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 six years of the program NREC
has funded 63 unique projects and invested
more than 16 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, 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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cOVER CROPS

Do cover crops
result in
lower nitrogen
concentrations
in tile drainage?
Armstrong et al.1 have established that cover crops
have the ability to sequester Nitrogen (N), which
results in a reduction of N loss via tile drainage.
This study found that although cover crop biomass
production and precipitation were significantly less
relative to previous years in the study, cover crops’
impact on water quality remained consistent. Total
nitrate nitrogen loading from tile water was reduced
by 50-66%, with the largest reduction coming from
the fall applied treatment.
Tile water nitrate concentrations confirmed the
total load reduction by cover crops. In 2018, the
nitrate concentrations were much lower relative
to non-cover crop treatments (Figure 1).
The analysis also revealed the effectiveness of cover crops to reduce the concentration of tile water
increased with time.

Also, Armstrong and his team observed greater
nitrate concentrations on average in the corn years
where N applications are made, relative to the soybean years. However, in both corn and soybean
growing seasons, cover crops effectively reduced N
loss. When considering the total nitrate load across
the entire study, cover crops reduced nitrate
nitrogen loading by 46-49% over a 3.5 year period,
while averaging only 1200 lb/A/year of biomass.
Gentry et al.2 also examined cumulative tile
nitrate loads over the past three years that ranged
from a high of 70 lbs/A with the full rate of fertilizer
N in the fall (160F) to a low of 41 lbs/A with the
50:50 split application and cover crops (80/80C)
(Figure 2). The three-year average tile nitrate loss
ranged from a high of 23 lbs/A (160F) to a low of
13 lbs/A (80/80 with a cover crop), representing
a 43% decrease in tile nitrate load. This value is

Figure 2. Cumulative daily tile nitrate load from the fall of 2015
through the summer of 2018 for each of the six corn N treatments
averaged over both phases of the rotation. Gentry et al.

close to the 2035 goal put forth in the Illinois Nutrient
Loss Reduction Strategy (NLRS.)
After three years, cumulative tile nitrate loads for the
reduced N rate treatment (120 lbs/A) and the 2-way
split application treatment of the full rate (160 lbs/A)
were similar (47.9 vs. 50.6 lbs/A), yet the reduced rate
treatment decreased corn yields by about 10%. Therefore, although N deficiency limited corn yields; nitrate
continued to leach from the reduced rate treatment.
This indicates that tile nitrate loads are not simply
a matter of excessive N fertilization, suggesting that
the leaching of mineralized N during the non-growing
season is also an important source of tile nitrate. It also
suggests that nitrate loads are the result of complex interactions of weather patterns (temperature and precipitation), timing and rate of fertilizer N application, and
previous crop.
These results suggest that timing of N fertilization
is one factor controlling tile nitrate export and cereal
rye after corn can be an effective management strategy to further reduce tile nitrate loads.

Do cover crops impact yield?
Gentry et al.3 additionally examined how to best manage
cereal rye as a winter cover crop before corn in either a
corn/soybean rotation or in continuous corn. The first
study tested three spring cover crop termination dates
(approximately 2 weeks apart). This approach allowed
investigation into the N release from the cover crop and
evaluated N immobilization vs. allelopathy.
Graphs 1 and 2 show corn grain yield averaged over N
management treatments in 2017 and 2018 on Farm #1.
The T3 treatment was
designed to stress the system
creating potential N limitations to the corn crop. This
treatment negatively impacted
corn yields (6% or 13 bu/A) compared with the no
cover treatment in 2017.
Cereal rye biomass
production was much less in
2018 (due to weather) and
there was no effect on corn
grain yield at T3, indicating that cereal rye biomass is
possibly a predictor of yield loss before corn.
On Farm #2 corn yield was significantly reduced only
at the T3 late termination date (data not shown).
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This study was also replicated at the Monmouth
Research Station and cereal rye had no negative
effect on corn yield; however cover crop biomass
production was limited by the cold spring of 2018
(data not shown).
Overall this cereal rye termination study found that
there was no difference in corn biomass or yield when
cereal rye was terminated at T1 or T2. However,
when the cereal rye was terminated the day prior
to planting, corn accumulated less biomass and
it affected yield at some locations. This data also
points to biomass accumulation rather than allelopathy alone as a major contributor to yield loss with
cereal rye.
To further investigate how to best manage cereal
rye ahead of corn, Gentry et al. examined three N
fertilizer treatments (fall split vs. spring vs. sidedress split) with and without cereal rye. This additional study allowed investigation into the N release
from the cover crop under various N fertilizer application regimes.
Graphs 3 and 4 show
corn grain yield averaged
over cover crop treatments
in 2017 and 2018 on
Farm #1.

Compared to the split
N application treatments, applying all of
the fertilizer N in the
spring produced significantly greater yields in
both years. This data suggests that it is best to front-

load the soil with fertilizer N when growing cereal rye
ahead of corn.
Graph 5 shows corn grain
yield averaged over cover
crop treatments in 2018
on Farm #2.
Similar to Farm #1, applying all of the fertilizer N
in the spring was the best way to apply N on this farm
in 2018.
Armstrong et al.1 found that similar to their 2016
soybean yield analysis, there was no significant
difference in soybean yield related to cover crops
in 2018. This trend occurred in two consecutive
growing seasons and is confirmed in other literature.
Graph 6 shows Armstrong’s
data on soybean by cover crop
in 2018.
Schoonover et al.4 reported
that after four years under a no-till system with two
complete cropping cycles, the corn yield was 14%
greater with a cover crop rotation of corn/cereal
rye/soybean/hairy vetch compared to corn/no
cover crop/soybean/no cover crop, whereas no
significant difference existed in corn yield due to
cover crop treatments within conventional tillage.
Spring 2018 was relatively wet, which resulted in a
good stand of cereal rye cover crop (data not shown).
During the cover crop growing season in spring
2016, cereal rye cover crop reduced the nitrate-N
leaching by 84% and 78% compared to the non-cover crop rotation, respectively, under the conventional
tillage system (data not shown).

How much
cereal rye
residue N is
used by the following cash crop?
To answer this question Armstrong and his team1 grew
cereal rye that was enriched with labelled and traceable
nitrogen (15N) and was tracked into the cereal biomass,
into the soil after cereal rye residue (shoots) decomposition, and into the following cash crop.
AM
 icro-plot established in non-labelled cereal rye by
removing the above ground shoot biomass
15
B  N labelled biomass placed in the micro-plot
C Corn planted within the 15N labelled micro-plot
D Corn plants emerging and decomposition of the
15
N micro-plots
E and F Fall labelled 15N being applied in the
micro-plot
Initial results from this study suggest that corn planted into cereal rye uses approximately 10% of the N
within the cereal rye residue and soybean planted
into cereal rye uses approximately 7% of cereal rye
residue N (Figure 3 below). Thus, on average cash
crops following cereal rye
utilized a minimum of 9%
of the N from cereal rye
residue. They consider this
9% to be an underestimate,
simply because they only
examined the contribution from cereal rye shoots and
did not measure the potential root contribution.

This study also determined that in both corn and
soybean, a greater mass of cereal rye N is partitioned
into the grain compared to the stover. Thus, on average
approximately 2% of the cereal rye N utilized by the cash
crop is returned back to the soil as stover, which drives
N cycling and soil health.
Another key finding of this study is that by cash
crop harvest approximately 93% of the cereal rye N
remained in the soil (Figure 4). This study is being
replicated in Indiana where cash crop utilized approximately 11% of cereal rye N, a greater mass was partitioned in the grain
versus the stover at
harvest, and approximately 91% of cereal
rye is in the soil at
cash crop harvest.
In another 15N study conducted at Southern Illinois
University, Schoonover and Williard applied tracer
15
N urea fertilizer to microplots. They reported that the
contribution of nitrate-N from soil organic matter to
leaching in soil water was 62% higher for corn rotation
with hairy vetch compared to corn rotation with no cover
crops (Figure 5). This leaching was calculated based
on the difference between total nitrate-N in water and
15
Nitrate-N in water. The difference was presumed to be
nitrate-N from organic matter mineralization.
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Will the addition of cover
crops alone with no other
changes in farm management,
improve surface water quality
at the watershed scale?
The greater movement of applied fertilizer N to the
subsurface horizons may be related to the presence
of macropores in the soils under cover crops such as
hairy vetch (Figure 5).

Figure 5. Comparison of mean Nitrate-N, 15Nitrate-N from
applied fertilizer and Nitrate from soil organic matter (SOM)
collected using pan lysimeter during corn season 2017. Means
followed by the same letter are not statistically different (α =
0.10). Note: CncSnc is for rotation corn-noCC-soybean-noCC
and CcrShv is for corn-cereal rye-soybean-hairy vetch.

Additionally, run-off samples from microplots
were only collected during corn 2017 season and
15
N fertilizer loss in runoff was negligible (data
not shown).

O’Reilly et al.5 examined the nitrate and phosphorous
loading from two tile-drained agricultural watersheds
in the Lake Bloomington watershed. One of these is
1000 acres and is planted with cover crops over 60%
of the area, while the other is 700 acres with essentially no cover crops planted. Cover crops included
radish with either oats or cereal rye and were applied
aerially with automated water sampling used at both
watersheds for the past three years. Water samples
were analyzed for nitrate and phosphate.
Nitrate losses at the cover crop treatment site
appear to have decreased substantially relative to the
reference site
in spring and
summer
(Figure 6).
Spring and
summer flow
represent the
most meaningFigure 6. The amount of N loss per acre
ful data due to
each day, on average, during spring and
flow rates. A
summer of each of our project years.
decrease over
There is a decline over time in the cover
cropped watershed, but an increase or no
change in the reference watershed.

Figure 7. Event mean discharge of 48 storm events collected
during the calibration period and 18 storm events collected during
the treatment period from the CC-treatment and control watersheds

the past three years in N loss and discharge at the cover cropped watershed
relative to the reference watershed were
observed.
These results indicate that cover cropping can be
done effectively at larger scales and that cover cropping can substantially reduce nitrogen loading.
However, the impact of cover crops on phosphorus loading is less clear. This project illustrates the potential for
cover crops to reduce nitrate losses at large scale.
A similar study at Southern Illinois University Carbondale evaluated nitrogen, phosphorus, and sediment
loss in stream water from a no-till corn-soybean rotation
planted with winter cover crops cereal rye and hairy
vetch in non-tile drained paired watersheds.
Schoonover et al.4 studied the control watershed
which had 66 acres of row-crop agriculture, and the
treatment watershed which had just over 103 acres
of row crop agriculture with cover crop treatment
(CC-treatment). Cover crops at the watershed scale
reduced total discharge by 44% and total suspended solids by 38%. Both cover crops (i.e., cereal rye
and hairy vetch) reduced peak discharge of the storm
events with intensity by 51–55% for the CC-treatment

watershed compared to control
watershed.
Nitrate-N concentrations in
runoff were highest during cash crop season whereas
dissolved reactive phosphorus DRP and NH4-N concentration in surface runoff were highest after DAP fertilization.
During the treatment period, three storm events
out of 18 had higher event mean discharge for the
CC-treatment watershed (Figure 7). These results may
be explained by prevailing weather conditions, with
bare ground possibly thawing more rapidly compared
to the ground with a surface cover of cereal rye, thereby
infiltrating more water in February.
Cover crops were effective in scavenging residual
fertilizer. However, their success in improving water
quality broadly will depend on the type of cover crop
used (legume vs. non-legume), time of establishment
in the fall, biomass accumulation during the spring,
termination date, and most importantly how long they
have been implemented. Stream discharge from the
paired-watersheds will continue to be monitored to determine if the current water quality results hold or new
patterns emerge.
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cOVER CROPS

What is
dissolved
reactive
phosphorus
DRP?

Phosphorus tends to cling
Total phosphorus (TP) is a
tightly to soil particles, which is
measure of all types of phosoften referred to as its parphorus present. It includes the
ticulate phase, because it is
phosphate that is stuck to soil
attached to a particle. Howev(sediment) as well as dissolved
er, over time P that is bound
reactive phosphorus (DRP).
to sediment dissolves, hence
The dissolved reactive phosFigure
8.
Regression
of
soil
Bray
P1
interpolated
the name dissolved reactive
phorus (DRP) test measures
mean values and tile DRP load in 2016 for 36 tile
phosphorus (DRP).
that fraction of the total phoslaterals from Farm 9. The R2 value suggests there is
Soils do not have an unlim- a positive relationship between soil P and tile
phorus which is in solution in
DRP
load.
ited capacity to store phosphothe water (as opposed to being
rus so once the capacity of the soil to absorb phosphoattached to suspended particles).
rus is exceeded, the excess will dissolve as DRP and
It is not known how and when dissolved reactive
move freely with water. Therefore, runoff from rain
phosphorus (DRP) is released in tile flow. Arai et al.6
events is the primary way that P or soil containing P is
examined DRP loss from surface soils to tile systems
transported to streams in most watersheds.
and from tile-drained fields and watersheds using
The term "orthophosphate" is a chemistry-based
detailed geostatistical analysis, so growers could
term referring to a phosphate molecule all by itself.
interpret the variability of soil test P through the unDissolved reactive phosphorus DRP is a correspondderstanding of the variability of DRP in tile systems.
ing method-based term that describes the test for
Arai et al. concluded that depression depth is
orthophosphate.
positively related to soil test P in no-till systems, and
there is a correlation between tile DRP and depression index if the tile line structure covers the area
corresponding with the depressions.

Struvite is recycled from municipal waste water treatment
and has low water solubility
/ high citric acid solubility
(“root activated”) so it theoretically has a low potential for
runoff/subsurface P losses. It
is similar to MAP or DAP in
hardness and granule size and
therefore can be applied with existing farm implements.
Margenot et al.7 completed greenhouse experiments
that indicate that struvite can be used to meet vegetative
growth for corn (through V12) and soybean (through
R1) at a rate of up to 50% of total applied P for corn and
up to 25% of total applied P for soybean. At the greenhouse scale, placement (incorporated vs. subsurface
banded) and granule size (1.5 mm vs 3 mm) of struvite
did not significantly impact above-ground crop growth
by the vegetative stage.
These greenhouse studies indicate that struvite can
replace a percentage of MAP (50% in corn, 25% in
soybean) without degrading crop performance through
vegetative stages. Results showed less available P after
crop was harvested with increasing struvite substitution
lending to potentially lower P loss risk.
These results indicate the potential of struvite to meet
crop growth P needs while lessening the risk of surface
run-off dissolved reactive phosphorus. These findings
support the hypothesized potential of struvite to
meet agronomic production needs while minimizing
environmental impacts of P fertilization. This hypothesis will be further tested in three field trials starting
in spring 2019. Greenhouse results indicated 100%
struvite was the least agronomically viable treatment and
will not be used for field trials.

Gypsum (calcium sulfate dihydrate) applications have
been proposed as a practice to reduce phosphate leaching as calcium binds with available phosphate in the soilbased research in Ohio, Wisconsin, and North Carolina.
A national conservation practice standard for gypsum
application was released in June 2016 and states such
as Ohio and Indiana are including gypsum application
in a new cost-shared combination of practices (gypsum,
cover crops, and nutrient management planning) to limit
nutrient export from farms. Williard et al.8 studied the
impact of gypsum applications on water quality and yield
on Illinois soils.
This study found a
decrease in dissolved
reactive phosphorus
DRP (Figure 9) and
total phosphorus TP
Figure 9. Mean dissolved reactive
(Figure 10) concenphosphorus (DRP) concentrations
tration in runoff. This
in surface runoff for gypsum treatsuggests that the calcium ments and control during the pre
and post treatment time periods.
in the applied gypsum is
binding available phosphate in the upper soil horizon.
However, the control plots also showed decreases in
DRP and TP levels,
albeit to a lesser extent.
This was the first year
of the ongoing study.

Gypsum

What is gypsum’s impact on
the water quality of surface
runoff and grain yields?

Struvite

Can Struvite be used as an
alternative to MAP or DAP
while lowering P runoff?

Figure 10. Mean total phosphorus
(TP) concentrations in surface runoff
for gypsum treatments and control
during the pre and post treatment
time period.
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Figure 11. Phosphorus
sorbing materials being
characterized. Image from
Berkshire, T., R. Christianson, L. Christianson, A.
Margenot. 2018. Removing Dissolved Phosphorus with Edge-of-Field
Phosphorus Filters. Illinois
Nutrient Loss Reduction
Strategy Partnership Workshop. Champaign, IL.

Are there edge of field
options for phosphorus loss?
A promising mitigation tool for phosphorus loss is
edge-of-field P filters, which use a P sorbing material
(PSM) to remove P from run-off via ligand-exchange
with iron (Fe) and aluminum (Al) (e.g., acid mine
drainage residuals, zeolite) or via precipitation with
calcium (Ca) and magnesium (Mg) (e.g., steel slag,
fly ash). Edge-of-field phosphorus filters are a novel
practice that provides landowners with an off-field
option to remove phosphorus from runoff or drainage waters. The filters are filled with a media containing aluminum, calcium, or iron which captures
dissolved P from water.
Christianson et al.9 will evaluate a select group of
media shown to have high P sorption potential, with a
focus on re-use of regionally-available waste materials. The potential media (fly ash, steel slag, acid mine
drainage waste, zeolite, alum-based drinking water
treatment plant residuals, and gypsum) will be evaluated for P sorption capacity as well as factors relevant
to field feasibility, including heavy metal concentrations, P desorption potential, and hydraulic conductivity. These results will lead to the selection of ‘best
bets’ media for field-scale implementation of an edgeof-field P filters in southern Illinois, a priority region
for P mitigation from agricultural landscapes.

How low can we go
in regard to tile
nutrient losses if we
combine practices?
Gentry et al.10 evaluated combinations of nutrient
remediation techniques to create best management
practice scenarios that, when adopted regionally,
would make a significant reduction in the N and P export from agricultural runoff (overland and tile flow).
Two remediation techniques that are often included
in various scenarios are 1) growing winter cover
crops and 2) constructing woodchip bioreactors on
drainage tiles. This proactive research is demonstrating the potential of maintaining high-yielding
systems with minimal nutrient losses and is directly
testing scenarios used in the University of Illinois
Science Assessment.
During the past four years, a total of 566 lbs of
nitrate was removed (2845 lb in and 2278 lbs out)
by bioreactors 1, 2, and 3 from 205 acres. On a per

area basis,
nitrate removal ranged from
0.2 to 1.4
lbs/A/yr with
an average
removal of
0.70 lbs/A/yr. Bioreactors receiving tile water from the
C-S-W rotation may have been nitrate-limited in some
years by low tile nitrate concentrations as tile nitrate
loads were greatly reduced by adding wheat and cover
crops into the rotation. Overall, bioreactors 1, 2, and
3 removed 20% of the tile nitrate and bioreactors 4, 5,
and 6 removed 9% of the tile nitrate load.
This type of woodchip bioreactor was designed to
combine a bioreactor with drainage water management, increasing the height of the water table in the
field. During the fallow period of a given field, stoplog
settings maintain approximately 2 feet of water in the
woodchips and this back pressure on the tile retains a
portion of the tile flow in the field. The upstream diversion stoplogs can hold back another foot of water (for a
total of 3 feet of back pressure) before bypass flow
occurs and untreated tile water is shunted to the ditch.

The preliminary estimate is that annual tile flow is
decreased by approximately 30% due to drainage water
management. The combination of bioreactor and
DWM at this site has reduced tile flow by approximately 30% and therefore reduced tile nutrient load
by the same percentage.
Overall, tile nitrate losses are very low coming from
Corn-Soybean-Wheat rotations with cover crops. 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 it
takes up mineralized N following soybean.
This study validated that tile nitrate from the C-S-W
rotation with cereal rye after corn and double cropped
soybean can achieve the proposed nutrient criteria
for nitrate of 4 ppm over the past 4 years. This
research documents the dramatic reduction in tile
nitrate concentration and load that is possible under
row crop agricultural production.
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What is a Saturated Buffer?
A saturated buffer is a novel edge-of-field conservation practice to reduce nitrate-N loss from tile drainage water. This modification of a tile drainage outlet
allows tile drained water to flow laterally through a
vegetated buffer, removing nitrate-N through denitrification and plant uptake.
Christianson et al.11 evaluated nitrogen (N) and
phosphorus (P) reduction performance of two
saturated buffers in Illinois. A newly established
saturated buffer in Knox County and a 5-year-old
saturated buffer in Piatt County have been monitored
since January 2018. Preliminary data show the Knox
County and Piatt County saturated buffers treated
98% and 78% of the total drainage volume from 22.2
and 17-acre drainage areas, respectively.
Monitoring well networks at both sites showed
reductions in nitrate-nitrogen (NO3-N) concentrations compared to the concentrations in the saturated
buffer control structure. While the magnitude of
the reduction in these-sites directly depends on
rainfall and drainage volume, both sites showed
potential to reduce nutrient loads being delivered
to the stream.
Schoonover et al.12 quantified nitrate-N leaching
from 3 drainage scenarios in a tile-drained system: 1)
a control (i.e., a grassed buffer with no tile diversion),
2) a standard saturated buffer (i.e., a diversion draining through a grassed buffer), and 3) a two-stage

saturated buffer that
drains into both a cover
crop strip (stage 1, diversion 1) and a grassed
buffer (stage 2, diversion
2) (Figure 12).
Water flow and
nitrate-N in the tile
Figure 12. Layout of the conoutlets, diverted into the trol and two saturated buffer designs. Palette A: Control, Palette
buffers, and nitrate-N
B. standard saturated buffer, and
concentration changes Palette C. two-stage saturated
within the buffers were buffer with cover crops.
measured bi-weekly throughout the year at each site.
The predominate form of nitrogen leaving the fields
was consistently in the nitrate form throughout the
study period. Average nitrate-N concentrations in the
monitoring wells during 2018 ranged from < 1 mg
L-1 in the grass strip at the control site to over 14 mg
L-1 in the grass buffer and cover crop vegetation in
the two-stage buffer.
With the Drinking Water Standard being 10 mg
-1
L for nitrate-N, it is important that this water was
dispersed across the buffer strip to increase retention
time and to promote plant uptake and/or denitrification. Nitrate-N concentrations didn’t change
significantly in the outflow from 2016. Average
ammonium-N levels ranged from 0.02-0.19 mg L-1
and Dissolved Reactive Phosphorus (DRP) average
concentrations from the 3 tile outlets ranged from

0.08-0.27 mg L-1 for
2018 (Figure 13).
The loads reaching the
streams in the 2-stage
and traditional buffers
were much lower than
Figure 13. Dissolved Reactive
in the control.
Phosphorus DRP for the 3 studied tile
outlets at the Massac county farm.
The standard and
two-stage saturated buffers systems both effectively
reduced outflow to the stream during both baseflow conditions and following rain events. Groundwater monitoring wells have shown that nutrients from the tile water
were diverted laterally, which provides the opportunity
of assimilation by soil biota or buffer vegetation.
Buffer strips and other conservation measures represent a direct impact on a producer’s cost of production.
For a buffer strip system, the cost of the installation is
amortized at a 4% interest rate over the 20-year expected useful life of the system. As shown in Table 1, the
installation cost for the traditional buffer is $4,785.68
which is amortized to an annual expense of $352.14 or
$12.14 per acre per year.
The two-stage buffer costs essentially twice as much
($9,289.86) but it also protects 80% more acres (52.4)
than the traditional buffer (29.0). The two-stage buffer
is amortized over 20 years at 4% to get to an annual cost
of $683.57 or $14.38 per acre. These calculations
highlight one of the key economic considerations in installing such buffers -- field layout and size is important.

There is a large fixed cost associated with ordering, delivery, and basic installation of these structures. Therefore, the larger the field being drained, the lower the
average cost per acre.
The traditional buffer reduced the nitrogen readings
by 2.804 pounds per acre per year relative to the control
field. With a cost of $12.14 per acre, that equates to an
efficiency of $4.33 per pound of nitrogen saved. This
efficiency rating ($4.33/lb.) is a little higher than some
other estimates. Christianson (2018) estimates structural practices at a cost of $2.20 per pound (bioreactors
on 50% of tile land), $4.00 per pound (wetlands on
35% of land), and $1.60 for traditional buffers.
With a cost-per-acre per year of $14.38, the twostage buffer would have to show an incremental reduction in nitrogen (relative to the control) of 3.32 pounds
to equal the efficiency of the traditional buffer ($4.33/
lb.). Clearly, an even greater reduction would be needed
to economically justify the additional efforts for maintaining the two-stage structures.
The economic return to saving nitrogen is mostly
indirect. While there may be some residual nitrogen that
remains in the field to aid crop growth, the majority is
retained in the grass buffers with little or no economic
return for the farmer.
The efficiency estimates for this study ($4.33) is
a little higher than other buffer estimates reported in
the literature, but it still compares favorably to most
estimates of the societal costs of nitrogen runoff. The
environmental costs generally range from $7.30 for
algal blooms up to over $10.00 per pound for human
health impacts. In this light, the buffer systems are likely
to provide a positive economic impact.
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Photo courtesy of “D. Bowman/IL Extension.” Photo taken at UIUC ACES Dudley Smith Farm denitrifying bioreactor with baffles.

What is a woodchip bioreactor?
Denitrifying bioreactors are
woodchip-filled excavated
pits used as an edge-of-field
conservation practice to
augment the denitrification
of nitrate-nitrogen in tile
drainage water. These “woodchip bioreactors” must
be cost effective, practical, and compact to justify
their voluntary use by landowners. Such bioreactors
have been researched for two decades, but there is a
still a need for more knowledge on design parameters
due to variability in field-scale performance.
Christianson et al.13 used potassium bromide
conservative tracer tests to evaluate a new wider bioreactor design that included baffles. The bioreactor
(LWD: 16.8 x 10.7 x 0.91 m) was installed in October 2016 near Pana, Illinois, and treated drainage
from 35 acres.
Tracer testing results (Figure 14) were compared
to tracer tests conducted at three other “convention-

ally” designed bioreactors.
This new baffle bioreactor
design had statistically
greater effective volume,
lower dispersion, and less
short circuiting compared
to conventionally designed bioreactors. However,
this did not necessarily translate into improved
NO3-N removal.
Additionally, there was unexpected dissolved P
removal (18-19%), mechanisms of which should be
investigated further. While the baffles did not lead
to increased N removal compared to conventionally
designed bioreactors, it did improve bioreactor volume utilization, and thus, the idea of bioreactors with
baffles is promising.
Another bioreactor study by Christianson et al.18
examined the problem that a standard bioreactor
generally cannot treat 100% of the large nitrate
loads associated with high drainage flows that occur

Figures 15 & 16. The Northwestern Illinois Research and Demonstration Center
two-chamber bioreactor, the larger of which treats water under normal flow conditions and
the smaller treats water that would by-pass.

during the spring. However, these same bioreactors may
be vastly overdesigned for lower drainage flow periods
in the summer. Adjustments in the design are needed
to treat a greater proportion of drainage flow without
overdesigning the bioreactor for low flow times.
In response, a two-trench bioreactor was designed
and installed (Figures 15 and 16), with one main trench
working under all flow conditions and a booster trench
that comes on-line only during high flow events. This
design was intended to treat large flow volumes with a
smaller footprint than one large bioreactor. In the summer of 2017, this two-chamber bioreactor was installed
at the Northwest Illinois Research and Demonstration
Center (Monmouth, Illinois).
Along with this novel design, the orientation of the
flow direction within the bioreactor was shifted to
increase the overall amount of flow treated. Flow and
nitrate removal within the main chamber (L x W x D: 18
x 6.1 x 0.6 m) and booster chamber (12 x 6.1 x 0.6 m)
have been monitored since summer 2017, although this
initial monitoring period has been relatively dry. Flow
and nitrogen removal data are in
Figure 17, which
show nitrate-N
concentrations in
tile drainage entering and exiting
the Northwestern Illinois Research and Demonstration
Center main bioreactor and “booster” bioreactor.
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What are the effects of managing your
tile water with Drainage Water Recycling?
In a three-year field study located at the Metropolitan
Water Reclamation District of Greater Chicago’s
(MWRD’s) Fulton County site, Cooke et al. evaluated agronomic impacts of 50% reduction in corn
agronomic fertilizer rate when supplemented with
irrigation from runoff collected in a pond. Data from
the first two years (2016 and 2017) show that recycled irrigation increased corn total biomass by 29%
and N and P uptake by 44% and 60% respectively, as
compared to the control. It appears that with recycled irrigation, application of 50% agronomic N
and P rate could achieve similar level of crop yield
as 100% agronomic rate.
In a new NREC 2018 study Cooke et al.14 examined irrigation with runoff and drainage water from
agricultural fields recycling nutrients and water for
crop use. This is predicted to reduce fertilizer needs,
thereby mitigating nutrient loss from agricultural
fields while increasing crop yield.
In 2018 they evaluated drainage water recycling
through sub-irrigation as an effective management
practice to reduce N and P losses and optimize

crop yield at reduced fertilizer application rate. A
20-acre field was tiled and divided into four equal
subfields with and without subirrigation (Figure 18).
Control structures were installed in each subfield
to manage the drainage water for subirrigation. All
four have been operated in conventional drainage
mode. Beginning with the 2019 cropping season,
the treatments will be: 1) Conventional drainage with
100% agronomic rate fertilization; 2) Conventional
drainage with 50% agronomic rate fertilization; 3)
Drainage/sub-irrigation with 50% agronomic rate
fertilization, and 4) Drainage/sub-irrigation with
100% agronomic rate fertilization.
On-going monitoring includes the measurement
of water flow, the collection of water samples for N
and P analyses, crop yield measurements, and cost
analysis. Field days and other outreach activities will
be held at the project site to demonstrate benefits
such as reduced fertilizer application and improved
crop yields, and to provide guidance on the implementation of this practice in Illinois Nutrient Loss
Reduction Loss Strategy.

How do you effectively
construct a wetland for
nutrient removal?
The Wetlands Initiative15 has learned several lessons
from earlier Constructed Wetland (CW) designs and
implementations. These include establishment of
plants prior to full hydraulic operations and more
precise and accurate measurement of water flow into
the system. Water samples were taken from the inlet,
outlet, receiving creek upstream, receiving creek downstream, and 18 sites within the wetland cell at the end of
2017 and 2018.
Initial results (Figure 19) suggest that this second
wetland site is achieving substantial nutrient removal.
During the period from September to October 2017,
the nitrate removal efficiency was 64%.

Figure 19. Inlet/outlet nitrate-N and precipitation in CW2 during
the 2017 (upper) and 2018 (lower) sampling periods. Note different
x-axis scales.
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Is crop rotation useful
for soil health benefits?

What is DNRA and
why should you care?

Villamil and Nafziger et al.16 studied summer annual
crop rotations’ long-term impact on soil quality. This
study compared soil properties under long-term use
of the most common crop rotations in Illinois. Crop
rotations of continuous corn (CCC), corn–soybean
(CS), and corn–corn–soybean (CCS) were arranged
in a randomized complete block design (RCBD), with
three or four replications at each of six locations, with
all phases present each year for 12 years.
The study measured 21 soil properties on the
surface soil and 18 properties at four successive
depths, rendering a total of 126 and 504 observations available for the multivariate statistical analyses.
Crop rotations did not affect any of the soil properties evaluated. Though these short corn rotations
make economic sense, they behave similarly to corn
monocultures from the soil quality perspective.
These results show that after 12 years of management, despite obvious differences in amount and quality of residue returned, these rotations of corn-soybeans and corn-corn-soybeans have not changed soil
properties compared with continuous corn.
While corn and soybean belong to different cropping groups, they are both summer annual crops, preventing diversity. Although the use of a third crop (i.e.,
wheat) is currently limited, the addition of cover crops
is considered a practical alternative to increase diversification in fall and winter months. Cereal rye and hairy
vetch have shown soil quality/health benefits.

Dissimilatory Nitrate Reduction to Ammonium
(DNRA) is also known as nitrate ammonification and
is the result of anaerobic respiration. In this process
microbes oxidize organic matter and use nitrate (rather than oxygen) as an electron acceptor, reducing it to
nitrite – then ammonium (as opposed to nitrogen gas
– as in denitrification).
Microbially mediated DNRA can lead to nitrogen
retention by returning NO3- (nitrate) to the less mobile form of inorganic N, NH4+ (ammonium) rather
than losing NO3- to leaching or gaseous nitrous
oxide and dinitrogen via denitrification. DNRA can
thus mitigate loss of nitrogen inputs to agricultural
systems while also potentially increasing crop yields
by improving N retention for crop uptake.
The current theory suggests that DNRA occurs
only under highly reducing conditions such as flooded soils. Kent et al’s study indicates that DNRA rates
can be comparable to or even many times greater than
NO3- leaching and denitrification rates in unsaturated
soils, likely due to the activity of facultative anaerobes
within anoxic soil microsites.
Therefore, DNRA should no longer be ignored
in assessments of soil N cycling. DNRA is an unexplored pathway for NO3- retention in agricultural
soils that may be optimized through management
practices. Despite very diverse microbial communities, DNRA gene abundance was consistent across
management treatments.

Figure 20. DNRA rates exhibited bimodal response across moisture gradient
(a), and roughly unimodal response across nitrate gradient (b), with a significant interaction between the two effects.

Kent et al.17 observed over multiple years
including laboratory studies that DNRA may act as
an alternative nitrate reduction pathway when reduction
via denitrification has been inhibited by the presence of
oxygen, thus enhancing nitrogen retention. Meanwhile,
at higher soil moistures where oxygen diffusion is inhibited, and nitrate transport is promoted, they observed
the co-occurrence of denitrification and DNRA.
These 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 also within the
substantially drier soils characteristic of the late
growing season. This indicates that the genetic
potential for DNRA to occur in these soils exists independently of soil conditions and is simply “activated”
under certain circumstances.
Results at Urbana indicated that soils performed
DNRA at meaningful rates to represent an N-retention
process. Despite very diverse microbial communities,
DNRA gene abundance was consistent across management treatments. Perennial and annual microbe
communities performed the same. In fact, switchgrass
plots recently converted to corn-soy plots exhibited the
same pattern as existing corn-soy plots – confirming that
controls on DNRA really are environmental.
The results from the O2 and NO3- transport experiments have shed valuable insight into the mechanism by
which soil moisture has been observed to control DNRA
rates under adequate NO3- conditions. These results
indicate that oxygen diffuses through the top several
centimeters of soil rapidly, even at high soil moistures.
There is evidence from pure culture studies that increased oxygen concentrations significantly inhibit
expression of denitrification genes, whereas the same is

not true of DNRA genes. This discovery of meaningful
DNRA activity at soil moistures low enough to completely prevent denitrification suggests that DNRA may
act as an alternative nitrate reduction pathway when
reduction via denitrification has been inhibited by
the presence of oxygen. Meanwhile, at higher soil moistures where oxygen diffusion is inhibited, and nitrate
transport is promoted, they observed the co-occurrence
of denitrification and DNRA.
The discovery of meaningful DNRA activity at soil
moistures low enough to completely prevent denitrification suggests that DNRA may act as an alternative
nitrate reduction pathway when reduction via denitrification has been inhibited by the presence of oxygen.
Meanwhile, at higher soil moistures where oxygen
diffusion is inhibited, and nitrate transport is promoted,
they observed the co-occurrence of denitrification and
DNRA. The findings thus far demonstrate that DNRA
can occur both within the conventionally recognized reducing conditions characteristic of saturated soils—such
as during the early growing season—and also within the
substantially drier soils characteristic of the late growing
season.
While previously DNRA was thought to only
co-occur with denitrification under very anoxic conditions (i.e., very wet soils with high soil moistures), this
is not the case. Instead, they found that it also occurs
at lower soil moistures (low enough to be inhibitory
to denitrification) that are more typical to what we'd
see during a growing season (Figure 20). Thus, it
represents a previously unrecognized N-transformation capable of preserving soil fertility under regular
growing conditions.”
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How much nitrogen
do I need?
The nitrogen rate trials to update the Illinois Nitrogen Rate Calculator for all regions of the state
continued again this year. In 2018, the project team
implemented 57 nitrogen rate trials; locations are indicated on the map at right. Except for varying rates,
nitrogen was applied using methods that cooperators
used in their own fields: from fall-applied ammonia
to spring-applied ammonia (and some comparisons
of fall and spring ammonia; fall-spring split applications, and spring applications, either all at once or
split. The range of responses in 45 trials in northern
and central Illinois (Figure 21 below) shows the
wide range in responses and optimum N rate like
reported before; but overall, corn in the 2018 season
yielded more and needed a little more N than usually observed. That was especially true in southern
Illinois, where yields and N rates were both considerably higher than in 2017. Adding the data from 2018
into the N rate calculator ended up increasing the
calculated MRTN values in both central and southern
Illinois. This sort of adjustment is exactly what the

Figure 21. N responses in 45 on-farm N rate trials in 2018.
Yellow triangles indicate the optimum N rate and yield at that
rate for each trial, and the orange diamond is the average of
these values. The green circles show MRTN N rate (based on
pre-2018 N rate trials) and yield at that N rate.

MRTN/N rate calculator
was designed to do – to
be responsive to N rate
responses over years and
fields. Without the onfarm trials, no adjustment would happen.
In addition to these MRTN trials, Nafziger et
18
al. continued N-tracking studies at U of I research
centers as well as three on-farm sites. This research
used soil sampling to track how much N is in the soil
and crop at different times of the season, up through
tasseling. Soil N trends were similar in 2018 to those
seen in previous years, even though the cool April
weather delayed the start of mineralization.
As part of the N-tracking
project, Dr. Junming Wang has
been working to develop an app
to predict soil N at any point in
time from early spring through
tasseling. Using information on
N and crop management, along
with real-time weather information, the model behind the app
simulates plant growth, nitrogen
uptake, and leaching using the
DSSAT4.6 model.

The new MRTN guide from IFCA provides a thorough explanation of how scientific field trials are conducted in order to support the Nitrogen Rate Calculator.
The N rate calculator is an on-line program supported
by a number of Land Grant universities in the Corn Belt.
It enables crop advisers and farmers to enter current
corn and N prices and to calculate guideline N rates for
corn in individual state, supported by N response data
in each state. Using MRTN rates on all corn acres in
Illinois is a suggested goal in the INLRS.

Can increasing
your yield lower
the risk of N loss?
The need to identify tradeoffs between crop productivity
and N losses from a policy perspective has increased
emphasis on improving N use efficiency by reducing
N balance, which is the difference between the amount
of N applied and the amount taken off the field as
harvested grain.
Pittelkow et al.19 evaluated in-field relationships between crop yield and both N2O (nitrogen oxide) emissions and N leaching losses and found that N2O emissions and soil nitrate-N were not significantly correlated
with grain yield. This finding is not consistent with the
theory that higher yields correspond with lower environmental N losses, but it illustrates the benefits of this type
of research for future policy decisions.
It is often thought that since the majority of crop N
uptake is concentrated in grain at the end of the season,
large N balances are generally due to either high N rates
or low yields. Pittelkow et al. also found that relatively
large N balances resulted from an N rate well above
regional recommendations. The found no significant
correlations between N balance and N2O and NO3-N
leaching losses.
This group also studied N losses from N2O emissions,
and found that cumulative N2O emissions, yield scaled
N2O emissions, grain yield, and soil N were all significantly influenced by year, indicating that the seasonal
variations of environmental factors strongly determined
the responses of soil N losses and crop production. Soil
N concentration did not explain the large variation in
N2O emissions among treatments or years.
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Results also indicated that residue removal practices had no significant influence on cumulative or
yield scaled N2O emissions. This is of interest as the
N contained in crop residues is assumed to stimulate
N2O emissions. Together these results suggest that
complex interactions between management practices and environmental conditions control the N2O
response in continuous corn systems in Illinois.
Because of alterations of residue, C (carbon) availability and soil physical conditions can change so dramatically across years, tillage and residue effects on
N2O emissions are not consistent or easily predicted.
This prevents any simple recommendations from being made in terms of tillage or residue management
options to consistently mitigate soil N2O emissions
in continuous corn systems.
Nitrous oxide can be released from several reactions in soil, including nitrification, denitrification,
residue degradation, and likely other biological
reactions. The release of nitrous oxide may account
for the failure to recover 100% of fertilizer applied.
The photos above show demonstrating N2O
gas sampling, glass vials for gas analysis, autoanalyzer for soil N determination, GC for gas
analysis, and biomass sampling at harvest in the N
source experiment.

What can we predict
with a model?
Guan et al.20 determined that using the process-based
model ECOSYS to assess cover crops effects is currently the most mechanistically-comprehensive model to represent the nitrogen cycle in an agricultural
ecosystem. The rigorous calibration and detailed
settings significantly improve regional crop yield
predictions. The additional use of ancillary climate
data, fertilization, and plant management information
further improves model skill, in part because the crop
reproductive stage related to soil profile and nitrogen

Key components of agroecosystem carbon, nitrogen, energy and
water balances as represented in ECOSYS model.

Figure 23

cycle to environmental stresses, but they are not fully
captured by the traditional crop modeling study. They
concluded that using ECOSYS improved monitoring
of large-scale crop growth and yield beyond what can
be achieved from traditional crop modeling and statistical methods.
Coppess et al.21 has made significant progress on
developing a web-based cover crop management tool
prototype. This model will also use the farm data as
input to the DSSAT crop model. Mockups (Figure 23)
consisted of visual designs of the UI and cascading style
sheets (CSS) to provide a consistent look and feel across
the application and to ensure an intuitive user interface.
Important results of the calibration and validation
process include more than improving the web application, but also provided important revisions or modifications to the DSSAT model. For example, the work led to
revised genotype coefficients of the wheat growth model
in DSSAT. Importantly, wheat is a proxy for cereal rye
as a cover crop in the model. One aspect of the work will
be to improve the model so that it is more accurate for
cereal rye as a cover crop.
Christianson et al.22 recently compiled more than
1500 site-years of drainage N and P concentrations in
the Measured Annual loads from Agricultural Environments (MANAGE) Drain Concentration database. They
used this data to analyze the impacts of crop rotation,

nutrient management, and tillage type on annual drainage nutrient concentrations.
The highest annual flow-weighted mean NO3-N
concentrations across the database were from corn, corn
and soybean (grown within the same plot in the same
year), and soybean site-years (13.98, 13.53, and 12.09
mg L-1, respectively). However, crop selection was not a
significant predictor for annual average drainage dissolved reactive phosphorus (DRP) concentrations.
Nitrogen application rates below 67 lb/Acre
for corn did not significantly reduce annual NO3-N
concentrations compared to rates of 67-133 lbs/A
or 134-200 lbs/A. The three largest application rate
categories did result in significantly increasing NO3-N
concentrations.
The new MANAGE Drain Concentration database
can be used to better inform the scientific community,
state and federal agencies, and conservation and agricultural organizations about nutrient and drainage-related
water quality impairments across North America.
The MANAGE database will continue to evolve and
remain a resource for new exploratory efforts to better
understand and reduce nutrient losses from agricultural
systems. https://www.ars.usda.gov/plains-area/temple-tx/grassland-soil-and-water-research-laboratory/
docs/manage-nutrient-loss-database/
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Looking ahead to
NREC funding research
in preliminary stages
Bhattarai et al.23 investigated best practices for balancing drainage depth and spacing, water quality,
and crop production goals in Illinois. This experiment is the first of its kind to ask the question: how
do current recommendations on drainage depth
and spacing influence not only nutrient losses,
but also crop productivity, and nutrient utilization?
Can drainage depth and spacing be optimized to
minimize the nutrient losses and maximize the
crop production?
In year one (2018) of the project, two field sites
were established at the South Farm Agricultural
Experimental Station of the University of Illinois totaling twelve plots with various tile depth and spacing
combinations (Figure 24).
The preliminary year one data showed that the
plots with closer spacing (CF1 and CF3: 40 ft spacing and 3.5 ft depth) resulted in higher tile flow. The
average nitrate concentration in tile water from the
plot CF-4 was measured to be the highest among the
six observed plots (Table 2).
Measured nitrate concentrations were lower for
the plots CF-1 and CF-2 compared to the other

Figure 24. The layout of the installed tile-drained fields and
monitoring stations at Church road and Lincoln road. CS-1, CS-2,
CS-3, CS-4, CS-5, CS-6, LS-1, LS-2, LS-3, LSDTS-1, LSDTS-2,
and LSDTS-3 are a monitoring station to collect water samples and
gauge tile flow for CF-1, CF-2, CF-3, CF-4, CF-5, CF-6, LF-1,
LF-2, LF-3, LF-4, LF-5, and LF-6, respectively.

plots. In terms of nitrate load, observed load was the
highest for plot CF-3 followed by CF-4. Plots CF-2
and CF-6 resulted in the smallest nitrate load in the
tile water. These results indicated that there was no
specific pattern in terms of nitrate loss among the
plots with various tile depth and spacing combination in year 1. Results from this project will provide
much-needed information on the potential water
quality impact from subsurface drainage design that
is necessary for optimal crop yield in the region.
Observed tile flows and nitrate-N losses

Outreach and Education

Outreach and Education
One critical role of NREC is to deliver information
to farmers so that they can implement the practices
tested and proven by researchers to help reduce
nutrient loss while maintaining productivity. A
variety of 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 2018
with nearly 32,000
Facebook users
reached and more than 46,000 impressions made.
That number elicited 2,023 reactions, comments
or shares – double that of last year.
The top three Facebook posts originated by
NREC were:
October 11, 2018 post on “who is
NREC” video – 3385 impressions
October 28, 2018 post on MRTN
introduction – 1461 impressions
September 27, 2018 MRTN teaser –
1390 impressions
The announcement on the USDA/NASS survey
funded in part by NREC was again a highly-viewed
post with a reach of 904 people.
Twitter also proved to be an effective way to
share NREC’s stories, generating 62,513 impressions and engagement
with 1,576 Twitter
users on 71 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 459.

YouTube was utilized more with links from
social media to NREC’s growing number of videos.
The NREC Channel now
hosts 21 videos.
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.
Six electronic mailings in 2018 were opened at
an average rate of 36.7% - well above the industry
average of 13%. The click-through rate to NREC’s
web site was an impressive 42% for the summer
2018 newsletter.
NREC board members,
committee members
and funded researchers
were active in making presentations and participating in industry meetings and conferences.
In 2018, NREC partnered with other organizations for in-person presentations and distribution
of printed materials. The Illinois Fertilizer and
Chemical Association (IFCA) was instrumental in
helping distribute the MRTN Guide. The popularity of the Cover Crop Guide required additional
copies be printed and were distributed also by
Purdue, University of Illinois and IFCA. Working
with the Illinois Farm Bureau, five presentations by
NREC-funded researchers were given at the annual
meeting in Chicago. NREC funded researchers
were also featured during the CCA Training
session at the Illinois Fertilizer & Chemical Association’s annual meeting in Peoria.
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