Background
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. Additionally,
most of the changes identified with
NREC research have demonstrated
the potential for improvement of
environmental outcomes in Illinois
waters.
This annual report is developed
by extracting highlights of each of
the project reports submitted to NREC. 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.
The following pages are a summary of information from multiple projects with similar goals.
Each of the projects is included in one or more
of the following groups.

The Illinois Nutrient Research and Education
Council (NREC) was created in 2012 as part
of Public Act – 97-0960, which described the
expectations, composition, and funding source
for the Council. The Council funds and oversees
research and education programs dedicated
to optimize crop production and
minimize nutrient loss to the environment. A minimum of 20% of
the research funds are designated
for on-farm programs to study and
address water quality programs.
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
(Illinois Farm Bureau), and one each from specialty fertilizer, certified agronomy organization,
and the Director of the Illinois Department of
Agriculture. Non-voting members are from two
environmental organizations, one from State
Experiment Station and one representing the
Director of the Illinois Environmental Protection Agency. 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. Comments from meetings throughout the year have
surfaced a number of topics that the Council
identifies for research consideration.
In the first five years of the program, NREC
has funded 54 unique projects and invested
more than 12 million dollars. While each project has individual goals, some have overlapped
that validate other projects and carry over
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University of Illinois plots used in NREC research.

1. E
 fficiency of N utilization as
affected by rate, time and source
of N used.

in the Illinois Agronomy Handbook, while still
maintaining comparable yield levels. Reducing
N rates by 30 to 40 lb/acre will provide greater
net income and also keep 30 to 40 lb N/acre
out of Illinois lakes and streams.
Most research has shown that the closer N
is applied to the time of plant uptake, the more
effective the fertilizer will be in increasing yield
per unit of fertilizer applied. Such was not
the case in three NREC studies in 2017. At one
location, fall-applied N yielded more than
spring-applied N, even though the N rate applied was the same. At two other locations,
there was no difference in yield between fall
and spring-applied N. However in the following
year on those two fields which were planted
after soybeans, more N loss was measured
from tile water.

The most difficult and important decision a
farmer and his advisor make each year is the
rate of N to apply for optimum yield and for
minimum loss into the environment. For the
last five years, NREC has supported a University
of Illinois project that contains the largest database available from farmers’ fields – an online
program called Maximum Return to Nitrogen
(MRTN). Collecting data from 186 locations, the
researchers calculated the Economic Optimum
Nitrogen Rate (EONR) for the year. Because
year-to-year differences are inevitable due to
varying growing conditions, researchers investigated ways to to use the large database to
develop a proxy for the EONR. This proxy allows
the MRTN to closely – though not perfectly
– predict N needs in different environments.
This newly developed program provides recommendations that are generally 30 to 40 lb
N/acre less than recommendations published

No matter whether the split was applied
at tassel or sometime between planting and
tassel, there was no yield response to the late
application. In fact, several studies funded by
NREC have demonstrated the need to have the
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majority of the N applied near planting, as
opposed to applying it at sidedress or later
which resulted in a decrease in yield. A practice with added cost and no added income will
effectively lower net income.
Over the last few years, there have been
a number of new additives brought into the
marketplace to add to existing N fertilizers to
either reduce denitrification or ammonia volatility. The only consistent result from the use
of these products has been the inconsistency
of response from year to year on how well one
product does compared to another at different
locations or in different years. This does not
mean these products do not work, but rather
it likely means that conditions were not present to cause the loss the additive protected
against.

Recovery of the N captured by cover crops
will need to be released from the cover crop
at the time of need for the following main crop.
Preliminary results indicate that hairy vetch,
because of its narrow C:N ratio, may release
too quickly, and cereal rye, because of its
wider C:N ratio, may release too late for the
following crop.
The final question to be answered is “How
much N will need to be applied for corn following cereal rye?” Preliminary data indicates
that it may take more, not less, N for optimum
corn production.
Previously known, but thought to be of limited usefulness is the conversion of nitrate back
to ammonium. This microbial-mediated process,
dissimilatory nitrate reduction to ammonium
(DNRA), is now thought to have rates of reaction comparable to or even many times greater
than nitrate leaching or denitrification rates in
unsaturated soils. An NREC-funded project is
looking to find ways to enhance the reaction in
Illinois soils.

2. R
 ecovering residual N inside
field border.
Nitrogen remaining in soil as nitrate at the end
of the season is available for movement outside
of the field border to lakes and streams. If it can
be captured within the field border and recycled back for the next crop, it reduces the potential for contamination of lakes and streams.
Cover crops are the most effective means
to remove excess nitrate from the profile.
NREC-funded research projects have identified
several factors that will enhance the benefits
of cover crops. In Central and Northern Illinois,
cereal rye is the most effective species to use
for recovering nitrate from the profile. Oats
and radish are effective for recovery of N, but
with the shorter growing season, they do not
remove as much N. In Southern Illinois, hairy
vetch was shown to be very effective as well.
While cereal rye and hairy vetch are the best
for recovery of nitrate, both of them have been
shown to decrease corn yield and in a few
instances, hairy vetch has also been shown to
reduce soybean yield.

3. N
 utrient loss reduction
strategies beyond field edge.
The two systems being used to remove nitrogen from drainage water between field edge
border and lakes and streams include woodchip bioreactors and wetlands. Both utilize the
naturally occurring microbial reaction of denitrification to reduce nitrate in tile drainage.
Constructed wetlands, which are known to
be effective in reducing the amount of N leaving the farm, have not been readily adopted as
land owners are reluctant to take productive
land out of production for this purpose. Two
projects funded by NREC are looking at ways
to overcome this resistance. One of the projects has demonstrated that they could grow
perennial crops that are tolerant to wet soils
that produce high-demand marketable produce
with minimal labor investment needed during
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a 200-acre field in one year. The woodchip bioreactors are very effective when water flow is
not high and when it is warm enough for good
microbial activity. However, in spring when
temperatures are not high enough for good microbial activity and/or flow rate is high from the
tile, residence time in the woodchip bioreactor
is not adequate for denitrification to occur. A
new NREC project is testing novel designs to
overcome these problems.

4. E
 valuation of factors influencing
dissolved reactive phosphate.
Phosphorus projects funded by NREC are
early in their activities. A comprehensive literature review has found that the highest mean
nitrate-nitrogen concentrations across the large
database were from corn or soybean site years,
whereas crop selection was shown not to be a
significant predictor for dissolved phosphorus
concentrations. The relationship of dissolved
reactive phosphorus with hydraulic conductivity
has been inconsistent as has been the relationship between DRP concentration and soil test
P level.
Taking soil samples of P and K in one of the closed
depressions in Douglas County field.

5. E
 valuation of newly
developed BMP’s to insure
they are not creating new
environment problems.

the growing season. The other project is very
selective in placement of the wetland with
minimal loss of productive farmland. Once
established there will be minimal maintenance.
Not only will these wetlands provide an avenue
to reduce nitrate losses, but they will provide
a place for native wetland habitat and attract
water fowl and other animals.
NREC is providing partial funding for a project that is combining woodchip bioreactors
with a rotation that includes corn, soybean, and
wheat along with cover crops in the fall and
winter when wheat is not being grown. This
combination nearly eliminated nitrate loss from

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. To study factors affecting
nitrous oxide emissions, this project used plots
being used for another NREC project. While the
database is not fully populated, indications are
that there is no single parameter that is highly
correlated to nitrous oxide emissions.
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In Depth
Each year, researchers respond
to NREC’s call for proposals
with many innovative projects.
Staying within available funding,
the Council selects from the
highest ranked projects to build
a portfolio that will identify
factors most likely to enhance
nutrient utilization and minimize nutrient loss. With projects
at many locations across Illinois,
growers and industry can more
easily see how the results can
be adapted to their situations.
This report is an extraction
of information from the detailed
project reports submitted by
Figure 1. N responses in 51 on-farm N rate trials where corn followed soybean
the researchers to NREC. The
in Illinois in 2017. Yellow triangles indicate the optimum N rate for each trial,
projects are grouped into five
and green circles show yield at the MRTN N rate. The three columns of MRTN
subject areas. At the end of the values, from left to right, are values for northern, central, and southern Illinois.
document, projects are listed in
alphabetical order by the last name of the first
1. E
 fficiency of nitrogen utilization as
author, the numbers in parentheses listed at
affected by rate, time and source
the beginning of each section correlate to the
of N. (2, 7, 13, 14, 18, 22)
project report numbers listed under references
Rate of application. This project has been
on page 15.
ongoing for several years with the objective of
1. E
 fficiency of nitrogen utilization as
developing and testing the Maximum Return
affected by rate, time and source of
to Nitrogen (MRTN) system for deriving N recN used.
ommendations. In 2017, data were collected
from 61 more trials: 51 from corn-soybean (C-S)
2. R
 ecovering residual N inside
rotation and the other 10 from corn after corn
field border.
rotation. The addition of the 2017 data brings
3. N
 utrient loss reduction strategies
the number of locations to 186 over the last
beyond field edge.
four years. As in past years, each response was
4. E
 valuation of factors influencing
fitted with an appropriate function and the
dissolved reactive phosphate.
EONR was calculated (Figure 1). In addition, the
MRTN N rate from the N rate calculator, run for
5. E
 valuation of newly developed BMP’s
the appropriate Illinois region and previous crop
to insure they are not creating new
for each trial, and for each curve, is plotted in
environmental problems.
Figure 1 with the yield at that N rate. Averaged
across all 51 C-S sites, the average EONR value
(168 lb N/acre) was 4 lb less than the average
MRTN value (172 lb N/acre); and the average
yield at the EONR (229 bushel/acre) was three
bushels more than the average yield than if
researchers had used the MRTN at each site
(226 bushels per acre).
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The same approach was taken for the N
response from the 10 on-farm sites with corn
following corn in 2017. Averaged across sites,
the EONR was 18 lb N/acre less than the MRTN
N rate (172 v 200 lb N/acre), and average yield
at the EONR was the same (224 bu/acre) as at
the MRTN rate. The net return to N averaged
about $10 more at the EONR than at the MRTN.
In contrast, in 2015 the corn following corn trials produced an average
EONR value that was 16 lb more
than at the MRTN and produced six
more bushels, for a net advantage
of $15 per acre for the EONR.
The MRTN values, which are
calculated based on many previous trials, cannot anticipate field
conditions before the season for a
given field, so seldom exactly the
amount of N needed in a field. Only
an N rate trial can show the actual need, but by
the time you get the results of the N rate trial,
the season is over and next year’s results likely
will not be exactly the same. The MRTN appears
to be an excellent proxy to EONR in both the
amount of N needed and the yield that is obtained (Table 1). While it is true that the MRTN
“moves around” and is seen as a negative by
some, the advantage to continuing to add to
the data is that real changes do occur over
years – more some years than others.
The EONR was determined in the same
manner as the factor of 1.2 lb N/bushel of proven yield from which the Agronomy Handbook
recommendations were derived, but the new
co-efficient is consistently lower than the 1.2,
ranging from 0.73 to 0.90 for corn after beans

and .84 to 1.1 for corn after corn. The MRTN
number is well-documented and is likely lower
due to several factors including improved varieties that are more nitrogen efficient, narrower
rows, higher plant population, improved pest
management, higher yields, and other factors
that have not been identified. The MRTN is
more stable over time than using the old Agronomy Handbook system. MRTN will
most often give a recommendation
30 to 40 lbs N/acre less than the
Agronomy Handbook system with
a comparable yield.
In one study, N loss from tile
lines of an unfertilized treatment
were similar to the full rate of N
applied either fall or spring. This
could be due to fact that unfertilized corn plants resulted in less
evapotranspiration and exerted
less physical demand on the nitrate in soil
solution due to poor N nutrition and root development, leaving more of the mineralized N for
transport to the tile line than would be the case
with a highly-productive corn crop.
Timing of N application. Trials in which N
application rates were split to compare fall
versus spring or early spring versus sidedress,
N rates showed inconsistent, but mostly small,
responses to N timing at four of five locations.
At the one responding location, we saw higher yield at a substantially lower N rate from
spring- compared to fall-applied N. At this site,
69 fewer lb of N produced 18 more bushels
of corn when the N was applied in the spring
versus in the fall; the return to N was $89 higher from spring-applied N. Applying the MRTN N

N lb/acre @ Optimum N
SC2014

SC2015

SC2016

SC2017

CC2014

CC2015

CC2016

CC2017

EONR

181

191

157

168

128

217

172

148

MRTN

166

167

174

172

197

198

200

200

EONR
MRTN

215
210

220
211

173
174

197
190

224
224

238
239

EORN

0.84

0.87

0.70

0.74

0.74

1.10

0.77

0.62

MRTN

0.79

0.79

0.78

0.76

1.13

1.04

0.89

0.84

Yield Bu/Acre @ Optimum N
225
224

229
226

Lb N/Bu @ Optimum N

Table 1. Average N rate, yields at those rates, and N need by the crop (lb N/bushel) for the ECON and MRTN
system by crop rotation.
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rate (172 lb N/acre) in the
fall would have produced
a yield of 223 bushels
per acre, while that same
rate applied in the spring
would have yielded 245
bushels per acre (Figure
2). But this does illustrate that fall-applied N
will sometimes be less
available to the crop than
spring-applied N. These
results are in agreement
with prior work that has
shown an advantage for
spring applied N in years
of excessive precipitation
in the spring.
While the yield advanFigure 2. A comparison of fall versus spring N application at an on-farm site in
tage for spring applied N
west-central Illinois in 2017. The green triangle marks the N rate and yield at the
occurred at only one of
point of maximum return to N for fall-applied NH3, and the yellow triangle does the
four studies, there were
same for spring-applied NH3.
two other studies funded
Urbana, Perry, and on a Cisne soil near Neoby NREC that observed significantly more N loss
ga, Illinois, and in corn following corn at Monvia tile lines from fall applied (54.6 lb/acre) than
mouth, Urbana, and Perry.
from spring applied N (44.6 lb N/Acre).
The lowest nitrate load in this study occurred
Applying N rates at planting or keeping 50 lb
when the N was sidedressed (38 lb/acre). In still
N to apply at tasseling produced virtually idenanother study, 11% less nitrate was released
tical N responses in corn following soybean and
from tile when N was spring – as compared
in corn following corn. Across five soy-corn trito fall – applied. Interestingly, when tile monials in 2017, however, late-split N required 15 lb
toring continued through the soybean phase
more N and produced about the same yield as
of the rotation, there was an 88% increase in niearly application, so returned some $5 per acre
trate load during soybean year
less to N than early N. Over the
for spring versus fall N applied
three corn-corn trials in 2017,
to the previous crop.
late-split N required 6 lb less N
but yielded three bushels less
In 2017, researchers comthan early-applied N, for a net
pleted the second year of a trial
loss of almost $10 per acre. So
designed to see if keeping back
with no yield advantage and no
50 lb of N to apply at tasseling
overall decrease in the amount
time will increase yields. The
of N needed, the cost of late
late N was dribbled using a
application would have lowhand-boom into the row near
ered profits in 2017 – the same
the base of the plants as a way
outcome as we saw in 2016.
to duplicate the “Y-Drop” tubes
In all but one site-year over
being marketed to apply N
the past two seasons (DeKalb
into standing corn. Trials were
in 2017), the actual EONR was
conducted in corn following
less than the MRTN; using
soybean at DeKalb, Monmouth,
MRTN rates instead of calcu8

lating differences from the actual N responses
is higher than this rate, but the range in yield
in each trial would have produced no change
among these treatments was not much larger
in relative performance; all sites would have
than seen in previous years, except at Urbareceived more N than needed.
na, where heavy rainfall after planting caused
non-uniformity of stands and greater variability
N rate, timing, and form. Small-plot trials
in yields. Unfortunately, soil N during the growwere conducted to evaluate the effect of time,
ing season is not related to crop yield at the
rate, and source of N at DeKalb, Monmouth, Urend of the season.
bana, and Perry in 2017, on corn following soybean. The base
The differN response
ent timings
(against which
and forms of
other treatN compared
ments were
at 150 lb N/
compared) was
acre produced
generated with
different yields
UAN applied
with expected
by injection at
inconsistencies
planting at rates
among sites
ranging from
in 2017 (Table
0 to 250 lb N/
2). The yield
per acre in 50range among
lb increments.
treatments was
The response
24, 22, 70, and
to sidedressing
26 bushels per
N was tested
acre at DeKalb,
using 50 lb N
Monmouth, Urat planting plus
bana, Perry, re50, 100, or 150
spectively, and
lb N as UAN
only 13 bushinjected beels per acre
Table 2. Effect of N form and timing on yield ranked averaged over three
tween the rows Illinois sites in 2015 and four sites in 2016 and 2017. All treatments included when averaged
at stage V5-V6, N at a total rate of 150 lb N/acre. Means across all 11 site-years were sepa- across sites.
with corn to 12” rated at p=0.1.
Except at Urbato 16” tall. An
na, where there
additional 19 treatments were applied at
was considerable variability in the trial, these
the rate of 150 lb N/acre using a range of
ranges were generally smaller than in previous
timings, forms, and inhibitors. Table 2 lists
years. When the range of treatments was small,
these treatments.
as it was at DeKalb, statistical differences are
scarce, and value of ranking yields by treatment
Yields were high in these trials in 2017, and
is decreased. Conversely, a site where the yield
optimum N rates were somewhat higher than
range among treatments is large has an overseen in previous years; EONR values ranged
sized influence on the overall yield rankings.
from less than 150 lb N/acre at Monmouth to
Still, inconsistency of performance among sites
about 175 at Perry (where yields were lower) to
means less ability to declare differences to be
more than 200 lb N/acre at DeKalb and Urbana.
statistically significant. When averaged across
Yields without N fertilizer, which is an indicator
sites there are few “significant” differences
of the amount of N supplied by the soil, were
among treatments. Attempts to develop a
around 200 bu/acre at DeKalb and Monmouth,
model to predict soil N concentration related to
and around 150 bu/acre at Urbana and Perfertilizer management, weather, and soil types
ry. Differences among forms and timing of N
has been judged to be fair at best.
application at the same rate (150 lb N/acre)
should be more likely when the optimum N rate
9

Over sites in 2017, the highest yield
was from UAN with Agrotain® broadcast
at planting. This treatment produced the
second-lowest yield among these 20 treatments in 2016 and has generally been a
poor treatment (Table 2). Urea with Agrotain
broadcast at planting produced the highest
yield in 2016, but the second-to-lowest yield
in 2017, averaged across sites. And ESN
broadcast at planting, which ranked third
across sites in 2016, was the lowest-yielding
treatment in 2017. That was a result of its
very low yield at Urbana in 2017, where it’s
possible the heavy rainfall after application
might have floated some of the product off
the soil surface. Several inches of rain fell
after planting and planting-time applications
at all four sites in 2017, and this might have
moved surface-applied UAN into the soil
and prevented loss, and may have improved
movement into the rooting zone. That treatTable 3. N form and timing effects among 15 treatments, all at
ments flipped from above average to below 150 lb N per acre, averaged across fourteen Illinois site-years,
average and vice versa in 2017 compared
2014-2017. Means are separated at p=0.1.
to earlier years seems likely to be a result
planting (Table 1 – treatment added in 2016),
of the different pattern of weather in 2017,
and dribbling all of the N as UAN between rows
including wet conditions after planting followed
at V9, were among the lowest-yielding in 2017,
by dry weather conditions a few weeks later.
as well as in most earlier trials.
™
Some treatments, including UAN with Instinct
Of the 20 current treatments to compare
injected at planting, NH3 with N-Serve® prior
150 lb N using different forms and application
to planting, UAN with Nutrisphere® injected at
times, 15 were used the first
year (2014) and are still in the
trials. Table 3 shows yields
of these treatments averaged over the 14 site-years
– DeKalb, Monmouth, and
Urbana 2014-2017 and Perry
2016-17. The base treatment
– UAN injected at planting –
ranked sixth in yield, three
bushels (but not significantly)
less than the highest-yielding
treatments of SuperU® broadcast at planting (Table 3). The
top nine of 15 treatments,
when averaged over all siteyears, did not yield significantly less than the highest-yielding treatment. And the eight
treatments with the lowest
yields (yields followed by the

Cereal rye was planted as cover crop at Southern Illinois University plots.
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letter “e”) did not yield significantly more than
the lowest-yielding treatment. This, along with
the fact that only eight bushels separate the
highest from the lowest yield, points out the
problem of trying to identify “best” N management practices when performance of individual
treatments is so inconsistent among fields
over years.
Nitrogen fertilizers contain ammonium,
ammonia, urea, and/or nitrate. All products
are made from ammonia and if they have not
already been converted to nitrate in the manufacturing process will convert to nitrate in soil.
There are three loss mechanisms associated
with nitrogen fertilizers, denitrification and
leaching, both of which will impact only the N
in nitrate form and volatilization, the loss which
occurs only with anhydrous ammonia or ammonia derived from hydrolysis of urea to ammonia. Differences in performance of nitrogen
materials will be related to how each material
is managed to prevent losses from occurring by
any of the loss mechanisms listed above. Some
fertilizer products contain an additive(s) to slow
the rate of nitrification and/or the volatility of
urea containing products. Those materials are
specific for inhibiting the volatility of N from
urea or for reducing the rate of nitrification of
ammonium. If conditions do not exist for these
losses to occur, there will be no
benefit from their use.
Planting-time versus split/sidedressed N. Small-plot studies
under this project include a comparison of N at three rates – 100,
150, and 200 lb N/acre – applied
either as injected UAN at planting
or with 50 lb N injected at planting
and the remaining N sidedressed
at V5-V6. Data from ten site-years
comparing N responses between
these two methods of application show that yield at the 100-lb
rate was higher (by nine bushels)
with all-early application than
with split application (Figure 3).

The two methods produced similar yields at
the two higher rates, and the optimum N rates
and yields at those rates were almost identical; the optimum N rate and yield at that rate
were, averaged over sites, 3.6 lb N higher and
1.5 bushels per acre lower for split/sidedressed
compared to all-early N. Such differences were
small, and it is clear that the expectation that
split N with a sidedress application would
require less N, and perhaps yield more, is not
supported by the results. Finding a lower yield
with split application at the low rate (100 lb of
N) supports the idea that not having all of the
N in the soil early might sometimes result in N
deficiency that cannot be overcome by later
application of N.
DAP as an N source. This study was started
in 2016, and consists of applying N rates of
100 (base rate using UAN only), 120, 140, 160,
and 180 lb N/acre by three N source/timing
combinations: 1) DAP broadcast in the fall after
soybean harvest; 2) DAP broadcast in the spring
before secondary tillage; and 3) UAN injected in
the spring before secondary tillage. TSP (0-450) was used to bring the P rate to the same for
each treatment. Rates were assigned to main
plots, and source to subplots, with six reps to
better detect small differences.

Figure 3. Effect of N form and timing on yield at four Illinois sites in
2017, and averaged across sites. All plots received 150 lb of N per acre.
Treatments are ranked (1=highest yield to 20) by site and across sites.
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fied problems and opportunities
associated with different species
being planted across different
areas of the state.
Species and management
to enhance N removal with
cover crops. The ideal cover
crop would be a winter annual, easy to establish, and with a
strong root system that takes
up significant N before being
terminated in spring. Cereal rye
was the species that met those
conditions, especially its ability to
recover nitrate-N from the profile
and reduce nitrates flowing out
in the tile water. Unfortunately,
in some instances, it had an adverse impact on
early season corn growth which often carried
through to reduced yield. The extent of this
adverse effect appeared to be related to how
long the cereal rye was allowed to grow in the
spring. The longer it grew, the more N was taken up and the taller the rye became, the more
damage was observed. The most likely problem
in the corn grown after cereal rye was alleolopathy, which is the production of a toxin by one
plant that affects another.
Fall seeding of crops such as oats, spring
wheat, and/or radish, all of which were terminated with the first killing frost, have not resulted in adverse crop growth the next spring and
have resulted in significant reduction of nitrate
in tile line, although often less reduction than
observed with cereal rye.
In southern Illinois, cereal rye, hairy vetch,
and oats plus radish were evaluated as cover
crops in a factorial experiment with conventional tillage and no-tillage. The researchers observations were: cover crops in spring resulted
in lower soil nitrate-N than where no cover
crop was grown; with conventional tillage,
there was more nitrate-N in spring; and there
was no difference due to cover crop under a
no-till system.
After four years under a no-tillage system
with two complete cropping cycles, the corn
yield was 14% greater with cover crop rotation
corn/cereal rye/soybean/hairy vetch compared

Hairy vetch is one cover crop planted by Southern Illinois
University researchers.

These trials were done exactly according
to plan at Monmouth and Urbana in 2017.
Results were, as was the case in 2016, somewhat unusual: there was no significant response to treatment at either location. Both
trials produced high yields in 2017 (234 bu/acre
at Urbana, 256 bu/acre at Monmouth) but
barely a hint of a response, except at Urbana
where fall-applied DAP seemed to give a
response curve.

2. R
 ecovering residual N inside field
border (2, 5, 6, 7, 8, 9, 10, 13, 15, 18, 19, 20,
21, 22)

Cover crops: For decades farmers have used
cover crops to prevent soil loss from erosion
and have used legume cover crops for the N it
produces for the following crop. In more recent
years, cover crops have been promoted for the
benefit of recovering N remaining in the soil left
over from a previous crop and recycling it back
to a succeeding crop.
As with most new practices, while this was
not a new practice, but a new use for an old
practice, there were questions for which there
were few answers based on sound research. In
the first two years of NREC, six proposals were
approved to study various aspects of cover
crop production. Having similar goals, but different approaches produced results that identi-
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to corn/no cover crop/soybean/no cover crop,
the event mean discharge as well as peak
whereas no significant difference existed in
discharge (Figure 4). Both cover crops (i.e.,
corn yield due to cover crop treatments within
cereal rye and hairy vetch) reduced peak
conventional tillage. Both cover crop rotations
discharge of storm events (with intensity <10
under no tillage reduced soybean yield by 24mm hr-1) by 51-55% for the watershed with
cover crops compared to watershed without
27%, compared to no cover crop rotation.
cover crops, likely due to increased infiltration
The nitrogen uptake of cereal rye was
rates. Additionally, the total suspended solids
higher in the watershed planted with cover
and discharge were reduced by 33% and 34%,
crops than the weeds in no cover crop waterrespectively in the watershed with cover
shed. Although this increase in nitrogen uptake
crops during the cover crop treatment period.
was not significant it still resulted in reducing
Release of N from cover crop residue.
nitrate-N leaching measured using tension
The benefit to be obtained from the N that is
lysimeters in the watershed with cover crops
entrapped in the cover crop residue will depend
by 67% when compared to the no cover crop
on when that N is released from the residue
watershed. During 2017, the nitrogen uptake of
relative to N uptake of the crop grown in the
hairy vetch was 110.9, 85.02 and 44.89 kg ha-1
higher than the watershed that had no cover
field in the following season. Work in southern
crops at the shoulder, backslope and footslope
Illinois noted a considerable difference in
position, respectively. However, the improveconcentration of N and decomposition of above
ments in the water quality were only seen at
and below-ground residue of hairy vetch and
the footslope position, where the hairy vetch
cereal rye. Hairy vetch had approximately four
cover crop in spring 2017 reduced nitrate-N
times as much N in above ground portion of
concentrations in the
watershed planted
with cover crops compared to watershed
with no cover crops
by 7.71 mg L-1.
Another management approach taken
in a central Illinois
project was to shift
a corn-soybean
rotation to a cornsoybean-wheat
rotation followed by
cover crop after the
wheat harvest. Nitrate
recovered from the
profile was so complete that researchers Figure 4. Storm water discharge measured from paired watersheds representing storm
events received during cover crop season in 2016 and 2017.
had to apply added N
to overcome an N
plant and three times as much in the root. With
deficiency in the corn crop that followed.
the higher N content, the C:N ratio was lower,
Cover crops at the watershed scale in
leading to decomposition of the hairy vetch
paired-watershed design. Delayed termiwithin four weeks of termination of the hairy
nation of hairy vetch in May 2017 resulted in a
vetch. Cereal rye residue decomposes much
100% increase of the biomass when compared
slower and may tie up N because of its high C
to biomass sampling in April 2017. The thick
to N ratio. It is possible that hairy vetch may
biomass cover of hairy vetch helped reduce
13

decompose too fast within the growing season
and be lost from the system before the crop
can use it; and, the slow decomposition of cereal rye may be too slow to meet the needs of
the crop.

respond similarly across all treatments regardless of microbial community structure.
Web-based decision support tool for
cover crop management. The objective of
this project is to develop a system that will
provide an early warning system on a growing
cover crop. A system to alert farmers to check
to see if they need to terminate crop to avoid
problems with growth of the crop will follow.
Progress has been made on linking the various
models together. The next step is to begin to
mesh results and factors affecting the various
linked models.

3. N
 utrient loss reduction
strategies beyond field edge
(3, 5, 8, 11, 12, 18, 19)

Woodchip Bioreactors. There are two
projects evaluating the efficacy of woodchip
bioreactors for nitrate removal from tile water.
In the Piatt County project, the reactors are
working well, removing from 30 to 75% of the
nitrate moving through the reactor when water
flow is not excessive and/or when temperatures are warm enough for microbial activity
to convert nitrate. Additional work needs to be
done to improve efficacy of units as the time
they are most needed will be early spring when
water flow levels may be high and/or cold.
At another location, woodchip bioreactors
were designed to minimize the problems with
flow and temperature mentioned above. They
have been installed, but flow rate has not been
high enough to test either concept.

Aronia - an edible fruit shrub -- is grown in tree tube.

Microbial conversion of nitrate to
ammonium. A microbial-mediated process
called dissimilatory nitrate reduction to ammonium (DNRA) was previously disregarded as it
was thought to be of importance only under
highly reducing conditions.
Mounting evidence indicates that DNRA rates
could be comparable to or many times greater
than nitrate leaching and denitrification rates
in unsaturated soils. An NREC-funded project
is looking at factors that might increase the
process and result in more N being retained as
ammonium rather than as nitrate with the N
compound susceptible to
leaching or denitrification.
After two years of work, the
researchers have identified
soil nitrate concentration
and soil moisture as the primary driver of DNRA activity in agricultural soils and
have confirmed that rates

Researcher taking water samples in a constructed wetland in Bureau County.
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The first year of the third
Constructed wetlands.
project in 2017 was devoted
Three NREC projects are
to installation of equipment
exploring the efficacy of
at the four locations in cenwetlands using different
tral Illinois.
approaches. The first has now
completed the fifth year of
4. E
 valuation of
data collection. It is unique
factors influencing
as it is using non-agricultural
dissolved reactive
crops in large part to
harvest the nutrients. By
phosphate.
using non-agricultural crops,
(1, 4, 21)
they are creating a valueA comprehensive literature
added product that will not
review has found that the
be competing with corn and
highest mean nitrate N consoybeans – the major crops
centrations across the large
grown on neighboring land.
database were from corn or
They are using a low-intensity
soybean site years; whereas,
management program that is
crop selection was shown not
working well. This will allow
to be a significant predictor
the farmer to install and har- Aronia, an edible fruit shrub is grown in a
for annual average drainage
tree tube.
vest the produce, as well as
dissolved phosphorus conhelp to reduce nutrient loss from his farm with
centrations. The relationship of dissolved reacminimal management input. The principal investive phosphorus with hydraulic conductivity has
tigator has reported that most plants are survivbeen inconsistent, as has been the relationship
ing under low management, but they are noting
between DRP concentration and soil test P
that some woody species tolerate waterlogged
level.
conditions where others do not. The investigator has also noted that cover crops adapted to
5. E
 valuation of newly developed
the area will do an excellent job of scavenging
BMP’s to insure they are not
nitrate from the system.
creating new environmental
The second project in this group is working
problems. (16, 17)
with a constructed wetland, incorporating the
Nitrous oxide can be released from several
wetland into the terrain. With the cooperation
reactions in soil, including nitrification, denitriof the land improvement contractors, they have
fication, residue degradation, and likely other
constructed two wetlands in Bureau County
biological reactions. The release of nitrous oxand are working at identifying a third to be built
ide may account for the failure to recover 100%
in Livingston County. The first two wetlands are
of fertilizer applied. To
now operational. Nitrate N
study factors affecting
removal was 1100 kg N in
nitrous oxide emissions,
the first year and increased
this project used plots
to 1700 in year two. Phosbeing used for another
phorus (DRP) removal went
NREC project. While the
from 100 kg to 200 kg from
database is not fully
year one to year two.
populated, indications
are that there is no
single parameter that
is highly correlated to
nitrous oxide emissions.
Monitoring stations on Douglas County farm.
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Outreach and Education
One 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.

results and get input from regional stakeholders on the issues and concerns that they are
facing in the nutrient management space. Due
to the success of these meetings, more were
scheduled for 2018. Input from these meetings
helped to drive research priorities for 2018

Meeting participants were fully engaged to
share what research they felt was important to
Social media served NREC well in 2017 with
undertake. Partnerships were aligned to deliver
more than 62,000 Facebook users reached.
the NREC message even further. Working with
That number translated into 3,133 clicks to the
the Illinois Farm Bureau, five presentations by
NREC web page and other online resources and
NREC-funded researchers were given at the
elicited 1,012 reactions, comments or shares.
annual meeting in Chicago. Partnering with
The USDA/NASS survey funded in part by NREC,
other organizations on outreach activities has
Chairman Jeff Kirwan’s video on biohelped increase the audience reached.
reactors and the release of the Cover
Working with the Illinois Farm Bureau,
62,104 reach
Crop guide were the top posts on
five presentations by NREC-funded
90 posts
Facebook. Twitter also proved to be
researchers were given at the annuan effective way to share
al meeting in Chicago. NREC funded
63,484 impressions
NREC’s stories, generating
researchers were also featured during
142 tweets
63,484 impressions and engagethe CCA Training session at the Illinois
400+ followers
ment with 4,372 Twitter users.
Fertilizer & Chemical AssociaNREC’s Twitter account has
tion’s annual meeting in Peoria.
25 articles/interviews
more than 400 followers.
9 different broadcast
In a new endeavor during
and print media
In print and electronic me2017, NREC started publishing
dia, NREC topics were covered an
a quarterly newsletter and
17 presentations
average of twice a month. Either
periodic “Investment Insights.”
4 quarterly bulletins
researchers were interviewed or
These two mechanisms are
Annual report
research results were communidistributed via email to over
cated by local, state and national publications
400 stakeholders. The quarterly newsletter
as well as RFD and local radio interprovides an overview of current NREC
views. Links to the NREC web site and
projects, meetings, priorities and the
its publications were distributed
Insights are one-page documents 		
throughout the year with at least a
that cover in-depth one research 		
40-percent open rate and a click
topic or project. These publications
through rate of 26-percent.
serve as a great resource for sharing
pertinent research findings and transNREC board members, committee
lating them to practices that 		
members and funded researchers were
can be implemented on-farm.
active in making presentations and participating
in industry meetings and conferences. In 2017,
Also in 2017, the NREC logo was 		
NREC held “listening
			
updated 		
sessions” in both the
				
and 		
Southern and North				
incorporated 			
ern parts of the state.
			
into all
These meetings were
				
communication
specifically designed
				
materials.
to share research
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ILLINOIS NUTRIENT RESEARCH AND EDUCATION COUNCIL
STATEMENTS OF FINANCIAL POSITION - CASH BASIS
DECEMBER 31, 2017 AND 2016

2017

2016

1,168,522
3,735,000

ASSETS
Cash
Certificates of Deposit

$

1,352,782
3,984,000

TOTAL ASSETS

$

5,336,782

$

4,903,522

$

5,336,782

$

4,903,522

NET ASSETS
NET ASSETS
Unrestricted

The accompanying notes are an integral part of the financial statements.
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ILLINOIS NUTRIENT RESEARCH AND EDUCATION COUNCIL
STATEMENTS OF ACTIVITIES - CASH BASIS
YEARS ENDED DECEMBER 31, 2017 AND 2016

2016

2017
REVENUES
Tonnage Assessment
Interest Income
Miscellaneous Receipts

$

Total Revenues
PROGRAM SERVICES
Research Contracts
Consulting
Total Program Services

MANAGEMENT AND GENERAL
Administrative Management Service
Salaries
Payroll Taxes
Payroll Expenses
Health Insurance
Legal Fees
Meeting Expense
Web Design
Insurance
Communication
Accounting Fees
Strategic Planning
Printing and Postage
Office Supplies
Total Management and General
Total Expenses
CHANGE IN UNRESTRICTED NET ASSETS
UNRESTRICTED NET ASSETS, BEGINNING OF YEAR
UNRESTRICTED NET ASSETS, END OF YEAR

$

3,595,296
42,449
46,547

$

3,713,498
42,159
10,000

3,684,292

3,765,657

2,975,635
68,185

2,839,551
59,195

3,043,820

2,898,746

3,127
100,587
8,484
(37)
2,050
7,802
177
9,142
57,297
13,772
2,621
2,190

4,521
90,719
5,506
3,059
3,000
3,962
8,536
3,967
673
31,137
18,453
28,052
59
3,318

207,212

204,962

3,251,032

3,103,708

433,260

661,949

4,903,522

4,241,573

5,336,782

The accompanying notes are an integral part of the financial statements.
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$

4,903,522

ILLINOIS NUTRIENT RESEARCH AND EDUCATION COUNCIL
NOTES TO FINANCIAL STATEMENTS
DECEMBER 31, 2017 AND 2016

NOTE 1 - SUMMARY OF ORGANIZATION AND SIGNIFICANT ACCOUNTING POLICIES
Organization
The Illinois Nutrient Research and Education Council (the Council), is a tax-exempt organization
under Section 501(c)(5) of the Internal Revenue Code.
The mission of the Council is to organize and coordinate agricultural research and education
programs with certified crop advisors, crop production professionals, agricultural producers and
other individuals associated with agriculture and agribusiness. The purpose is to pursue nutrient
and research educational programs to ensure the adoption and implementation of practices that
optimize nutrient use efficiency, ensure soil fertility, and address environmental concerns with
regard to fertilizer use. The Council also prioritizes nutrient research and education needs and
solicits research proposals to general findings and make recommendations to the industry based
on those findings.
All program service disbursements are directly related to programs the Council provides. There
are no allocated expenses.
Basis of Accounting
The cash basis method of accounting is used by the Council. Consequently, revenues are
recorded when received rather than when earned and expense is recognized when paid rather
than when the obligation is incurred.
Certificates of Deposit
Certificates of deposit are carried at cost plus reinvested interest, which approximates fair value.
Net Assets
Net assets are classified into one of three classes of net assets based on the existence or
absence of donor-imposed restrictions. The following is a description of each class:
Unrestricted
Unrestricted net assets includes all net assets which do not have a donor-imposed
restriction.
Temporarily Restricted
Temporarily restricted net assets includes contributed net assets for which donorimposed time and purpose restrictions have not been met and the ultimate purpose of
the contribution is not permanently restricted.
Permanently Restricted
Permanently restricted net assets includes contributed net assets which require, by
donor restriction, that the corpus be invested in perpetuity and only the income be made
available for program operations in accordance with donor restrictions.
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ILLINOIS NUTRIENT RESEARCH AND EDUCATION COUNCIL
NOTES TO FINANCIAL STATEMENTS
DECEMBER 31, 2017 AND 2016

NOTE 1 - SUMMARY OF ORGANIZATION AND SIGNIFICANT ACCOUNTING POLICIES
(CONTINUED)
Revenue Recognition and Tonnage Assessment
The Illinois Department of Agriculture is allowed to levy an assessment on fertilizer sales within
the state of Illinois through Public Act 97-0960, which amends the Illinois Fertilizer Act of 1961.
Once the levy receipts are collected by the Department of Agriculture they are remitted to the
Council to fund its mission and purpose. Amounts are usually received in February and August.
Subsequent Events
Management evaluated subsequent events through August 1, 2018, the date the financial
statements were available to be issued.
NOTE 2 - MANAGEMENT SERVICE AGREEMENT
The Council had contracts for management services with the Illinois Fertilizer and Chemical
Association prior to 2016. The Council’s cost for the administrative management services was
$4,521 for the year ended December 31, 2016.

6

