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

• Rate of application. Results of 44 on-farm trials were 
completed in 2016 and added to the MRTN Calculator for the 
North Central Region of the United States, bringing the number 
of trials contributed by Illinois to 658. When data are entered 
into the calculator where most of MRTN vales are higher than 
EONR, the calculator will adjust for following years by lower-
ing the MRTN. Conversely, when EONR are higher than MRTN, 
the calculator will adjust to suggest higher MRTN values. This 
change in average MRTN is a good thing as these field trials are 
measuring the integration of production practices into yield. This 
includes integration of variables that growers control as well as 
variables outside of the control of growers, such as weather. For 
this reason, it is important to have some number of these trials 
each year in Illinois.   

MRTN is not a perfect recommendation system as it cannot
anticipate field conditions before the season for a given field,
but neither can other recommendation systems. Results of the
last several years will provide a yield equivalent or maybe even
higher than that given by using the recommendation provided
in the Illinois Agronomy Handbook, and it will do it with 30 to 50
lb. less N per acre.

Tracking soil nitrogen loss and availability.  
Researchers have utilized several of the MRTN trials to collect 
soil samples for analysis of quantity and species of N remaining 
in the soil at specific times. Future plans are to develop a model 
that could be used in the future to alert producers to consider 
additional N, or conversely the need to refrain from adding 
additional N. This system could provide assurance to farmers 
that they need not apply “insurance N” in spring or sidedress 
and could be used to alert water companies of the potential for 
nitrate impacting water supplies in very wet springs. 

• Source, time, and method of application.  
Experiments conducted over the last three years evaluated  
the effect of source, time, and method of application at multiple 
locations. These studies did not identify any one management 
technique that was superior to all others, but it did demonstrate 
the impact of management techniques under different  
moisture patterns.  

• Fall versus spring versus sidedress. Yield results of 
experiments comparing the effect of fall versus spring or early 
spring versus sidedress showed inconsistent response across 
years and locations. In two related experiments, yield and 
nitrogen lost via tile lines were evaluated as a measure of the 
impact on nutrient use efficiency. As with the studies above,  
the impact of time of application was inconsistent from farm  
to farm. However, at both locations, the loss via tile lines was  
from 15 to 40% higher from fall application than from  
spring application.  

• Late-split N. Applying full N rate at planting or full rate less 
50 lb. saved back for application at tasseling produced virtually 
identical response. The only exception was at Monmouth where 
the late applied N averaged $7.12 per acre net higher when 
application cost is not included.   

• N source and time of application. Experiments  
were conducted at four locations over a three-year period  
comparing numerous fertilizer materials applied at planting  
and sidedressed. Ammonia sidedressed with or without  
N-Serve did not result in higher yield, and waiting until  
sidedress to apply all of the N resulted in higher yield loss. 
Lacking data to suggest there are differences between fertilizer 
sources when applied at the optimum rate implies that choice 
of N source to use should be based on cost of product per 
pound of N applied and individual preference of the producer. 
Other than in years when N loss in the early part of the growing 
season has been substantial, it is often difficult to justify the 
added cost of multiple applications of N.

E X E C U T I V E  S U M M A R Y
Now in the 5th year of funding, NREC projects funded in 
years one and two – and to some extent – those funded in year 
three are starting to pay dividends in terms of useful data for 
farmers and their advisors. Results are pointing to new and 
improved management practices that farmers can adopt to  
improve nutrient use efficiency and potentially improve the 
quality of water entering the lakes and streams in Illinois and 
ultimately the Mississippi River.   

By the end of 2017, NREC will have invested more than  
$10 million in research and outreach projects. Recognizing  
the importance of the goals of the Illinois Nutrient Loss  
Reduction Strategy, the Council has worked to identify research 
farms based on recommended nutrient loss reduction activities 
– focusing on sound-science and research performed on  
Illinois farms.  

This annual report extracts information from the detailed project 
reports submitted to NREC by the researchers. The projects are 
grouped into four subject areas. 
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• DAP as an N source. Since this study was initiated  
in 2016, there is an inadequate data base to use to draw  
conclusions at this early stage of research.     

2.  Recover, capture, or treatment of N  
remaining in field after harvest

Cover Crops. Six projects evaluated the effect of cover crops 
on nutrient use efficiency. Lessons learned include: 

a.  Higher nitrate levels following corn were decreased when the 
rotation included rye.

b. Inclusion of cereal rye decreased yield at two locations.

c.  Starter fertilizer was beneficial for corn when cereal rye was 
cover crop. 

d.  Inclusion of cereal rye  as a cover crop reduced N loss  
from tile lines by 45% for fall applied N and 41% for spring  
applied N.

e.  When combining cover crops (winter annual, wheat) with 
a bioreactor and followed with a turnip-radish cover crop, 
additional N had to be added as it appears the cover crop 
immobilized the N. Combining cover crops and bioreactors 
nearly eliminated nitrate loss in one growing season.

Buffers or constructed wetlands. Three different – but 
related – systems were evaluated to measure their ability to 
reduce nutrient loss. In all projects, an area of land will be cre-
ated to hold water for a period of time long enough to denitrify 
nitrates contained in the water from the field and to precipitate 
phosphate contained in that water. In two of the projects, the 
buffer area will be planted with plants that tolerate wet soils 
for extended time periods. In one case, the plants will produce 
marketable products that are not competitive with area major 
crops and in another; the plants will attract beneficial insects. 
The third system, called two-stage buffers, will drain into a 
cover crop strip and a grassed buffer.

Preliminary results from two of the systems have shown them 
to be effective, but more work is needed to attain even higher 
levels of removal of phosphorus and nitrate, particularly nitrate.

Dissimilatory Nitrate Reduction to Ammonium 
(DNRA). This is a unique project that is designed to convert 
nitrate back to ammonium, whereas other projects are designed 
to maintain N as ammonium for a longer period before it is con-
verted to nitrate. An innovative idea is to use an underexplored 
microbial pathway referred to as DNRA for nitrate retention in 
soils. Preliminary results indicate perennial planted plots appear 

to favor DNRA. The samples with elevated DNRA appeared to 
have significantly lower presence of genes associated with 
nitrate reduction to NO and with the gene associated with NO 
reduction to N2O in denitrification.

3.  Factors affecting dissolved  
reactive phosphorus (drp) loss from  
agricultural soils.  

Two projects are addressing DRP loss. One is an intensive liter-
ature review that has identified more than 80 publications that 
contribute new information to the MANAGE DRAIN CONCENTRA-
TON DATABASE. In another study, researchers are evaluating 
the effect of soil test P, depression position on landscape, time 
and rate of fertilizer application, and phosphorus and ammo-
nia concentration of snow melt water. It is premature to draw 
conclusions from the data analyzed to date.

4.  Assessing impact of nutrient management 
practices and evaluation of existing crop 
nutrient removal levels

Assessing potential for negative impact to result 
from shifting products or practices. As NREC projects 
identify new products or practices that enhance yield and/or 
improve nutrient-use efficiency, scientists need to ensure  
that other reactions are not occurring that would increase 
environmental problems. Preliminary results have demonstrated 
that ammonia releases the most N2O of any fertilizer materials 
tested. Further work will be required to identify the cause of  
this release.  

Change in farmer practice. A survey of farmers in central 
Illinois documented changes in practices in recent years. Over 
the last twenty years, a significant number of farmers have 
shifted from fall to spring N application and over the same  
period the number of farmers using split N application also  
increased. These results suggest that farmers are willing  
to adopt practices identified in the Nutrient Loss  
Reduction Strategy.

Phosphorus and potassium removal in harvested 
grain. Grain samples were collected from the three major field 
crops (corn, soybean, and wheat) and analyzed for N, P, and K. 
The concentration of nutrients was consistent across years and 
crop districts and – in nearly all cases – lower than previously 
reported in the Illinois Agronomy Handbook, indicating that vari-
eties being grown today are more efficient than varieties of old.
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Annual Report
In August of 2012, Governor Pat Quinn signed into law legis-
lation that established the Nutrient Research and Education 
Council (NREC) a public body of the State of Illinois. The Council, 
made up of representatives of farm commodity groups, the fer-
tilizer industry, environmental groups, and scientists from state 
agencies and universities is charged with allocating resources 
identified in the law to research and education programs that 
will optimize crop production and minimize nutrient loss to  
the environment.

The public will benefit from attainment of these objectives by 
assuring that Illinois maintains its status as a major contribu-
tor to the world food and feed supply while at the same time 
preserving natural resources. Farmers will benefit through 
improved utilization of nutrients and by preserving or improving 
the quality of water moving off their land.   

In addition, NREC is cognizant of the goals of the Illinois Nutrient 
Loss Reduction Strategy (INLRS), which the Illinois Environmen-
tal Protection Agency and the Illinois Department of Ag released 
in July 2015. The Council has worked to identify research needs 
based upon the recommended nutrient loss reduction activities 
within the Strategy, to assure that the ongoing basis of these 
goals and activities for the non-point sector are linked to pub-
lished, peer-reviewed research projects performed on Illinois 
farms and on Illinois soils.  

While this is the fourth annual NREC report, it is the first for 
which there is an adequate data base from ongoing projects to 
allow farmers and crop advisors to consider which practices 
might best work on Illinois farms. As with the introduction of any 
new practice or product into a business, one will need to apply 
these new practices on a small portion of the farming operation 
until it has proven to fit into the operation on a larger scale. 

Since its inception, 30 projects have been funded through 
NREC. A total of more than $10 million will have been invested 
in the program by the end of 2017. Five projects have been 
completed as of the end of 2016; they include a free, on-line 

safety training program on the proper use and handling of 
anhydrous ammonia; a Guide to Fertilizer Use for Turf for use by 
commercial turf applicators; two nutrient studies that are being 
prepared for submission as a scientific publication, and a final 
report of a survey project on fertilizer use in a watershed. 

Now in its fifth year of funding, it is apparent that the success of 
the program can be attributed to several factors including:

1. Of the projects selected for funding, the leaders of the  
projects are qualified and dedicated to applying sound  
scientific processes and exhibit care and precision in  
conducting the projects. 

2. While each project is unique, often two or more projects 
make overlapping contributions to a given segment of the  
NREC program.   

3. Several projects have multiple locations across Illinois 
providing for some measure of the impact of climate and/or soil 
variability on the efficacy of practices or products. 

4. Identification of promising results in a project often leaves 
unanswered questions that generate ideas for submission of a 
new project to further explore the concept.  

5. This program has attracted individuals that normally do little 
work in the field of agriculture, but have expertise not often 
found within the field of agriculture.

6. Researchers from three Universities within the state and one 
private not-for-profit organization are now working on projects.

In the first five years of the program, nitrogen and phosphorus 
have been the nutrients of most concern to NREC and they likely 
will continue to be for the 
foreseeable future. Both 
can cause environmental 
problems, but applica-
tions of these nutrients 
are required for optimum 
crop production on nearly 
all soils in Illinois. While 
nitrogen and phosphorus 
cause some problems in surface water supplies, the man-
agement practices necessary to keep them from creating the 
problem is generally quite different.  

As this program moves forward, there will be need and opportu-
nity to explore the science behind the supplemental application 
of other essential elements. Most Illinois soils have had an  
adequate supply of secondary and micronutrients to support 
crop production. However, with continuous production of 
high-yielding crops, ultimately the supply of these other essen-
tial nutrients will become depleted to the level where supple-
mental applications of these nutrients will become necessary 
on more soils.    
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This report is an extraction of information from the detailed 
project reports submitted to NREC by the researchers. The 
projects are grouped into four subject areas. These groupings 
do not reflect any priority of projects, but rather an attempt to 
allow readers to review and compare similar projects. At the 
end of this document, projects are listed in alphabetical order by 
the last name of the first author. The numbers in (parens) listed 
at the beginning of each section correlate to the project report 
numbers listed under References on page 12.

1.  Efficiency of nitrogen utilization as  
affected by rate, time, and source of  
N used (2, 4, 9, 10, 12, 14, 16)

Rate of application. In 2016, 44 on-farm N rate trials were 
completed under the Comprehensive Nitrogen research pro-
gram, including seven strip trials at UI Crop Sciences Research 
& Education Centers. Figure 1 shows the N response data from 
33 sites with corn-following-soybean in 2016. Averaged across 
all 33 corn-following-soybean sites, the average Economically 
Optimum Nitrogen Rate (EONR) value (157 lb. N/acre) was 17 lb. 
less than the Maximum Return to Nitrogen (MRTN) (174 lb. N/
acre) and the average yield at the EONR (225 bushels per acre) 

was one bushel more than the average using the MRTN at each 
site (224 bushels per acre). At 17 lb. less N and a bushel higher 
yield, using the EONR would have returned on average about $10 
per acre more than using the MRTN in 2016. In contrast, aver-
aged over 36 corn-following-soybean trials in 2015, the average 
EONR was 25 lb. N per acre higher than the MRTN rate (191 v 
166 lb. N) and yields at the EONR averaged nine bushels per acre 
more than yields calculated at the MRTN rate (220 v 211 bu./
acre). The net effect was a return to N about $24 per acre higher 
using the EONR rates in 2015 rather than the MRTN. We think this 
is because the wet weather both damaged the crop and perhaps 
led to some loss of plant-available N in 2015. There was little of 
this in 2016. 

Figure 2 shows the N response from 11 on-farm sites with 
corn-following-corn in 2016. 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 previ-
ous trials, cannot anticipate field conditions before the season 
for a given field, so are almost never exactly the amount of 
N needed in a field. In 2016, in contrast to 2015, most of the 
actual EONR values in the 2016 trials were less than the MRTN. 
In part this happened because the 2015 data, which were put 
into the N rate calculator in early spring 2016, moved the MRTN 
values up, especially for corn-following-soybean in central 
Illinois. We have already submitted the 2016 data to be used 
to update the calculator before the spring of 2017. The results 
of having most of the trials show the need for less N in 2016 
than the MRTN means that adding in these data will lower the 
MRTN back down by a few pounds of N. While the fact that 
the MRTN “moves around” is seen as a negative by some, the 
advantage to continuing to add to the data is that the average 
over different years actually does change, 
and an approach in which a year like 2016 
helps offset the higher N need we saw in 
2015 is a good thing. Including the 2016 
trials, Illinois has contributed 658 trials to 
the data base. By comparison, the next 
largest number of trials added by another 
state is Iowa with 329 additions. The MRTN Calculator for the 
North Central Region of the United States, including Illinois, is 
accessible at http://cnrc.agron.iastate.edu/

Figure 2. N responses from 11 on-farm N rate trials in Illinois in 2016. Yellow 
triangles indicate the optimum N rate for each curve, and green circles show 
yield at the MRTN N rate.

Figure 1. N responses in 34 on-farm N rate trials in Illinois in 2016. Yellow 
triangles indicate the optimum N rate for each trial, and green circles show 
yield at the MRTN N rate.
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MRTN is not a perfect N recommendation system, but it is a 
marked improvement over the University of Illinois recommen-
dation published in the Illinois Agronomy Handbook. Results 
of the two years reported in this document demonstrate that 
use of the MRTN recommended rate would have provided an 
equivalent yield to the EON and used 40-50 lb. less N/acre than 
the Agronomy Handbook system. Much work needs to be done 
to inform Illinois farmers of the importance of shifting to MRTN. 
A recent survey of central Illinois farmers indicates that the 
majority of farmers still use the Agronomy Handbook recom-
mendations as their guide for N use.

The Illinois Nutrient Loss Reduction Strategy (INLRS) suggests 
that most farmers were using an N rate close to the MRTN 
recommendation, but if those not using it would reduce rate to 
MRTN, a significant, although small decrease in N loss would 
occur. Unfortunately, none of the tile-monitoring NREC-funded 
projects were designed to substantiate the impact excess N 
rate might have on N loss. At the Douglas County site, N loss 
from the tile line associated with application of a 25% reduction 
(120 lb. N/acre) in the spring was not significantly different from 
spring application of 160 lb. N/acre (Figure 3).  

Tracking soil nitrogen loss and availability. Taking 
advantage of existing plots, researchers have been collecting 
soil samples from selected treatments for analysis of quantity 
and species of N remaining at specific times during the sea-
son. Plans are to develop a model related to soil and weather 
conditions that could be used in the future to alert producers to 
the need to consider application of additional N. Having such 
a system would provide farmers with the assurance that they 
need not apply any “insurance” N in either spring or sidedress – 
N that often would be vulnerable to loss to the environment.  
The N model could also be used to alert public water companies 
to the potential for contamination of water supplies. This data 
has already been used to assure farmers and crop advisors that  
loss in their area has not been large enough to warrant  
supplemental application of N.   

Source, time, and method of application. Over the time 
period from 2014 through 2016, experiments evaluated the 
effect of source, time and method of N application at multiple 
locations. While results of these studies did not identify any 
one management technique that was superior to all others in 
all studies, they did demonstrate the impact of management 
techniques under different moisture patterns.  

Fall versus spring and early spring versus  
sidedress. Results of experiments comparing the effect of fall 
versus spring or early spring versus sidedress N rates showed 
inconsistent response across years and locations to the man-
agement techniques evaluated. In one on-farm trial in 2016, 
spring-applied N produced about the same yield while using 
about 17 lb. less N than fall-applied N, resulting in a modestly 
higher return for spring-applied N. There was a larger advan-
tage for spring-applied N in 2015, as expected given the wet 
spring weather. Averaged over six on-farm comparisons, yield 
was one bushel less and the N rate required to optimize yield 
was 18 lb. N more for fall-applied versus spring-applied N. At 
another on-farm site in 2016, applying N in the fall compared to 
applying all but 50 lb. in the fall then coming back with 50 lb. at 
sidedress produced virtually identical yields, with slightly more 
N needed if applied in the fall only. 

In two related experiments, yield and nitrate loss through tile 
lines were collected as a measure of the impact of fall versus 
spring and fall versus spring with sidedress applications on 
N use efficiency. Similar to the previous work reported above, 
fall, spring, and combinations of spring and sidedress applied 
N at the same N rate had comparable corn yield in the year of 
N application and soybean yield in the year following without 
any additional N applied in the soybean year. A 25% reduction 
of spring N rate corresponded to approximately a 20% yield 
reduction. Nitrate loss from the full N rate in fall was 30% to 
40% higher than when all N was applied in the spring or half 
applied in spring and the other half in the fall. At the other loca-
tion, fall and spring applied N resulted in comparable yield, both 
of which were 75% higher than the zero N applied treatment.  
Even though there was no yield differential between fall and 
spring applied N, there was a 15% reduction in the amount of N 
loss from spring applied tile lines compared to the same rate of 
N fall applied.

Figure 3. Tile nitrate load from the 6 N treatments on corn in 2016. Change in 
letters indicate significant treatment differences (p<0.05).
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Late-split N: Applying N rates at planting or keeping 50 lb. N 
to apply at tasseling produced virtually identical N responses 
for corn-following-soybean and for corn-following-corn (Figure 
4). The only site at which late-split N increased the return to N 
(at the optimum N rate and yield) was Monmouth, where the 
two trials (C-C and S-C) averaged $7.12 per acre higher net to 
late N (not including the cost of the application); on average, 
late-split N over the other five trials resulted in a loss of $8.23 
per acre compared to planting-time application. Rainfall was 
somewhat higher at Monmouth (totaling about 13 inches in 
June and July) than at other sites, which might have provided 
a small advantage to late N. In a year with a good supply of soil 
N and corn that was well-supplied with N through pollination, 
however, there may be no yield advantage to keeping back 
some N to apply late. With no yield advantage and no reduction 
in the amount of N needed, the cost of late application would 
have meant lower profits in 2016.

N source and time of  
application: Small-plot trials were 
conducted at DeKalb, Monmouth,  
Urbana, and Perry (Orr Center) in 
2016. The base N response (against 
which other treatments 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 at stage V5-V6, 
with corn 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. 

As we saw with most other N trials in 2016, optimum N rates 
were relatively low and yields relatively high. Yields without N 
fertilizer were high at Monmouth (196 bu/acre) and Perry (184 
bu/acre) and optimum N rates low (121 and 104 lb. N/acre); 
both reflect the large amount of mineralized N available under 
June conditions in 2016. At DeKalb and Urbana, yields without N 
were lower (153 and 142 bu/acre) and EONR values higher (165 
and 167 lb. N/acre), respectively. Applying 50 lb. at planting and 
the rest as sidedressed UAN showed a yield benefit at Mon-
mouth but not at the other sites. 

The different timings and forms of N compared at 150 lb. N/ 
acre per produced different yields, without great consistency in 
treatments among sites (Table 1.) The yield range among these 
treatments was 36, 27, 12, and 18 bushels per acre at DeKalb, 
Monmouth, Urbana, Perry, respectively. These ranges were 
generally smaller than we saw in 2015, probably due to less N 
loss or better root function under drier conditions in 2016. When 
the range of treatments was very small, as it was at Urbana, 
statistical differences are rare, and value of ranking yields by 
treatment is lower. As an example, broadcast ESN at planting 
ranked eighteenth (of 20) in yield at Urbana but third across all 
four sites (Table 1); the yield difference between ESN and the 
top yield at Urbana was only 11 bushels per acre, not enough 
to offset the high yields from this treatment at other sites. Still, 
inconsistency of performance among sites means less ability to 
declare differences to be statistically significant; so when aver-
aged across sites there are few “significant” differences among 
treatments. Only the three highest-yielding treatments are sta-
tistically different from the two lowest-yielding treatments when 
averaged across sites in 2016; the other 15 treatments are not 
statistically different from the highest-yielding treatment or, in 
many cases, from the lowest-yielding treatment (Table 1). 

Table 1. Effect of N form and timing on yield at four Illinois sites in 2016, and averaged across sites. All plots re-
ceived 150 lb. of N per acre. Treatments are ranked (1=highest yield to 20) and across-site means are separated 
with letters at p=0.1. 

Figure 4. Response from N applied at planting time (Early) compared to N split 
into planting-time and 50 lb. N (Early + late) as UAN dribbled into the row at 
tasseling. Data are from a corn-following- soybean and corn following corn 
trial at Urbana, Illinois in 2016. 
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Across all sites in 2016, the highest yields were from dry 
fertilizer broadcast at planting – urea with Agrotain, SuperU, 
and ESN ranked 1, 2, and 3, and all yielded 230 bushels per 
acre (Table 1). The next 15 treatments were not significantly 
lower-yielding than the top three (all have the letter “a” behind 
them), but ones that yielded within five bushels of the high-
est-yielding included mostly spilt-N treatments, mostly those 
with 100 lb. N as UAN injected at planting followed by 50 lb. 
UAN dribbled in-row or (at VT) mid-row. The base treatment of 
150 lb. UAN injected at planting was the only other treatment 
with all the N applied at planting to yield among the top third 
of treatments. Lower-yielding treatments included those in 
which UAN was applied to the soil surface, either broadcast 
or dribbled, including the treatments that included Agrotain 
and Instinct II. Treatments with ammonia at planting, with or 
without N-Serve, did not produce high yields, and waiting until 
sidedress time (V5 or V9) to apply all the N resulted in consider-
able yield loss (Table 1). So even in a year with a considerable 
amount of mineralized N available, plants seemed to benefit 
from having at least some of the N applied early, and in a  
form that quickly becomes available to the young plants as  
they emerge. 

Because spring conditions, especially June rainfall, contrast-
ed so much between 2015 and 2016, rankings of N form and 
timing treatments are shown by year and across the two years 
in Table 2. Those that ranked at least 5 places higher in 2015 
than in 2016 included split-N treatments, with 100 lb. of N as 
UAN injected at planting followed by 50 lb. N, either injected at 
V5, broadcast as urea with Agrotain at V5, or as UAN dribbled 
between the rows at VT (Table 2). Treatments in which all N was 
delayed until V5 (injected) or V9 (dribbled) also did considerably 
better in 2015 than in 2016. Those treatments that did better 
in 2016 than in 2015 included three with all the N applied at 
planting – UAN dribbled (still not a very good treatment), urea 
with Agrotain broadcast, and ESN broadcast. The only other 
treatment to do much better in 2016 than in 2015 was 100 lb. 
N as UAN injected at planting followed by 50 lb. UAN dribbled 
between the rows at VT. Across all seven site-years, though, the 
top seven treatments (those followed by “a” or “ab” in Table 
2) included dry fertilizer broadcast at planting, UAN injected at 
planting (the base treatment), and 100 lb. N as UAN injected 
at planting followed by 50 lb. UAN dribbled between the rows 
at V9, or dribbled in the row at V5 or at VT. Most of the rest of 
the treatments with all the N applied at planting or with UAN 
applied to the soil surface did not yield statistically higher (the 
letter “f” follows each yield) than the lowest-yielding treatment, 
which was broadcast UAN with Agrotain at planting. We don’t 
have a good way to know if UAN applied to the soil surface is 
lost to urease activity (even when a urease inhibitor is used) or 
does not become available to the plant in time to prevent yield 
loss. We do know, however, that this is not a very good way to 
apply N to the crop.

Of the current treatments, we have used to compare 150 lb. 
N using different forms and time, 15 were used the first year 
(2014) and are still in the trials. Spring conditions in 2014 
season fell between those of the wet 2015 and the drier 2016. 
Table 3 has yields from these treatments averaged over the ten 
site-years – DeKalb, Monmouth, and Urbana 2014-2016 and 
Perry in 2016. The base treatment – UAN injected at planting – 
ranked fourth in yield, three bushels (but not significantly) less 
than the highest-yielding treatments of urea + Agrotain and 

Table 2. Effect of N form and timing on yield over three Illinois sites in 2015 
and four sites in 2016. All treatments included N at a total rate of 150 lb. N/
acre. Rank (1=highest to 19) is given, and across-site means were separated 
at p = 0.10.

Table 3. N form and timing effects averaged across ten Illinois site-years, 
2014-2016. 
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SuperU broadcast at planting (Table 3). Other treatments whose 
relative ranks changed somewhat comparing the last two years 
with the last three years include the treatment with 50 lb. N 
broadcast at planting followed by injection of 100 lb. at V5, and 
injection of 100 lb. N at planting followed by 50 lb. injected as 
UAN at V5 – both were better treatments in 2014 than in 2015-
16. Waiting until V5 to apply all the N also worked better in 2014 
than in 2015 or 2016. 

Planting-time versus split N. The N form and timing stud-
ies discussed above include a number of treatments that com-
pare one-time and split N applications, all at the same N rate 
(150 lb. N/acre). Our small-plot studies under this project also 
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. It is noted above that of the four sites in 2016, we found 
higher yield with split N than with N applied at planting time at 
only one site (Monmouth.) 

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 12 bushels) with all-early application than with 
split application (Figure 5).

The two methods produced similar yields at the two higher 
rates, and the optimum N rates and yields at those rates were 
similar; the optimum N rate and yield at that rate were, aver-
aged over sites, about 9 lb. N and 1.6 bushels per acre higher 
for split compared to all-early N. Such differences are too 
small to be considered as “real” differences, but it is clear that 
expecting split N with a sidedress application to require less N, 
and perhaps to yield more, may not be realistic. Finding a lower 
yield with split application at the low rate (100 lb. of N) might 
support the idea, mentioned above, that not having all the N in 
the soil early might sometimes result in N deficiency that can’t 
be overcome by later application of N. 

DAP as an N source: This study was added 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 
6 reps to better detect small differences. 

Results for this first year were, however, somewhat unusual, es-
pecially at Urbana, and we will wait until we have results from 
2017 before we try to reach any conclusions. At Monmouth, N 
responses to spring DAP and (spring) UAN were similar, and fall 
DAP needed about 16 lb. more N per acre to maximize yield 
than spring DAP. The N response at Urbana was very unusual: 
all three sources of N showed an accelerating curve, with the 
highest yield at the highest N rate and no differences among 
sources. We do not have a good explanation for such a re-
sponse from any source, let alone more than one source.

2.   Recover, capture, or treatment of  
remaining N in field after harvest 
(2, 5, 7, 8, 11, 15, 17, 19)

Cover Crops: For decades, farmers have used cover crops 
to prevent soil loss from erosion and have used legume cov-
er 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. The 
six cover crop projects 
funded by NREC were 
focused on questions 
farmers will have when 
planning a cover crop 
program that will max-
imize the benefit and 
minimize any risk that 
might be incurred in 
their crop management 
program.  

Experiments were 
established at six 
locations across Illinois 
to evaluate the main effect of cover crop, cash crop, and tillage, 
and all interactions of those factors on change in nitrate con-
centration in the soil and on grain yield. The only factor signifi-
cantly affecting soil nitrate was cash crop – higher nitrate levels 
were detected immediately following corn; and there was a 

Figure 5. Responses to N rate for N applied as injected UAN at planting 
compared to 50 lb. N injected at planting and the remaining N sidedressed at 
V5-V6. Data are averages over Illinois ten site-years, 2014-16.
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slight decrease in soil nitrate levels when the rotation included 
annual ryegrass. As expected, differences in weather conditions 
resulted in yield differences at each location from year to year.  
Inclusion of annual rye decreased corn yield at two locations.  

A project using a similar design was established in southern 
Illinois during the 2015 crop year. Since the amount of data 
collected thus far is very limited, the authors are deferring inter-
pretations until more data has been collected.

Using nitrate lost through a tile system as a measure of efficacy, 
cover crops reduced N loss by 45% for fall applied N and 41% 
for spring applied N. At another central Illinois location, cereal 
rye as the cover crop reduced N loss by 40%. Starter fertilizer 
was beneficial for corn whenever cereal rye was used for cover 
crop ahead of corn production.  

Effect of cover crop on N & P loss in paired water-
shed. In southern Illinois, cover crop reduced total suspended 
solids (TSS) and dissolved reactive phosphorus (DRP) by 38.8 
& 0.41%.  However, in central Illinois, cover crop used in paired 
watersheds had no influence on total P, but significantly reduced 
nitrate concentration.  

Cover crop, extended crop rotation, bioreactors. 
While still early in the process of data collection, this project 
seems to be offering one of the most effective techniques for 
reducing nutrient loss from the system. Whether it will prove 
to meet all goals of NREC is yet to be determined. Inserting a 
winter annual (wheat) into the rotation appears to have lowered 
the nitrate loss from tile lines during the fall/winter season 
when the crop is consuming N as compared to corn and soy-
bean which have no N uptake over the period from August to 
May. When wheat is fertilized in late winter, early spring nitrate 
level increases – but generally not up to the level associated 

with corn as previous crop. The wheat, radish, turnip cover crop 
system appears to be immobilizing the N, requiring additional N 
for the following corn crop. Combining two techniques (bioreac-
tors and cover crops) in one farm nearly eliminated nitrate loss 
in one growing season.   

Constructed wetlands, saturated buffers, and mul-
tifunctional buffers. Three distinctly different, but related 
techniques are being used to reduce the amount of nutrient 
loss between edge of field and lake or stream. The buffered and 
wetland areas are created by diverting field water either surface 
drainage or tile drainage water to an area that will allow water 
to stand long enough that a portion of the phosphorous will fall 
out of solution and a portion of the nitrate will denitrify. Land 
area assigned to buffers or wetlands are as much as possible 
low producing land or in many cases land that is positioned 
such that cropping is seldom done on it.

Multifunctional buffers. This project was initiated in the 
first year of the program with an objective to identify a buffer 
that will hold water for an extended period of time and to plant 
the buffer to plants that tolerate wet soils and have an affinity to 
accumulate N. The product produced by the plants will have a 
local market and not be competitive with locally-grown produce.  
With experience, researchers have identified those species that 
will not only tolerate wet soils and survive wildlife, but produce 
a profitable crop and extract significant amounts of N from the 
soil. Compared to corn/soybean, edible crops had about half the 
N concentration remaining in the soil.

Two stage saturated buffers. This proj-
ect will quantify nitrate-N leaching from three 
drainage scenarios in a tile-drained system: 
1.) a control (i.e., a grassed buffer with no 
tile diversion), 2.) a standard saturated buffer 
(i.e., a diversion draining through a grassed 
buffer), and 3.) a two-stage saturated buffer 
that drains into both a cover crop strip (stage 
1, diversion 1) and a grassed buffer (stage 
2, diversion 2). This is a unique and untested 
design that will help guide the development of 
future agricultural BMPs. 

In the first year of this project, researchers 
installed the equipment and tested the system 
for uniformity of response.

Combining two techniques (bioreactors 
and cover crops) in one farm nearly elimi-
nated nitrate loss in one growing season.    
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Constructed wetlands. As the name implies, through land 
shaping, water from fields or portions of fields will be diverted 
to an area designed to hold the water for a period long enough 
for denitrification to occur and phosphorus to settle out.  

Two wetlands have been constructed in Bureau County –  
one in 2015 and the other in 2016. The 2015 wetland is fully  
operational and data collection started in 2016. Overall, removal 
averaged 22% for soluble reactive phosphate, 10.6% for nitrate, 
and 10.3% for total inorganic N. Researchers expected N loss 
to be higher and are in the process of trying to determine why 
more N is not being denitrified. They speculate that develop-
ment of more vegetation in the wetland will enhance N loss  
in future years.

Dissimilatory nitrate reduction to ammonium. Much 
of the NREC research has focused on minimizing the amount 
of N in the system as nitrate during periods when soil mois-
ture levels are conducive to leaching or denitrification. Nearly 
all the ongoing NREC work is evaluating practices or products 
designed to keep N as ammonium for as long as possible after 
application. An innovative idea proposed and now funded by 
NREC is to use an unexplored microbial pathway referred to as 
dissimilatory nitrate reduction to ammonium (DNRA) for nitrate 
retention in soils. This reaction has been previously understud-
ied due to the prevailing model which suggests that DNRA oc-
curs only under highly reducing conditions. Mounting evidence 
now indicates that DNRA rates can be comparable to – or even 
many times greater – than nitrate leaching or denitrification 
rates in unsaturated soils. Preliminary results indicate perennial 
planted plots appear to favor DNRA. They also noted that sam-
ples with elevated DNRA appeared to have significantly lower 
presence of the genes associated with nitrite reduction to NO 
and with the gene associated with NO reduction to N2O  
in denitrification.

3.  Factors affecting dissolved  
reactive phosphorus loss from  
agricultural soils (1, 3)

An intensive review of literature is being conducted in search of 
new publications that will contribute new data to the Manage 
Drain concentration data base.  In the past year, new data has 
been collected from more than 80 publications to be added 
to the new MANAGE Drain concentration database. Emphasis 
was on DRP, but when available, nitrate data was also collected 
and added to the system. These data along with information on 
cropping system and agronomic management will be analyzed 
to determine the effect of controllable factors and uncontrollable 
factors upon P concentrations in drainage water. 

In a related study, nine farms were selected for intensive 
sampling to ascertain factors that affect DRP loss through tile 
systems. Factors being evaluated include soil test P, depres-
sion position on the landscape, time and rate of fertilization 

application. They are also monitoring phosphorus and ammonia 
concentration of snow melt water. It is premature to attempt to 
draw conclusions from the data analyzed to date.

4.  Assessing potential for negative  
impact to result from shifting products 
or practices (13, 14, 16, 18)

Agronomic assessment of soil nitrous oxide  
emissions. The push toward higher yield combined with 
reduction of N loss to lakes and streams could enhance the 
potential for increased loss of N as N2O. To assess factors 
that could affect N2O loss potential, experiments have been 
established to evaluate effect of tillage, residue removal, and 
numerous N materials. First year results have shown ammonia 
to release the most N2O of any of the fertilizer materials tested. 
This was true for values corrected for yield and without correc-
tion for yield.

Assessing synergies and tradeoffs of recommended 
BMP’s to reduce nutrient losses. The overall goal of this 
project is to evaluate whether current BMP’s for reducing nitrate 
loss may result in agronomic and environmental tradeoffs that 
have not been considered. Due to procurement requirements, 
the start of the project was delayed to the point that equipment 
was not installed in time to conduct a field study involving  
crops in 2016.

Change in farmer practices. A survey of farmers in the 
Lake Bloomington and Evergreen Lake (Illinois) watersheds 
has documented changes in practices in recent years. Survey 
results indicate that approximately 77% of the land in the two 
watersheds was covered in the survey. Results of the survey are 
documented in Figure 6.

Phosphorus and potassium removal in corn,  
soybean, and wheat grain. Corn and soybean grain was 
collected from all nine Crop Reporting Districts in Illinois and 
wheat from all districts that have significant acreage of wheat.  

Figure 6.  Over the past 20 plus years, a significant number of farmers have 
voluntarily shifted from fall to spring N application and over the same period, 
the number of farmers using split application of N has increased substantially.  
These results give an indication that farmers are willing to adopt some of the 
practices identified in the Nutrient Loss Reduction Strategy.
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