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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 en-
vironment. 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 spe-
cialty 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 Protec-
tion 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 out-
lines specific areas of need as identified by the 
Council with grower and industry input. Com-
ments 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 proj-
ect has individual goals, some have overlapped 
that validate other projects and carry over 

research approaches at different geographic 
locations around Illinois. Through education-
al 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.  Pull-
ing these highlights together for projects with 
similar goals, particularly when they have been 
done at multiple locations under different envi-
ronments, allows readers to gain a different per-
spective on the effect of factors that influence 
nutrient use efficiency. 

     The following pages are a summary of infor-
mation from multiple projects with similar goals. 
Each of the projects is included in one or more 
of the following groups.  

1.  Efficiency of nitrogen utilization as  
affected by rate, time and source of  
N used 

2.  Recovering residual N inside field  
border

3.  Nutrient loss reduction strategies  
beyond field edge

4.  Evaluation of factors influencing  
dissolved reactive phosphate

5.  Evaluation of newly developed BMP’s to 
insure they are not creating new envi-
ronmental problems

Background
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1.  Efficiency of N utilization as  
affected by rate, time and source 
of N used.  

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 data-
base 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 inves-
tigated 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 rec-
ommendations that are generally 30 to 40 lb 
N/acre less than recommendations published 

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 ap-
plied 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.  

     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 

University of Illinois plots used in NREC research.
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3.  Nutrient loss reduction  
strategies beyond field edge.  

The two systems being used to remove nitro-
gen from drainage water between field edge 
border and lakes and streams include wood-
chip bioreactors and wetlands. Both utilize the 
naturally occurring microbial reaction of denitri-
fication to reduce nitrate in tile drainage.   

     Constructed wetlands, which are known to 
be effective in reducing the amount of N leav-
ing 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 proj-
ects 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 

majority of the N applied near planting, as  
opposed to applying it at sidedress or later 
which resulted in a decrease in yield. A prac-
tice 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 vol-
atility. 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 pres-
ent to cause the loss the additive protected 
against.  

2.  Recovering 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 recy-
cled back for the next crop, it reduces the po-
tential 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.   

     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 follow-
ing cereal rye?” Preliminary data indicates  
that it may take more, not less, N for optimum 
corn production. 

     Previously known, but thought to be of limit-
ed 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 reac-
tion 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.



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 proj-
ect 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 

a 200-acre field in one year. The woodchip bio-
reactors 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 mi-
crobial 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.  Evaluation of factors influencing  
dissolved reactive phosphate.  

Phosphorus projects funded by NREC are  
early in their activities. A comprehensive liter-
ature 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 relation-
ship between DRP concentration and soil test  
P level. 

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

Nitrous oxide can be released from several 
reactions in soil, including nitrification, denitri-
fication, residue degradation, and likely other 
biological reactions. The release of nitrous ox-
ide 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.

5

Taking soil samples of P and K in one of the closed 
depressions in Douglas County field.
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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 mini-
mize 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 
the researchers to NREC. The 
projects are grouped into five 
subject areas. At the end of the 
document, projects are listed in 
alphabetical order by the last name of the first 
author, the numbers in parentheses listed at 
the beginning of each section correlate to the 
project report numbers listed under references 
on page 15.

1.  Efficiency of nitrogen utilization as  
affected by rate, time and source of  
N used. 

2.  Recovering residual N inside  
field border.

3.  Nutrient loss reduction strategies  
beyond field edge.

4.  Evaluation of factors influencing  
dissolved reactive phosphate.

5.  Evaluation of newly developed BMP’s 
to insure they are not creating new 
environmental problems.

1.  Efficiency of nitrogen utilization as 
affected by rate, time and source 
of N. (2, 7, 13, 14, 18, 22)

Rate of application. This project has been 
ongoing for several years with the objective of 
developing and testing the Maximum Return 
to Nitrogen (MRTN) system for deriving N rec-
ommendations. In 2017, data were collected 
from 61 more trials: 51 from corn-soybean (C-S) 
rotation and the other 10 from corn after corn 
rotation. The addition of the 2017 data brings 
the number of locations to 186 over the last 
four years. As in past years, each response was 
fitted with an appropriate function and the 
EONR was calculated (Figure 1). In addition, the 
MRTN N rate from the N rate calculator, run for 
the appropriate Illinois region and previous crop 
for each trial, and for each curve, is plotted in 
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).  

Figure 1. N responses in 51 on-farm N rate trials where corn followed soybean 
in Illinois in 2017. Yellow triangles indicate the optimum N rate for each trial, 
and green circles show yield at the MRTN N rate. The three columns of MRTN 
values, from left to right, are values for northern, central, and southern Illinois.

In Depth
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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 follow-
ing 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 previ-
ous 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 ob-
tained (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 prov-
en 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 vari-
eties 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 Agron-

omy 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 unfertil-
ized corn plants resulted in less 
evapotranspiration and exerted 

less physical demand on the nitrate in soil 
solution due to poor N nutrition and root devel-
opment, 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 high-
er 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 high-
er 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 

      Yield Bu/Acre @ Optimum N
EONR  215  220  225  229   173  197  224  238

MRTN  210  211  224  226   174  190  224  239

      Lb N/Bu @ Optimum N
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

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. 



8

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 illus-
trate 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 advan-
tage for spring applied N 
occurred at only one of 
four studies, there were 
two other studies funded 
by NREC that observed significantly more N loss 
via tile lines from fall applied (54.6 lb/acre) than 
from spring applied N (44.6 lb N/Acre).  
The lowest nitrate load in this study occurred 
when the N was sidedressed (38 lb/acre). In still 
another study, 11% less nitrate was released 
from tile when N was spring – as compared  
to fall – applied.  Interestingly, when tile moni-
toring continued through the soybean phase  
of the rotation, there was an 88% increase in ni-
trate load during soybean year 
for spring versus fall N applied 
to the previous crop.   

     In 2017, researchers com-
pleted the second year of a trial 
designed to see if keeping back 
50 lb of N to apply at tasseling 
time will increase yields. The 
late N was dribbled using a 
hand-boom into the row near 
the base of the plants as a way 
to duplicate the “Y-Drop” tubes 
being marketed to apply N 
into standing corn. Trials were 
conducted in corn following 
soybean at DeKalb, Monmouth, 

Urbana, Perry, and on a Cisne soil near Neo-
ga, Illinois, and in corn following corn at Mon-
mouth, Urbana, and Perry.  

     Applying N rates at planting or keeping 50 lb 
N to apply at tasseling produced virtually iden-
tical N responses in corn following soybean and 
in corn following corn. Across five soy-corn tri-
als in 2017, however, late-split N required 15 lb 
more N and produced about the same yield as 
early application, so returned some $5 per acre 

less to N than early N. Over the 
three corn-corn trials in 2017, 
late-split N required 6 lb less N 
but yielded three bushels less 
than early-applied N, for a net 
loss of almost $10 per acre. So 
with no yield advantage and no 
overall decrease in the amount 
of N needed, the cost of late 
application would have low-
ered profits in 2017 – the same 
outcome as we saw in 2016. 
In all but one site-year over 
the past two seasons (DeKalb 
in 2017), the actual EONR was 
less than the MRTN; using 
MRTN rates instead of calcu-

Figure 2. A comparison of fall versus spring N application at an on-farm site in 
west-central Illinois in 2017. The green triangle marks the N rate and yield at the 
point of maximum return to N for fall-applied NH3, and the yellow triangle does the 
same for spring-applied NH3.
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lating differences from the actual N responses 
in each trial would have produced no change 
in relative performance; all sites would have 
received more N than needed. 

N rate, timing, and form. Small-plot trials 
were conducted to evaluate the effect of time, 
rate, and source of N at DeKalb, Monmouth, Ur-
bana, and Perry in 2017, on corn following soy-
bean. The base 
N response 
(against which 
other treat-
ments were 
compared) was 
generated with 
UAN applied 
by injection at 
planting at rates 
ranging from 
0 to 250 lb N/
per acre in 50-
lb increments. 
The response 
to sidedressing 
N was tested 
using 50 lb N 
at planting plus 
50, 100, or 150 
lb N as UAN 
injected be-
tween the rows 
at stage V5-V6, 
with corn to 12” 
to 16” tall. An 
additional 19 treatments were applied at  
the rate of 150 lb N/acre using a range of  
timings, forms, and inhibitors. Table 2 lists  
these treatments. 

     Yields were high in these trials in 2017, and 
optimum N rates were somewhat higher than 
seen in previous years; EONR values ranged 
from less than 150 lb N/acre at Monmouth to 
about 175 at Perry (where yields were lower) to 
more than 200 lb N/acre at DeKalb and Urbana. 
Yields without N fertilizer, which is an indicator 
of the amount of N supplied by the soil, were 
around 200 bu/acre at DeKalb and Monmouth, 
and around 150 bu/acre at Urbana and Per-
ry. Differences among forms and timing of N 
application at the same rate (150 lb N/acre) 
should be more likely when the optimum N rate 

is higher than this rate, but the range in yield 
among these treatments was not much larger 
than seen in previous years, except at Urba-
na, where heavy rainfall after planting caused 
non-uniformity of stands and greater variability 
in yields. Unfortunately, soil N during the grow-
ing season is not related to crop yield at the 
end of the season.

     The differ-
ent timings 
and forms of 
N compared 
at 150 lb N/
acre produced 
different yields 
with expected 
inconsistencies 
among sites 
in 2017 (Table 
2). The yield 
range among 
treatments was 
24, 22, 70, and 
26 bushels per 
acre at DeKalb, 
Monmouth, Ur-
bana, Perry, re-
spectively, and 
only 13 bush-
els per acre 
when averaged 
across sites. 
Except at Urba-
na, where there 

was considerable variability in the trial, these 
ranges were generally smaller than in previous 
years. When the range of treatments was small, 
as it was at DeKalb, statistical differences are 
scarce, and value of ranking yields by treatment 
is decreased. Conversely, a site where the yield 
range among treatments is large has an over-
sized influence on the overall yield rankings. 
Still, inconsistency of performance among sites 
means less ability to declare differences to be 
statistically significant. When averaged across 
sites there are few “significant” differences 
among treatments. Attempts to develop a 
model to predict soil N concentration related to 
fertilizer management, weather, and soil types 
has been judged to be fair at best.  

Table 2. Effect of N form and timing on yield ranked averaged over three 
Illinois sites in 2015 and four sites in 2016 and 2017. All treatments included 
N at a total rate of 150 lb N/acre. Means across all 11 site-years were sepa-
rated at p=0.1.
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     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 treat-
ments 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 treat-
ments flipped from above average to below 
average and vice versa in 2017 compared 
to earlier years seems likely to be a result 
of the different pattern of weather in 2017, 
including wet conditions after planting followed 
by dry weather conditions a few weeks later. 
Some treatments, including UAN with Instinct™ 
injected at planting, NH3 with N-Serve® prior 
to planting, UAN with Nutrisphere® injected at 

planting (Table 1 – treatment added in 2016), 
and dribbling all of the N as UAN between rows 
at V9, were among the lowest-yielding in 2017, 
as well as in most earlier trials. 

     Of the 20 current treatments to compare 
150 lb N using different forms and application 

times, 15 were used the first 
year (2014) and are still in the 
trials. Table 3 shows yields 
of these treatments aver-
aged 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® broad-
cast at planting (Table 3). The 
top nine of 15 treatments, 
when averaged over all site-
years, did not yield significant-
ly less than the highest-yield-
ing treatment. And the eight 
treatments with the lowest 
yields (yields followed by the 

Table 3. N form and timing effects among 15 treatments, all at 
150 lb N per acre, averaged across fourteen Illinois site-years, 
2014-2017. Means are separated at p=0.1.

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 manage-
ment 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 manu-
facturing 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 am-
monia derived from hydrolysis of urea to am-
monia. 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/sid-
edressed N. Small-plot studies 
under this project include a com-
parison 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 applica-
tion 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 identi-
cal; 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 (0-45-
0) 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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     These trials were done exactly according  
to plan at Monmouth and Urbana in 2017.  
Results were, as was the case in 2016, some-
what unusual: there was no significant re-
sponse 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.  Recovering 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 dif-
ferent approaches produced results that identi-

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 annu-
al, 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 tak-
en up and the taller the rye became, the more 
damage was observed. The most likely problem 
in the corn grown after cereal rye was alleolop-
athy, 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 termi-
nated with the first killing frost, have not result-
ed 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 convention-
al tillage and no-tillage. The researchers obser-
vations 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.



the event mean discharge as well as peak  
discharge (Figure 4). Both cover crops (i.e.,  
cereal rye and hairy vetch) reduced peak  
discharge of storm events (with intensity <10 
mm hr-1) by 51-55% for the watershed with  
cover crops compared to watershed without 
cover crops, likely due to increased infiltration 
rates. Additionally, the total suspended solids 
and discharge were reduced by 33% and 34%,  
respectively in the watershed with cover  
crops during the cover crop treatment period.

Release of N from cover crop residue.  
The benefit to be obtained from the N that is 
entrapped in the cover crop residue will depend 
on when that N is released from the residue  
relative to N uptake of the crop grown in the 
field in the following season. Work in southern 
Illinois noted a considerable difference in  
concentration of N and decomposition of above 
and below-ground residue of hairy vetch and 
cereal rye. Hairy vetch had approximately four 
times as much N in above ground portion of 

plant and three times as much in the root. With 
the higher N content, the C:N ratio was lower, 
leading to decomposition of the hairy vetch 
within four weeks of termination of the hairy 
vetch. Cereal rye residue decomposes much 
slower and may tie up N because of its high C 
to N ratio. It is possible that hairy vetch may 

Figure 4. Storm water discharge measured from paired watersheds representing storm 
events received during cover crop season in 2016 and 2017.
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to corn/no cover crop/soybean/no cover crop, 
whereas no significant difference existed in 
corn yield due to cover crop treatments within 
conventional tillage. Both cover crop rotations 
under no tillage reduced soybean yield by 24-
27%, compared to no cover crop rotation.

     The nitrogen uptake of cereal rye was  
higher in the watershed planted with cover 
crops than the weeds in no cover crop water-
shed. Although this increase in nitrogen uptake 
was not significant it still resulted in reducing 
nitrate-N leaching measured using tension 
lysimeters in the watershed with cover crops 
by 67% when compared to the no cover crop 
watershed. During 2017, the nitrogen uptake of 
hairy vetch was 110.9, 85.02 and 44.89 kg ha-1 
higher than the watershed that had no cover 
crops at the shoulder, backslope and footslope 
position, respectively. However, the improve-
ments in the water quality were only seen at 
the footslope position, where the hairy vetch 
cover crop in spring 2017 reduced nitrate-N 
concentrations in the 
watershed planted 
with cover crops com-
pared to watershed 
with no cover crops 
by 7.71 mg L-1. 

     Another manage-
ment approach taken 
in a central Illinois 
project was to shift 
a corn-soybean  
rotation to a corn-  
soybean-wheat  
rotation followed by 
cover crop after the 
wheat harvest. Nitrate 
recovered from the 
profile was so com-
plete that researchers 
had to apply added N 
to overcome an N  
deficiency in the corn crop that followed.   

Cover crops at the watershed scale in 
paired-watershed design. Delayed termi-
nation of hairy vetch in May 2017 resulted in a 
100% increase of the biomass when compared 
to biomass sampling in April 2017. The thick 
biomass cover of hairy vetch helped reduce  



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

Microbial conversion of nitrate to  
ammonium. A microbial-mediated process 
called dissimilatory nitrate reduction to ammo-
nium (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 pri-
mary driver of DNRA activ-
ity in agricultural soils and 
have confirmed that rates 

respond similarly across all treatments regard-
less 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.  Nutrient 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 tempera-
tures 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.  
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Aronia - an edible fruit shrub -- is grown in tree tube.

Researcher taking water samples in a constructed wetland in Bureau County.



Constructed wetlands. 
Three NREC projects are 
exploring the efficacy of 
wetlands using different 
approaches. The first has now 
completed the fifth year of 
data collection. It is unique 
as it is using non-agricultural 
crops in large part to  
harvest the nutrients. By 
using non-agricultural crops, 
they are creating a value- 
added product that will not 
be competing with corn and 
soybeans – the major crops 
grown on neighboring land. 
They are using a low-intensity 
management program that is 
working well.  This will allow 
the farmer to install and har-
vest the produce, as well as 
help to reduce nutrient loss from his farm with 
minimal management input. The principal inves-
tigator has reported that most plants are surviv-
ing under low management, but they are noting 
that some woody species tolerate waterlogged 
conditions where others do not. The investiga-
tor has also noted that cover crops adapted to 
the area will do an excellent job of scavenging 
nitrate from the system.

     The second project in this group is working 
with a constructed wetland, incorporating the 
wetland into the terrain. With the cooperation 
of the land improvement contractors, they have 
constructed two wetlands in Bureau County 
and are working at identifying a third to be built 
in Livingston County. The first two wetlands are 
now operational. Nitrate N 
removal was 1100 kg N in 
the first year and increased 
to 1700 in year two. Phos-
phorus (DRP) removal went 
from 100 kg to 200 kg from 
year one to year two.  

     The first year of the third 
project in 2017 was devoted 
to installation of equipment 
at the four locations in cen-
tral Illinois.  

4.  Evaluation of  
factors influencing 
dissolved reactive 
phosphate.  
(1, 4, 21)

A comprehensive literature 
review has found that the 
highest mean nitrate N con-
centrations across the large 
database were from corn or 
soybean site years; whereas, 
crop selection was shown not 
to be a significant predictor 
for annual average drainage 
dissolved phosphorus con-

centrations. The relationship of dissolved reac-
tive phosphorus with hydraulic conductivity has 
been inconsistent, as has been the relationship 
between DRP concentration and soil test P 
level.  

5.  Evaluation of newly developed 
BMP’s to insure they are not  
creating new environmental 
problems. (16, 17)

Nitrous oxide can be released from several 
reactions in soil, including nitrification, denitri-
fication, residue degradation, and likely other 
biological reactions. The release of nitrous ox-
ide 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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Aronia, an edible fruit shrub is grown in a 
tree tube.

Monitoring stations on Douglas County farm.



Outreach and Education

62,104 reach 
90 posts

63,484 impressions
142 tweets
400+ followers

25 articles/interviews

9 different broadcast  
and print media

17 presentations

4 quarterly bulletins

Annual report
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One role of NREC is to deliver information to 
farmers so that they can implement the prac-
tices tested and proven by researchers to help 
reduce nutrient loss while maintaining produc-
tivity. 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 2017 with 
more than 62,000 Facebook users reached. 
That number translated into 3,133 clicks to the 
NREC web page and other online resources and 
elicited 1,012 reactions, comments or shares. 
The USDA/NASS survey funded in part by NREC, 
Chairman Jeff Kirwan’s video on bio-
reactors and the release of the Cover 
Crop guide were the top posts on 
Facebook. Twitter also proved to be  
an effective way to share 
NREC’s stories, generating 
63,484 impressions and engage-
ment with 4,372 Twitter users. 
NREC’s Twitter account has 
more than 400 followers.

     In print and electronic me-
dia, NREC topics were covered an 
average of twice a month. Either 
researchers were interviewed or 
research results were communi-
cated by local, state and national publications 
as well as RFD and local radio inter- 
views. Links to the NREC web site and  
its publications were distributed  
throughout the year with at least a  
40-percent open rate and a click  
through rate of 26-percent. 

     NREC board members, committee  
members and funded researchers were  
active in making presentations and participating 
in industry meetings and conferences. In 2017, 
NREC held “listening 
sessions” in both the 
Southern and North-
ern parts of the state. 
These meetings were 
specifically designed 
to share research 

results and get input from regional stakehold-
ers 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 
undertake. Partnerships were aligned to deliver 
the NREC message even further. Working with 
the Illinois Farm Bureau, five presentations by 
NREC-funded researchers were given at the 
annual meeting in Chicago. Partnering with 
other organizations on outreach activities has 

helped increase the audience reached. 
Working with the Illinois Farm Bureau, 
five presentations by NREC-funded 
researchers were given at the annu-
al meeting in Chicago. NREC funded 
researchers were also featured during 
the CCA Training session at the Illinois  
         Fertilizer & Chemical Associa-

tion’s annual meeting in Peoria. 

     In a new endeavor during 
2017, NREC started publishing 

a quarterly newsletter and 
periodic “Investment Insights.” 
These two mechanisms are 
distributed via email to over 

400 stakeholders. The quarterly newsletter        
     provides an overview of current NREC  
                 projects, meetings, priorities and the  
       Insights are one-page documents   
                that cover in-depth one research   
      topic or project. These publications  
      serve as a great resource for sharing  
     pertinent research findings and trans- 
     lating them to practices that    
    can be implemented on-farm.

     Also in 2017, the NREC logo was    
                     updated   
            and       
              incorporated    
                  into all  
              communication  
              materials.
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