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From the Research
Commnuttee Charrman

Adaptation is the word I would use to describe the last year

for NREC and its researchers. Researchers have adapted — and
adopted — new methods for discovery with limited access to
resources and mandates due to the pandemic.

NREC has adapted to a new funding cycle that is more in harmony
with researchers and their institutions so that research is not delayed
because of cropping systems and delivery of funds. We now operate
the funding cycle of January through December. As a result, our
requests for proposal are issued in the spring.

NREC has also adapted to delivering our communications and
presentations via the internet — just like so many others. As it turns
out, this method opens up opportunities to reach more people who
might otherwise not be able to attend in-person meetings because of
geography and timing.

At the very beginning of the pandemic, NREC hosted Investment
Insight LLIVE that proved to be successful in engaging farmers,
researchers, and the media. Held in mid-February in Champaign —
despite frigid temperatures — more than 100 stakeholders gathered
to share information on research progress and results. Each
presentation made that day is shared on the NREC web site.

"Through NREC’s research committee, we have identified those
issues that are most relevant to our ultimate audience — the farmers
who can implement those nutrient management techniques to help
Illinois agriculture meet the goals of the Illinois Nutrient Loss
Reduction Strategy. Number one on the list of priorities is
discovering the costs and return on investment of various
management tactics. NREC’s research is also focusing on

research that will improve yields through efficient practices

to meet a growing world population, which ultimately reduces
nutrient loss.

We welcome any questions you might have about the content of
this report and about NREC in general.

Ed Corrigan, Chairman
Research Committee
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The Illinois Nutrient Research and Education
Council (NREC) was created in 2012 as part
of Illinois Public Act — 97-0960 to fund and
oversee research and education programs
dedicated to optimize crop production and
minimize nutrient loss to the environment. Of
the nine voting members, three come from the
fertilizer industry, three from grower groups,
including one from the largest farm organization
in the state (currently Illinois Farm Bureau),
and one each from specialty fertilizer, certified
agronomy organization, and the Director of
Agriculture. Non-voting members are from
two environmental organizations, one from
State Experiment Station and one representing
the Director of Illinois EPA.

Program and research funding comes from an

assessment of fertilizer sold in the state. The
voting members determine the assessment level on
an annual basis within the established range of $0.50
to $3.00/ton. Each year the Council issues a request
for proposals (RFP) for new projects. The RFP
outlines specific areas of need as identified by the
Council with grower and industry input.

In the first eight years of the program NREC has
funded 63 unique projects and invested more than 23
million dollars. While each project has individual goals,
some have overlapped that validate other projects and
carry over research approaches at different geographic
locations around Illinois. Through educational efforts,

Background

producers receive research results and are able to apply

knowledge gained into their own practices to help
them increase their profitability — over and above
their investments in the NREC program.

The annual report is developed by extracting highlights

of each of the project reports submitted by the
funded researchers. Pulling these highlights together
for projects with similar goals, particularly when they
have been done at multiple locations under different
environments, allows readers to gain a different
perspective on the effect of factors that influence
nutrient use efficiency.
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Armstrong, Shalamar., Michael Ruffatti, Dan
Shafer, Philip Brown, Mike Kelly, and Robert
Fish: “A Long-term Evaluation of Nitrogen
Application Timing and Cover Crops Impacts
on the Fate and Availability of Nitrogen
Fertilizer and Crop Production on Tile
Drained Fields”

Goals: Utilize >N methods to identify whether

cover crops primarily take up soil or fertilizer N.
Utilize "N methods to determine the synchrony
of the timing and quantity of cover crop residue
N release and corn and soybean N demand.

Progress

* A significant increase in corn yield following
cereal adoption was due to additional nitrogen
fertilizer added at the V10 growth stage using
Y-Drop technology was reported. It has been
assumed that soil derived N would satisfy the N
demanded of the plant at V6, but shifting the side-
dress N from V6 to V10, resulted in a reduction

of N uptake and yield.

* On average, approximately 60 lbs A™! of N is
scavenged in the cereal rye above-ground biomass

and only 10% of that biomass N is used by the
subsequent cash crop, leaving the corn N deficient,
according to this N research findings. A reduction

in N uptake for corn planted in cereal rye residue
was observed as the plant was transitioning into
reproduction growth.

* One significant finding is that 30% more fertilizer N
was applied to the Adaptive 2 treatment (Fall 120bs/A +
5 Ibs starter + 851bs sidedress @ V6 + 75lbs’Y drop

at V8 = 285lbs total) relative to the non-Cereal Rye
Regional Control (Fall 1201bs/A + 100lbs @ sidedress
V6), yet the Adaptive 2 treatment resulted in 38% less

N lost via tile drainage, which was similar to the other
cereal rye treatments.

* This finding suggests that growing cereal rye in

the fallow period generates a larger capacity for
fertilizer to be applied without the result of greater
nitrate loss via tile drainage. This greater capacity
could be contributed to the slow release of residue N
from both above and below ground cereal rye biomass,
greater microbial adsorption of fertilizer N due to the
carbon generated from cereal rye biomass, and in terms
of the soil physical environment, cereal rye could have
significantly increased the water holding capacity of the
soil resulting in a lesser potential to leach. However, it is
important to note that applying 60 additional Ibs of N
fertilizer in a wetter year could have possibly resulted in
greater N loss in cereal rye plots.

Cover Crops
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¢ From October 2014 to October 2019, the adoption of
a cereal rye dominated cover crop mixture resulted into
a 44% (88 1b A™!) nitrate loss reduction relative to the
non-cover crop control. The figure below illustrates the
impact of cover crop adoption on nitrate concentration
in the tile water without the effect of tile water flow
volume. Despite the clear positive relationship between
precipitation and tile water nitrate-nitrogen concentra-
tion, cover crops (green area) consistently resulted in
reduced concentrations within the cover crop and cash
Crop growing seasons.
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* Furthermore, cereal rye following fall N
application recovered 21% (38 Ibs N A1)

more fertilizer N than cereal rye in plots where N
was applied in the spring. It is important to
remember that cereal rye had an average of 165 days
to interact with fall-applied fertilizer relative to only 20
days to interact with spring-applied N. These findings
first suggest that cereal rye protects both fall and
spring N when applied in a living stand and the
degree of interaction increases with greater time
between N application into the cover crop and the
spring termination date.



Gentry, Lowell., Emerson Nafziger, Dan
Schaefer, Eric Miller, Greg Steckel, and Nick
Seiter: “Cereal Rye ahead of Corn: Evaluating
Nitrogen Catch and Release”

Goal: To learn how to best manage cereal rye as
a winter cover crop before corn in either a corn/
soybean rotation or in continuous corn.

Progress

* Researchers found with cereal rye ahead of
corn that it was very effective to front load all the
fertilizer N in the early spring to overcome the
reduction in plant available N early in crop
development.

* They successfully no-till planted soybean into
standing cereal rye (approximately 2 tons/A of
above ground biomass) and had excellent yields
and better weed control.

* Researchers reported a corn yield loss (6%) when
cereal rye biomass was greater than 0.5 tons/A, and
when corn planting is within 2 weeks of cover crop
termination.

» Using data from two other Gentry on-farm NREC
studies, they found a significant decrease in tile
nitrate whenever at least 0.5 tons/A of cereal rye
biomass is produced.

*To get both a tile nitrate reduction and little interfer-
ence to the subsequent crop, the safe zone or
Goldilocks zone for cereal rye biomass is 0.5-2.5
tons/A ahead of soybean but ahead of corn the
aim may be to only attain 0.5 tons/A of cereal
rye biomass (allowing at least 2 weeks between
termination and corn planting).

Cover Crops
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Figure 1 A closer look at the Goldilock zone of 0.5
tons/acre of cereal rye production shows that stems
are about 6-8 inches long with a canopy of 10-12
inches tall. Greater cereal rye production levels can
reduce annual tile flow weighted mean nitrate
concentrations below 2 mg/L..

Gentry, Lowell., Dan Schaefer and Eric Miller:
“Evaluating Nutrient Loss Reduction Strategies:
Longer Rotation with Cover Crops and
Bioreactor”

Goal: Test the effectiveness of a longer rotation with
cover crops in combination with a bioreactor to
decrease tile nitrate loss and directly examine this
potential nutrient loss reduction scenario on a field-
scale production system.

Progress

e It is clear that the longer rotation and the presence of
cover crops limit nitrate losses as compared with the
control treatment (corn-soybean).

* Wheat in the rotation has a dramatic effect on
reducing tile nitrate loss as well as taking up mineral-
ized N following soybean.

* Double cropped soybean following wheat can be the
most profitable.

¢ This research documents the dramatic reduction in
tile nitrate concentration and load that is possible under
row crop agricultural production.

e Cereal rye ahead of soybean can greatly reduce tile
nitrate concentrations and loads when accumulating
1-2 tons/A in biomass.

e Comparisons of tile nitrate concentrations across the
4 productions systems can range from 20 ppm (fall N
with NI) to 1 ppm (cereal rye after corn) at the exact
same time.

¢ This shows proof of concept that management can
have a major impact on tile nitrate loss and in tile
drained fields the response is quick (weeks, not years,
nor decades).
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Guan, Kaiyu., Nicholas Paulson, Gary
Schnitkey, Zhenong Jin, Wang Zhou, and Ziqi
Qin: “Assessing Suitability and Benefits of
Cover Crops in Illinois”

Goal: To assess the impact of cover crops at
the regional scale for the State of Illinois using
a computer model that analyzes weather,
agronomic and economic impacts on cover
Crop use.

Progress:

* Researchers have finished calibrating and
validating the model. The model can accurately
simulate yield and cover crop impact.

* With the good performance of site-scale cover
crop biomass simulation and regional-scale crop
yield simulation, they will test the suitability of
cover Crops:
* in current and future climate conditions to
answer where, when and how cover crops will
be suitable,

* assess the potential benefits of cover
crop, and
 quantify the model uncertainty in the
next year.
» The calibration and validation of ecoSys™ in
(1) simulating carbon-water-energy flux and
carbon allocation among organs at flux tower sites,
(2) simulating corn and soybean yield at regional
scale over the 3 “I” states, and (3) simulating cover
crop impacts on cash crop yield and soil carbon
sequestration is finished.
* For the regional scale corn and soybean yield
simulation, the spatio-temporal patterns of ecoSys
simulated corn and soybean yield are consistent
with those of USDA NASS reported crop yield
after calibration.

Cover Crops

(a] Corn yield [b) Soybean yield
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Seiter, Nicholas and Brodie Dunn: “Insect
Management in Cover Crop Systems”

Goal: To provide pest management recommendations
in cover crop systems in Illinois by assessing pest and
beneficial insect populations in rye as well as termina-
tion timing effects.

Progress

e Similar to the first year of observations, researchers
continued to see a low overall risk of damaging
insect infestations in soybean following a rye
cover crop.

e While certain insect pests were more likely to be
found in fields that had a rye cover crop, no economic
damage was observed.

* While there are certain insect pests (including army-
worms) that are more abundant in fields that follow a
rye cover crop, results after completing two of three
planned years of research indicate that economic
damage from insect pests in rye cover fields is
infrequent.

e Out of 73 commercial soybean fields that have been
sampled (38 of which followed cereal rye or annual rye
cover crop), none have reached an economic threshold
for insect control.

e Similarly, none of the field experiments sampled
have experienced economically relevant insect damage
(these experiments include replicated strips of corn
and soybean with and without a winter grain cover,
and cover termination timing experiments in both
corn and soybean).

¢ In several cases, sub-economic increases (or
decreases) were observed in insect damage following
a cover crop, but these differences have not been
consistent or frequent.

¢ Farmers should consider additional scouting
in fields that follow a rye cover crop early in the
season, especially in corn.
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Figure 3. Comparing simulated cash crop yield (a-c) and cover crop biomass (¢) with site measurements. All the sites
located in Illinois. Cover crop types are ryegrass, cereal rye and hairy vetch.
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e However, the additional risk of insect pest
problems resulting from using a rye cover crop
appears to be relatively minor in Illinois.
Additional field experiments planned for 2021
will help us to further quantify this level of risk.

Cover Crops

Williard, Karl., Jon Schoonover, Amir
Sadeghpour, Karla Gage, and Dwight
Sanders: “Minimizing Phosphorus and
Nitrogen Loss from Agricultural Systems with
Cover Crops and Tillage in Southern Illinois”

Goal: To assess the long-term impact of cover crops
under conventional tillage and no-tillage on nutrient
leaching.

Progress:

e Cover crop rotations of cereal rye-soybean-hairy
vetch-corn and cereal rye-soybean- oats/radish-corn
exhibited 82% and 68% less nitrate leaching, respec-
tively, compared to the no cover crop rotations.

* Phosphate leaching was significantly higher in
rotations under conventional tillage compared to the
no-till plots.

* The greatest phosphate leaching was observed in no
cover crop plots under conventional tillage, which was
66% higher than the no cover crop plots under no-till.

e At the watershed scale, cover crops reduced total
suspended sediment ('T'SS) loads in stream water by
46% and streamflow volume by 51% compared to the
expected pre-treatment condition (no cover crop).

* These findings indicate that cover crops reduced
erosion by providing dormant season ground cover and
reduced runoff by increased evapotranspiration and
soil infiltration rates.
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Below, Fred and Eric Winas: “Nitrogen Place-
ment and Application Timing for Best Efficiency,
Growth, and Yield of Corn across Illinois.

Goal: Maximize nitrogen use efficiency of corn in
Illinois through optimum fertilizer placement, rates,
and timing while maintaining or increasing grain yield
and limiting N loss to the environment.

Progress

e Data collected thus far supports the hypothesis that
concentrating N fertilizer below ground near the crop
row (i.e. banding) can increase grain yield and N re-
moval, while limiting N loss to the environment.

e While some interaction between optimal initial N rate
and placement of N was observed in grain yield, this
study will need to be repeated in more environments
before determining the optimal rates for each place-
ment method.

* Research shows that the yield response to split
applications of N is entirely dependent on the
environment and is often uneconomical. What’s
typically more important for increasing yield
potential and nutrient use is assuring adequate
N availability at the start of the growing season.
It is hypothesized that concentrating N in a band
near the crop row at planting, as opposed to
broadcasting across the entire soil surface, will allow
for adequate N availability to set the crop’s growth
trajectory and yield potential and thereby allow
for split applications of N without the risk of
decreasing yield.

8 Nutrient Research and Education Council

¢ The effect of N placement on N use efficiency and
grain yield were assessed to determine if placement
changes the optimal N rate at planting. Across three
sites in Illinois, UAN was broadcast incorporated or
banded next to the crop row (2” x 2”°) at 45, 90,
135, and 180 Ibs N A™! near the time of planting.

All treatments were balanced for 180 Ibs N A™! with
sidedress applications at the V6 growth stage. Across
N rates and locations, banding N near the crop row
increased grain yield, post-flowering N uptake,
season-long N uptake, yield efficiency (bu Ib N1),
and N recovery efficiency (%). The optimal N rate
at planting was more dependent on the environment,
rather than placement.

e However, yield, N uptake, and efficiency at 45
Ibs N A-! banded was always the same or better
than any of the broadcasted rates. Even at low
rates, banding N set a higher yield potential through
increased early season N availability and increased the
amount of applied N recovered by the crop.
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Figure 4. Corn N recovery efficiency (a.) and grain yield
efficiency (b.) is influenced by nitrogen placement and rate in
Tllinois during 2019 and 2020. Uppercase letters that differ
indicate treatment mean significant differences at P < 0.10.



Gentry, Lowell: “Nitrogen Management

m Systems in Tile-Drained Fields (Douglas

I County)”
ﬂ- how nitrate is lost via tile drainage in corn and
soybean rotations. This study design, with the
inclusion of both corn and soybean phases each
year, will provide ample evidence of the importance of
tile nitrate loss during the non-growing season, espe-
cially following soybean.

Progress

* An important finding is that the leaching of nitrate
from soil mineralization contributes nearly 50% to
the tile nitrate load, which explains an important

source of tile nitrate following soybean production.
e Overwintering cover crops can limit the loss of miner-

alized N during the non-growing season.

* Timing of fertilizer N application can greatly influ-
ence tile nitrate loss. With 5 years of data, this research
can state with confidence that fall N is leakier and
produces more tile nitrate than spring and side-dress
N application. When only looking at tile nitrate coming
from the corn phase of the rotation, 100% fall N loses
approximately 12 Ibs/A more than 100% spring N
application (Figure 5).This amount of loss only rep-
resents 7% of the total amount of fertilizer N applied;
however, this same amount of loss represents more
than 35% of the tile nitrate load.
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Figure 5. Annual tile nitrate loads from 3 N treatments (100% Fall,

50% Fall-25% Planting-25% Sidedress; and 100% Spring).

e These data explain why fall N application rarely
leads to yield loss; yet greatly increases tile
nitrate load.

¢ Cool air temperatures, and therefore, soil
temperatures, in April and May appear to exert
great control on the overall magnitude of tile
nitrate loss in a given year. This trend is

Goals: To add to our understanding of when and

demonstrated by looking at tile nitrate concentrations
(especially fall N treatments) and recognizing that
warm winters and/or springs occurred in 2016, 2017,
and 2019; whereas cool springs were 2018 and 2020
(Figures 6a and 6b).

e This research documents the complexities of nitrate
leaching and shows that tile nitrate loads are not
simply a matter of excessive N fertilization, but rather
the interaction of weather patterns (temperature

and precipitation), timing and rate of fertilizer N
application, and previous crop.
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Figure 6a. Tile nitrate concentrations from the past 5 years
(corn-soy-corn-soy-corn).
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Kent, Angela, Wendy Yang, and Sada
m Egenriether: “Towards Management of
I Dissimilatory Nitrate Reduction to
Ammonium for Nitrate Retention”
ﬂ- Goal: Despite its importance, Dissimilatory
Nitrate Reduction to Ammonium (DNRA)
has been disregarded in upland terrestrial
ecosystems because of the misconception that the
process is restricted to reducing conditions typically
found in flooded environments. Therefore, the goal
of this project is to improve understanding about
the importance of and controls on DNRA in Illinois
agricultural soil by quantifying drivers of DNRA rates
across agricultural management treatments, identifying
controls on DNRA gene expression in soil microbial
communities, and assess identified drivers to more
accurately evaluate the combined effects of soil.

Progress

* Meaningful DNRA activity was observed at soil
moisture levels low enough so that oxygen prevents
denitrification.

* Research report that upland agricultural soils
exhibited DNRA rates high enough to represent an
important N-retention process in all management
practices tested, regardless of differences in microbial
community composition.

* Findings suggest that DNRA may act as an
alternative nitrate reduction pathway when
reduction via denitrification has been inhibited
by the presence of oxygen.

* At higher soil moistures where oxygen diffusion
is inhibited and nitrate transport is promoted,
researchers observed the co-occurrence of
denitrification and DNRA.

* Findings demonstrate that DNRA can occur

both within the conventionally-recognized reducing
conditions characteristic of saturated soils — such
as during the early growing season — and within the
substantially drier soils characteristic of the late
growing season.

* DNRA activity can be attributed to gene expression,
rather than gene abundance at the DNA level.

* Significantly different microbial communities were
expressing nrfA, the gene responsible for DNRA,
across the moisture gradient.

10 Nutrient Research and Education Council

¢ Findings suggest that the distinct microbial commu-
nity that is ‘activated’ under drier conditions is respon-
sible for DNRA’s ability to persist at soil moistures low
enough to inhibit denitrification. In addition, sequences
representing a novel group of DNRA organisms were
detected in samples ranging the full moisture gradient.

Sadeghpour, Amir., Joshua McGrath, Karl Williard,
and Jon Schoonover: “Precision Nitrogen Manage-
ment for Improving Farm Profitability and Water
Quality in Southern Illinois”

Goal: To generate an algorithm for Illinois farmers,

as well as provide them with improved conventional
nitrogen recommendations. In addition, to evaluate the
precision and accuracy of existing commercially and
publicly available nitrogen recommendation systems to
help farmers make informed decisions regarding nitro-
gen management.

Progress

* This research generated an extensive and robust
dataset with fine resolution nitrogen response data.

¢ The current response database has in excess of
10,000 datapoints.

e Starting in January of 2021, researchers will use

this yield response data, combined with other field
data — including soil characteristics, topography, and
in-season canopy NDVI, to generate algorithms for use
with active sensors to guide variable rate or flat rate N
recommendations.

¢ In addition, researchers will compare existing
standard recommendation systems from the land
grant universities against this data set.

¢ Researchers anticipate testing potential algorithms
during the 2021 growing season.
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“Nitrogen Rate Research and NREC Project
Partnership”

Goal: This project provides support, coordina-
tion and implementation of protocol treatments
for the Nitrogen Rate trial and also for Douglas
and Piatt County projects reported by Lowell
Gentry.

m Schaefer, Dan., John Pike, and Jason Solberg:
I

Progress

 The research this year continues to reinforce the
validity of the “range” of nitrogen rates that can
achieve maximum return to nitrogen for a grower.

* More N was needed in some of the trials but when
included in the dataset, the updated ranges continue to
provide growers flexibility while reinforcing the mes-
sage that adding more than the recommended rate of
N is not advised for either agronomic or environmental
reasons.

* This project continues to produce data to update the
land grant university Nitrogen Rate Recommendation
System for Illinois (Nitrogen Rate Calculator).

Figure 9. The
map displays the
36 N rate trials that
were implemented
throughout the state in

the 2020 growing season.

ik

Figure 8. Drone photo of the same N rate trial at Highland C.C. in
Freeport, IL.
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Edge of Field

Chiarch road fields (CFs]
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Bhattarai, Rabin., Richard Cooke, and
Jacob Wood: “Watershed Scale Response
of Agricultural Systems to Drainage Water
Management in Central Illinois”

Goal: To observe and communicate new
information about the watershed scale effects

of drainage water management (DWM) on water
and nitrogen (N) losses, and crop production in
Central Illinois.

Progress

* Researchers started the baseline data collection
in the summer of 2020 as water samples were
being collected from the subsurface drainage and
the stream.

Lincoln road fields (UFs) SERTEST

Bhattarai, Rabin., Richard Cooke, and Hanseok
Jeong: ”Assessing Tile Depth and Spacing Impact
on Nutrient Losses and Crop Production”

Goal: Produce and communicate new information

on best practices for balancing drainage depth and
spacing, water quality, and crop production goals in
Illinois. A critical evaluation of tile drainage design
practices is needed to provide a holistic understanding
of the system for reducing nutrient losses while
maintaining crop production goals.

Progress:

* Preliminary analysis of observed drainage flow at

CF site showed higher drainage flow in plots with
closely spaced laterals.

* The plots with shallow drain depth of 2.5 ft found
to have less drainage flow compared to plots with
drain depth of 3.5 ft.

¢ At the LF site (see Figure 10 below), the drainage
flow was found higher in plots with wider drain spacing
and 4-inch laterals.
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Christianson, Laura., Richard Cooke,
and Paul Davidson: “Drainage Water
Management and Saturated Buffers for
Achieving NLRS Goals”

Goal: Monitor and perform an economic
evaluation of Drainage Water Management
(DWM) and Saturated Buffer practices ($

per acre treated and § per pound of nitrogen
removed). Evaluate if these practices should be
added to the Illinois Nutrient LLoss Reduction
Strategy (NLRS).

Progress

* The most significant achievement this past year
has been the data analysis and summarization

of the performance of seven saturated buffer
site-years (three sites) in Illinois. This data
summary was submitted to Dr. Shani Golovay
and included in the NREC proposal to add
saturated buffers as a recommended practice in

the Illinois Nutrient L.oss Reduction Strategy:.

* Preliminary data shows a notable % N loss
reduction provided by the practice of saturated
buffers. Each site and year varied, but N removal
was consistently provided.

Edge of Field

* Researchers are eagerly anticipating the roll-out

of the new saturated buffer model at outreach events
in 2021. They intend to create an extension program
(including factsheet) around this model.

Figure 11. Graduate student Ms. Ariana Munoz demonstrat-
ing the saturated buffer model.

Christianson, Laura, and Richard Cooke:
“Bioreactors for Illinois: Smaller, Better, Faster”

Goal: To test novel full-size bioreactor designs
intended to maximize nitrogen removal from drainage
water while limiting land removed from production.

Progress:

* Results from the Monmouth Research and Education
Center high-flow booster bioreactor in November 2020
indicated the paired bioreactors treated 87% of the
total drainage from the field over the first three years
of monitoring. This was notable considering their large
drainage treatment area of nearly 80 acres.

¢ The ultimate N loss reduction provided by the
paired bioreactors was on par with more convention-
ally-designed bioreactors at =25%, except in 2019
which was a very wet year (only 8% N loss reduction).
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Figure 12. Flow treatment by the paired bioreactors at the
Monmouth Research and Education Center. The paired system
treated 84, 85, and 95% of the drainage from the field in the three
years of monitoring (analysis ended in June 2020).
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Cooke, Richard., Olawale Oladeji, Rabin
Bhattarai, and Falasy Anamelechi:
“On-Farm Evaluation and Demonstration
of Reduced Off-Farm Nutrient Transport
through Drainage Water Recycling”

Goal: To evaluate and demonstrate drainage
water recycling as an effective management
practice that optimizes crop yield at reduced
fertilizer application, enhances nutrient use
efficiency by crops, and reduces nutrient (N
and P) export to riverine water.

Progress:

* The replicated systems at both sites provided
an opportunity to examine the persistence of
land disturbance. The variability between the
2-acre plots on the South Farm in Champaign
County was more pronounced than that between
the 5-acre plots at Fulton County. However, the
instability due to the disturbance caused by the
installation did not persist beyond the first year at
either site.

Edge of Field

* Based on the results from both sites, there is an
apparent transient drainage system response for the
first year after installation. Therefore, we would caution
the use of data from the first year after the installation
of a drainage system. Yield data from 2020 indicated

a significant drop in yield from the plots on which
fertilizer was applied at half the recommended rate.
Irrigation increased crop yield on the plot on which
fertilizer was applied at the agronomic rate.
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Kostel, Jill Karl Rockne, and Mahsa Izadmedr:
”Demonstration and Monitoring of Nutrient
Removal Wetlands in the Big Bureau Creek
Watershed”

Goals: To evaluate ,small tile-treatment wetlands as
a practical, long-term edge-of-field solution to the
challenge of reducing nutrient losses from cropland
tile drainage runoff without taking a large amount
of profitable farmland out of production. The long-
term goal is for this highly effective practice to be
replicated across Illinois as an effective structural
solution to nutrient runoff that can be used in
conjunction with in-field management practices.

Progress

e Two tile-treatment constructed wetlands (CW1

and CW?2) were designed and built by The Wetlands
Initiative in Bureau County under Illinois NRCS
Practice Standard 656 to better understand wetlands’
nutrient removal processes and to utilize these data to
better design and site wetlands.

* Results show that the most prevalent bacterial genus
are the Proteobacteria, which are reported to include
the most common denitrifers in constructed wetlands.
It is apparent that known denitrifying genera (most
notably Pseudomonas) have increased significantly
throughout the study period. There was a significant
difference between the Pseudomona abundancy before
and after the wetland development. These observed
changes in denitrifier abundance can be a possible ex-
planation of increased nitrate removal efficiencies in the
system following the first year of wetland operation.

¢ The research shows that these tile-treatment wetlands
are effective at reducing nitrate loss and can achieve
up to 84% nitrate removal efficiency within two years
as the maturing vegetative community increases labile
OM in the sediments.

¢ Looking more broadly at the performance of both
wetlands over time, researchers saw that treatment
efficiency increased as the wetlands have developed.
'This is consistent with the guiding hypothesis that the
presence of labile OM, combined with the presence
of a competent denitrifying microbial community, is
required for nitrate removal.



Schoonover, Jon., Karl Williard, Gubir Singh,
and Christopher Blattel: “Modelling and
Designing Saturated Buffers for Nitrogen and
Phosphorus Mitigation in Illinois”

Goal: Design, install, and monitor a saturated
buffer implementing a new pitchfork design
equipped with backflow check valves to test
the impact on water quality (nitrogen and
phosphorus) and quantity reaching the tile
outlet and compare results to a standard buffer
in the same field.

Edge of Field

Progress

* Preliminary data suggests that the backflow valve is
critical in saturated buffer function at high flows.
The pitchfork buffer and standard buffer are both
contributing to the dispersion lines (i.e., water lowing
away from control structure).

* The research by the SIU Watershed Science team
found that the pitchfork buffer outperformed the
standard buffer during storm events by removing
incoming tile flow and thereby decreasing NO3-N
and DRP loads.

6" inlet

Shut off
Valve

6" outlet

Figure 13. Pitchfork design with backflow valve

* The success of the pitchfork design is attributed

to the backflow check valve that is not part of the
NRCS Saturated Buffer (Code 604) practice standard.
The check valve in the design has been a crucial part
of a working system on the research site. It prevents
the dispersion line from serving as a tile line
during wet conditions.

* Most of the NO3-N and DRP load reductions are
occurring during storm events. The most positive
highlight is the reduction of NO3-N input loads by
approximately 65%.
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Arai, Yuji., Lowell Gentry, J.M Fraterrigo,
Dan Schaefer, and Louis Andino:
“Understanding Mechanisms and
Processes of Dissolved Reactive Phosphate
(DRP) Loss in Illinois Tile-Drained Fields”

Goal: Evaluate factors influencing the seasonal
distribution and movement of Dissolved
Reactive Phosphorus (DRP) in tile drainage
systems. Dissolved Reactive Phosphorus (DRDP)
is that Phosphorus found in solution as opposed
to being attached to suspended soil particles.

Progress

* This study monitored nutrient concentrations
in water of 36 parallel tile laterals in an on-farm
study site and found that those laterals located
under large closed topographic depressions
(low spots in fields that are prone to ponding)
generally transport water with higher dissolved
phosphorus concentrations.

¢ Closed depressions/low spots seem to accumulate
soil-bound phosphorus because heavy rains transport
surface soil particles to these low areas through erosion.

e In addition to heavy transport, crop removal of
phosphorus can be greatly reduced in these low areas.
Often, the crop is stunted and sometimes completely
drowned out by standing water, limiting their ability to
take up phosphorus.

Phosphorus

* High levels of P are contributing to the
subsurface P loss. The release of phosphate was
highest from surface soils and sharply decreased
with increasing depth.

¢ The accumulation of mobile (Iron) Fe colloids
increased with increasing depth. These colloids acted
as a carrier for both phosphate and organic P from
surface soils to tile line, especially during high flow
events. Subsurface loss of I should not be neglected
when developing the strategy to reduce the agricultural
P loss in the Gulf of Mexico.

* Soil phosphorus concentrations varied greatly
across a single field translating to sub-field variability
of dissolved phosphorus.

* Increased soil P concentrations associated with
historical and recent management, preferential flow
and closed topographic depressions, can be important
sources of tile DRP losses. The findings suggest the
need to draw down soil P in these areas to STP
concentrations that do not exceed crop requirements.
Soil sampling techniques that detect soil P variability
at sub-field scales can be employed to accurately
identify these locations to diminish the risk of soluble
P exports from tile-drained fields while maintaining
crop productivity.
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Christianson, Reid., Laura Christianson,
Andrew Margenot, Talon Becker, and John
Pike: “Reducing P Loss in Southern Illinois:
Producers, Practices, and Productivity.”

Goal: To evaluate, refine, and promote both
recommended and novel practices to reduce
phosphorus (I?) losses in unglaciated areas of
Illinois. The practices under evaluation are
no-till/conservation tillage, cover crops, and
edge-of-field P filters.

Progress

¢ Evaluation of phosphorus losses due to

cover crop freezing was evaluated through
column studies. Data are being analyzed now,
but initial indications show heavy freezing may
cause more plant cell damage and increase risk
of phosphorus loss. It is still unclear the fate of
this phosphorus at a field scale.

* The first round of soil test phosphorus at the Ewing
Demonstration Center showed high spatial variability
across the plots, indicating there are likely no pre-
project biases among treatments.

e Indications are that soil phosphorus concentrations
show classic increases on approach to the toe slope
due to soil movement down the hill.

* Initial design of the edge-of-field P filter has been
done with an expected capacity of ~28,000 gallons
per hour. Materials tested in the lab may be replaced
with materials tested by the USDA ARS in Indiana to
ensure performance.

Phosphorus

* Treatment plots at the Ewing Demonstration Center
have been well established (Figures 14 and 15) and
treatment agronomic impacts are being observed.

Figure 14. Filter strip plot with monitoring setup
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Figure 15. Plot layout and progress. Panel a shows cover crop
growth, and panel b shows crop progress and fescue buffer. Cover
crop plots had significantly lower corn yields compared to the no
cover plots, though soybean yields in 2019 in the cover crop and
no-till no cover crop plots were all significantly higher than the
full tillage and no cover crop control (Tukey’s HSD test at alpha
= 0.05). Corn yield reductions were attributed to late planting and
the mature growth stage of the cover crop.
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Margenot, Andrew., Roland Cusick,
Allan Hertzberger, and Neha Chatterjee:
“Evaluating Slow Release P Fertilizers
to Increase Crop Production and
Environmental Quality”

Goal: To determine optimum formulations

of slow-release P for testing agronomic

and environmental potential under field
conditions while measuring P availability, loss
and crop performance in the field. Struvite
(MgNH4P04-6H20), a low water solubility
(<3%) mineral that is increasingly recovered
from wastewater treatment plants, has potential
to be used as a slow release ammonium phosphate
fertilizer, especially when blended with highly
water soluble phosphorus (P) fertilizers such as
monoammonium phosphate (MADP).

Phosphorus

Progress

e Struvite alone was unable to maintain early season
(i.e., vegetative) crop growth, but blends of struvite
with highly water-soluble MAP supported similar
biomass and P uptake as MAP only.

* MAP blends (25-50% struvite) appear to lower sol-
uble P loss risk compared to MAP without restricting
early season (vegetative) growth of maize and soybean,
and this can differ by crop species.

¢ In soils with deficient Soil Test Phosphorus
(<18 mg/kg Mehlich III colorimetric), 50-50%
struvite-MAP blends appear optimum for
maximizing vegetative corn and soybean growth
while minimizing residual Soil Test P (STP) by
up to -18%. This indicates lower Dissolved Reactive
Phosphorus loss risk from surface soils via runoff
without compromised crop growth.

¢ In soils with optimum-to-high Soil Test P, corn
yields were unaffected by up to 75% struvite
substitution and yields of double-cropped wheat
and soybean were unaffected by up to 100%
struvite substitution for MAP. This likely reflects
‘banked’ P from previous applications, but on the other
hand is representative of STP in Illinois production
agriculture (according to IPNI 2014 data). Future
research should evaluate mechanisms and kinetics of
crop uptake of struvite-derived vs native STP.

* Timing (fall vs spring) and placement (broadcast
vs banding) did not influence corn yield response
to struvite-MAP blends of up to 75% of total I’ in
2019 and 2020 for corn at three sites (Urbana, IL;
Effingham, IL: Streator, IL.), nor soybean at two sites
in 2019 and 2020 (Urbana, IL.), nor wheat in 2019
(Urbana, IL) if soil test P levels were adequate.

At maintenance rates (Illinois Agronomy
Handbook), struvite can be a near-complete
substitute for MAP or DAP.
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¢ Residual struvite granules remaining in soils at the
time of sampling may inflate apparent STT values, but
these increases are sufficiently high (+600%) from a
single granule being present in the relatively low soil
mass being used for testing (2 g soil) that this potential
artifact is easily identifiable. Over two growing seasons,
we have found that approximately 45-55% of struvite
can remain undissolved.

* Residual granules of struvite present at the end of
the growing season are chemically and physically
weathered, as revealed by state-of-the-art scanning
electron microscopy and electron dispersion
spectroscopy (SEM-EDS), suggesting that residual
granules are more likely to dissolve than freshly
applied struvite in the subsequent season.

¢ Arbuscular mycorrhizal associations can
increase solubilization of struvite by up to
40%, indicating that greater soil health and
conservation practices like reduced tillage can
promote biological solubilization of struvite.

¢ Adding struvite on the same P basis as highly wa-
ter-soluble P fertilizers can decrease soil test P levels
and water-soluble soil P, indicating it can be used to
maintain yields but decrease residual soil test I’ values.

Figure 16. Struvite is scattered among cover crop and corn debris.



Williard, Karl., Jon Schoonover, and Gubir
Singh: “Water Quality and Agronomic
Impacts of Gypsum Applications in
Southern Illinois”

Goal: To evaluate different application rates
of flue gas desulfurization (FGD) gypsum
for reducing P losses in surface runoff and
to determine the impact of FGD gypsum
applications on crop production.

Progress

¢ Gypsum, lime, and sulfur treatments did not
significantly impact corn or soybean grain yields
in 2019 or 2020, respectively.

* Gypsum applications resulted in lower dissolved
reactive phosphate (DRDP) and total phosphorus
(TP) concentrations and loads in surface runoff
compared to control in the initial post-gypsum applica-
tion period (December 2, 2018 — May 2, 2019;n =15
storm events).

Phosphorus

e In the post-P fertilization period from May 2019
through December 2020, none of the gypsum treat-
ments had lower DRP or TP concentrations or loads in
surface runoff than the control flumes.

* This finding suggests that the applied P fertilizer
overwhelmed any remaining P abatement effect of the
gypsum in high P soils.

e Gypsum applications did not result in any signifi-
cant increases in heavy metal concentrations in soil or
runoff.

* Overall, FGD gypsum appeared to be an effective
phosphorus abatement tool for southern Illinois soils
to improve water quality. However, its effectiveness
over the long term appears to be in question given the
results in the post I fertilization period.

Zheng, Wei., Richard Cooke, Brajendra Sharma,
Olawale Oladeji, and Mahelet Maru: “Designer
Biochar to Capture and Recycle Phosphorus from
Tile Drainage Systems”

Goal: To generate designer biochars to effectively
capture phosphorus from subsurface tile drainage,
recycle phosphorus-captured biochars as a slow-
release fertilizer, and keep phosphorus in the closed
agricultural loop.

Progress

¢ Researchers manufactured designer biochar pellets
and packed them into the P-sorbing filters for a field
experiment.

* They have built three biochar-sorption chambers
and installed them in the MWRD field site in Fulton
County to capture nutrient loss from drainage water.

¢ From the field trial, the designer biochar pellet
captured dissolved phosphorus from subsurface
drainage water.

¢ The designer biochar pellet exhibited a high
adsorption performance for dissolved phospho-
rus. The biomass pretreatment with lime sludge was a
key process to improve the adsorption capacity of the
designer biochar.

¢ The Ca,(PO,),, CaHPO, and MgHPO,-3H,0

and MgHPO,-7H,0O were formed on the surface

of the designer biochar (Figure 17), indicating

these phosphate compounds precipitated/adsorbed
on the biochar have a great potential as a slow-
release fertilizer.

e Scaled-up biochar-sorption chambers (Figure 18)
were designed and applied into biochar-sorption
channels, which treated drainage water received
from a larger agricultural field.

¢ Overall, the designer biochar pellet can effectively
capture phosphorus from drainage water and
mitigate the excess nutrient loads to watersheds
from agricultural fields. The phosphorus-captured
biochars have a great potential as a slow-released
fertilizer to enhance nutrient use efficiency and
improve crop yields.

Figure 17. Designer Biochar Pellets  Figure 18. Designed biochar-sorption chamber.
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Gentry, Lowell., John Pike, and Corey
Mitchell: “Reducing Nutrient Loads in
WASCoBs in Southern Illinois”

Goal: To quantify nutrient and sediment loads
transported via water and sediment control

basins (WASCoBs) and to evaluate the effective-
ness of conservation practices aimed at reducing
soil erosion and nutrient loss. Water exiting pairs

of WASCoBs are evaluated for one year under iden-
tical production practices and then a single treat-
ment variable (such as tillage) is imparted across
one of the two WASCoBs.

WASCoBs

Progress

e The first year of monitoring was used to develop
a baseline comparison of water quality between the
WASCoBs. In the second year, the effect of vertical
tillage vs no-till was compared on nutrient and sedi-
ments exiting WASCoBs at two on-farm research sites.
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¢ Preliminary data suggests that no-till reduced

total P concentrations and loads by approximately
50% compared to vertical tillage. During high

flow periods, total phosphorus concentrations
predominantly consisted of organic I’ (particulate P).
High particulate P concentrations were accompanied
by high total suspended solids, indicating soil erosion
was the main source of I? in drainage water exiting
the WASCoBs.

¢ There was also evidence of fertilizer loss

(high nitrate, ammonium, chloride, and sulfate
concentrations) via the WASCoBs during the first
heavy rain event following broadcast application
of DAP. This study will help quantify typical WASCoB
nutrient and sediment loads under current production
systems and determine techniques that reduce nutrient
and sediment loss.



Schoonover, Jon., Karl Willard, Gurbir Singh,
and Kevin Turnbow: “Water and Sediment
Control Basins (WASCoBs) Influence on
Crop Yields and Water Quality near
Atterberry, Illinois”

Goal: To identify the benefits of Water and
Sediment Control Basins on water quality, soil
health, and crop yields.

Progress

* Two treatments were established at the site: 1.)
WASCoB vs. No WASCoB (i.e., an ephemeral
drain), and 2) Cover Crop vs. No Cover Crop.

* The research team has collected surface runoff
water since the installation of the flumes and ISCO
samplers. Water samples were analyzed NH4-N, Dis-
solved Reactive Phosphorus (DRP), Total Suspended
Solids (T'SS), and NO3-N.

* Preliminary data showed higher mean values

of nutrient and sediment concentrations in the
ephemeral drain sub-watersheds compared to the
WASCoB drained sub-watersheds. More storm events
need to be collected to quantify impacts of the cover
crop on water quality. Preliminary data suggest that
nutrients and sediment is lower in the cover crop
watersheds.

WASCoBs

* Data showed average concentrations of NO3-N and
NH4-N are lower in the WASCoBs than the ephemeral
gully monitored in the East Flume. Total Phosphorus
and DRP concentrations were also lower in the
WASCoBs. The trend for T'SS is consistent with

the nutrients as well (See Figures).
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Figure 20. Average concentration of Nitrogen from Nitrate and
Ammonium at the Atterberry research site.
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Figure 21. Average Dissolved Reactive P and Total P
concentrations at the Atterberry research site.
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Figure 22. Average Total Suspended Solids (T'SS) concentration
at the of the Atterberry research site.
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Bernards, Mark., Graciela Andrango, Joel
Gruver, John Nichols, Keela Trennepohl,

and Roger Viadero: “Integrating Livestock
Grazing into the Western Illinois Corn-
Soybean Cropping System to Enhance

Farm Profitability and Reduce Nutrient Loss”

Goal: To document the agronomic, economic,
and environmental impacts of increasing the
duration of living vegetative cover and adding
livestock grazing to a corn-soybean based
cropping system.

BACKGROUND: Growing cover crops during
the fallow period between corn and soybean
reduces nitrate losses through tile. However,
grower adoption of cover crops is limited because
they are viewed as a cost, rather than an invest-
ment. In addition, cover crops (especially cereal
rye) can have a negative yield effect on the
subsequent cash crop (especially cereal rye
before corn).

Diversifying cover crop mixtures are promoted
as having greater soil benefits and minimizing
negative impacts on subsequent cash crops.
Incorporating livestock grazing of cover crops
may be a way to derive greater value from a cover
crop investment.

The three cropping systems will be investigated:

¢ a corn-soybean control using standard practices
for western Illinois,

* a continuous cover system including cash crops
corn, soybean and a small grain and cover crop
mixtures established between each cash crop to
provide fall/winter/early spring grazing, and

Emerging NREC Projects

* a perennial intermediate wheatgrass, Kernza®,
that will be harvested for grain and grazed.

Progress

* Establish first year rotation cover crops, small grain,
and Kernza. All cover crops and winter cash crops
(rye for cover crop seed) were established in October
2020 following corn/soybean harvest. Because of mild
October and November weather most plots have
excellent stands. Fall burndown herbicides were
applied to control winter annual weeds on the
corn-soybean control plots.
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Christianson, Laura., Reid Christianson, and
Richard Cooke: “Knowledge is Power: Powering
up Bioreactors and Saturated Buffers”

Goal: To better understand and analyze differences in
the variety of current bioreactor and saturated buffer
designs, operation, and performance to collectively
refine these practices.

BACKGROUND: Both bioreactors and saturated
buffers are relatively new practices, although interest
leading to new installations continues to increase. In
Illinois alone, the number of bioreactors nearly doubled
from 20 to 37 between 2017 and 2019. The newness of
both bioreactors and saturated buffers has led to inno-
vation — meaning these practices, as installed in Illinois,
have varied greatly in design, operation, performance,
and environment — factors which impact N removal.

For example:

* Some bioreactors have experienced early subsidence
of the woodchips;

* A variety of wood media (wood type, size) have been
used in bioreactors;

*The ratio of the saturated buffer distribution pipe-to-
drainage area can range greatly.

Progress

Dr. Laura Christianson with the University of Illinois
was awarded a $2.25 million grant from USDA, of
which $1.13 million was provided by partners to meet
the 50% match requirement. This project grant is
providing a portion of the matching funds that helped
make the grant possible.




Emerging NREC Projects

Gentry, Lowell and Andrew Margenot:
“Integrating Tillage, Soil Carbon Dynamics,
and Tile Nitrate Loss”

Goal: To assess the benefits of C accounting and
C trading to reward and offset conservation costs.
Real-world field data will be needed to calibrate
and ultimately validate models used to assess C
credits derived for C market. Outcomes from this
work will inform producers with intensively tile
drained fields of how to best manage their fields
to enhance soil C, tighten the N cycle, and
improve their bottom line.

Progress

* Soybean plant and root biomass was
collected for nutrient analyses prior to the
2020 grain harvest. Treatments are in place
and baseline soil sampling was conducted in
November. AgriDrain structures were installed
and fitted with a V-notch stoplog.

Figure 23. View of strip-till following soybean harvest in the
cover crop treatment (winter barley and rape).

Fraterrigo, Jennifer and Lowell Gentry.
“Characterizing Subfield Variability for Efficient
Phosphorus Management: Targeting Hotspots”

Goal: To advance the identification and understanding
of the dynamics of Phosphorus hotspots at a sub-field
scale. Results from this study will provide agricultur-
al producers and fertilizer suppliers with an accurate
method to characterize soil P to support the design of
realistic site-specific P applications and to prevent soil
P build-up.

Progress

* Researchers conducted preliminary surface soil
sampling in 85 locations at the Douglas County Farm
to determine Bray P content.

e Sampling of tile water and tile discharge measurement
at the Douglas County Farm is ongoing and research-
ers have added lysimeters.
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Figure 24. A map showing soil sampling locations (dots) at the
Douglas County study farm. Dark blue and purple areas on the
map correspond to closed depressions as determined by terrain
analysis.
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Kent, Angela., Wendy Yang, Martin Bohn,
and Fred Below: “Managing the Maize
Microbiome”

Goal: To determine if researchers can achieve
synergy between the plant and microbial
functions such as N fixation, biological inhibition
of nitrification and DNRA to potentially reduce
the requirement for N fertilizer input.

BACKGROUND: DNRA is a microbially-
mediated process instrumental to the regulation
of ecosystem nitrogen (N) retention versus loss.
By converting nitrate to ammonium, DNRA
retains N in ecosystems to support crop growth,
reduces nitrate leaching to ground- and surface
waters, and competes with denitrification to
decrease gaseous dinitrogen and nitrous oxide
losses.

Progress

* The preliminary results demonstrate that
nitrification is suppressed in the rhizosphere

of older maize lineages and teosinte, and this
ongoing work will investigate the mechanism

for suppression of undesirable N transformations
and identify the genomic regions that influence
the recruitment of the maize microbiome and
nitrification rates.

* Researchers are currently growing plants in
a university greenhouse to generate two sets of
testcross hybrids.

Emerging NREC Projects
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Margenot, Andrew., Reid Christianson, and Amir
Sadeghpour: “Capitalizing on 150 Years of Soil
Samples to Determine Legacy IP and Improve
Water Quality in Illinois”

Goal: To evaluate Illinois soil legacy P using archived
soil samples collected as part of the epic national soil
survey. These georeferenced soils date back to the late
1800s and therefore provide a unique opportunity to
evaluate how agricultural management has altered P in
soils across the state of Illinois over time.

Progress

¢ Subsoil P supply power may be compromised by
legacy P, which is why neighboring states of lowa and
Wisconsin have dropped this concept from their
agronomic recommendations in the interpretation of
soil test P. Based on insights from neighboring states,
we strongly expect to find the subsoil P supply concept
in Chapter 8 of the Illinois Agronomy Handbook in
need of updating.

* Even though this project was funded to start on
October 1, 2020, researchers are already ahead of
schedule on the implementation of the project. Efforts
began immediately on Octoberl on the curation of
archived soils for analyzing legacy P. This was enabled
by leveraging $75,000 in seed funding from the UIUC
Student Sustainability Committee (award also to PI
Margenot).

Approach; use archive of soil samples extending to 1861 through 2021, with re-
sampling of relic sites to establish 150-year chronosequence
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Figure 25. Visualization of the history of soil samples recently
discovered on the University of Illinois Urbana-Champaign
campus.



Emerging NREC Projects

Markus, Momcilo., Gregory Mclsaac, and
Rabin Bhattarai: “Detection and Attributes
of Recent Changes in P Loading in the Illinois
River Watershed”

Goal: To calculate P loads for the entire period
of record at selected sites in the Illinois River
watershed and to attribute riverine phosphorus
loads to several explanatory variables, including
pH, chloride, climate drivers, and point/nonpoint
sources.

Progress

* Most phosphorus data sets needed for this study
have been collected. The first step towards detect-
ing changes in riverine phosphorus in the Illinois
River was made by calculating annual loads at
Valley City on the Illinois River.

e Different load calculation methods (figure
below) show significant variability in some

years, but they produce similar slopes of
increasing trends.
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Figure 26.

Sadeghpour, Amir., Andrew Margenot, Jon
Schoonover, Karl Williard, and Karla Gage:
“Next Generation Cover Cropping in Corn-
Soybean Rotation to Improve Farm Benefits
and Decrease Environmental Losses in South
and Central Illinois”

Goal: To evaluate the efficacy of precision cover crop
management. Specifically, the research team will
evaluate altering planting dates by interseeding and
by using precision planting of cover crops to skip the
corn/soybean row — known as “skip row” planting
and evaluate whether “skip row” allows for delayed
termination of cover crop mixtures.

Progress

¢ C:N ratios were higher in Skipping-The-Corn-Row
than normal planting in one out of three site-years
(ARC2019) indicating greater chance of N immobili-
zation when cereal rye was planted later than usual.

e Will implement Skipping-The-Corn-Row saved $8.4
ha—1 for growers and could incentivize growers to
adopt this practice.

 Currently analyzing the corn response to Sipping-

The-Corn-Row compared with normal planting and
assess if soil quality declines by STCR practice over

time.

¢ Researchers have published a paper based on their
preliminary findings.
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Emerging NREC Projects
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Yu, Zhongje and Lowell Gentry: “Sources
and Cycling of Nitrate in Tile-drained
Corn-Soybean Rotation Systems: A Stable
Isotope Approach”

Goal: To improve understanding of the efficiency
of fertilizer management and winter cover crops
in reducing tile NO3- leaching, unprecedented
insights into the relative contribution of soil
mineralization and N fertilizers to NO,- loss

in tile drainage, and new constraints on field

denitrification and N mass balance.
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Progress
* Fall field work was completed in 2020.

¢ An isotope ratio mass spectrometer (IRMS)

system is being actively set up in the Yu Stable
Isotope Biogeochemistry Laboratory. This IRMS
system adopts the state-of-the-art isotope purification
and detection techniques and will be fully dedicated
to this project to provide high throughput (40-60
samples per 72 hours) and high precision (0.1 parts
per thousand (%o) for 615N and 0.2%. for §180)
analysis of NO,- stable isotopes.

Fig.27 (a) Dual isotope plot illustrating the distinct ranges of isotope values for various NO,
sources. Co-variations of the natural abundance nitrogen (6*N) and oxygen (6'%0) isotope ratios
in units of part per thousand (%o) in tile drainage are an integrated tracer of NO; sources and can
provide mechanistic information regarding field nitrogen cycling intensity and ‘openness’ under
different nitrogen management treatments. (b) An isotope ratio mass spectrometer (IRMS)
systemn is being set up in the Yu Stable Isotope Laboratory. This system will be dedicated to
isotopic analysis (6°N-NO; and 6*N-NO;’) of collected tile drainage and soil samples.
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Outreach and Education

One essential role of NREC is to facilitate
delivery of information to farmers so that they
can implement the practices tested and proven
by researchers to help reduce nutrient loss while
maintaining productivity. When NREC is not
directly reaching out to farmers, we are utilizing
influencers such as Certified Crop Advisers and
ag retailers. A variety of other communications
vehicles are employed to make information as
accessible as possible and to pique the interest
of other stakeholders.

Social media served NREC well in 2020 with
24,213 Facebook users reached and more than
31,000 impressions made.

Twitter also proved to be an effective way to

share NREC'’s stories, generating nearly 103,000
impressions and engagement on 95 Tweets. Just as
significant: is that more than half of NREC’s tweets
were retweeted. The number of NREC Twitter
account followers has increased to 679.

YouTube was more successful in sharing
information this year with 26 new videos being
added with links from social media and the NREC
web site. Almost 72 hours of videos were viewed
from 1,372 visits.

In print and electronic media, NREC topics

were covered an average of twice a month. Either
researchers were interviewed or research results
were communicated by local, state and national
publications as well as RFD and local radio
interviews. Especially successful in getting the
word out about NREC-funded research was
February’s Investment Insight LLIVE! that drew me-
dia from around the state and an audience of more

than 100 despite the frigid temperatures.

Thirteen individual electronic mailings in 2020
were opened at an average rate of 32.7%. The
pandemic limited in-person presentations, thus
video conferencing and presentations were utilized.

T e e

24,213 Reach

31,341 Impressions
2203 Reaction/Shares
625 Page Likes

102,763 Impressions
95 Tweets

and Retweets

679 Followers

Top three viewed
videos in 2020

*What is a woodchip
bioreactor? Loaded

2 YouTube

in August 2017 with
1,372 Total Views 316 views
(71.7 hours) » Lowell Gentry’s
7,746 Impressions Investment Insight
(4.2% click through rate) LI}:/'FBVideO. Loaded
in February 2020
18 New Research Videos with 112 views
(447 Viows) « Dr. Fred Below
8 Investment Insight Super Hero
Live Videos Researcher. LLoaded
(456 Views) December 2020 with
101 views
13 electronic mﬂlllﬂgﬁ

32.7% Open rate
(Industry average is 21%)
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ILLINOIS NUTRIENT RESEARCH AND EDUCATION COUNCIL
STATEMENT OF FINANCIAL POSITION
CASH BASIS
SEPTEMBER 30, 2020

ASSETS
Cash $ 842,028
Certificates of Deposit 2,988,000
Total Assets $ 3.830.028
NET ASSETS

NET ASSETS
Without Donor Restriction $ 3,830,028




ILLINOIS NUTRIENT RESEARCH AND EDUCATION COUNCIL
STATEMENT OF ACTIVITIES
CASH BASIS
NINE MONTHS ENDED SEPTEMBER 30, 2020

REVENUES
Tonnage Assessment $ 3,122,824
Interest Income 41,778
Miscellaneous Receipts 17,347
Total Revenues 3,181,949

EXPENSES

Program Services:

Research Contracts 3,140,385

Management and General

Administrative Management Service 3,889
Salaries 144, 514
Payroll Taxes 11,308
Payroll Expenses 63
Legal Fees 475
Meeting Expense 7,101
Travel 3,363
Web Design 293
Insurance 10,670
Communication 38,236
Employee Professional Development 5,729
Accounting Fees 8,774
Peer Review Honorarium 20,000
Printing and Postage 416
Office Supplies 2,744
Total Management and General 257,575
Total Expenses 3,397,960
CHANGE IN NET ASSETS (216,011)
Net Assets - Beginning of Period 4,046,039
NET ASSETS - END OF PERIOD $ 3830028
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NREC Council Members
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Executive Committee

JEFF KIRWAN
ILLINOIS FARMER (CHAIRMAN)
Illinois Farm Bureau

ED CORRIGAN

BRANDT CONSOLIDATED
(VICE CHAIRMAN)

Fertilizer Dealers

CHUCK CAWLEY

ILLINOIS DEPARTMENT OF
AGRICULTURE (SECRETARY)

[linois Department of Agriculture Designee

DON GUINNIP
ILLINOIS FARMER (TREASURER)
Illinois Corn

Council Members
ROBERT MULLEN
NUTRIEN

Fertilizer Retailers

MATT DUNCAN
NUTRIEN
Fertilizer Retailers

CHRIS MATLOCK
FS CUSTOM TURF
Specialty Fertilizer

TOM KELLEY
SYNGENTA SEEDS
Certified Crop Advisers

DAVID WESSEL

ILLINOIS FARMER
Illinois Soybean Association

Nutrient Research and Education Council

Advisory Members

ALLEN GROSBOLL

ENVIRONMENTAL LAW POLICY CENTER

Environmental Group

CINDY SKRUKRUD

ILLINOIS CHAPTER SIERRA CLUB

Environmental Group

GERMAN BOLLERO

UNIVERSITY OF ILLINOIS AT
URBANA-CHAMPAIGN

Research Station

TREVOR SAMPLE

ILLINOIS ENVIRONMENTAL
PROTECTION AGENCY

[linois EPA Designee

Research Committee

NREC Council Members
Ed Corrigan (Chair)
German Bollero
Chuck Cawley
Matt Duncan

Dun Guinnip

Jeff Kirwan

Robert Mullen
Trevor Sample
Cindy Skrukrud
David Wessel

Illinois Farmers
David Droste
Michael Ganschow
Dale Hadden
Mark Litteken
Dirk Rice
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