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MAXIMIZE EFFICIENCY
MINIMIZE LOSS
MITIGATE NEGATIVE IMPACTS

BACKGROUND
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 seven 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,

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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PHOSPHORUS

Is Struvite a Possible
Phosphorus Alternative?1
Though often proposed as a P fertilizer, struvite has not been sufficiently evaluated in the
peer-reviewed scientific literature to enable its
use by farmers. This study comprehensively determined the dual agricultural and environmenFigure 1. Comparison of struvite with monoammonium
tal (P loss risk) outcomes of struvite.
phosphate (MAP) and the benefits of struvite for meeting
• In soils with deficient Soil Test Phosphorus
crop production and P loss mitigation goals.
(STP) 50-50% struvite-MAP blends appear
optimum for maximizing vegetative corn and
•  Arbuscular mycorrhizal associations can
soybean growth while minimizing residuincrease solubilization of struvite by up to
al Soil Test Phosphorus (STP) by up to
40%, indicating that greater soil health pro-18%. This indicates lower Dissolved Reactive
motes solubilization of struvite.
Phosphorus (DRP) loss risk from surface soils
Overall this leads to a triple win for Phosphorus
via runoff without compromised crop growth
with struvite by decreasing P losses from both
(Figure 1).
point and non-point sources, while maintaining
• In soils with optimum to high Soil Test Phosimproved profitability. Struvite could replace a
phorus (STP), corn yields are unaffected by
percentage of DAP or MAP as a potential fertilizup to 75% struvite substitution and yields
er for Illinois agriculture and this would make
of double-cropped wheat and soybean are
Illinois more self-sufficient in producing Phosunaffected by up to 100% struvite substitution
phorus in the Midwest rather than relying on
for MAP. This likely reflects ‘banked’ P from
foreign markets.
previous applications, but on the other hand
is representative of Soil Test Phosphorus
in Illinois production agriculture. (Figure
2).
• Timing (fall vs spring) and placement
(broadcast vs banding) did not influence
corn yield response to struvite-MAP
blends in 2019.
• Residual struvite granules remaining in
soils at the time of sampling may inflate
apparent Soil Test Phosphorus values.
• However, residual granules of struvite
present at the end of the growing season
are chemically and physically weathered, Figure 2. Field trial of struvite-MAP blends (0 to 75% struvite) for
corn at Urbana, IL in 2019. No significant difference across strusuggesting that residual granules are
vite-MAP blends, nor placement or timing, but a significant effect
more likely to dissolve than freshly
of tillage. In other words, choice of tillage in 2019 had a larger effect on corn yield than using struvite for up to 75% of the P source.
applied struvite in the subsequent
season.

What other Issues
may affect Phosphorus
loss in Illinois?2
To test the effects of freezing and thawing on
Phophorus losses related to cover crops, PVC
columns wwere filled with a sandy loam soil
mix and planted with either cereal rye or radish
(Figure 3). After the plants grew for one month,
they were exposed to either a heavy freeze (10°F)
for eight nights
or a light
freeze (30°F)
for two nights.
They were also
exposed to
either heavy
or light rain
intensities to
collect drainage. A column
not exposed
Figure 3. PVC columns with cereal rye
to the freezing and radish cover crops
was used as the check.
• Phosphorus losses in runoff from a cover crop
freezing study showed an increasing trend with
freezing severity. Light freezing and rainfall
intensity had little impact on Phosphorus losses
through runoff.
• Both the cereal rye and radish subjected
to heavy freeze conditions presented high
dissolved reactive Phosphorus (DRP, >0.40
mg P/L) and total Phosphorus (TP, >0.65 mg
P/L) concentrations in runoff samples.
• There was no significant difference between cereal rye and radish total Phosphorus TP and DRP
concentrations in drainage samples (Figure 4).
This reveals that both cereal rye and radish
cover crops can release Phosphorus to surface
runoff after being exposed to freezing and
thawing conditions. The heavy freeze conditions,
in particular, may have exacerbated plant cell
breaking which led to elevated Phosphorus losses.

Figure 4. Total Phosphorus in runoff water samples.

Radish left cereal rye right Radish left cereal rye right after
before exposure to freezing. exposure to six nights of freezing conditions.

Is it Possible to use Edge
of Field Practices to
Mitigate Phosphorus Loss?3
Edge of field Phosphorus filters could
potentially be
placed in diverted
surface runoff and/
or tile drainage
areas to remove
P from runoff or
Figure 5. A similar design used for drainage waters
golf course runoff.
(Figure 5). The
filters would be filled with media containing aluminum, magnesium, calcium and/or iron which
captures dissolved P from water. The first step to
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Can Designer
Biochar Recover
Dissolved Phosphorus
from Tile Drainage?4
Figure 6. The P-Sorbing material tested to determine the
best possible material for field scale tests.

developing these types of filters is to determine
the best regionally available Phosphorus-sorbing materials.
• T
 hese edge of field P filters will use industrial
waste by-products to remove P from surface
runoff leaving fields. The P-sorbing media
(PSM) chosen will not only need to have a
high P-sorption capacity, but also a high hydraulic conductivity (ability to transmit fluid)
and a low level of metal leaching.
• S
 teel Slag and Acid Mine Drainage from two
different sources were evaluated for percent
P removal, Saturated Hydraulic Conductivity
and particle size to determine the best P-sorbing material for use in field trial edge of field
filters (Figure 6). These factors influence the
potential reuse or lifespan of the material.
Overall, Phosphorus removal decreased as
particle size increased, but source was the
most important factor for P removal. Optimum
particle size was determined to be 4-6.3 mm.
These particle sizes and optimum sources will
be used to establish P-sorbing filters in Southern
Illinois during the 2020 crop year.

Biochar is a carbon-rich material produced
from biomass under oxygen-limiting conditions
(Figure 7). Biochar application in soils has
been proposed as a good strategy for improving
soil quality and increasing agronomic productivity. Biomass was pretreated with lime sludge
to generate a designer biochar using pyrolysis
(burning).
• The designer biochar has extremely high capacities for holding anions such as dissolved
Phosphorus, which could completely remove
Phosphate ions if the concentration of Phosphate were less than 10 mg/L.
• The designer biochar could adsorb >90%
of dissolved Phosphorus, which was significantly higher than unmodified biochar (Figure 8). This result suggests that the
pretreatment of biomass with lime sludge for
biochar production has a significant effect on
Phosphate removal.
• The sorption capacity of the designer biochar
is much higher than other common Phosphorus adsorbents including lime sludge, activated carbon, gypsum, fly ash, and steel slag
(Figure 8). Therefore, designer biochar for
future field trials will be produced from wood
biomass pretreated with 20% of lime sludge
under 6500 C pyrolysis temperature

Figure 7. Biochar produced from sawdust via pyrolysis

Figure 8. Comparison of phosphate removal by different
absorbents.

• T
 his will develop a refillable biochar-sorptionchannel to attach to denitrification bioreactors
(Figure 9) to effectively capture dissolved
Phosphorus from subsurface drainage water,
to recycle phosphate-captured biochars as a
slow-release fertilizer, and to keep nutrients in
the closed agricultural loop. Compared to the

traditional bioreactors, this treatment system
using woodchip denitrification followed by
biochar-sorption-channel can reduce the losses
of both Nitrogen and Phosphorus nutrients
from tile drainage.
• Designer biochar pellets will be made using
optimal production conditions and will be
applied into the biochar-sorption-channel
(Figure 9). After treatment, Phosphoruscaptured biochars can be removed from the
channels and refilled with fresh biochars.
• The Phosphorus-captured biochars will
be used as a slow-released fertilizer to
mitigate the excess nutrient loads to watersheds
from agricultural fields, enhance nutrient use
efficiency, and improve crop yields.

Figure 9. Woodchip bioreactor and biochar-sorption-channel
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What can Dissolved Reactive
Phosphorus Loads in Tile drainage tell us?5
On a 280-acre farm under a corn and soybean
rotation in east-central Illinois 36 monitored
tiles were studied from 2015-2017. This replicated site was sampled for extractable Phosphorus.
• T
 his data revealed a hotspot for Phosphorus
(P) and Potassium (K) along the north edge
of the field. Tiles in that area (tiles 33, 34,
35 and 36) consistently had the highest
Dissolved Reactive Phosphorus (DRP)
losses (Figure 10). Upon further study it
was determined that legacy P from a barn in
1940 is most likely the cause of this high DRP
amount in the corresponding tile (Figure 11).
• O
 ther important data from this site reveals
that depression depth is positively related to
soil test P in the no-till system. Above 0.38 m
depression value, there was a strong positive
association between depression depth
and soil Phosphorus value. There was a
correlation between the tile Dissolved Reactive Phosphorus and the depression index if
the structure of the tile line covers the area
that corresponds to depressions.
• P
 hosphorus was accumulated in both surface
and subsurface calcareous soils, and in pore
waters.
• R
 elease of DRP and particulate P in the
soil profile is contributing to the seasonal P
release in tile waters.
These findings suggest there is need to draw
down soil P in areas where soil P is in
excess of crop requirements (65 lbs/A).
Soil sampling schemes that best characterize
soil P variability at sub-field scales should be
employed to accurately identify these
locations to prevent soil P buildup and
diminish the risk of soluble P exports
from tile-drained fields.

Figure 10.

Figure 11.

What are Water and Sediment
Control Basins (WASCOBs)?6,7
To combat the main culprit of P loss on sloping lands, Water and Sediment Control Basins
(WASCOBs) have been commonly used to
address rill and gully erosion; however, few were
ever monitored to determine their impact on
nutrient and sediment delivery.
The overall goal of these projects is to evaluate
nutrient loads transported by WASCOBs
and evaluate practices that further reduce
nutrient and sediment loss.
• T
 he study in Southern Illinois6 is based on
the paired watershed approach where pairs
of WASCOBs that are located in fields under
identical production practices are evaluated.
Three pairs of WASCOBs were identified as
suitable candidates.
• Due to the flashy nature of flow through the
WASCOBs, automated water samplers are
being used to collect samples. Nutrient and
sediment data clearly show that total P
concentrations are strongly related to particulate P and sediment concentrations
(Figure 12). Dissolved P is more variable
with flow and can be greatly influenced by a
recent broadcast application of ammoniated
P fertilizer.

Figure 12. Total Suspended Solids (TSS) is a direct
measure of the amount of sediment carried with overland runoff draining through the WASCOBs. Particulate
Phosphorus (PP) in water is associated with sediment
movement, therefore, a strong relationship between TSS
and PP is expected (R2 = 0.8174).

• T
 his preliminary data clearly indicates that
broadcast fertilizer P can be transported into the surface inlets of WASCOBs
during heavy rain events.
• Year 1 is considered the baseline evaluation
period to compare and contrast water quality
from WASCOBs and similarity in nutrient
concentrations, total suspended solids, and
turbidity between each of the pairs have been
noted. The paired watershed approach works
best when only one production variable is
changed for one WASCOB while the other
WASCOB remains business as usual. With
the amount of baseline data already collected, adding one treatment variable in the fall
should produce clear and measurable water
quality differences between the pairs of WASCOBs next winter and spring 2021. This study
will quantify typical nutrient and sediments
loads under current production systems and
more importantly, determine techniques that
further reduce nutrient and sediment loss
from WASCOBs.
To further assess the influence of the WASCOBs
on water quality another study selected two
catchments drained by WASCOBs and two
catchments drained
by ephemeral gullies, all of which are
on the same field in
Atterberry, Illinois.
Additionally, a
cover crop (cereal
rye) treatment was
incorporated into
the design. One of
the WASCOBs, and
one of the ephemeral drain catchAerial photo of the field and study
ments were planted basins in Menard county IL.
with a cover crop to
test if there was an influence on water quality.
WASCOB outlets were instrumented with control structures to monitor water quality data.
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The soil nitrate-N concentrations at the Atterberry, IL
research site.

• T
 he hypothesis is that agricultural fields with
WASCOBs and cover crops planted, will
result in desired water quality effects due to
having the benefits of multiple Best Management Practices (BMP). The research examines
the influence, of cereal rye plus cover crops
and WASCOBs, on water quality, focusing on
nutrient content, soil health, and crop yield.
• A
 lthough data are preliminary, it appears
that WASCOBs are effective at reducing
sediment and nutrient concentrations in
receiving waters. It is too early to determine
the influence that cover crops will have in a
catchment with WASCOBs. WASCOBs with
cover crops had slightly lower Total Suspended Solids (TSS), total Phosphorus and Nitrate
than WASCOBs without cover crops.
• N
 utrient concentrations were determined for
each significant storm following equipment
installation. Based on the preliminary data,
it is evident that samples from the ephemeral gullies have higher concentrations
of Nitrogen, Phosphorus, and sediment
compared to the catchments drained via
WASCOBs (Figures 13, 14, and 15).
Maps of soil NO3-N and Bray I P in parts
per million are displayed in Images 2 and 3
respectively.
Although these data are preliminary, trends are
suggesting that WASCOBs are not only effective
at treating sediment, but also Nitrogen and
Phosphorus. As more storm events are sampled
and a more complete dataset is developed, we
anticipate more insight into nutrient loading in
response to both WASCOBs and cover crops.

The Bray 1 P concentrations of phosphorus sampled from
soil at the Atterberry, IL research site.

Figure 13. Flow
weighted average
concentration of
nitrate-N and
ammonium-N at
the Atterberry, IL
research site.

Figure 14. Flow
weighted average
DRP and Total P
concentrations at
the Atterberry, IL
research site.

Figure 15. Flow
weighted average
TSS concentration
at the Atterberry,
IL research site.

What are the Agronomic
Impacts of Gypsum
for Phosphorus Reduction?8
The impacts of Flue Gas Desulfurization (FGD)
gypsum amendments on water quality and grain
yield were studied in Southern Illinois. Both a
runoff study and a yield study were established on
fields with high soil Phosphorus levels. Gypsum as
a soil amendment has been found to reduce phosphate leaching in other Midwestern states, but has
not been researched in Illinois. Gypsum separates
into calcium (Ca) and sulfate in soil solution. Calcium then binds with phosphate and results in calcium phosphate which is relatively stable in soil.
• In the surface runoff study, four treatments
including: control, gypsum at 1 ton/acre, gypsum
at 2 tons/acre and gypsum at 6 tons/acre were
applied to assess the effect of gypsum applications on runoff water quality. For the yield study,
four treatments including a control, gypsum at 1
ton/acre, Calcium as ag lime at the same rate of
Ca as supplied by gypsum, and sulfur as elemental sulfur at the same rate of S as supplied
by gypsum were applied to determine which
element in gypsum might impact yield.
• This data suggests that the calcium in the
applied gypsum is binding available phosphate
in the soil. However, no significant difference
in Dissolved Reactive Phosphors (DRP) load
and Total Suspended Solids (TSS) load was
observed.
• There was a significant increase in sulfate load
after treatment application at each treatment
level, which was anticipated as gypsum is
expected to dissociate into calcium and sulfate
following application.

Figure 16. Mean total Phosphorus (TP) load in surface
runoff for gypsum treatments and control during the post
treatment time period. Means with different letters are significantly different at alpha = 0.05.

• C
 orn yield was collected, and this data indicated
that corn yields were not limited by calcium or
sulfur additions. No significant differences were
observed in soil physical properties which could
be due to the moderate solubility of gypsum in
soils and a potential time lag between treatment
application and subsequent effects.
These preliminary results suggest that gypsum applications at 2 tons/acre are significantly decreasing total Phosphorus loads (26%) in surface runoff
(Figure 16). FGD gypsum may be a good Phosphorus abatement tool for Southern Illinois soils to
improve water quality in agricultural watersheds.
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NITROGEN

Is Soybean Mineralization
a Contributor to Nutrient loss?9
Treatments in this nutrient loss study ranged
loads are not simply a reflection of excesfrom all N applied in the fall (with inhibitor) to a
sive N fertilization, but rather the interac50:50 split between spring preplant N and early
tion of weather patterns (temperature and
side-dress N with cover crop, the latter repreprecipitation), timing and rate of fertilizer
senting what we expect to be the “best manageN application, and previous crop.
ment practice” for minimizing nitrate loss.
• The unusual weather conditions this past
• N
 itrogen treatment had a significant imyear provided a clear view of one of the major
pact on tile nitrate load with fall N treatsources of tile nitrate, namely soil N mineralments losing 55 and 44 lbs/A, respectiveization (especially following soybean producly, while the other treatments lost
tion) (Figure 19). With the early start of tile
between 25 and 31
lbs/A. There was no
statistical difference in
tile nitrate load across
any of the soybean plots
(Figure 17).
• T
 he most unusual result
from the 2018-2019
drainage season was how
extremely low tile nitrate
concentrations were
following the 2018 corn
crop (Figure 18). Unlike
previous years, tile flow
started before crop harvest Figure 17. Tile nitrate concentrations from the past 4 years (soy-corn-soy-corn).
in early September, two
months earlier than previous years. The first tile
water samples in September had very low nitrate
concentrations, regardless
of previous crop indicating
that both corn and soybean crops left little nitrate
in the soil after harvest.
• A
 lthough N deficiency has
limited corn yields in the
75% N treatment, nitrate
continued to leach. This
reflects the complexities
of nitrate leaching and
shows that tile nitrate
Figure 18. Tile nitrate concentrations from the past 4 years (Corn-Soy-Corn-Soy).

Figure 19. Eliminating the fall N treatments and the cover crop
treatment from this graph, we show tile nitrate following either corn
or soybean during a period of no fertilizer N application. Graph
ends on May 21, 2019, which was the day spring N was applied
ahead of corn.

residue limited nitrate leaching and
decreased tile nitrate loss. On the other
hand, that soil system is Carbon limited
after soybean production and nitrate
liberated from the decomposition of
soybean residue can substantially
add to tile nitrate loads.
• Overwintering cover crops may be
the best strategy for addressing this
type of nutrient loss (Figure 20).
The similarity between the pattern of nitrate
loss from the reduced N rate treatment (red
dots) and the full N rate treatments (black
and green dots) suggest that tile nitrate loss
following soybean had little to do with
how much fertilizer N was applied the
previous year (Figure 19).

drainage in late summer of 2018 and the
late application of fertilizer N this spring,
we saw the influence of soil N mineralization following soybean production
without the effects of preplant fertilizer
N applications.
• The on-farm replicated tile drainage study
in Douglas County, Illinois showed more
nitrate loss occurred following soybean
production than following corn this
past drainage season.
• Sustained low tile nitrate concentrations
were recorded throughout the drainage
season following corn production at this
site last year. Although it is well established
that microbial decomposition of corn resFigure 20. Cumulative daily tile nitrate load from the fall of 2015
through the summer of 2019 for each of the six corn N treatments
idue can immobilize soil N, this past year
averaged over both phases of the rotation.
was particularly interesting as the 2018
corn crop was found to be N deficient
by the end of the growing season (as wwindicated by very low stalk nitrate values) and its
residue had a very wide C:N ratio (>70:1).
• It is likely that immobilization of soil N during
the decomposition of C-rich (and N-poor) corn
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How Much Nitrogen is Lost
when no N Fertilizer is Applied?10
In this study, plots that received no N fertilizer still lost
a notable amount of nitrate-N
though the subsurface drainage system in the first year of
treatments (2018) (Figure 21).
This is an important finding to
communicate that removing
N fertilizer, an often-touted
culprit, from the equation
clearly won’t solve water
quality issues in corn crop- Figure 21. Subsurface drainage nitrate-N losses for four treatments (n = 4) at the
ping systems on tile-drained Dudley Smith Farm in 2018. 2019 data are still undergoing quality control and
finalization.
soils.
perennials into an extended rotation provide
• T
 ile drainage nitrate cona dual benefit for reducing nitrate losses from
centration water was numerically higher
drained lands.
on the conventional N management (fall
N + pre-plant N application) compared to
• Corn grain yield was not significantly different
the 4R (pre-plant + side-dress N applicabetween treatments (except the control with
tion) and the 4R + cover crop treatments,
zero N application). While results only repreresulting in higher N leaching losses.
sent one year with a relatively high degree of
• A
 common question about nitrate
loss in tiles is if there is a “baseline” amount of Nitrogen lost from
soils. Drainage nitrate concentrations from perennial crops, which
is the cropping system most closely
resembling native prairie, give the
best estimate. Perennial grasses and
perennial legumes like alfalfa have
much lower average tile drainage
nitrate concentrations than annual
crops like corn or soybeans (Figure
22). Perennials also uptake water
for a longer period of the year than
Figure 22. Annual flow weighted nitrate-Nitrogen concentrations by
annual crops, thus also reducing
the volume of drainage flow. In this crop type. Means with the same letter are not significantly different from
each other (a =0.05). The corn, soybean, alfalfa, and grass mean values
way, the practices of incorporating
(diamonds) are 13.98, 12.09, 8.23, and 2.26 mg NO3-N/L, respectively.

variability, both within and among treatments,
this data suggests that 4R N management
and cover crop treatments have the potential to be more efficient in reducing total
N loss without negatively impacting grain
yields.
• The high-clearance seeding equipment used to
seed the cover crop in fall 2019 worked well.
Cover crop establishment before winter was
good (Figure 23). This is a practice that should
be considered for cover crop establishment.
Crop selection and Nitrogen application rates
applied to corn were strong predictors of nitrate
concentrations in tile drainage. The distinction
between tile drainage nitrate concentrations

and nitrate loads cannot be overemphasized.
While tile nitrate concentrations are relatively
easy to assess from time to time by collecting a
water sample, the true evaluation of Nitrogen
loss from a field also considers the volume of
drainage water. The calculation of Nitrogen load
leaving a field considers both nitrate concentrations in water samples collected over time and the
total volume of drainage water that has left the
field. Tile drainage nitrate concentrations will
vary from field to field and from an individual
tile outlet over time. Specific cropping management decisions based on one individual
tile sample should be interpreted with caution.

Figure 23. Cover crop seeding (left) and establishment (right) at the Dudley Smith farm in fall 2019/winter 2020.
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How Low can we go in Terms of Nutrient Loss
using both a Woodchip Bioreactor and Cover Crops?11
This study evaluates combinations of nutrient
flow by approximately 40%, and therefore,
remediation techniques to create Best Manreduced tile nutrient load by the same
agement Practices BPM scenarios that when
percentage. It is possible that DWM has
adopted regionally would make a significant
provided greater nutrient reduction than
reduction in the N and P export from agriculturthe bioreactors. It is also possible that DWM
al runoff.
has limited tile flow during low flow periods,
when the residence time would be sufficient
• T
 wo remediation techniques that are often
for greater nitrate removal, decreasing bioreincluded in the various scenarios are 1) growactor performance.
ing winter cover crops; and 2) constructing
woodchip bioreactors on drainage tiles. This
• This site produced an excellent double crop
proactive research demonstrates the potential
of soybean following wheat in the past three
of maintaining high-yielding systems with
years (when double crop soy is planted before
minimal nutrient losses.
July 1), which has made this phase of the
rotation the most financially beneficial
• T
 ile nitrate losses are very low coming
(compared to corn or soybean alone). These
from Corn-Soybean-Wheat (C-S-W)
results show a quick response time of tile
rotation with cover crops (Figure 24).
nitrate to management and suggests long
It is clear that the longer rotation and the
lag times are not an issue to improving tile
presence of cover crops limit nitrate losswater quality.
es as compared with the control treatment
(corn-soybean). Wheat in the rotation has
One of the most compelling pieces of informaa dramatic effect on reducing tile nitrate
tion is that on the same soil type and under the
loss as well as it takes up mineralized N folsame weather conditions, various agricultural
lowing soybean.
production systems across this one farm can
simultaneously transport tile water carrying
• T
 his shows that tile nitrate from the Cornas little as 1 ppm (cereal rye after corn in W1),
Soybean-Wheat rotation with cereal rye
or as high as 20 ppm (fall N on corn in E2) as
after corn and double cropped soybean
evidenced by tile water samples collected
can achieve the proposed nutrient criteria
on June 24, 2019.
for nitrate of 4 ppm over the past 4 years.
It is also worth noting that we
didn’t have to resort to growing only perennials (i.e. prairie
plants or miscanthus) to accomplish this level of reduction in N loss. This research
documents the dramatic
reduction in tile nitrate
concentration and load that
is possible under row crop
agricultural production.
• W
 oodchip bioreactor performance is below expectation,
Blue dots: Corn-cereal rye-Soybean-Wheat/Soy-Corn-cereal rye-Soybean
but the combination of bio- Red dots: Soybean-Wheat-red clover-Corn-cereal rye-Soybean-Wheat/Soy
reactor and Drainage Water Green dots: Wheat-turnip and radish-Corn-cereal rye-Soybean-Wheat/Soy-PP
Management (DWM) at
Figure 24. Tile nitrate concentrations from C-S-W rotational systems from
this site has reduced tile
September 8, 2014 through December 31, 2019. In 2014, the entire study area
was planted to winter wheat. Crop phases began in 2015.

What Effect does Nitrogen Placement
have on Nutrient Uptake and Yield?12
This study supports the premise that concentrating
N fertilizer below ground near the crop row (i.e.
banding) can increase grain yield and N removal,
while limiting N loss to the environment.
• 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 lb N-1), and recovery efficiency (%).
• The optimal N rate at planting was more dependent on the environment, rather than placement.
However, yield, N uptake, and efficiency at 45
lbs N acre-1 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.
• Emergence of each plot was assessed, but preplant fertilizer treatments did not affect the rate
or percentage of plants emerged. The observation that there were no significant differences in
emergence between banded and broadcast plots
exhibits the safety of UAN-32placed in a 2x2
band. However, placing 180 lbs N/acre in a
band near the seed tended to slightly hinder
emergence, suggesting that high rates of UAN-32
may potentially damage seedlings when placed
in a 2x2 band.
• Adequately managed plots, such as those receiving 180 lbs N/acre broadcasted before planting
were darker in color and accumulated more biomass than those receiving 0 lbs N/acre (Figure
25). This supports the hypothesis that banding
N increases availability to the plant, banding
135 lbs N/acre enhanced early season growth
compared to broadcasting 135 lbs N/acre
(Figure 26).

Figure 25. Corn planted at Ewing, IL in 2019 with 180 lbs
N/acre broadcasted before planting (left) compared to 0 lbs
of N (right).

Figure 26. Corn planted at Ewing, IL in 2019 with 135 lbs
N/acre broadcasted before planting (left) compared to 135
lbs N/acre banded (right).

• S
 imilarly, plots that received only 45 lbs N/
acre banded led to similar growth as those that
received 180 lbs N/acre broadcasted. Banding N
increased its availability to young plants, allowing for a greater percentage of the applied N to
be intercepted and used by the plant.
• Averaged across preplant N rates and locations,
banding Nitrogen at planting increased
grain yield by 10-13 bu/acre-1 compared to
broadcast applications (Figure 27). While
some interaction between optimal initial N rate
and placement of N was observed for grain yield,
this study will need to be repeated in more environments before determining the optimal rates
for each placement method.
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What is the Right Rate of N?13

c

Figure 27. Corn grain yield at 15.5% moisture (a), total
N uptake (b), post-tasseling N uptake (c) as influenced by
Nitrogen placement and rate at planting averaged across
Ewing and Yorkville, Illinois in 2019. Uppercase letters
that differ indicate treatment mean significant differences
at P < 0.10.

• B
 anding N led to greater season-end
plant total Nitrogen accumulation and
tended to increase the amount of the
N accumulated after tasseling. Additionally, yield efficiency and N recovery
efficiency were increased when N was
banded at planting.
• T
 he data collected in the first year of this
study supports the hypothesis that concentrating N near the crop row (i.e. banding)
can increase grain yield and N removal,
while limiting N loss to the environment.

N Rate trials: There is great value in conducting on-farm N rates trials when used to update
the N rate calculator. But they are also of great
value in seeing how growing season conditions
affect N responses and yield levels when conducted across years at the same site.
• Despite a very challenging year weather-wise,
30 N-rate trials were initiated in 2019.
• Responses in four of the six years were consistent, with optimum N rates close to 150 lb
N per acre and yields averaging about 230
bushels per acre. The MRTN based on these
six responses is 161 lb/acre, and the average
yield at that rate is 240 bu/acre.
• Two of the years stand out from the others:
• In 2017, yield without N was 208 bu/acre,
and the optimum N rate was only 89 lb/acre;
this 89 lb N added only 35 bushels, so it
took 2.6 lb of N for each bushel added by
N fertilizer.
• In 2018, the yield without N was only 117
bu/acre, and adding
210 lb of N (the
optimum N rate)
added 161 bu/acre
of yield; it took
only 1.3 lb of
N to add each
bushel.
• Such large
swings in the amount
of N provided by the
soil compared to the
amount needed from
fertilizer represents one
of the biggest challenges
in finding the best rate of N
to apply in each field early
in the season.

• A
 lthough it is not possible today to
predict the exact “right” rate, when
all trial results are entered into the
Nitrogen Rate Calculator, the range
of recommended N rates produced by
the Calculator takes into account this
variability and also gives the grower some flexibility in choosing their
rate based on their understanding of
weather, temperature and soil mineralization.
• The vast majority of growers are not
over-applying Nitrogen. As other research projects are revealing, Nitrogen loss is not directly tied to applied Nitrogen rates. However, not
overapplying Nitrogen remains very
important in the overall management strategy
wwto reduce Nitrogen losses in the ag sector.
• From the N rate trials we see again that
Nitrogen that is available to the corn crop in
its early stages of development produces the
best agronomic response to N and yield.
• Over the years of trials, the significance of
weather and soil mineralization under certain

conditions greatly impacts the crop’s response
to applied N; in years with high soil mineralization applied N has less of an impact on yield; in
years with low mineralization applied N has a
significant impact on yield. The variability in
N response reinforces the value of the “range”
of N rates recommended in the Nitrogen Rate
Calculator for Illinois.
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How do current recommendations on drainage depth
and spacing influence not only nutrient loss, but also crop
productivity, and nutrient utilization?14
Can drainage depth and spacing be optimized to
minimize the nutrient losses and maximize the
crop production?
• T
 his project started in 2018 with two sites
and six spacing treatments. Drainage flow
and water samples from both sites have been
collected since then.
• T
 he preliminary data confirms that the larger
the drainage coefficient (inches of water
removed/per acre/per day), the greater the
tile flow and nitrate-N-loss.

• Drainage coefficient is increased by spacing
tile closer together (more lines) or using bigger
lines.
• Another factor is how deep the tile lines are
buried.
• Two combinations in this study have the
same drainage coefficient (60 ft x 2.5 ft and
80 ft x 3.5) and two (40 ft x 3.5 and 80 ft x
3.5) have the same tile depth.
• There was no consistent yield response to tile
configuration (Figure 28).

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.

This shows cumulative daily tile flow and
nitrate-N losses of each monitoring station for
the monitoring period. The cumulative flows
and losses were calculated up to August 2019.

Figure 28. Combine yield mapping and analyzed corn yields for monitoring purposes.

What is Dissimilatory Nitrate Reduction
to Ammonium (DNRA)?15
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.
• Despite its importance, 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.
• However, we have found that upland agricultural soils exhibited DNRA rates high
enough to represent an important Nretention process in all management practices tested, regardless of differences in microbial
community composition.

• M
 eaningful levels of DNRA activity were measured under both saturated soil conditions as
well as drier conditions. The activity under soil
moistures low enough to completely prevent
denitrification suggests that DNRA may act
as an alternative nitrite reduction pathway
when reduction via denitrification has been inhibited by the presence of oxygen.
• Analysis of gene expression (mRNA) of the
microbes carrying out DNRA revealed that the
DNRA communities active under each moisture condition (low vs. high) differ from one
another.
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 in central
Illinois—as well as within the substantially
drier soils characteristic of the late growing
season, due to the presence of distinct DNRA
communities that are ‘activated’ at these different
moisture levels.

DNRA rates exhibited a bimodal response across the moisture gradient (upper), and a roughly unimodal
response across the nitrate gradient (lower), with a significant positive interaction between the two effects.
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How Useful is Variable Rate Nitrogen?16
Variable rate Nitrogen management in corn
presents growers with the opportunity to increase profit margin and Nitrogen use efficiency,
while decreasing environmental Nitrogen losses.
• C
 urrently, Illinois farmers do not have access
to a regionally specific sensor-based algorithm
for variable rate Nitrogen management used
with tools like GreenSeeker™ sensors. This
project seeks to generate an algorithm for
Illinois farmers.
• I mproved conventional Nitrogen recommendations will be examined as well as evaluation of the precision and accuracy of existing
commercially and publicly available Nitrogen
recommendation systems to help farmers
make informed decisions regarding Nitrogen
management.

Figure 29. Economic Optimum N rate and optimum corn
grain yield in multiple sites in IL and KY with and without cover crops.

• T
 here were ten N treatments included for
each cover crop treatment, six N rates at
sidedress, three upfront-only N rates, and one
split-applied treatment with 50 lbs/acre N as
starter plus 150 lbs/acre N sidedressed.
• In all trials in Illinois and Kentucky (with or
without cover crops), the economic Nitrogen rate ranged from 99 to 330 lbs N/acre
and optimum economic yield ranged from
128 to 342 bu/acre indicating huge variability in N requirement for reaching to optimum
economic yield within just one year.
• These data indicate a need to move towards
mechanistic N management approaches
to improve site-specific N management
practices (Figure 29).

Map for
2019
cover crop x
Nitrogen rate
trail at SIUC
agricultural
research
center.

EDGE OF FIELD PRACTICES

What is Drainage Water Management (DWM)?17, 18
Drainage water management (DWM; AKA
“controlled drainage”), consists of the use of
adjustable control structures typically placed
along drainage system mains that allow the
outlet level of the tile to be adjusted (Figure
30). Because the water table must rise above
the outlet level before drainage will occur,
shallower water table depths occur, holding
more water in the soil profile. Raising the
outlet level during portions of the year when
drainage is less critical reduces the overall
amount of drainage. The underlying idea behind DWM for water quality improvement is
the golden rule of drainage: “Drain only what
is necessary for good trafficability and crop
growth – and not a drop more.”

Management of the control structures is key
to this practice. Suggested management
involves:
1. After harvest: Raising the outlet level
(i.e., putting more stop logs in the control structures) to reduce drainage and nitrate
loss during the non-growing season
2. Prior to planting in the spring: Lowering
the outlet (i.e., removing stop logs from the control
structures) to improve trafficability and to allow
field operations
3. After spring field operations: Raising the outlet (to
within an acceptable limit) to
potentially store water from early season rains for
use later in the growing season.
One structure is recommended for every one to two
foot change in field elevation, thus DWM is most
practical on relatively flat fields (slopes <0.5-1.0%).
One potential benefit of DWM is crop yield enhancement, particularly during dry years.
However, research on this has been fairly
inconclusive to date.

Figure 30.
Illustration of
drainage water
management.
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Does Drainage Water Management Reduce Nutrient Loss?19
Lateral Seepage19
This study examines possible lateral seepage
caused by Drainage Water Management.
The practice is primarily reducing nitrate loss by
reducing the volume of drainage water leaving
through the tile outlet. This makes addressing
the water balance even more important because
the water that does not leave through the
tile outlet needs to be accounted for. Monitoring wells are a central part of this project
(Figure 31).

•

•

•

Figure 31. Example monitoring well used to estimate lateral seepage at the drainage water management sites and
monitoring nutrient removal at the saturated buffers.

Can Drainage Water
Management (DWM) be
linked with Irrigation?20
The second Drainage Water Management study
examines sub-irrigation systems that supply
irrigation water through tile drains. The project
assessed two key variables: 1) is there significant reduction in nutrient loss because of water
recapture and reuse of nutrients contained in
tailwater; and 2) is there significant increase in
field production where these management practices have been operated?
• T
 hese systems can utilize existing tile drainage infrastructure with some modifications.
Optimizing root growth through sub-irrigation

•

•

with drainage water can enhance crop root
development and uptake of nutrients. Subirrigation can also capture nutrients in subsoil depths, which would potentially be lost,
and make such nutrients available to crops.
Such practices could improve nutrient use
efficiency and allow farmers to cut back
on fertilizer use. They will also use growing plants to strip nutrients out of discharge
water. This outcome will reduce both crop
production cost and negative environmental
impacts. Table 1 shows the results of simulating the effect of water deficit stress on crop
yield in two counties in Central Illinois.
These simulations were performed with the
DRAINMOD model, using 30 years of historical weather data from a rainfall station in
each county.
These results indicate that, even when soils
in these counties are drained, they can
still benefit from the application of irrigation water to reduce water deficit stress.
The yield gains are potentially significant,
particularly in corn.
Conducted at the MWRD research site in
Fultoncounty, this study indicates that, when
complemented with drip irrigation, there was
better plant growth at half the agronomic
rate of fertilizer application, than at full
agronomic rate.
This reuse of nutrients in drainage through
irrigation in Western Illinois can significantly
reduce crop needs for fertilizer application,
reduce the loss of nutrients from farm fields,
and increase farm profits.

Table 1: DRAINMOD simulation of yield reduction due
to water deficit stress in drained soils in two counties in
Central Illinois.

Can Drainage Water Management (DWM)
be Effective on a Watershed Scale?21
The overall goal of this new project is 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. Construction of the streamflow monitoring equipment and
initiation of baseline data collection is scheduled
to begin in the spring of 2020.

What is a Saturated Buffer?22, 23

A saturated buffer is a modification of the edge-offield drainage system that allows drainage water
to flow as shallow groundwater through a buffer’s
soil. In a saturated buffer, a perforated drainpipe
extends laterally along the riparian buffer and is
connected to the drainage main via a control
structure (Figure 32). This control structure forces
drainage water sideways into the perforated drainpipe so it can seep through the buffer where the
existing vegetation and native soil microbes can
uptake and process both the water and the nitrate
in the water. At high drainage flow events, a portion of the drainage water will overtop the structure’s stop logs and will flow directly to the stream,
thus preventing backup of drainage in the field.

Figure 32. Saturated
buffer with proposed
monitoring wells (four transects)
shown with red stars. Illustration
courtesy of TransformingDrainage.org.

Two saturated buffer sites in Central (Piatt Co.)
and North Western (Knox Co.) Illinois were selected for the University of Illinois study. These two
buffer sites were monitored for nearly two years by
collecting water samples from the control structures and monitoring well networks. The samples
were then analyzed in the lab for nitrate-N concentration.
• Thus far, the Knox Co. and Piatt Co. saturated
buffers treated 67% and 20% of the total drainage water received from the field, respectively.
• The Knox Co. buffer was able to remove 63% of
the received nitrate-N while the Piatt Co. buffer
removed 38%. In total, the four site years’
average removal was 52% across both sites,
which showed an average removal of 26% for
each site.
• Based on these findings, saturated buffers have
the potential to achieve water quality goals for
nitrate-N reduction in Illinois and may warrant
being recommended as a best management
practice in the Illinois Nutrient Loss Reduction
Strategy (NLRS). Moreover, this data will help
recommend changes in design to make the practice more effective.
• Overall, saturated buffer monitoring sites continue to reduce Nitrogen loss from the tile drainage
outlets. This will likely be one of the first conservation practices used to test the new process for
inclusion in the NLRS.
An additional study conducted by SIU monitored a
saturated buffer implementing a new experimental
buffer, referred to as a “pitchfork” buffer, utilizing
three dispersion lines, as opposed to one in a traditional design. Previous work with saturated buffers
suggested that there were considerable volumes
of backflow originating from the dispersion lines,
which resulted in greater output flows than input
flows from the control structure. Thus, the new
design is testing a backflow valve on the pitchfork
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a maximum of 16 gal hr-1 ac-1. It is important to note that these data are preliminary
and reflect flows during the fallow time of
year, it is probable that
trends will change with
rising temperatures, crop
uptake, fertilization, and
soil moisture fluctuations.
Overall, preliminary findings for the pitchfork design
were that the standard
buffer dispersion lines
consistently contributed
water back toward the
Figure 33. A. Installation of a saturated buffer with a backflow valve to keep
control structure (~28-35
water from moving back up the line during storm events. B. Three-chambered
control structure and pitchfork design that includes backflow and shut-off valves. gallons per hour per acre),
while the pitchfork buffer dispersed 15-16
• T
 he most significant preliminary finding
gallons per hour per acre suggesting backflow
occurred during stormflow, where the pitch-1
valves were important in tile nitrate sysfork buffer was contributing ~15-16 gal hr
-1
tems with fluctuating water tables and elevated
ac of water to the dispersions lines (i.e.,
seasonal flow. Storm event loads for DRP and
away from the control structure), whereas
Nitrate increased (11-235%) in the saturated
the standard buffer is receiving ~28-36 gal
-1
-1
buffer and decreased in the pitchfork buffer
hr ac as reverse flow back towards the
(2-25%) (Figure 35).
control structure (Figure 34A & 34B). The
flow differences between the buffers lead to
increased N & P loading (11-235% increases) during storm events in the standard
buffer and reduced loading of N & P (2-25%
reductions) in the pitchfork buffer equipped
with the backflow valve.
dispersion lines to ensure that water will not
return to the control structure via reverse flow
(Figure 33).

Figure 34. Inflows and outflows for the pitchfork (A) and standard
(B) saturated buffers.

• O
 ver the course of multiple rain events of
various magnitudes, data suggest that the
pitchfork buffers are capable of treating
Figure 35. Storm--based NO3-N loads.

How do Woodchip Bioreactors Work?24
Denitrifying bioreactors are used to reduce
nitrate in agricultural drainage water by using
woodchip-filled excavated pits to denitrify
nitrate-Nitrogen in tile drainage water.
• W
 oodchips are the key component in
these bioreactors’ ability to denitrify nitrate
Nitrogen. Saturated hydraulic conductivity
(rate of which water flows through or Ksat),
porosity, and particle size of the woodchips
are key properties needed for effective bioreactor design and performance.
An NREC study funding student staff
to work in combination with a related
NRCS Conservation Innovation Grant
and cooperative agreements studies
determined Ksat, porosity, particle size,
and other related parameters of approximately 30 types of woodchips, including
woodchips used in NREC-funded bioreactors (Figure 36).
• T
 his work will continue collecting physical
property data to create a database of woodchip media properties.

Another novel approach being investigated
is treating larger drainage areas (>70 acres)
with two small bioreactors rather than one
large bioreactor as well as using ditches for
bioreactor placement (“double duty ditches”,
(Figure 37).

Figure 37. (a) the ditch diversion bioreactor
and (b) the in-ditch bioreactor.

Figure 36. (a) Permeameter used to measure Ksat rate
water flows through) (b) Permeameter 2 “chipometer”
(c) Jar porosity test (d) Particle size analysis by sieve.

• T
 he in-ditch bioreactor has proven tricky
to design and install without reducing ditch
drainage capacity. Moreover, reductions in
nitrate concentrations when comparing
upstream and downstream of the in-ditch
bioreactor have been small. This may
improve as the ditch flow slows during
the summer months.
• Tracer testing using bromide as a conservative tracer will be done on these bioreactors
to improve understanding of how the water
is moving through the woodchips. To perform a tracer test, a concentrated sodium
bromide solution is poured into the inlet of
the bioreactor and samples are collected
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Figure 38. Solar panel and battery configuration for the
Heat-Enhanced Bioreactor at the Agricultural Engineering
Farm (Urbana, Illinois) (left) with the initial power and
voltage read-out interface (right).

from the outlet over time and are analyzed
for bromide. A bromide molecule moves like
a nitrate molecule through the bioreactor
but doesn’t get converted into gas like nitrate
does. The speed which the bromide exits the
bioreactor indicates if there are preferential

flow paths through the woodchips or if water is getting trapped in the corners (that is,
trapped in dead zones).
The most significant advancement for this project this past year involved the Heat-Enhanced
Bioreactor site (Figure 38).
• The solar panel and electrical configuration
for the bioreactor heating pads is operational
with the first set of temperature data pending.
• A second bioreactor also installed in 2018
was constructed with insulation boards, but
without heating pads.
• Two additional “control” bioreactors at the
site were re-charged this past fall to provide
more complete controls for this current study.
The recharged bioreactors have no heat
source and no insulation.
The Dudley Smith Farm bioreactor25 has
shown an unusual and consistent trend
of dissolved Phosphorus (P) removal in
addition to nitrate-N removal (Figure 39).
This exciting observation is being explored at
other bioreactors and experiments to test
removal mechanisms are being investigated.

Figure 39. Dudley Smith Farm bioreactor cumulative dissolved reactive Phosphorus (DRP) loss
entering, exiting, and by-passing the bioreactor. Loads restart at the water year (October 01) and the
three annual periods have DRP loss reductions of 72, 73, and 68% for treated water (20-24% removal at the edge of field including untreated by-pass flow).

How Effective are Wetlands for Nutrient Removal?26
A suite of effective in-field management and
edge-of-field conservation practices needs to be
implemented to address agricultural runoff. Small
tile-treatment wetlands can offer a practical, longterm 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.
• Two tile-treatment constructed wetlands (CW1
and CW2) 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.
• Constructed Wetland 1 (0.7 ac treatment area,
1% treatment-to-drainage area ratio) was built
in August 2015 with a non-hydric growth media,
and comprehensive water quality monitoring
began in March 2016 using autosamplers at inlet
and outlet. Monthly nitrate removal efficiency
has been variable with the highest removal rates
(90+%) achieved during the warmest months
(Figure 40); improvements were observed in
2017 after the first growing season and subsequent incorporation of organic matter into the

in 2018 and a decrease in 2019, consistent with
SRP removal being primarily a physicochemical process and the sediments having a limited
sorption capacity.
• Constructed Wetland 2 (0.8 ac treatment area,
3.6% treatment-to-drainage area ratio) was built
in August 2016 with a hydric growth medium.
Monitoring of this wetland began in September
2017 after establishment of the wetland plant
community. The results to date show a much
greater overall monthly NO3--N removal
efficiency (84%) than CW1, due to the greater residence time and higher availability
of labile OM for the denitrifying microbial
community (Figure 41).

Figure 41. Average monthly nitrate-Nitrogen removal
efficiency (%) at CW2 during 2017-2019.

Figure 40. Average monthly nitrate-Nitrogen removal
efficiency (%) at CW1 during 2016-2019.

wetland sediment. Overall, the wetland removed nearly 8,000 lbs. of NO3--N between
2016–2019. Approximately 440 lbs. of soluble
reactive phosphorous (SRP) was removed during
the first two years of operation with no change

• Nitrate removal efficiency substantially increased in CW1 over the sampling periods,
corresponding to the increase of labile OM
and higher abundancy of denitrifying bacteria
in the system. This is consistent with the guiding
hypothesis that the presence of labile organic
matter plus a competent denitrifying microbial
community controls nitrate removal.
• 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. Presence of hydric
growth media, higher treatment-to-drainage
area ratio, and a shallower design may
enhance the wetland’s performance.
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COVER CROPS

Is Cereal Rye before Corn Recommended?27
The conventional thought is that N immobilization in a cereal rye system occurs during the
early spring closer to corn planting and over
time the soil system recovers through N mineralization of cereal rye residue and soil organic
matter. However, over a two-year period, this
data demonstrates that there exists a “N gap”
initiated during the early spring following
cover crop termination reducing the effectiveness of N uptake of the side-dress
fertilizer N application, and limits N
uptake during the reproductive growth
stages (Figure 42).

Figure 42. Cereal Rye effect on average corn N uptake at
vegetative and reproductive growth stages.

• T
 he lack of N nutrition for the corn plant
during reproductive growth suggests that the
N Gap may be a driver of observed yield
losses for corn following cereal rye relative to the non-cover crop systems.
• T
 he reduction in biomass and N uptake
occurs around the V12-VT corn growth
stages, with the deficiency increasing as
the corn plant matures.
• I t is possible that growers could use cover
crop indicators such as: growing degree
days, biomass accumulation, and N uptake
to predict the need for adaptive fertilizer N
management practices to compensate for the
soil N scavenged by the cereal rye cover crop.
Before farmers can confidently adapt cereal
rye before corn, there must be an advance in
the cereal rye cropping system and Nitrogen
management to create optimum soil Nitrogen
conditions early in the corn growing season,
to minimize the N gap, maintain corn

Figure 43. Average above-ground spring cover crop (CC)
biomass (top) and N uptake (bottom) for each year. The
odd number years precede a soybean cash crop and the
even numbered years precede a corn cash crop. The blue
line represents the number of growing degree days (GDD)
during the cover crop growing season with a base temp
of 32°F.

production and cereal rye ecosystem
services. (Figure 43).
• Cover crops have the potential to significantly decrease the nutrient load of subsurface
drainage systems from agricultural fields in
both spring and fall N management systems.
A 31-63% reduction in flow-weighted NO3-N
concentration was observed despite N application timing (Figure 44). A major contributing factor of NO3-N reduction can be
attributed to the ability of the cover crops
to sequester residual, mineralized, and
fall-applied N, reducing its vulnerability
to leaching and denitrification.

Ultimately, cereal rye N might not be a
meaningful source of N for the immediately
following crop.

Figure 44. Water Quality Impacts of Cover Crops.

• C
 over crops have the potential to significantly
reduce the amount of soil NO3-N within the soil
profile through growth from mid-September to
chemical termination of cereal rye in the spring.
Furthermore, cereal rye reduced soil NO3-N levels to less than those in a zero control, where no
fertilizer N was applied (Figure 44).
• The “Legacy N” concept must be considered
in future conversations on N loss reduction.
Results from this study have shown that even
when no N fertilizer was applied, an equal
or greater mass of NO3-N was lost via tile
drainage, relative to the N fertilized plots.
• When considering the flow-weighted NO3-N
concentration of tile drainage water, the
non-fertilized zero control was similar to
the fertilized treatment (Figure 45). This
sustained level of N loss from the non-fertilized
treatment could be contributed to legacy N,
which is influenced by long-term soil management and the inherent soil organic matter content and factors that affect soil N mineralization.
The continuous loss of Legacy N renders 4R
Nitrogen management less effective in N loss
reduction, relative to a cereal rye cover crop that
scavenges fertilizer and soil-derived N and slowly releases it to the soil solution.
• D
 epending on timing and weather conditions
1.8 - 55% of cereal rye N can be found in the
one-foot soil depth.
• C
 ereal rye N has the potential to contribute
approximately 10% of cereal rye residue N to the
following cash crop. However, depending on the
weather conditions, crop utilization can range
from 1.5-10.1% by crop maturity.
• T
 he recovery of cereal rye N also varies with
soil type (drainage class) and precipitation that
drives residue moisture and decomposition.

Figure 45. (top) average flow weighted nitrate-N concentration for each year (bottom) cumulative NO3-N load over the
course of the study.

Another study at University of Illinois28 found that
with cereal rye ahead of corn that it is best to front
load all of the fertilizer N in the early spring prior
to corn planting to maximize corn yields following
cereal rye production.
• With this site and our two other NREC projects
that evaluate cereal rye as a cover crop there is
enough data from the three studies to approximate the threshold of cereal rye biomass and N
accumulation required to decrease tile nitrate
loads.
• The ratio of cereal rye N accumulation to tile
nitrate reduction is approximately 3:1. This
demonstrated an interaction between winter
and spring temperatures, cereal rye biomass
production, and the antagonistic effect on early
corn growth.
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• T
 his study found that the cereal rye cover
crop needs to accumulate at least 0.5 tons
of biomass per acre to reduce tile nitrate
concentrations and loads.
• I n general, less inorganic N is found in
the soil as cereal rye biomass increases;
suggesting that plant (cereal rye) uptake
and assimilation of N may be as important
of a limiting factor for early corn growth
as microbial N immobilization during cover
crop decomposition.
• A
 dditionally, strip tillage appears to be
essential when planting corn into cereal rye.
Although using cereal rye ahead of corn can
maintain crop yields (compared to no cover
treatments), it is inherently more risky than
cereal rye ahead of soybean.

Can we affect Nutrient Loss
on a Watershed Scale by
Simply adding Cover Crops?29
This study was conducted on two paired subwatersheds that drain into Money Creek, the
mainstem stream that flows into Lake Bloomington, Illinois. The treatment watershed is 1100
acres and is drained by a 24-inch tile main. The
reference watershed is 770 acres and is drained
by two 12-inch tiles and one 8-inch tile.
• The treatment watershed is 1100 acres (465
ha) and receives cover crop application on
approximately 50% of the drainage area and
is drained by a 24-inch tile main. The reference watershed is 770 acres (262 ha) is not
treated with cover crops and is drained by two
12-inch tiles and one 8-inch tile (Figure 46).

Figure 46. The watersheds in Towanda, IL with the upper watershed (blue) serving as the reference watershed and the
lower watershed (brown) serving as the 50% covercrop treatment watershed.

• I ndividual farmers in the treatment watershed
selected cover crops to be applied on their
own farms through a series of meetings with
the PI and collaborators. Results of the selection was a rotation of cover crops with cash
crops where a mixture of daikon radish/oats
are planted before corn and mixtures of cereal

rye/daikon radish and annual rye/daikon radish
are planted before soybeans.
• Cover crops are seeded aerially in fall (mid-September) into approximately 50% of the standing
soybean or corn crop each year. Since 2015,
each year good success with germination has
been noted and there has been a cover crop
stand annually (Figure 47).

Figure 49. Average nitrate loss relative to treatment year.

Figure 47. Average cover crops stand in treatment watershed.

• I nitially there was an 18% increase in Nitrate in
the treatment watershed, which speaks to the
concept of legacy Nitrogen. So, the cover crop in
the first year was not able to overcome the management that had occurred prior to cover crop
treatment (Figure 48).

• O
 ver time as the treated watershed system
matures a reduction in average Nitrate can
be seen up to 36% (Figure 49). This loss was
seen with only 50% of the acreage in cover crops. Overall, this water quality analyses
data indicate that nitrate losses from the cover
cropped Watersheds are now reduced relative to
the reference watershed.
• This reduction in N loss can be attributed to
the cover crop application.
• This study also found very positive evidence that
farmers can and are willing to work together on
a watershed scale to make a positive impact on
nutrient loss.

Figure 48. Flow weighted N- concentration with black being
non-cover crop samples and green cover samples.
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What are the Insect Effects How Effective are Cover
of Cover Crops?30
Crops in Southern Illinois?31
• Results to date demonstrate that cereal rye
Overall,
has a significant capability to scavenge nuthere was
trients, as nitrate leaching losses are 68%
not a draand 82% lower in corn/cereal rye/soymatic trend
bean/oats radish (CcrSor) and corn/cereal
for inrye/soybean/hairy vetch CcrShv rotations,
creased pest
respectively compared to the no cover
damage in fields following a cover crop from one
crop (CncSnc) rotation (Figure 50).
year of data. These studies will be repeated in
2020 and 2021 to examine any potential trends
• In contrast, during the hairy vetch and dover
over multiple growing seasons and characterize
mixture season, cover crop rotations respecthe pest and beneficial insect community inhabtively had 68% and 75% higher leaching lossiting these cropping systems in Illinois.
es than no cover crop rotation (Figure 50).
• Sampling of commercial fields began in early
April in anticipation of a relatively normal
planting season. Sampling continued for three
months instead of the planned six weeks due
to the extended planting dates.
• While this resulted in an opportunity to
collect more insect data than originally anticipated, it also resulted in increased sample
processing time to sort and identify these
additional specimens.
• At the final sampling date, no slugs were
collected using the shingle traps, and no slug
damage was observed in the plots; however,
slugs collected in pitfall traps were significantly higher in the cereal rye treatment than in
the no-cover treatment.
• Damage from bean leaf beetle feeding (skeletonized leaves) was higher in the no-cover
Figure 50. Paired watershed research site, Carbondale,
treatment than in the cereal rye treatment.
IL. Watershed 1 was planted with cover crops (CC) and
watershed 2 was no cover crop (No CC) control. Crop
There was no effect of cereal rye termination
rotation is corn/cereal rye/soybean/hairy vetch in CC watiming on insect damage or soybean yield, and
tershed and corn/winter fallow/soybean/winter fallow
overall insect damage was well below levels that
in No CC watershed.
would be expected to impact yield.
Preliminary insect and
slug monitoring results
from a NREC-funded
cereal rye field experiment at Douglas County.
Plots were sampled on
July 3, 2019 when
soybeans were at the
a Means followed by different letters within a column are
V2 growth stage.
different based on the Fisher method of least significant
difference (a = 0.05)

• P
 hosphate leaching was
significantly higher in conventional tillage (CT) plots
compared to no tillage (NT)
plots. The CncSnc under
CT had 66% higher phosphate leaching compared to
CncSnc NT.
• Bray 1 Phosphorus analysis of seasonal soil samples
showed that the 0-5 cm
depth had significantly higher soil Phosphorus concentrations than the rest of the
soil. This shows that soil
Phosphorus is being stratified in the top few cm of soil.
Different tillage practices
or cover crops did
not show a significant
impact on soil Phosphorus concentrations in
topsoil thus far.
In the paired watershed study,
the smaller watershed (68
acres) serves as the control watershed and larger
watershed (103 acres) serves as the treatment watershed. Each sub-watershed has three topographic
positions where tension lysimeters were installed
for monitoring nitrate leaching (Figure 51).
• In the watershed scale project, both the topographic position and presence or absence of cover crops influenced the rate of loss of nutrients
following rainfall events.
• Cover crop season 2017/2018 was under cereal
rye. During the season, cover crop plots had
lower nitrate leaching compared to the no cover
crop plots. However, during the cover crop season 2018/2019 the field was planted with hairy
vetch. During this season, the cover crop treatment had higher nitrate leaching in the shoulder
or top of the slope, compared to the highest
NO3--N retention in the deposition position,
with little difference in the backslope position.
• During the hairy vetch cover crop 2018/19 season, there was 95% and 3.8% more NO3-N
leaching in the area with no cover crops in
the footslope and backslope (or hillside) positions, respectively. However, 38% more NO3-N
leached from the hairy vetch cover crop area in
the shoulder (or top) position.

Figure 51. Mean soil water nitrate-N leaching for cover crop
and no-cover crop treatments under no-tillage and conventional tillage system at Southern Illinois University farms.
Blue bars represent average daily precipitation received at
research site.

Hairy vetch stand (3 ft.) on May 08, 2019 at the time of biomass collection before termination at the paired watershed
with cover crop (left). Corn with hairy vetch mat July 2, 2019
three weeks after planting (right).
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How can Technology help with Cover Crop Adoption?32
The current knowledge on the impact of cover
crops remains limited and localized, and thus
the adoption rate of cover crops has been low.
To address these critical gaps, data synthesis
and advanced process-based modeling will
be used to assess the suitability and potential
benefits of proposed cover crop practices under
current and future climate conditions, combined
with economic analysis to assist farm management decisions.
• R
 esults will be disseminated to a large pool of
audiences, including farmers and policymakers, through Illinois Farm Economic Summits
and farmdoc forum. Focusing on the suitability and economic assessment of the two
dominate cover crops for Illinois, i.e. cereal
rye (grass) and hairy-vetch (legume).

• F
 or the cover crop biomass simulation, the
tuned Ecosys model could simulate the biomass growth of cover crop with a high R2,
which ensures the assessment of the benefits
of cover crop at regional scale using the
Ecosys model.
With the good performance of site-scale cover
crop biomass simulation and regional-scale crop
yield simulation, we will test the suitability of
cover crops in the current and future climate
conditions, and to answer where, when and how
cover crops will be suitable, assess the potential
benefits of cover crop and quantify the model
uncertainty in 2020.

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 2019
with 31,092 Facebook
users reached and
more than 49,291
impressions made.
That number elicited
1,403 reactions, comments or shares – double
that of last year – and 1977 post clicks. Our
followers increased to 559.
Twitter also proved to be an effective way to
share NREC’s stories,
generating more than
140,000 impressions
and engagement on 100
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 641.
YouTube was utilized more with links from
social media to NREC’s growing number of
videos. The NREC Channel
now hosts 35 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 2019 were opened
at an average rate of 58.7% - more than
double the industry average of 25%. We
learned that 88% of our email audience use
mobile devices to learn more about NREC
research. NREC board members, committee
members and funded researchers were active
in making presentations and participating in
industry meetings and conferences.

In 2019, NREC partnered with other organizations for in-person presentations and distribution
of printed materials. During the summer months,
NREC had a significant presence at the Southern
Illinois University Field Day and at Agronomy Day
at the University of Illinois. And true to how NREC
partners with organizations who review point and
nonpoint sources of runoff into streams, we participated in the Metropolitan Water Reclamation
District of Greater Chicago (MWRD) Field Day in
Fulton County.
For the first time, Illinois NREC had a presence at
the Farm Progress Show. We worked with the statewide Partners in Conservation group to highlight
the farmer-funded research being done in Illinois.
A popular stop off for visitors was the augmented
reality sand table which allowed show goers to
create unique landscapes and then simulate water
flow using virtual reality rainfall. The interactive
nature of the display allowed everyone, from the
youngest to the oldest, to learn about erosion and
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how different land management practices can
impact the flow of water.
The popularity of the Cover Crop Guide
required additional copies be printed and were
distributed also by Purdue, University of Illinois

and IFCA. 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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