous com - 160
Ib Nfacre
Yield (bu/acre) 136.4 136.4 137.9 137.9 136.6 139.6 136.9 137.5 136.4 136.8 139.2 139.2 137.5
Percolation (inches) 22 22 1.1 1.1 1.0 0.2 1.3 1.5 29 1.0 038 0.8 1.0
Concentration (ppm) 96.1 96.1 55.7 55.7 65.0 455 85.1 727 58.0 66.4 51.8 51.8 54.8
Nitrate loss (ib N/acre) 488 48.8 14.3 143 142 24 25.0 247 37.8 14.5 93 93 123
Continuous com - 130
Ib N/acre .
Yield (bu/acre) 135.9 135.9 137.9 137.9 136.6 139.6 136.8 137.5 136.3 136.8 139.2 139.2 137.5
Percolation (inches) 22 22 1.1 1.1 1.0 0.2 1.3 15 29 1.0 0.8 0.8 1.0
Concentration (ppm) 736 736 36.7 36.7 48.5 40.3 41.4 358 403 41.8 256 256 37.2
Nitrate loss (Ib N/acre) 374 37.4 9.4 9.4 10.6 241 12.2 121 263 9.1 46 46 8.3
Continuous com - 100
Ib N/acre
Yield (bufacre) 136.2 136.2 137.9 137.9 136.0 139.6 135.5 136.9 136.3 136.3 138.2 138.2 137.6
Percolation (inches) 22 22 1.1 1.1 1.0 02 1.3 15 29 1.0 08 0.8 1.0
Concentration (ppm) 54.8 54.8 9.5 9.5 11.9 8.1 20.4 16.7 283 9.7 8.8 8.8 11.1
Nitrate loss (ib N/acre) 27.9 278 24 24 26 0.4 '6.0 56 184 21 16 1.6 25
Corn/Soybean - 90 Ib
N/acre on corn
Corn yield (bu/acre) 137.2 137.2 137.9 137.9 135.7 139.7 137.5 136.9 137.4 ©136.4 137.9 137.9 1376
Soybean yield (bu/acre) 64.5 64.5 64.6 64.6 64.6 65.0 63.7 64.2 64.2 64.7 64.5 64.5 64.5
Percolation (inches) 1.5 15 0.8 0.8 0.7 0.4 0.9 1.2 20 0.8 0.6 0.6 0.8
Concentration (ppm) 51.1 51.1 226 226 28.0 277 14.1 75.9 1565.1 1294 19.0 19.0 246

**rate loss (Ib N/acre) 16.8 16.8 4.0 4.0 45 24 3.0 53 12.2 47 27 27 4.3
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Table 5. Holland Wellfield Management Area, nonirrigated scenario: Total predicted annual nitrate leaching by soil type based on GLEAMS simulations and local weather data from 1989 through 1998.
Modeled soil series (>200 acres) are indicated in bold face. For mapping, we estimated that nitrate leaching for non-modeled soils was the same as for modeled soils with similar properties.

Continu Corn/so Alfalfa
ous ybean
corn rotation
160 Ib 130 Ib 100 b 90 Ib
N/acre Nlacre N/acre Nlacre
on com
Map Area Series Depth N Total for N Total for N Total for N Total for N Total for
Unit total leached leached leached leached leached
symbol Series (acre  (acres) (inche (b~ series (b series (b series (b series (b  series
s) s) Nlacre) (Ib) N/acre) (Ib) Nfacre) (Ib) N/acre) (Ib) N/acre) (Ib)
At Athelwold 1103 1103 36 181 21093 8.3 9179 45 4927 29 3224 0.2 169
BaB Bames 517
BaB2 1682
BaC2 201 2400 60 6.6 15806 21 5017 0.8 2027 1.2 2947 0.0 o}
BrA Brookings 3295 3295 60 6.4 21047 23 7686 0.4 1397 0.9 2817 0.0 [o}
BwC2 Buse-Bames 381 ’
BwD 83 463 60 6.6 3052 21 969 0.8 391 1.2 569 0.0 (o}
ByC2 Buse-Vienna 12
ByD . 12
DaB Darnen 18
EsA Estelline 1776
EsB 184
EsB2 186 2146 36 18,5 39631 18.5 39631 4.3 9317 33 6996 0.1 305
EtA Estelline deep 1141 1144 60 50 5657 5.0 5657 0.3 294 0.8 899 0.0 . o
FaB, Flandreau 16
B2
Fm Flom and Roliss 1046 1046 60 75 7888 26 2759 0.4 444 1.2 - 1265 0.0 0
FoA Fordville 42
Gravel 17
Pit
Hd Hidewood 975 975 60 6.6 6436 23 2257 0.4 365 1.0 972 0.0 0
KrA Kranzburg 1030
KrB 1707
KrB2 1626 4362 60 4.2 18495 1.3 5452 0.2 1055 0.6 2561 0.0 o
La Lamoure 509 0.0 4]
- b Lamoure, freq. 790 1299 60 6.1 7973 22 2885 0.5 691 0.8 1052
flooded
Le 83
LsA Lismore 152
Qu Quam 27
Ra Rauville 154
ReA Renshaw 243
ReB 200
ReC 29 475 15 20.5 9742 9.2 4357 4.8 2278 35 1680 0.3 133
RnB2, Renshaw- 32
Cc2 Vienna-Buse
SoE Sioux 12
SvA Svea 338 338 60 6.7 2263 1.8 616 0.7 247 1.2 404 0.0 0
TrA Trent 55
Ts Trosky 1426 1426 38 159 22697 82 11646 36 5086 2.4 3352 0.0 0
VaC Vienna 14
VaC2 19
VbA 25
VbB 126
VbB2 769 920 60 5.1 4726 1.8 1620 0.5 457 1.0 897 0.0 0
Water 5
Wh Whitewood 824 824 60 74 5851 1.0 807 0.4 322 1.0 843 0.0 0
Totals: 22,89 22,213 192,355 100,539 29,300 30,476 607
6
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3. Holland Welifield Management Area, irrigated scenario: Total predicted annual nitrate leaching by soil type based on GLEAMS simulations and local weather data from 1989 through 1998.
' «ed soil series (>200 acres) are indicated in bold face. For mapping, we estimated that nitrate leaching for non-modeled soils was the same as for modeled soils with similar properties.
Continu Corn/so Alfalfa
ous ybean
com rotation
160 Ib 130 b 100 b 90 Ib
N/acre N/acre N/acre Nfacre
on corn.
Map Area Series  Depth N Total for N Total for N - Total for N Total for N Total for
Unit total leached leached leached leached leached
symbol Series (acre  (acres) (inche (b  series (b  series (b  series (b series (b series
: s) s) Nlacre) (Ib) N/acre) (Ib) Nlacre) (Ib) Nlacre) (ib) N/acre) (Ib)
At Athelwold 1103 1103 36 191 21093 132 14514 56 6161 53 5869 3.2 3573
BaB Barnes 517
BaB2 1682
BaC2 201 2400 60 11.7 28106 7.1 17006 1.7 4102 44 10604 1.9 4430
BrA Brookings 3295 3285 60 142 46736 106 34928 26 8545 45 14889 1.2 3803
BwC2 Buse-Barnes 381
BwD 83 463 60 11.7 5426 74 3283 1.7 792 44 2047 1.9 867
ByC2 Buse-Vienna 12 :
ByD 12
DaB Darnen 18
EsA Estelline 1776
EsB 184
EsB2 186 2146 36 27.3 58607 146 31427 7.0 14944 64 13767 35 7566
EtA Estellinedeep 1141 1141 60 11.2 12761 6.9 7890 1.5 1755 4.0 4519 1.9 2113
FaB, Flandreau 16
B2
Fm  Flom and Roliss 1046 1046 60 16.1 16796 9.9 10377 25 2614 55 5787 0.8 793
FoA Fordville 42
Gravel 17
Pit
Hd Hidewood 975 975 60 145 14117 .94 8886 2.1 2070 47 4610 1.5 1417
KrA Kranzburg 1030
KrB 1707
KrB2 1626 4362 60 104 45164 58 25205 1.2 5250 3.5 15373 0.8 3466
La Lamoure 509 0.8 0
Lb Lamoure, freq. 790 1299 60 13.0 16835 8.1 10582 21 2730 3.9 5114
flooded
te 83
Vel Lismore 152
i Quam 27
Rauville 154
neA Renshaw 243
ReB 200
ReC 29 475 15 265 12559 12.8 4357 56 2278 52 1680 6.4 133
RnB2, Renshaw- 32
Cc2 Vienna-Buse
SoE Sioux 12 .
SvA - Svea 338 338 60 13.6 4601 86 2889 1.8 600 4.1 1378 0.8 277
TrA Trent 55
Ts Trosky 1426 1426 38 224 31890 11.4 16223 4.5 6407 51 7209 27 3815
VaC Vienna 14
VaC2 19
VbA 25
VbB 126
VbB2 769 920 60 111 10183 7.0 6484 1.6 1472 58 5348 0.0 [¢]
Water 5
Wh Whitewood 824 824 60 129 10634 8.8 7238 2.4 1951 48 3989 0.1 88
Totals: 22,89 22,213 335,508 201,291 61,671 . 102,184 32,400
6
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Appendix 5- Related News Releases
and Educational Event
Announcements
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Ag department field tour hlghhghts land-use practices

BY Jim MUCHLINSKI
independant Staff Writer

LAKE BENTON —

a rural water system, rescm 13
pnd govemmcnt agencies are all *
o5 in; .
on in the Buffalo Ridge' area

g-—-.Lake Benton, - (',l&
A field tour Tuesday. after-
noog  sponsored. by . the
' Minnesota . Department " of
Agriculture bxg ighted field
management practices that help
o prevent nitrate contamination
vm drinking water. Man of the
rojects also prevent soil erosion
lead to ¢ xcxcut faxmchemi

cal .
Mlchasl Rus&cuc.,.} Minne-
sota Depaxtment of Agriculture
soil scientist, said field manage-
ment steps such as alfalfa planti-
gs, manure and nutrient ‘man-
.agement programs, angd reduced
ni < that leaves crop residue on
fields can serve as an alternative
o costly nitrate-related water
treatment systems.
Nitrates, a by-product of

nutrients such as manure and fer- |
fd tilizer, are potentially fatal

groundwatcr comammanu if
extremely high levels go unde-
tected in drinking water. .-

“It makes ‘sense to try to
address nitrate concerns with nat-
. ural approaches. Russelle sald‘
“"We're secing that it can be
in ways that still allow for farm
profitability.”

Many of the improvements
can occur through grant

rams available to interested

- landowners.

He said the interest amdhig
landowners near the Buffilo
Ridge serves as a model for other
agricultural areas that need for

+ groundwater protection. '

“We looked into it be
concems for rural watef
wells in the local area,” Russelle
said. “It's a good place for
demonstration projects. We're
showing that there could be a role
in the future for approaches mch
as multi-year alfalfa crops.™:,

He said one of the newer ]
sibilities is a process cafl
“phytofiltration,” in ch
nitrate- contaminated watet i
used for irrigation and femlkcr

.on alfalfa, Because of the. wgll

~

. forﬁaxmers to p:

established alfalfa root systems,
nitrates are naturally used by the
crop without filtering back into
groundwater reserves.

Duane Vahl, who farms near
Verdi in southwestern Lincoln
County, said grant opportunitics
and undwater conservation
work has co-existed well with his
farm operation.

He's participated in both
nutrient managcment and crop
residue incentive

“For me, it's. ractlcal,
Vihl said. “It’s a goog thing to
have research’ and financial
incentives that make it possxble

sl i T
enfon said the a3
been hel lashe£q how to
manage his farmland.

Besides field management
programs, Trautman has spon-
sored construction of earth berms
designed to prevent runoff. He
said the structures have helped to
protect fields after heavy rains
Asn(:h as those that occurred this
month.

“It's a win-win smxauon,
.Trautman said. “We’ve had gul-

leys in the past that aren’t a prob-
lem anymore. Landowners are
sometimes concemed that this
kind of program could mean
more government regulation, but
in this. cdse it's just been a good
resource. [ haven't had to make
any big. costly changes to work
with it.”

Tuesday aftemnoon’s field tour’

near Lake Benton was the first of
two taurs, along with an event
Tuesday evening in Pipestone
County near Hol.gn
meoln-Pxpcslonc Rural
Water administrator . Dennis
Heal
installed reverse osmosis treat-

itreat Water at its Holland
" area well- field to prevent nitrate
contamination,
So ‘far, the same treatment
ﬁui ent hasn’t been needed at
RW’s deeper Verdi area wells.
Healy' said land management
projects could help to prevent
more costly’ water treatment in
the future.
“‘It's a good investment,” he

said. “We won't be able to see all -

of the advantages right away. It's
N

said the water system -

Msymmwm“

Southwest Research and Outreach Center agronomist Jeff
Strock spoke about soll management Tuesday during a fleld

tour near Lake Benton.

likely to have positive results
over the long term,”

Staff from the Southwest
Research and OQutreach Center
have assisted area conservation
staff-in the Lincoln County and
Pipestone County demonstration
projects.

74N

“It was a good opportunity for
our staff to work with the balance
between farm profits and natural
resources,” said SWROC
Director Pauline Nickel. “All of
the indicatations suggest that
these kinds of panncrshxps can
make a difference.”

y paAosdulf
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Farmers, agencies cooperate to
protect region's water supply

Tuesday, August 7, 2001,

By Carol Stender -

Agri News staff writer

VERDI, Minn. -- When the Holland well shed in the
Lincoln-Pipestone Rural Water district tested above the
standard 10 parts-per-billion for nitrates, the district

took action. -

The district built a $3.5 billion treatment plant near
Pipestone to clean the water and staff brought together

- farmers and local, state and federal agencies to find

ways to stop nitrate leaching into the aquifer LPRW
uses.

Last week, more than 30 farmers and area residents
heard about the research project being conducted in
both the Verdi and Hotland wetl sheds. While Don Evers
of the LPRW said there isn't enough history yet to draw
conclusions, the cooperation of the various agencies
and producers has "really turned things around.”

After all, prevention is cheaper than the cure, he said.

. The challenge is the soil system that water goes

through before it joins the shallow aquifer.

"It's good soil the top three to four feet," said Conrad
Schardin, Verdi township chairman and farmer. "But
underneath it's coarse-textured sand and gravel. In
most areas of ground water there is a clay layer above
the aquifer, but here there isn't, to stop the leaching.”

Farmers taking part in the research have applied
nitrogen at rates of 0, 60, 90, 120 and 150 pounds per

Cm—sveiuop

1of2

acre. The Nis applied at three different times -- early

L October, late fall and early spring. So far the results’

have supported what Jeff Strock, Southwest Research
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: trials: 90 poun s of N is sutficient to produce a good :
i crop without over applying chemical and risking
nitrogen leaching.

"We have to put something on but not a lot," said Lester
‘Otkin, who hosted one of the field day events at his
test corn plots. "We can see were we didn't put
anything on in this trial and that doesn't pay the rent. |
know that N pays but what's feasible and at what rates?
| don't think we have to put on as much as we do.”

Phytofiltration is one way to filter nitrogen before
water reaches an aquifer. Michael Russelle, USDA soil
scientist, told the group that using perennial forages is
beneficial, especially for municipal systems with
shallow aquifers. Under phytofiltration,
nitrate-contaminated water is used to irrigate perennial
forage fields. As the water leaches through the soil, the
forage will retain the nitrates. Leftover water that
leaches into underground aquers will contain reduced
levels of nitrates and be safe for drinking water.

A LCMR grant ended July 1, but Denton Bruening of the
Minnesota Department of Agriculture said agencies
involved in the research and local government units are
supplying funds. It's hoped that the project can
continue for at least another three years.

Back to Top

Copyright 2001. Agri News
All Rights Reserved

20f2 . 08/14/2001 9:55 AM
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Field day to highlight water quality improvement
practices

By: Mike Nowatzki, Daily Globe July 31, 2001

HOLLAND - A series of water quality improvement programs, spawned from
the discovery of high nitrate levels in drinking water in Pipestone and

‘Lincoln counties, will be highlighted during two presentations today at test

plots near Holland and Verdi.

Using state and federal grants, dozens of farmers around the two towns
have worked with the Minnesota and U.S. departments of agriculture and
the University of Minnesota to implement best management practices.

Steve Iverson, a nutrient management specialist with the U of M Extension
Service, said the primary goal is to get farmers to use the correct amount of
nitrogen fertilizer recommended by Extension, thereby decreasing
groundwater contamination and reducing the amount of excess fertilizer.

The other goal.is to convince farmers to leave 30 percent of the crop
residue - the leftover stubble from comn and soybean harvest - on their fields
after planting next spring.

"It reduces the amount of runoff and erosion in the field so you don't get the
runoff flowing into shallow streams that can affect the aquifer," lverson said.

Aquifers around Holland and Verdi are extremely susceptible to
groundwater contamination, lverson said. There is no clay layer betweén
the soil and gravel above the Holland aquifer, "so any nitrogen that seeps
through the top three to four feet can move pret’(y fast” into the groundwater
supply, he said.

"“1n 1997, the Minnesota Department of Health found that in certain

communities in Pipestone and Lincoln counties, drinking water from rural
supplies was unsafe due to high levels of nitrates. Lincoln-Pipestone Rural
Water later installed a treatment plant near Pipestone to filter out
contaminants.

Around the same time as the health department study, a survey by the
Minnesota Department of Agriculture found concern among local farmers
that the U of M's nitrogen recommendations were too low, said Pipestone

- County Conservation Zoning Administrator John Biren. The university

recommends roughly 60 pounds of nitrogen per acre for a 120-bushel corn
Y\le'd 3nd most area farmers were 30 pounds on either side of that figure,
e sai :

To address farmers' concerns, the U of M decided to test the effectiveness
of the different nitrogen types - anhydrous ammonia, urea and a 28 percent-

http://www.../news.cfm?newsid=2154351&BRD=2163&PAG=461&dept_id=438479&rfi= 07/3 !

268 -



Worthington Daily Globe Page 2 of 3

e e S L e SRR SUSRUMSHER SRS, Tho goa
is to get farmels'wor versnty local and state agencies and
the USDA to maximize the return on their fertilizer, and to show that farmers
use fertilizer responsibly, Biren said.

Gordon Moeller provided land for two such plots last year on his farm 11
miles northeast of Pipestone. He planted corn on the test plots and will see
the results this fall. If the test works correctly, it will make it easier for him to
decide how much nitrogen to apply.

"We ourselves try to fi igure it out, because you're wasting it if that crop out
there doesn't utilize it," Moeller sald .

Grants have played a large role in the water quality effort. Ninety percent of
a $96,000 grant from the Minnesota Poljution Control Agency will be paid
out to Pipestone County farmers implementing best management practices,
said Biren, who distributes the funds as manager of the Pipestone County
Soil and Water Conservation District.

The most popular incentive program so far, Biren said, is the continuous
Conservation Reserve Program signup program. Farmers have enrolled

 about 600 acres of land into CRP within 2,000 feet of the Holland and
Edgerton well fields. Upstream, 17 farmers are being paid to plant grass
buffer strips on both sides of intermittent streams. Similar efforts are under
way in Lincoln County, made possible by grant fundmg from the Natural
Resources Conservation Service.

Although the official test results aren't in yet, the director of operations for
Lincoln-Pipestone Rural Water said the practices appear to be working at
the Holland we'll ﬁeld.

"We have basically seen the mtrates drop 10 parts (per mnlhon) because of
the well head protection program,” Don Evers-said.

Nitrate levels higher than 10 parts per million are considered unsafe and
" must be made public by water suppliérs. One well at the-Holland field has
dropped from 26 to 16 parts per million, Evers said.

Lincoln-Pipestone Rural Water's grant from the Minnesota Department of
Agriculture expired July 1, but Evers said board members voted to continue
funding water quality programs until other sources are found.

"Myself, | feel we're on the right track with this, because nitrates are man-
made," he said.

The Verdi field day will start at 3 p.m. today. The snte is located seven miles
. west of the junction of U.S. 14 and U.S. 75 in Lake Benton, three miles
+ south on Lincoln County 1 and half a mile west. In case of inclement
weather, discussions will take place at the Lake Benton Community Center.

The Holland field day will start at 7 p.m. The site is located nine miles north
of junction of Minnesota 30 and U.S. 75 in Pipestone, or 10 miles south of
Lake Benton. Go two miles east on 191st Street and half a mile north on
100th Avenue. In case of inclement weather, the event will be at the
Fountain Prairie Town Hall, 2092 110th Ave.

©Worthington Daily Globe 2001

Reader Opinions

htp://www.../news.cfm?newsid=2154351&BRD=2163& PAG=461&
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Southwest Research and Outreach Center Box 428
College of Agricultural, Food, Lamberton, MN 56152
and Environmental Sciences . 507-752-7372

Fax: 507-752-7374

UNIVERSITY OF MINNESOTA FIELD DAYS

The University of Minnesota along with the Pipestone and Lincoln County Extension Services,
the Legislative Commission on Minnesota Resources (LCMR), and the Minnesota Department of
Agriculture will be holding field days to discuss the U of M’s fertilizer recommendations and
current nitrogen management research in Lincoln and Pipestone counties. Information on water
quality programs in Lincoln and Pipestone counties will also be presented. The field days will be
held at the following locations:

VERDI PLOT HOLLAND PLOT
July 31% at 3:00 pm ) July 31% at 7:00 pm
PLOT LOCATED: 7 miles West of the PLOT LOCATED: 9 miles North of the
Junction of 14 & 75 in Lake Benton, 3 miles - Junction of 30 & 75 in Pipestone or 10 miles
South on Eincoln Co 1 and ¥ mile West . -~ South or the Junction of 14 & 75 in Lake - -
B - ' Benton to 191" Street, 2 miles East on 191%
St and ¥ mile North on 100™ Ave

\;erdi inclement weather sxte - _ Holland inclement weather site:
Lake Benton Community Center : Fountain Prairie Town Hall 2092 110" Ave
PROGRAM

Welcome with refreshments

i * Jeff Strock — Soil Scientist Southwest Research and Outreach Center
Results of Research in the Holland and Verdi area on Nitrogen Best Management
Practices '

* Michael Russell - USDA Soil Scientist & U of M Adjunct Professor
Results of current research on efforts to improve ground water quality using
- perennial forage

* Lincoln and Pipestone County Program Updhtes

A credits applied for

" : : : - . : e

,,
3o
oy é “
et
. i
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WATER QUALITY PROTECTION MEETING

The University of Minnesota along with the Pipestone and Lincoln County Extension
Service, the Legislative Commission on Minnesota Resources (LCMR) and the
Minnesota Department of Agriculture will hold an afternoon meeting to discuss results of
research and other projects conducted in the Verdi and Holland areas in 2000. Topics
covered will be results of the U of M nitrogen management research, MPCA groundwater
monitoring and assement program in the Verdi area, and Lincoln and Pipestone County
programs to protect groundwater and surface water quality in the area.

WEDNESDAY MARCH 14, 2001 1:30 PM

LAKE BENTON COMMUNITY CENTER: Benton St. Dovntown Lake Benton
1:30 WELCOME: KAREN OSTLIE: Lincoln County Extension Educator

1:35 MIKE SCHMITT: U OF M EXTENSION SOIL SCIENTiST, SOIL FERTILITY

Results of research in the Holland and Verdi areas in 2000 on Nxtrogen Best Management
Practlces

~ 2:20 JEFF STROCK' Soil Scientist, Southwest Research and 6utreach Center

SWROC Research results in ﬂ1e Holland and Verd1 Well field protection area

2:40 MICHAEL RUSSELLE USDA Soﬂ Smentlst and U of M Adjunct Professor

Results of current research on efforts to improve ground water quality using perennial
forages.

3:00 Coffee break »

3:10 MODERATOR PHILLIP BERG: Pipestone County Extension Educator

3:10 ERIN EID: MPCA Ground Water Monitoring and Assessment Program

Results of ground aﬁd surface water monitoring in the Verdi Wellhead Protection area
3:30 JERRY PURDIN: NRCS PIPESTONE COUNTY

Plpestone County 319 grant program in the Holland Wellfield Protection area

3:40 LINCOLN COUNTY UPDATE
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Appendix 6- Affiliated Grants

e Continued Funding Support from the
Lincoln Pipestone Rural Water System

e Lincoln County-EQIP Funding Proposal
for the Verdi Wellhead Protection Area
Project

e 319 Funding: Wellhead Management for
the Holland and Edgerton Wellhead
Protection Areas
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6-15-01 As presented to LPRWS

Lincoln Pipestone Wellhead Protection Research, Education and
Nutrient Management Project Agreement between Lincoln Pipestone
" Rural Water System and University of Minnesota partmers (SWROC;
Mike Schmitt-Department of Soil, Water and Climate; and Michael
Russelle-USDA-ARS through Dept. of Soil, Water, and Climate)

General Project Efforts:

UNIVERSITY OF MINNESOTA--Southwest Research and Outreach Center
(SWROC): Provide technical assistance to farmers in the Verdi and Holland Welthead
Protection Areas including the development and evaluation of approved nutrient
management plans, educational programs and targeted training programs.

University of Minnesota — Department Of Soil, Water, And Climate (Mike Schmitt,
contact/coordinator): Conduct research to validate and/or refine existing Best
Management Practices for nitrogen fertilizer and manure management specific for soils,
“geologic conditions and croppmg systems in groundwater sensitive areas of Southwest
Minnesota, - :

“United States Department of Agriculture - Agricultural Research Service — {Michael
Russelle, contact/coordinator); Determine the effectiveness of “phytofiltration” of high
nitrate groundwater by irrigating perennial forages (alfalfa, bromegrass and orchardgrass)
to improve groundwater quality and of perennial CRP plantings to prevent water quality
degradation.

Work Plans:

Southwest Research and Outreach Center:

1. Design and implement whole-farm nutrient management plans for farms within
the Verdi and Holland wellhead protection areas (NRCS will provide EQIP cost
share incentives in Lincoln County and a 319 grant will provide the cost share
incentive for the Pipestone County program), It is anticipated a total of 35 plans
will be completed for farmers in the Holland and Verdi wellhead protection areas.
Currently there are 18 plans in progress in Lincoln County.

2. As needed coordinate with and assist other agencies in the wellhead protection
effort.

3. Assist in the communication, coordination, implementation, and data ¢ollection

for Dept. of Soil, Water, and Climate and USDA-ARS personnel with their
research projects.
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4. Organize education efforts on Nitrogen management and related topics for
producers and agricultural professionals in Pipestone and Lincoln Counties
though educational meetings and news articles.

University of Minnesota - Mike Schmitt:

Objective/Result 1:

Increase N management educational activities in the sensitive areas of southwest
Minnesota. By using outreach methods such as demonstration sites, field days, grower
meetings, and farm visits, awareness of the concerns and learning of possible alternative
strategies will be conveyed. These outreach efforts will occur throughout the duration of
this extended project. ’ ' '

Objective/Result 2:

Conduct continued research to evaluate existing Best Management Practices for nitrogen
fertilizer and manure management specific for soils, geologic conditions and cropping
systems in groundwater sensitive areas, This will entail plotwork at three locations each
growing season in the area, Factors such as N sources, rates, and time of application will

- bé continued and measuring soil factors such as inorganic N levels and crop factors such
as yield and nutrient recovery as dependent variables. Plotwork will continue for an
additional two growing seasons. Soil sampling will ocour through the growing season of
2003; at which time plant N uptake and yields will be measured. Data will be compiled
and summarized at the end of the project.

USDA-ARS (through the University of Minnesota Dept. of Seil, Water, and
Climate)- Michael Russelle:

1. Conduct field research near Pipestone to evaluate use of phytofiltration to
remediate water that contains excessive nitrate, Field research involves irrigating
three perennial forage species with water containing about 25 mg nitrate-N per
liter (25 ppm), measurement of forage yield, total-N and nitrate-N content,
inorganic N distribution in the soil, soil solution nitrate concenirations, and
ground water quality. These results will help the water system evaluate whether
phytofiltration can be used to reduce maintenance costs at the treatment facility in
the Holland wellfield and to prevent the need for such a facility in the Verdi
wellhead protection zone.

2. Evaluate the likely effects of CRP acres on nitrate losses in parts of the Holland
and Verdi wellfields using computer simulation modeling and GIS (geographic
information systems) mapping. This research will help target plantings of
perennials like switchgrass to soils in the wellhead protection zones that will
produce the best water quality outcome.
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3. Participate in local educational activities, including presentations at winter
meetings to relate results of research and submission of articles for the project
newsletter,

Project timeline: July 1, 2001 to September 1, 2003

Project cost:

Southwest Research and Outreach Center $25,000.00 Jotal cost to be gifted to the
Southwest Research and Outreach Center as an unrestricted gift for these expenses.

University of Minnesota - Mike Schmittal cost to be gifted to the
Southwest Research and Qutreach Center as an unrestricted gift for expenses associated
with the plotwork (treatment implementation, sampling, analysis, supplies, travel) to be
conducted. :

United States Department of Agriculture - Agricultural Research Service - Michael
Russelle: (315,000 otal cost to be gifted to the Southwest Research and Outreach Center
as an unrestricted gift for these expenses.

Funding Logistics:

LPRWS can gift these funds quarterly. SWROC will handle fnds for all project
components. ‘
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JOINT VENTURE BETWEEN THE
NATURAL RESOURCES CONSERVATION SERVICE
AND THE
LINCOLN SOIL AND WATER CONSERVATION DISTRICT

NATE: Time 25, 1998

- TO: - William Hunt, NRCS, Chief |

FROM:  Dennis Johnson, NRCS and Pauline Moen, Lincoln SWCD
RE: EQIP Grant Proposél-Verdi Wellhead Protection Area Project

Enclosed please find the EQIP Grant Proposal for the Verdi Wellhead Protection Area Project. This
grant proposal is being submitted as a joint venture between the NRCS and the Lincoln SWCD.
Along with the grant application are letters of support from the Local Work Group (4 agencies),
Lincoln-Pipestone Rural Water System and the Minnesota Department of Agriculture. Also
attached to the grant proposal is a map showing the location of our project.

The Lincoln County Local Work Group has discussed the importance of protecting our Rural Water
System. By developing specific plans and implementing conservation practices, nitrate levels
would be improved in our drinking water supply by reducing the nutrients and sediments that enter
the aquifer arca from the watershed that flows into the Verdi Wellhead Protection Area. This
project is important not only to those in Lincoln County, but to all those individuals, communities,
and towns that the Rural Water System supplies water. We are concerned with the condition of our

natural resources and would like to see this proposed area treated to enhance and protect our
valuable water resources.

If ydu have any questions, please feel free to give either Dennis or Pauling a call at 507/694-1630.

Thank you for your consideration in this matter.
B TNeth—

Pauline Moen,
District Conservationist District Manager
NRCS Lincoln SWCD

Attachments and Enclosures

ce/Tim Koehler, NRCS, St. Paul
cc/Mike Nienabar, NRCS, Marshall
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LINCOLN COUNTY-EQIP FUNDING PROPOSAL
VERDI WELLHEAD PROTECTION AREA PROJECT

1. Proposal Definition: Our proposal area is the watershed that flows into the Verdi Wellhead Protection Area (one of
three wells which supply water to the Lincoln-Pipestone Rural Water System). The proposal area is 10,240 acres in
total size which includes approxima:tely 640 acres in Pipestone County. The Verdi Well Field Area is located in the
southwest part of Lincoln County in the Big Sioux Watershed. The aquifer which the Verdi well fields are located
ori is Spring Creck which drains to the Blg Sioux River and thence to the Missouri River. We will focus on the .
entire watershed of this aquifer. [t is the intent to protect the Spring Creek Aquifer by which the Lincoln-Pipestone
Rural Water System is located in Lincoln County. The aquifer itself occurs near the land surface in a band ahout
one quarter of a mile on either side of Spring Creek in an area that begins about one mile east of the well field to
several miles up stream. Near the well field, this area is much broader and extends to about one mile south of
Spring Creek. Data provided by the South Dakota Geological Survey indicate that the aquifer occurs as a sand plain
(térmed the Big Sioux Aquifer) to the west although locally, it is covered by loess or a thin cover of clay-rich till.

Proposal Name: Verdi Wellhead Protection Area Project
Lincoln County, Minnesota

Proposal Contact (s); Pauline Moen, Lincoln SWCD and/or Dennis Johnson, NRCS
P.O. Box 32, Ivanhoe, MN 56142 Phone: 507/654-1630 FAX: 507/694-1850

2. E)_(ECUTIVE SUMMARY:
a. Name of proposal area: Verdi Well Field Area.

b. Problems and opportunities within the proposal area: Water quality in Southwest Minnesota is of significant
concern to both private well users and public water suppliers. Aquifers in this region are ofien shallow and have a high
potential of contamination from nitrate leaching. Deeper aquifers in this area may not be suitable for water supplies due
to other contaminants such as sulfur or because of slow well recharge. Agricultural practices can be a source of
contamination and adoption of environmentally sound practices can be highly beneficial in reducing contamination of
- the area’s aquifers. Lincoln-Pipestone Rural Water pumps water from three major well fields (Verdi, Holland, and
Burr). The Lincoln-Pipestone Rural Water System supplies water to over 10,000 individuals in Southwest Minnesota.
During the summer of 1997, water supplied to some of its customers exceeded 10 parts per mllhon nitrate level (the
U.S. Environmental Protection Agency recommended allowable limit for nitrate in drinking watcr) The dependence
on the rural water system is partially related to the elevated mineral content of the region’s ground water and to
historically high nitrate levels in many private wells. The shallow depth of the wells of the Verdi Well Field makes
them extremely susceptible to contzmination from land use activities occurring outside as well as within the County’s
boundaries. Additionally, most individuals served by the water system lack a dependable backup source of drinking
water. This makes protection of the system’s well field and recharge zone of critical importance. Land use that effect
the quality of water in ground water recharge areas should be controlled to minimize detrimental effects to the ground
water: The ground water used as potable water and its recharge area should be considered highly sensitive and
protected areas. Surface water that recharges the ground water should be kept as pollution frce as possible, and buried
contammanm should be kept away from current and potential future water supplies.

¢ Objectiv“ of the proposal: Provide cost-share incentive paymeats to develop and follow through with sound
nutrient management and pest management plans. By installing and adopting environmentally sound best management
practices in this wellhead area, the benefits will enhance and protect the rural water system for all involved.

d. Natural resource synopsis (appropriate soil, water, air, plant, and animal current conditions in the propasal
arca): The Lincoln-Pipestone Rural Water System District operates five wells in the Verdi Well Field which range in
depth. from 57 to 69 feet and pump from a sand and gravel aquifer that may exhibit semi-coufined to unconfined
hydraulic conditions depending on the local geological setting. Construction records for wells | through 4 report that
between 9 to 35 feet of “clay™ overly the aquifer. Some of this cover is likely to be loess rather than clay-rich tll.
Also, the water table occurs near the stratigraphic base of this “clay” so any till layer present has little ability to serve as
a confined layer because it is dewatered and likely to be highly fractured. The aquifer is reportedly covered by 40 feet
of “clay™ at the site of well number 5. Here, there may be a greater thickness of water saturated clay-rich till because

! Tlus information is taken from the Technical Committee Report to The Interagency Steering Committee-Regarding
Management of Nitrate Nitrogen Sources for the Holland and Verdi Well Fields, Dated December 9, 1997.
1
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the water table occurs at a higher elevation. As a result, the aquifer may be exhibit a greater degree of hydraulic
confinement.?

e. Economic and social factors (appropriate in the proposal area): Approximately 80% of Lincoln County
resxdents rely on this Verdi well system for their water supplies along with 14 towns surrounding Lincoln County. This
water system is a full, pamal or backup source for eight counties (Lincoln, Pipestone, Lyon, Yellow Medicine, Rock,
Nobles, Murray and Lac qui Parle) and ten other towns. All of the municipalities in Lincoln County are served by this
rural water system. There has been a rapid expansion of intensive livestock production facilities in the region.
Spreading the manure is of great concern. Currently, some of the fields were manure is to be applied are within a mile
of the Verdi well field MDA indicates that commercial forms of fertilizer are being over applied. Proper nutrient
management is a primary goal for this proposal.

f. Proposed solutions of the proposal: Apply agronomic rates of fertilizers by designing whole farm nutrient
management plans and pest management plans for all famns within the wellhead protection zone and begin
implementation of these plans. Disseminate educational materials to improve the understanding of nutrient
management planning.

g. Expected results of the proposal: A combination of best management practices would reduce the nitrate levels in
the drinking water produced at the Verdi well field to safe standards.

3. Natural Resource Concerns:

Our primary resource concerns are as follows: 1) Water - Ground Water Quality - Nutrients; and 2) WATER - Ground
Water Quality - Pesticides. :

Our secondary concerns are as follows: 1) WATER - Surface Water Quality - Nutrients; 2) WATER - Surface Water
Quality - Pesticides; and 3) SOILS - Soil Quality - Excessive sheet/rill erosion.

Water quality in Southwest Minnesota is of significant concern to both private well users and public water
suppliers. Aquifers in this region are often shallow and have a high potential of contamination from nitrate leaching.

" Deeper aquifers in this area may not be suitable for water supplies due to other contaminants such as sulfur or because -
of slow well recharge. Agricultural practices can be a source of contamination end adoption of environmentally sound

~practices can be high benéficial in reducing contamination of the area’s aquifers. In-September of 1997 a steering -

committee was formed to address water quality problems in Southwest Minnesota. Agencies involved in the steering
comniittee included the Department of Health, Department of Natural resources, Board of Water and Soil Resources,
Pollution Control Agency and the Department of Agriculture. The steering committee then brought together a technical
committee to determine sources of pollution in ground water, specifically nitrate, and to determine possible solutions or
preventive actions. One of the first actions of the technical committee was to address nitrate problems of a specific
public water supplier. Lincoln-Pipestone Rural Water supplies water to over 10,000 individuals in Southwest
Minnesota. During the summer of 1997, water supplied to some of its customers exceeded 10 parts per million (the
U.S. Environmental Protection Agency recommended allowable limit for nitrate in drinking water). Nitrate levels in
the Verdi well fields have been over 5 parts per million during the past year. One of the first actions taken by the
technical committee was to interview farmers in the potential recharge area of the well fields.

Twenty-two farmers were interviewed in the Spring Creek Watershed in September of 1997, in which a total
of 6,364 acres of farmland were inventoried. Farm interviews covered over 80% of all agricultural acres in the
watershed. A total of 264,000 Ibs of nitrogen were applied to the crops in the form of commercial fertilizer for the
1997 crop season. Corn acres received 255,000 Ibs of commercial fertilizer or 96% of all fertilizer nitrogen. An
additional 7,000 Ibs of nitrogen wete contributed through manure for a total of 262,000 Ibs of nitrogen applied to all
corn acres. All acres received nitrogen either in the form of commercial nitrogen or manure. Most cor acres, 2,020
(87%), were corn following soybeans. Timing of N fertilizer applications is an important consideration in maximizing
fertilizer use efficiency and minimizing environmental effects, The corn yield goal across all farms was 133 bushels
per acre on an average field. University of Minnesota N recommendations (based on yield goal, crop history, and soil
organic matter level) were compared to actual amounts of fertilizer and manure applied to each field. Approximately
1,350 acres had soll tests with soil organic matter data. The average field had 3.8% organic matter and 88% of all fields
were in the medium to high range (greater than 3%) in regard to organic matter. University of Minnesota N
recommendations to fulfill this goal averaged 92 Ib/N/A. Actual amounts of N applied from commercial fertilizer and
manure averaged 109 Ib N/A and 3 Ib/A respectively across all com acres. Factoring in all appropriate credits from

2 This.information is taken from the Technical Committee Report to The Interagency Stcering Committee-Regarding
Management of Nitrate Nitrogen Sources for the Holland and Verdi Well Ficlds, Dated December 9, 1997.

2
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fertilizer, legumes and mahures, there was an over-application of 20 I/N/A. Considering a new swine feedlot was
built on aquifer area, the amount of N from manure could very easily increase,

4, Natural Resource Goals:
The following information is taken from Technical Committee Report to The Interagency Steering Committee-
Regarding Management of Nitrate Nitrogen Sources for the Holland and Verdi Well Fields:

Factoring in legume N credits and manure N inputs into the process ou a field-by-field basis, the amounts in
excess of 1997 UM recommendations are illustrated below. One of the huge advantages of the technique developed
through the nutrient assessment process is the ability to examine in pgreat detain the nutrient balances and make some
inferences on where the biggest gains in water quality can be obtained through focused educational programs.

Excess Nitrogen on n Comn Acres

:»EXC&?ZKE}“@WN *""“
Com/Soybeans - 1,990 oM —20 4 40,219
Continuos Comn 195 195 45 7,900
Other 135 46 49 2,178
Totals 7330 2,225 T ZAw_ 350,257

Ninety-five (95%) of the total corn acres were classified into the Excess category. Over-application of N averaged 23
b/A across all acres in this category. However, only 789 (34%) acres of comn were applied with N in excess of 30 [bs/A
of the UM recommendations. Reduction of nitrogen on all acres to the maximum recommended by the UM would
reduce 50,000 of lbs nitrogen from the farmers interviewed and including 650 acres of com not in the survey process,
an additional 13,000 Ibs of nitrogen could be reduced for a total of 63,000 1b reduction of nitrogen for Spring Creek
watershed. UM recommendations are based on economic factors, so the reductions in N should lead to substantial
savings with little or ito yield loss to'marly of the farmers in the Spring Creek watershed =

Below are the selectcd goals for thxs watershed

RN quelopand complete nutnent management on 3,380 acres (33% of cropland thhm the wellhead area) 3 380 acres
@ $4:50/ac. = $15,210.00/yr. Figuring $15,210.00 over a three year period would be a total request of $45,630.00 (for
three years). We plan on working with 1/3 of the acres (landowners) per year for three years.

2. Develop and complete waste utilization plans on 3,380 acres (33% of cropland within the wellhead area). 3,380
acres @ $4.50/ac. = $15,210.00/r. Figuring $15,210.00 over a three year period would be a total request of
$45,630.00 (for three years). We plan on working with 1/3 of the acres (landowners) per year for three years.

3. Develop and complete pest management plans on 1,024 acres (10% cropland within the wellhead area). 1,024 acres
@ $550/nc. = $5,632.00. Figuring $5,632.00 over a three year period would be a total request of $16,896.00 (for three
years), We plan on working with 1/3 of the acres (landowners) per year for three years.

1s for ing i :
1. Enroll 40,000 feet of Conservation Reserve Program filter-strips within the area. No EQIP dollars will need to be

requestcd to complete this goal For 40,000 feet of filter strips the cost is $6,400.00/yr. Over a 10 year period the total
cost is $64,000.00.

2. Develop and complete residue management plans on 1,024 acres. At $7.00/ac. = $7,168.00. Figuring $7,168.00
over a three year period would be a total request of $21,504.00 (for three years). We plan on working with 1/3 of the
acres (landowners) per year for three years. We will also work with the landowners on crop rotation.

3. Develop and complete 10 acres of grassed waterways. (9,000 feet @ $3.50/ft.) = $31,500.00. $31,500.00 @ 75% =
$23,625.00.

4. Install 10 water and sediment control basins. (avcmge cost is $2,500/basin). $2,500 @ 10 basins = $25,000.00 @
75% = $18,750.00.

} This information is taken from the Technical Committee Report to The Interagency Steering Committee-Regarding
Management of Nitrate Nitrogen Sources for the Holland and Verdi Well Fields, Dated December 9, 1997,
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5, Monitoring and Evaluation Plan:

By developing the specific plans and installing the conservation practices with individual landowners as listed above
will reduce the nitrate level.in our drinking water supply. Installing the conservation practices will initially reduce the
sediment and nutrient load going into surface water. Samples will continue to be collected by the Lincoln-Pipestone

Rural Water System for accurate nitrate levels in the Verdi Well Field wells. The Technical Committee will also -

evaluate the likelihood of success regarding nitrogen management strategies for the well field.

6. SIZE AND SCOPE:

The Verdi Wellhead Protection Area is 12,160 acres in total size.
Total Area of Federal Portion of Proposal: 0 acres

Total Area of Nonfederal Portion of Proposal: 12,160 acres
Total Area of Tribal Portion of Proposal: 0 acres

Cultivated Cropland: 10,800 acres

Pastureland; 1,100 acres

Other Non Urban Land: 260 acres

7. LOCATION:
The Verdi Well Field Protection Area is located in Lincoln County, Minnesota
The congressional district number is 21B,
Hydrologic unit delineation number is 10170202,
FIP Code number is 27081.

8. EQIP RESOURCES REQUESTED BY YEAR:
We are requesting the following to be encumbercd in 19
Financial Assistance: <

Education Assistance:. ~ $4,000.00

Technical Assistance: § 0 —

The Fiiancial Assistance breakdown over the threc years prowdmg the funds are encumbered the ﬁrst year (l 999) ae

- as follows: o ot T e e S G i e
FY 1999-$93.746:00 5502

FY2000-$51,335.00 w352

FY2001-$51,335.00 WEY-R

9. PARTNERSHIP CONTRIBUTION AND PARTICIPATION INFORMATION:

A Tec:hnical Committee was formed to develop a Wellhead Protection Plan. This Technical Committee met to 1)
review technical information and assess the patential sources of nitrogen and 2) develop a methodology for addressing
nitrogen sources that impact drinking water supplies in the Holland and Verdi well fields operated by the Lincaln-
Pipestone Rural Water Supply District. They expanded there charge to 1) characterize the hydrogeology and nitrate
concentrations in surface and groundwater for the two well fields (Verdi and Holland), 2) assess the sources of nitrogen
which:may be impacting water supply wells, 3) assess managernent tools for reducing nitrate levels, and 4) evaluate the
likelihood of success regarding nitrogen management strategies for the two well fields. The following agency staff
sérved on this Technical Committee: Denton Bruening, MDA; Jay Frischman, MN DNR; Elizabeth Gelbmann, MPCA;
James Japps, MN DNR; Eric Mohring, BWSR; Bruce Montgomery, MDA; Arthur Persons, MDH; Michael Trojan,
MPCA and David Wall, MPCA.

A Lincoln-Pipestone Wellhead Protection Committee was formed in Jaauvary 12, 1998. This committee was set up to

develop the Well Protection Plan for the Verdi Wellhead Protection Area. The following agencies/people serve on this
committee: Marlin Thompson, Mayor of Lake Benton; Glenn Krog, Farmer; Dennis Johnson, NRCS-Lincoln County;
Dale Sterzinger, Lincoln SWCD; J, David Fruechte, Farmer; John Biren, Pipestone Planning and Zoning & SWCD;
Jerry Purdin, NRCS-Pipestone County; Eric Petersen, Pipestone County Commissioner; Douald Evers, Director-
Lincoln Pipestone Rural Water; Bruce Olsen, MDH; David Norgaard, Lincoln County Commissioner; Jay Gilbertson,
East Dakota Water Development District (SD); Conrad Schardin, Verdi Township Chairman; Willie Langholz,
Pipestone Vet Clinic; Joe Weber, Chairman-Lincoln Pipestone Rural Water and Rod Spronk, Lincoln-Pipestone Rural
Water.

An important partnership is the Minnesota Department of Agriculture, Department of Agriculture has submltted an
LCMR request to the state legislature for $400,000. Part of this request includes providing $50,000 to hire an employee
to assist the NRCS with nutrient management plans in both Lincoln and Pipestone Counties beginning in FY99, Our

4
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contact person on this information is Denton Bruening and Bruce Montgomery of the Minnesota Department of
Agridulture. Bruce Montgomery can be reached at 612-297-7178 and Denton Bruening can be reached at 612-297-
4400; If the LCMR proposal fails, MDA has a backup person (recently hired-out of the Marshall, MN area) who may
be able to work with the management plans.

Other agencies involvement includes: :

e NRCS-will provide technical assistance to install and design best management practices as needed, provide
education of ecological practices such as Integrated Crop Management and Ag Waste Utilization, and
implementation of CRP filter strips.

¢ Lincoln Soil and Water Conservation District-will provide technical assistance to install and design best
management practices along with education, promotion and landowner contact.

e Farm Service Agency-will administer cost-share funds and participate in the Local Wotk Group meetings.

e  Extension Office-will provide education and prometion.

10. LOCAL WORKGROUP AND PRODUCER PARTICIPATION:

Local Work Group-consists of the following agencies: NRCS, Lincoln SWCD, FSA, Lac qui Parle River Watershed
District, Redwood Cottonwood Rivers Control Area, Yellow Medicine River Watershed District, Lincoln-Pipestone
Rural Water System, Lincoln County Water Management Task Force, USFWS, and the Lincoln County
Commissioners-decided on priority areas in the County. Each representative listed above also serves on other
committees in which the EQIP projects have been discussed and approved. The four agencies: FSA, NRCS, MN
Extension Service, and the Lincoln SWCD were all involved in the development of this grant proposal,

As listed above, the Lincoln-Pipestone Wellhead Protection Committee will help in the application process. The local
work group will continue to discuss future EQIP proposals.

Local producers serve on th¢ Lincoln-Pipestone Wellhead Protection Commmee and have indicated a need for
management practices that would reduce nutrients and pesticides in ground water. - -

11, PROPOSAL OUTCOMES: N

The top five outcames for this proposal will be the followwg (fmm the OLPS entry optxon hst)
WATER-Surface Water Quality-Nutrients

WATER-Surface Water Quality-Pesticides

WATER-Ground Water Quality-Nutrients

WATER-Ground Water Quality-Pesticides

SOILS-Soil Quality-Excessive sheet/rill erosion

12, CONSERVATION PRACTICES:

.Resource Management System: Amount Total Cost Amount Requested
WNutrient Management Plans 3,380 acres $45,630.00 $15,210.00
Waste Utilization Plans 3,380 acres $45,630.00 $15,210.00
Pest Management Plans 1,024 acres $16,896.00 $5,632.00
CRP Filter Strips/buffers (10 years) 40,000 feet $64,000.00 $0.00
Residue Management Plans 1,216 acres $21,504.00 $7,168.00
Grassed Waterways 10 acres $31,000.00 $£23,625.00
Water & Sediment Control Basins 10 basins $25,000.00 $18,750.00
TOTALS $249,660.00 $85,595.00

The Nutrient Management Plans, Waste Utilization Plans, Pest Management Plans and Residue Management Plans will

be done over a three year period. We will work with 173 of the total acres per year over the three year period.
Technical assistance will be available through the MDA, NRCS and SWCD.

13. LANDUSER PARTICIPATION AND CIVIL RIGHTS IMPACTS:

Landuser Participation in the Proposal Area:

Our landusers consist of 100% white American, with approximately 85% being of male gender and 15% female gender.

By Race and Ethnlc Group Total Customers  Total Expected Participants
Male Female Male Female
White (and not of Hispanic origin) 102 24 21 4
5

-81-



Improved Agricultural Systems Overlying Sensitive Aquifers in Southwestern Minnesota
Chap 231 Sec. 16 Subd. 7(e)

This is our only race and ethnic Group

There were some very positive findings from the interviews done by the MDA. There is strong evidence that producers
are voluntarily adopting the educational materials and ‘strategies developed by the UM. It is also evident that
promotional activities need to continue and be specifically targeted to deliver the most recent technology and
recornmendations. Soybeans crediting is an area where there is a strong need for more education in this study area.
Strong similarities exist in all existing FANMAP projects; producers are generally managing commercial N inputs
successfully (although frequently using outdated recommendations) but continually under-estimate the N credits
associated with manure and legume inputs. .
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319 Grant Application

April 27, 1999

Part1

1. Name of Project
Wellhead Management for the Holland and Edgerton Wellhead Protection Arcas

If funded this proposal will control identified nonpoint sources of ground and surface water
pollution ovey the seusitive wellled protsetion araas of the Holland wall field ahd the Edgerton
well field.

2. Responsible Party

John Biren

Conservation and Zoning Administrator
Pipestone County

119 2nd Ave SW Suite 13

Pipestone MN 36164

#. Cooporating organipationy. (ool froo to oall any of the following to discuss their 10le with (ire
project.) ~

Pipestone Soil and Water Lincoln Pipestone Rural Water

Conservation District Director/Manager
LeRoy Stensgaard (507) 658-3681 Don Evers (507) 368-4248
City of Edgerton Natural Resources Conservation Service
Public Works Director District Conservationist
" William Vanderby (§07) 112 1361 - Jorry Purdin (507) 835 5881
University MIN Exacngion Scrviee MN Deépartment of Llealth
Pipestone County Special Services
Philip Berg (507) 825-6715 ~ Bruce Olson (651) 215-0796
MN Department of Agriculture . University of MN Southwest State University
Soil Scientist Soil Scientist
Bruce Montgoimery (651) 297-7178 Neal Eagh (507) 537-7380
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(3. Cooperating organization continued)

MN Pollution Control Agency University of MN Southwest Experiment Station
Regional Basin Coordinator Soil Scientist 7

Mark Hanson (507) 537-7146 Jeffrey S. Strock (507) 752-7372
MN Department of Health Pipestone Hog Systems

Public Health Engineer Environmental Assurance Director
Jon Blomme (507) 537-7151 - Willie Langholz (507) 825-4211
Simplot Soil Builders Mycogen Seeds

Hatfield MN District Sales Manager

Rich Sowieralski (507) 825-3311 Peter A DeGreff (507) 836-6302
U.S. ¥ish and Wildlife Services MN Department of Health
Biological Techician Source Water Protection

Marty Baker (507) 831-2220 Tetry Bovee (507) 389-6597
Pipestone Compréhensi\{e Water Plan MN Department of DNR
Pipestone County Area Hydrologist

Cric Peterson (507) 658-3973 Clill Bautley (507) 537-7258

MN Board of Water and Soil Resourecs
Board Conversationalist:

4. Brief narrative description of project objectives

This proposal considers the wellhead protection areas of the Holland well field and the Edgerton
well field. (See Attachinent A) The Holland well field is one of three well fields operated by the
Lincoln Pipestone Rural Water System. The Lincoln Pipestone Rural Water System supplies
drinking water to 24 communities, and 2,830 farms. The Edgerton well field supplies the
community of Edgerton, MN with water. Elevated nitrate levels, fecal coliform bacteria levels,
ammomnia levels, and a degradation of habita1 to the Endangered Topeka Shiner indicate the
severity of poor water quality in these arcas. Documentation for these water quality problems is
as follows: Testing of Nitrate levels has heen on going in the Edgerton and Holland well fields.
Incidentally, this testing indicates that both well tields have exceeded federal standards of ten
parts per million nitrate-nitragen. In addition, the MN Pollution Control Agency has listed
Pipestonce Creck and the Rock River on the final Minaesota 1998 CWA section 303(d) list. This
list indicates that the Pipestone Creck exceeds the Total Maximum Daily Loading (TMDL) for
fecal coliform bacteria. Intern the Rock River exoceds the Total Maximum Daily Louding for
fecal coliform bacteria levels and ammonia levels. Finally, habitat degradation in these streams are
impaciing the Topeka Shiner which is now on the endangered list as gpecified under the federal
Endangered Species Act. (See attachment B)
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(4. Brief narrative description of project objeetives continued)

In the Holland and Edgerton wellhead protection areas maintaining acceptable water quality is
challenging due to thin permeable soils and shallow water tables as well as a strong surface water
ground water connection, Recent studies conducfed by tie MIN Department of Agriculture within
theses areas indicate that 20-50 LB/N/A/Year from nitrogen inputs could be trimmed without
yleld reduction. In addition runoff from feedlots, septic systems, and farmland is suspected by
inifial sampling and inventary wark to he 2 major contributor toward non-peint source pollution,

Tu vuirwul e vowsw ol avnspoinl pollubive Uor gkl progorsy b i g voutbusgtion of
education and incentive payments to implement Best Management Practices (BMP’s).

8. Proposed work plan

There are three components to the work plan. 1a. Acceleradon of implementing Best .
Management Practices (BMP’s). 2b.Utilize incentives to obtain proper land use changes. This
will include the upgrading of Individual Onsite Sewage Treatment Systems, (ISTS) upgrading the
non complying feedlots, improved residue management, and improved nutrient management. 3c.
Educate the farmers in the well head protection area by contimiing to involve them in sound
research and demonstration plots that use proper nitrogen best management practices,

~1a. Acceleration of implementing BMP’s

There are many programs and initiatives that already exist which could help reduce nonpoint
“$6iirce pollution. - These programs include the Conservation Reserve Program, in particular the
buffer strip program, special Ag waste cost share, Ag BMP revolving loan fund, Pipestone '
County’s level three feedlot inventory, LCMR work plan of Improved Agriculture Systems
Overlying Sensitive Aquifers In Southwestern Minnesota, Pipestone County Comprehensive
Water Plans local abandoned well sealing program, MN Pork Producers quality assurance
programs, and the Fanviranmental Quality Tncentive Program. These programs are all in place and
active In Plpestone County, however, 1o best udlize them k would be necessary to acquire
additional technical assistance to make one on one contact with landowners and operators to
explain and sell these existing programs. This additional assistance would result in more
implementation work being completed. By hiring agranomy interns the Holland and Fdgerton well
- fields would benetit and in addition the interns would learn how to work with BMP’s during

- future endeavors.

1b. Milestones

By the time the 319 grant dollars are available for the 2001 cropping and construction year the
Pipestone Soil and Water Conversation District (SWCD) will have hired interns to promote
BMP’s for the cropping and construction years of 1999 and 2000. This additional help over the
~ course: of the next three years will result in more extensive BMP implementation.

-86 -



UJ/ LV 77 Ul .HBUPN JUl VLJY JJuT 2 . e e ae— - -

Improved Agricultural Systems Overlying Sensitive Aquifers in Southwestern Minnesota
Chap 231 Sec. 16 Subd. 7(e)

1c. Results

The results will be seen in the higher levels of participation in the fore mentioned programs.
Denton Bruening at the MN Department of Agriculture in February 1998 conducted an initial
Furm Nutrlem Monngement Assesoment Deogeom (TANMATY). Dy conducting asother VANMAP
survey the hope is to se¢ 3 significant increass of BMP participation that was directly promated
by the interns. Further more, progress reporting by the Pipestone SWCD and the NRCS will
indicate increase in BMP participation.

2a. Utilize incentives to ahtain praper land nsa changes  This will include the upgrading of ISTS,
non-complying feedlots, improved residue management, and improved nutrient management.

There are several types of land use changes and BMP’s that will take more than one on one land
operatar eantact to sell  More specifically changing residne management techniques, mutrient
management techniques, and upgrading non complying ISTS and non-complying feedlots presents
a costly hardship that is seen by the farmers as having few guarantees concerning economic
* efficiency. During several wellhead protection public meetings, landowners have indicated that
incentive payments ars istdded 10 1edutd Ui sk of dewguy o u dflbrent residue manugement
system or changing nutrient application amounts. In terms ISTS farmers indicated that the
financial burden of installing an onsite sewage treatment system would be too much of a cost for
-the environmental benefit they will receive. In addition Pipestone County has adopted its first
septic ordinance to address an ¢ighty-five plus percent non-compliance rate. In the wellhead
protection areas there are 75 non-complying ISTS. This grant proposal is offering incentives to
" Pring 15 ISTY info complianceé, In terms of feadlnts the Pipestans Connty feedlot inventory has
indicatod 48 foodlots in the well head proteetion arcas. 7 of these fedlots have 1unufll vuuliol
problems. This grant will help with engineering and design costs on these seven feedlots.

2b Milestones
The incentive payment will be made available for the 2001 cropping year and construction season.
2c Results

~ The FANMARP survey suggests 59% of the corn acres have 30Ib/A nitrogen or more applied

~ above the University of Minnesota Recommendations. It is the hope of this project to reduce this -
over application on 3,000 acres or 50% of those acres over applying nitrogen by 30Ib/A or more,
In terms of regidue management the Ripostone County residue transeet suivey lidicale 78% os .
15,000 acres in this watershed are below 30% residue cover. A realistic goal of increasing residue
management on 1500 acres has been set. Although Pipestone County and the MN Pollution
Control Agency have set guidelines and goals of upgrading the non complying feedlots and ISTS
this grant will ¢nhance the existing programs hy facusing nn thesa vulnerable areas of the Holland
and Edgerton well head protection areas. The level 3-feedlot inventory will be completed by the
year 2003, The level 3-feedlot inventory is the one that brings all feedlots in these areas into
compliance. If funded this grant will help with the engineer and design cost on all feedlots that
have runoff problems. The availability of ISTS professionals will dictate the number of systems
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(2c Results continued)

that can be upgraded per year. A realistic goal of upgrading an additional 20% of the non-
complying septic systems in these two watersheds would mean the upgrading of 15 systems
during the 2001 construction season.

3a. Educate the farmers in the well head protection area by continuing to invotve them in sound

regearch and demonstration plots that use proper sitrogen BMDI’s, These plas will ad4 validity
for the farmers on what proper nitrogen apphcanon is to maximize economic potential while

protecting the groundwater.
3b. Milestones

To build on a successful locally driven program to involve local farmers, the University of
Minnesota Extension Service, and local fertilizer dealers with nitrogen based test piots that all
patties involved can relate to. We have commitment from three local farmers, (Gordon Moclier,
Ken Christensen, and Ron Francis), Simplot Soil Builders, The University Extension Service and
the Pipestone SWCD to continue these plots for a period of up to ten years. In addition the
purchase of a soil probe to be used for proper soil sampling to base hutticul munupameat plaos on
will benefit many area farmers. This soil probe would be mounted on a Pipestone SWCD vehicle.

- .3c. Results

- Will be self-evident by the paruclpanon of all parties, the knowledge that is gamed, adthe
-7 relationship that is built between goveniment, farmer; and private business, v

6. Budget:

Task 319 Cash Local Cagh Local Inkind _Total
Component 1 Acceleration of implementing BMPs
Ilire Intarid 19,960 $8.060 $17,920

Component 2,  Utilize incentives to obtain proper land use changes. This will include the
upgrading of Individual Onsite Sewage Treatment Systems, (1$'1'S) upgrading the non complying
feedlots, improved residue management, and improved nutrient management.

Incentive Payments
Nutsiad Planing 39004~ $27,000 $5,000 $32,000
Comservation Tilage 7/Axe ~ $10,500 - $1,500 $12,000
Feedlot (7 upgrades) $10,000 $25,000 $25,000 $65,000
ISTS (15 upgrades) $30,000 $30,000 $5,000 $65,000

Measuring Results
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(6. Budget continued)

Transect Survey $2,000 $2,000
Reedlot Inventory $4,000 $4,000
City Of Edgeston Water Sanpling ' $500 $500
Lincoln Ppestone Water Sapliog $5,000 $2,000 $7,000
- SWCD Sampling $1,500 $4,000 $5,500

Component 3. Educate the farmers in the well head protection area by continuing to involve them
in gound rescarch and demonsteation plots that use pro per nitrogeis BMP's.

Tasgk 319 Cash Local Cash Local Inkind _ Total
 Purchase Soil Probe  § 4,000 $1,500 $ 1,000 $ 6,500

TestPlots . $2,000 $1,500 $6,000  $9,500

Analysis of soil samples $5,000 - $5,000

Total amount requested under this grant source $92,960.00

7. Measures of Sucuess
" In terms of the Holland wellhead protection area Lincoln Pipestone Rural Water is working with
. _tho MN Pollution Control Agency and the MN Department of Health to insure a proper sampling
... plan’is followea. 1ms sampling includes both surtace waters of Pipestone Creck and the actual

wells. This information can be compared with past histoties of sampling {6 HSasUTE sucoess, ™ == o

(See attachment B and C)

The City of Edgerton has been and will continue sampling nitrates in their well ficlds. These
results are shared with the MN Department of Health.

In conjunction with the MN Department of Agriculture the Pipestone SWCD will continue well
sampling of private wells in the two well head protection areas on at least an annual basis.

The MN Department of Agriculture will again conduct FANMAP Surveying in both well head
. protection areas to see changes in fertilizer application.

P'raperty owmer participation will be indivated on progress reporting that is done by both the

Pipestone SWCD and the NRCS field office.

8. Yes, these are comprehensive watershed projects that have been delineated by the MN
Department of Health.
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9. Minnesota’s Nonpoint Sourcs Management Rlan containg two chapters, which addrogs the
contents of this proposal. Chapter 4. Groundwater and Chapter 10, Agriculture Nutrients,
specific recommendations can be found on these pages:

Chap 4, pg 2-5

Chap 4, pg 16

pe17

pg 18

Chapter 10. pg 10

pg 15

Parl 2

(Role of local government, protection and management approaches, if
contamination is detected)

Goal 3 - Identification of geological sensitive areas

Gronl 4 - Incrense mnphasis 81 prevention: uss saveral strategics

Goal 5 - Evaluate impacts of contaminate source

Goal 6 - Enhance & promote hydrologic unit-based management

Goal 7 - Assist local governnents with developmg Wellhead Protection
Goal 8 - Improve pesticide and fertilizer management

Goal 11 - Develop methods for identifying NPS controls to project
groundwater on a project-specific basis.

“The commissioner of health shallow adopt rule including establishment of
wellkead pre!e_eﬁan measures far wells semving publiv walce supplics.

Goal 1: “Enbance the education delivery system for nutrient and crop
residue best management practices and the sensitivity of water resources to
Butiient Soitabubmbion. Tapel audicnoes for education should include
agricultural dealers, consultants, local resource managers and farmers”
Ginal 2 “Further develnp and improve hest management practices that
minimize nutrient losses from agricultural fields and obtain information -

- needed to understand nument transport to waterresoum and ways of |
reducing such fosses” C s

Goal 3: “To improve our understanding of the adoption of BMP’
effeetivenzss of DMP's, aind 16 Ideilily privnily areas Uuough momionng
of BMT implememarion and solt, surtace, and grouna water nutrient
levels.”

10. The Holland Wellhead Protection Area is a sub watershed of the Pipestone Creck Watershed;

* which is in the Missouri River Basin The Edgerton Wellhead Protection Arca is a sub watershed
of the Rock River Watershed; which is also part of the Misyouri River Basin.

11. The Holland Wellhead Protection Arca covers approximately 19,800 actes. le Edgerton
Wellhead Pmtecuon Area covers approxxmately 900 acres.

12. The Holland Wellhead Protection Area i is located at latitude; 44 07 30 longitude; 96 20 30
The Edgerton Wellhead Protection Area is located at latitnde; 43 52 30 longitude; 96 07 30
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13, Both the Holland Wellhead Protection Area and the Edgerton Wellhead Protection Area are
priatities with the Pipestone County Comprebensive Local Water Blon. The wateegheds as well as
Ui ayuiless thal supply water to the wells are mentioned throughout the Comprehensive Local
Water Plan. Specifics can he found from pagel3 through page 21.

14, Yes, diagnostic and planning wark has heen nngning for many years. The Lincoln Ripaatono
Rural Water System, City of Edgerton, and the MN Department of Health have been sampling the
wells for nitrate contamination for more than the past 10 years. In addition, the City of Edgerton
has competed a Well Head Protection Plan as defined by the MN Department of Health, and the
Lincoln Pipestone Rural Water System is very close to completing their plan. Other diagnostic
work which has been completed includes: The MN Department of Agriculture has conducted an
FANMAP survey, tillage transect surveys, feedlot inventories, random well sampling for nitrate,
DNR water monitoring for water table levels, and The Department of Health facilitated scientific

delineation of the well head protection areas.
15. 100 percent of the land use is egricultural.
16. There are more than 40 miles of intermitted streams found in these watersheds.

17, There are no lakes in these areas.

- 18. Thereis no eoaml acreage.

ing water supphed by these two v weII ﬁelds for

nitrogen. In addition Pipestone Creek and the Rook River have mads the Tolal Muaiwu Daly
Load (TYMDL) for fecal coliform bacteria impairing swimming. More over, ammania levels in the
Rock River are at high enough levels to have aqyatic lift listed as an affected nse. Rath of these
river systems have degradation of habitat that will impact the endangered Topeka Shiner.

20. Water quality standords violatod include bath surfacd aid grvund water. Concernlng ground
water is the federal 10ppui-nitrate nitrogen level. And for surface water are the fecal coliform and
ammonia standards. (See attechment b).

. 21, Nitrate-nitrogen and fecal coliform will be addressed along with other pollutants that are

present in surface water runoff of agricultural lands.
22, Sources of Pollulunts have been identified as feedlots, IST'S, runotf of agricullural nutrients.

23. Yes, this information has been gathered by monitoring data. This monitoring data has been
gathered through wellhead assessments, FANMAP surveys of the Holland and Edgerton well
ficlds, and Pipestone County feedlot inventories, and tillage transect surveys. MPCA has gathercd
sufficient information for listed TMDL. Tho MN Depasteaent of [l¢altl s monttored the ground
water of both wells to indicate nitrate problems,

.97 -

water standards Ofloppm gt



Improved Agricultural Systems Overlying Sensitive Aquifers in Southwestern Minnesota
Chap 231 Sec. 16 Subd. 7(e)

24. Yes, the impairment has been documented in wellhead data for both the Edgerton and
Holland Well fields.

25. Estimate of pollution control to achitve water quality goals.
3000 acres of nutrient management plans
1500 acres of conservation tillage
7 feedlot upgrades
15 ISTS upgrades
900 acres of CRP Bufferstrip and Continnos -

26. The following BMP’s will be implemented: |
1. All State wide BMP’s that address compliance to the MPCA 7020 feedlot rules, and
MPCA 70380 septic rules:

2. Applicable NRCS Technical Standards Including:
a) 590-Nutrient Management
b) 633-Ag Waste Utilization
©) 595-Posl Munugaucul
d) 329-Residue Management
) 638-Water and Sediment Control Basing
f) 412-Grass Waterways

- 27, Estxmated cost for BMP’s $77,500. 00

~ 28, Thete will be several types of on going momtonng Most sxgmﬁcant indicator of success w1ll
'begroundwatetmonﬁormgasreqmredbytbefvmmpamnmmfﬂm e b

29. Monitoring program clemetits to be used include:
Biological « Fecal Coliform (Surface Water)
Chemical/Physical-Nitrate - (Surface Ground \water)

30. Funding requested from 319 Grant Program:

BMP Implementation $78,000
Monitoring 50
Project Management $o

* Public Education $2,000
Soil Probe ' $4,000
Interny Techmcal Axxistance $8,960

Total 319 contribution: $92,960.00
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Appendix 7-Groundwater Monitoring
Network

MN Pollution Control Agency “Ground
Water Monitoring in the Verdi Wellhead
Protection Area-2000 Annual Report”,
March, 2001
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GROUND WATER MONITORING IN THE VERDI WELLHEAD PROTECTION
AREA -2000 ANNUAL REPORT

Minnesota Pollution Control Agency

Prepared by the Ground Water Monitoring and Assessment Program

March, 2001
Abstract

The Verdi well field, in Lincoln County, Minnesota, supplies drinking water to a large
area in Southwestern Minnesota. The aquifer in which the well field is completed has a
history of elevated nitrate concentrations. Unfortunately, there is insufficient information
to determine time trends in concentration, making it impossible to evaluate potential
health risks to people consuming water from the aquifer.

In 1999 and 2000, the Minnesota Pollution Control Agency established a ground water
monitoring network in the Verdi Wellhead Protection Area. The primary objective of the
study is to evaluate long-term impacts of agricultural management practices on ground
water quality. The monitoring network includes ten monitoring wells, five public supply
wells, and five surface water sampling locations. Sampling included discharge
measurements in Spring Creek, water level measurements in monitoring wells,
measurement of stable isotope concentrations in monitoring wells, and sampling for
nitrate, chloride, pesticides, and other inorganic chemicals.

The Southwest Research and Outreach Center, University of Minnesota, Agricultural
Research Service, Natural Resource Conservation Service, and the Soil and Water
Conservation District offices have launched an aggressive education program to modify
farmer behavior related to nutrient management. The Minnesota Department of
Agriculture has coordinated the project through a grant provided by the Legislative
Commission on Minnesota Resources.

This report summarizes monitoring efforts for 2000. We include recommendations for
long-term monitoring in an Appendix. Long-term monitoring is critical for establishing
baseline water quality conditions and evaluating the effectiveness of voluntary nutrient
management programs.
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Discharge measurements during 2000 indicate about 8 million cubic feet (60 million
gallons) of water seeped through Spring Creek and presumably into underlying aquifers.
Seepage primarily occurred during May and June. Seepage appeared to contribute to
aquifer recharge, as indicated by changes in chloride and organic carbon concentrations
in the aquifer in response to stream discharge. Results for stable isotopes indicate that
recharge to the aquifer may be rapid since there was no evidence of fractionation of
ground water and there were distinctly different temperature signatures in ground water
for the spring and summer sampling events.

Nitrate concentrations in the aquifer increased from north to south. Nitrate concentrations
were correlated with Eh and chloride in monitoring wells but not in public supply wells.
Two wells contained detectable concentrations of pesticides. The source of pesticide may
be surface water seepage, since pesticides were detected in samples from Spring Creek.

Based upon results from sampling in 2000, we recommend the following activities:
e consolidate the monitoring network;
e continue sampling monitoring wells;
e continue monitoring stream discharge; and
e identify mechanisms of recharge.
[ ]
We recommend quarterly sampling for nitrate, chloride, dissolved oxygen, Eh, and
dissolved iron. ‘

For more information, please see the following Website:

http://www.pca.state.mn.us/water/groundwater/gwmap/gw-verdi.pdf
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