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From the Research Committee Chairman
Almost back to normal is how I would describe the last year for NREC and its 
researchers. Researchers never slowed down – despite the pandemic – and found 
new ways to communicate their research findings. And just like the farmers they 
communicate to, they had to make modification and adaptations for the weather.  

NREC’s funding cycle change to a calendar basis has made it easier for researchers 
and their institutions to plan their projects around cropping systems and delivery 
of funds.    

In mid-February, NREC was again able to host the second Investment Insight 
LIVE that proved to be successful in engaging farmers, researchers, and the me-
dia.  The event drew more than 100 stakeholders to share information on research 
progress and results. The video and Powerpoint presentations and posters are 
housed on the NREC web site, making this information easily accessible. 

Through NREC’s research committee, we continue to identify those issues that 
are most relevant to our ultimate audience – the farmers and crop advisors who 
can implement those nutrient management techniques to help Illinois agriculture 
meet the goals of the Illinois Nutrient Loss Reduction Strategy.  Number one on 
the list of priorities is discovering the costs and return on investment of various 
management tactics. NREC’s research is also focusing on research that will im-
prove yields through efficient practices to meet a growing world population, which 
ultimately reduces nutrient loss. 

We welcome any questions you might have about the content of this report and 
about NREC in general.

Matt Duncan, Chairman 
Research Committee

Maximize Efficiency
Minimize Loss
Mitigate Negative Impacts
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Background
The Illinois Nutrient Research and Education Council 
(NREC) was created in 2012 as part of Illinois Public Act 
– 97-0960 to fund and oversee research and education 
programs dedicated to optimize crop production and min-
imize nutrient loss to the environment. Of the nine voting 
members, three come from the fertilizer industry, three 
from grower groups, including one from the largest farm 
organization in the state (currently Illinois Farm Bureau), 
and one each from specialty fertilizer, certified agronomy 
organization, and the Director of Agriculture. Non-voting 
members are from two environmental organizations, one 
from State Experiment Station and one representing the 
Director of Illinois EPA. 

Program and research funding comes from an assessment 
of fertilizer sold in the state. The voting members deter-
mine 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 proj-
ects. The RFP outlines specific areas of need as identified 
by the Council with grower and industry input. 

In the first nine years of the program NREC has funded 
63 unique projects and invested more than $23 million. 
For 2021, we funded $3 million to renewal projects. While 
each project has individual goals, some have overlapped 
that validate other projects and carry over research ap-
proaches at different geographic locations around Illinois. 
Through educational efforts, producers receive research 
results and are able to apply knowledge gained into their 
own practices to help them increase their profitability – 
over and above their investments in the NREC program.  

The annual report is developed by extracting highlights 
of each of the project reports submitted by the funded 
researchers.  The first four pages capture the essence of 
the research results.  The following pages represent the 
researchers full report and are arranged alphabetically. 
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Below, Fred and Eric Winas. “Nitrogen placement and 
application timing for best efficiency, growth, and yield 
of corn across Illinois.”
•	 Data collected thus far supports the hypothesis that 

concentrating N fertilizer belowground near the crop 
row (i.e. banding) can increase grain yield and N re-
moval, while limiting N loss to the environment.

Bhattarai, Rabin., Richard Cooke, and Jeong Hanseoki. 
“Assessing tile depth and spacing impact on nutrient 
losses and crop production.”
•	 Current observations mostly follow the theoretical 

response to drainage design: the larger the drainage 
coefficient, the greater the tile flow and nitrate-N loss-
es. More tile flow and nitrate-N losses were observed 
during the non-growing season than during the grow-
ing season, primarily due to the changes in water cycle 
dynamics in the absence of plants consuming water 
and nutrients.

Gentry, Lowell and Andrew Margenot. “Integrating till-
age, soil carbon dynamics, and tile nitrate loss.”
•	 Tile nitrate concentrations in 2021 for the four treat-

ments (no-till, conventional till, and strip till with and 
without a cover crop) showed a spike in tile nitrate 
concentration with heavy rains in late June, following 
side-dress application of UAN (32%) on June 11. It is 
interesting to note that tile nitrate in the cover crop 
plots quickly began to increase following termination, 
suggesting that winter barley may not hold onto the N 
as tightly as cereal rye, which would be desirable ahead 
of corn.

IFCA. Schaefer, Dan., John Pike, and Jason Solberg. 
“Nitrogen rate research & NREC project partnership.”
•	 Most of the Nitrogen responses for the MRTN trials in 

central and northern Illinois are similar to the previ-
ous years. Even though there are a couple higher and 
lower responses in the 2021 data, the adding of them 
into the large data base will not change the MRTN by 
much. Yields in southern Illinois were high this year 
and that was true with the MRTN sites as well. The 
uniform distribution of the optimum points on both 
sides of the existing MRTN means that adding these 
to the data base is unlikely to change the MRTN value 
for 2022. 

Kent, Angela., Wendy Yang, Martin Bohn and Fred Be-
low. “Managing the maize microbiome.”
•	 Preliminary results indicate that nitrification rates are 

not increased by +N fixing inoculant, suggesting that 
the additional N is being taken up by the plant. N fix-
ation by inoculant was elevated in +BNI genotypes at 
the first 2 time points (get growth stage). Treatment 
effects for N fixation were not observed after VT.

Sadeghpour, Amir., Joshua McGrath, Karl Williard, and 
Jon Schoonover. “Precision nitrogen management for 
improving farm profitability and water quality in south-
ern Illinois.” 
•	 A preliminary evaluation of the data indicates that (a) 

winter cereal N uptake could accurately be predicted 
and (b) split N application for southern Illinois and 
Kentucky is more effective than upfront N manage-
ment. 

Yu, Zhongje and Lowell Gentry. “Sources and cycling of 
nitrate in tile-drained corn-soybean rotation systems: A 
stable isotope approach.”
•	 This study determined that fertilizer N is the direct 

source of tile nitrate during flow events following fer-
tilizer N application and that preferential flow is the 
mechanism of transport.  Moreover, nitrate produced 
from soybean residue decomposition is an under-ap-
preciated source sustaining tile nitrate loss during the 
non-growing season following soybean harvest.

Armstrong, Shalamar., Michael Ruffatti, Dan Schaefer, 
Philip Brown, Mike Kelly, and Robert Fish. “A long-term 
evaluation of nitrogen application timing and cover 
crops impacts on the fate and availability of nitrogen 
fertilizer and crop production on tile-drained fields.”
•	 Over a 6-year period cover crops reduced the flow 

weighted nitrate-N concentration by 37.5% and was 
equal to the zero control, where no nitrogen fertilizer 
was added. Additionally, when considering nitrate load 
over the same 6 years cover crops reduced the mass of 
nitrate-N loss by 43% and 46% relative to the control 
and zero control treatments. One implication of the 
zero-control observation is that the rate of loss from 
the legacy N pool begins to decline after approximate-
ly three years following tile drainage installation in 
high organic matter soil (3.4%). Another implication 
is that cover crops maintained a 47% lower rate of 
nitrate loss consistent across the 6-year period relative 
to the N fertilized treatment without cover. Thus, it is 
hypothesized that consecutive cover crop adoption of 
cereal rye will result in significant greater nitrate loss 
reductions, especially if the fertilizer N rate remains 
constant. 

Armstrong, Shalamar., Michael Ruffatti, Dan Schaefer, 
Philip Brown, Mike Kelly, and Robert Fish. “The effect 
of cover crops on surface water quality: A paired water-
shed experiment in the Lake Bloomington watershed.”
•	 Cover crops’ impact on nitrate loss via tile-drainage is 

scalable to the watershed level. After a successful aeri-
al application of cover crops in the fall of 2020 on 449 
acres (49% of the treatment watershed), a reduction in 
tile-drainage water NO3-N concentration was observed 
for the cover crop watershed relative to the reference 

4-R: Right Source, Right Rate, 
Right Time, Right Place

Cover Crops

Click on the research title to be taken to the full report.
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(control) watershed. Furthermore, when considering 
NO3-N load, cover crop adoption resulted in a 33% 
reduction relative to the reference watershed in 2021, 
which is consistent with the 39% reduction of the pre-
vious three years. These observations demonstrate the 
ability of cover crops to interact and scavenge soil ni-
trate from the residual and legacy N pools that would 
otherwise be susceptible to being lost via tile-drainage. 
Once soil nitrate is scavenged, the cover crop assimi-
lates the nitrate into its organic structure securing it 
from the possibility of leaching and denitrification. 

Bernards, Mark., Graciela Andrango, Joel Gruver, John 
Nichols, Keela Trennepohl, and Roger Viadero. “In-
tegrating livestock grazing into the western Illinois 
corn-soybean cropping system to enhance farm profit-
ability and reduce nutrient loss.”
•	 The lowest average nitrate concentration was observed 

for the CC-SMALL GRAIN/SUMMER COVER (cov-
er crop-small grain/summer cover) treatment.  This 
concentration was 29% lower than the average nitrate 
concentration for all experimental treatments. It is 
notable that the average nitrate concentrations of the 
Kernza treatment and the corn and soybean treat-
ments that did not include a cover crop component 
were greater than the average.  

Gentry, Lowell., Zhongjie Yu, Dan Shafer, and Eric Miller. 
“Nitrogen management systems in tile‐drained fields: 4R 
Plus – rate, source, time, place and cover crops.” 
•	 Tile drainage responds quickly to management. For ex-

ample, as soon as fall N application was stopped in one 
of the 6 treatments last year, the tile nitrate concen-
trations was similar to the other 12 tiles output, which 
have not received fall N during the previous five years. 
It is also clear that fall fertilizer N application with an 
inhibitor lost the most tile nitrate; however, the spring 
fertilizer N application with inhibitor appeared to 
minimize N loss as this treatment fell in line with the 
other treatments by the end of the drainage season.   

Gentry, Lowell., Dan Schaefer, and Eric Miller. “Evaluat-
ing nutrient loss reduction strategies: Longer rotation 
with cover crops and bioreactor.”
•	 This project demonstrated proof of concept that a 

more diverse rotation (Corn-Soy-Wheat with double-crop 
soybean after wheat and cereal rye after corn) can 
compete financially with conventional C-S production 
while reducing tile nitrate by more than 30%.

Sadeghpour, Amir., Andrew Margenot, Jon Schoonover, 
Karl Williard, and Karla Gage. “Next generation cover 
cropping in corn-soybean rotation to improve farm ben-
efits and decrease environmental losses in southern and 
central Illinois.”
•	 Data indicated that by switching from normal planting 

of winter cereal rye to precision planted winter wheat 
(STCR), corn grain yield was increased and economic 

optimum rate of N (EORN) was decreased suggesting 
the benefit of STCR as a practice to deal with planting 
winter cereal rye prior to corn. 

Seiter, Nicholas and Brodie Dunn. “Insect management 
in cover crop systems.” 
•	 The risk of insect damage to soybean following a cereal 

rye cover crop is relatively low and is secondary to 
the potential for damage from slugs, voles, and deer. 
Farmers should scout for these and other management 
issues during stand establishment, but the relatively 
low risk of insect damage should not be a deterrent to 
adopting a winter rye cover crop ahead of soybean.

Bhattarai, Rabin., Richard Cooke, and Jacob Wood. 
“Watershed scale response of agricultural systems to 
drainage water management in central Illinois.”
•	 The highest flows were from the irrigated plots, likely 

because of extra water in the form of irrigation. The 
highest nutrient loads were from the non-irrigated 
plot with full fertilizer application. Nutrient losses 
from their irrigated plot with full fertilizer applica-
tion were less than half the corresponding nutrient 
loss from the non-irrigated plot with full fertilizer 
application. 

Christianson, Laura., Reid Christianson, and Richard 
Cooke. “Knowledge is power: Powering up bioreactors 
and saturated buffers.” 
•	 An existing bioreactor on a private farm was retrofit 

with a pump in fall 2021 to test the “pumped biore-
actor” concept. The solar powered pumps will pump 
during the day meaning the bioreactor will stop flow-
ing at night. This will give the water in the bioreactor 
a very long retention time at night, so sampling needs 
to be designed to capture both day and night appropri-
ately.

Christianson, Laura., Paul Davidson, and Richard 
Cooke. “Drainage water management (DWM) and satu-
rated buffers for achieving NLRS goals.”
•	 The most significant achievement this past year was 

the successful roll-out of a new saturated buffer model 
and 2-page factsheet. Nitrate loss reduction averaged 
48 ± 19% for the combined ten site-years with remov-
als of 3.5-29.3 kg nitrate-N/ha annually. This work 
helped underpin the recommended addition of this 
practice to the Illinois Nutrient Loss Reduction Strate-
gy, via NREC’s submitted practice proposal. 

Edge of Field

2021 Annual Report  5



  6      Illinois Nutrient Research and Education Council  

Cooke, Richard., Olawale Oladeji, Rabin Bhattarai, 
and Falasy Anamelechi. “On-farm evaluation and 
demonstration of reduced off-farm nutrient transport 
through drainage water recycling.” 
•	 Based on the results from both sites, there is an 

apparent drainage system response for the first year 
after installation. Therefore, the use of data from the 
first year after the installation of a drainage system 
should be done with caution. The yield ratio relative 
to the control plot (drainage water recycling DWR‐D 
full fertilizer, non‐irrigated) decreased for the plots to 
which fertilizer were applied at half the recommended 
rate. The decrease on the irrigated plot with half the 
recommended fertilizer application rate was less than 
the decrease on the non‐irrigated plot with half the 
recommended fertilizer application rate. In this case 
the addition of supplemental irrigation does not seem 
to offset the reduction in fertilizer application.

Gentry, Lowell., John Pike, and Corey Mitchell. “Reduc-
ing nutrient loads in WASCOBs in southern Illinois.”
•	 No-till reduced total phosphorus concentrations and 

loads by approximately 50% compared to vertical till-
age during an extreme rainfall and runoff event about 
one month after tillage. During high flow periods, to-
tal phosphorus concentrations predominantly consist-
ed of organic P (particulate P). High particulate P con-
centrations were accompanied by high total suspended 
solids, indicating soil erosion was the main source of 
P in drainage water exiting the WASCOBs. Evidence of 
fertilizer loss (high nitrate, ammonium, chloride, and 
sulfate concentrations) via the WASCOBs during the 
first heavy rain event following broadcast application 
of DAP was recorded. 

Schoonover, Jon., Karl Willard, Gurbir Singh, and Kevin 
Turnbow. “Water and sediment control basins (WAS-
CoBs) influence on crop yields and water quality near 
Atterberry, Illinois.”
•	 Data suggest that WASCoBs are an effective tool at 

addressing water quality concerns in row crop agri-
culture fields dominated by surface runoff. WASCoBs 
trapped/attenuated ~98.5-99.8% of total suspended 
solids, ~83.8-97.4% of total phosphorus, ~32.0-59.6% 
of Nitrate-N, and ~42.3-82.9% of Ammonium-N. 

Schoonover, Jon., Karl Williard, Gubir Singh, and Chris-
topher Blattel. “Modelling and designing saturated buf-
fers for nitrogen and phosphorus mitigation in Illinois.”
•	 Data suggest that saturated buffers are effective at 

nutrient reduction during base flow conditions, but 
are much less effective during high flows. In 2021 the 
pitchfork buffer outperformed the standard by reduc-
ing discharge and nutrient loading by 17%. The stan-
dard buffer consistently had more backflow events and 
higher nutrient loading to the stream.  Backflow issues 

with the dispersion lines in areas of high-water tables 
and in soils with low saturated hydraulic conductiv-
ities led to an overwhelmed saturated buffer system 
during storm conditions.  Future designs should focus 
on areas with lower water tables, high soil organic car-
bon, and higher saturated hydraulic conductivity.

Christianson, Reid., Laura Christianson, Andrew 
Margenot, Talon Becker, John Pike, Taylor Berkshire, 
and Ariana Munoz. “Reducing P loss in southern Illi-
nois: Producers, practices, and productivity.”
•	 Cover crop impact on yield was evaluated at the Ewing 

Demonstration Center, with initial results showing 
no-till and no-till in combination with other treat-
ments (i.e., cover crop) do not significantly reduce 
soybean yields, rather the full tillage no-cover crop 
treatment has the lowest yields when considering 
soybeans in 2021 and 2019.

Fraterrigo, Jennifer M., Lowell Gentry, Luis Andino, 
and Lenarth Ferrari. “Characterizing subfield variabil-
ity for efficient phosphorus management: targeting 
hotspots.”
•	 Hotspots associated with closed depressions and 

legacy P areas were sampled using a grid plus hotspots 
sampling scheme referred to as: “targeted sampling.”  
The preliminary results suggest the need to reduce the 
overall P fertilization rate of the study field due to an 
increase in acreage now determined at P sufficiency 
(65 lbs of P/A) and suspend fertilization until soil P 
levels decrease. The improved mapping of soil P will 
complement variable rate technology, keeping P fer-
tilizer out of areas that have become P sinks, hotspots 
associated with closed depressions, and legacy P areas.

Phosphorus

6      Illinois Nutrient Research and Education Council

Margenot, Andrew., Reid Christianson, and Amir Sa-
deghpour. “Capitalizing on 150 years of soil samples 
to determine legacy P and improve water quality in 
Illinois.”
•	 Using the Morrow Plot archived soils, potentially 

large legacy P magnitudes can be accrued in relatively 
short periods of time. Dramatic variability in P stocks 
is demonstrated by 145-year plot-scale P balances, in 
which the fertilized plot contains +170% P than unfer-
tilized plot, +150% P than in 1876. Legacy P can accu-
mulate rapidly over a short period of time: the major-
ity of 150% increase over 145 years occurred in ~10% 
of that time. There are key implications for how long 
it will take to reduce the amount of legacy P: using the 
same Morrow Plot example, it would take 150+ years 
of crop drawdown needed to restore to 1876 levels. 
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Margenot, Andrew., Roland Cusick, Allan Hertzberger, 
and Neha Chatterjee. “Evaluating slow release P fertil-
izers to increase crop production and environmental 
quality.” 
•	 In soils with deficient soil test phosphorus or STP (<18 

mg/kg Mehlich III colorimetric), 50-50% struvite-MAP 
blends appear optimum for maximizing vegetative 
corn and soybean growth while minimizing residual 
STP by up to -18%. This indicates lower dissolved reac-
tive phosphorus (DRP) loss risk from surface soils via 
run-off without compromised crop growth.

Markus, Momcilo., Gregory McIsaac, and Rabin Bhatta-
rai. “Detection and attributes of recent changes in 
P loading in the Illinois River Watershed.”
•	 Analysis of incremental Total Phosphorus (TP) loads 

in different sections of the Illinois River and its tribu-
taries indicates there was a considerable deposition of 
P in the segment of the basin between Marseilles and 
Valley City (excluding monitored tributaries) during 
1989-96. This portion of the river system is very flat 
and known to accumulate sediment. During 2015-19, 
this section of the basin shifted from being a net sink 
to being a net source of P and this shift represented 
78% of the increased TP load at Valley City. 

Williard, Karl., Jon Schoonover, Amir Sadeghpour, 
Karla Gage, and Dwight Sanders. “Minimizing phospho-
rus and nitrogen loss from agricultural systems with 
cover crops and tillage in southern Illinois.” 
•	 It was determined that timing of cover crop planting 

and establishment is an important determinant of 
in-field nutrient leaching.  If a cover crop does not 
have time to establish in the fall, the effect on nitrate 
leaching is significant as was observed in fall 2019.  
The 2020-2021 cover crop of hairy vetch (a nitrogen 

fixer) did not see a significant difference in leaching 
between cover crops and no cover crops. Soil sampling 
indicates that phosphorus stratification is occurring 
in the cover crop areas. Also, the data suggests most 
of the N2O-N emissions occur early in the season so 
management practices should focus on finding solu-
tions to reduce excess N early in the growing season 
to potentially reduce N2O-N losses. In the watershed 
scale project, the cover crop treatment significantly 
reduced total suspended sediment, dissolved reactive 
phosphorus (DRP) and nitrate in the stream compared 
to the control watershed.

Williard, Karl., Jon Schoonover, and Gubir Singh. 
“Water quality and agronomic impacts of gypsum 
applications in southern Illinois.”
•	 In assessing impacts of FGD gypsum application on 

reducing P losses in surface runoff, it was observed 
that the lowest amount of dissolved reactive phospho-
rus and total phosphorus losses in 2021 was from the 
gypsum treatment of one ton per ace while the highest 
was in the control treatment. The data show Total Sus-
pended Solids (TSS) loads were lowest at two tons per 
acre while the control had the highest loads.

Zheng, Wei., Richard Cooke, Brajendra Sharma, 
Olawale Oladeji, and Mahelet Maru. “Designer biochar 
to capture and recycle phosphorus from tile-drainage 
systems.”
•	 Overall, the designer biochar pellet can effectively cap-

ture phosphorus from drainage water and mitigate the 
excess nutrient loads to watersheds from agricultural 
fields. The phosphorus-captured biochar have a great 
potential as a slow-released fertilizer to enhance nutri-
ent use efficiency and improve crop yields.

2021 Annual Report  7



  8      Illinois Nutrient Research and Education Council  

The following pages include the full reports with tables and charts that offer clarity to the research results.

Shalamar Armstrong, Michael Ruffatti, Dan Schaefer, 
Philip Brown, Mike Kelly, and Robert Fish: “A long-term 
evaluation of nitrogen application timing and cover 
crops impacts on the fate and availability of nitrogen 
fertilizer and crop production on tile-drained fields”
  Over a 6-year period cover crops reduced the flow 
weighted nitrate-N concentration by 37.5% and was equal 
to the zero control, where no nitrogen fertilizer was added 
(Figure 1). Additionally, when considering nitrate load 
over the same 6 years cover crops reduced the mass of 
nitrate-N loss by 43 and 46% relative to the control and 
zero control treatments (Figure 2). Another significant 
observation is the change in the rate nitrate-N loading 
over time. When considering the zero-control treatment, 
it was observed that the rate of nitrate-N loss decreased 
significantly over time, where over a 6-year period the rate 
of loss was 34.3 lbs A-1yr-1, which was 66% higher relative 
to the rate of loss over the last 3 years at 12 lbs A-1yr-1 (Fig-
ure 3). For the non-cover crop control and the cover crop 
treatment it was observed that a 21% and 16% reduction 
in the rate of nitrate-N loss, respectively, when comparing 
the 6- and 3-year time periods. One implication of the 
zero control observation is that the rate of loss from the 
legacy N pool begins to decline after approximately 3 years 
following tile drainage installation in high organic matter 
soil (3.4%). Another implication is that cover crops main-
tained a 47% lower rate of nitrate loss consistent across 
the 6-year period relative to the N fertilized treatment 
without cover. Thus, it is hypothesized that consecutive 
cover crop adoption of cereal rye will result in significant 
greater nitrate loss reductions, especially if the fertilizer N 
rate remains constant.

Agronomic Observations
 Cover crops were planted late due to late corn 
harvest, thus the spring biomass average was only 230 lb 
A-1 of biomass. There was no significant difference among 
treatments although the precision strip and precision re-
duced strip treatments had a 50% and 75% lower seeding 
rate relative to the conventional control treatments. This 
finding is consistent to observation at other sites, where 
precision plating cover crops at a lower rate results in 
equal biomass production, justifying lower seeding rates.
 There appears to be little difference in soybean 
yield among treatments. However, slightly greater yield 
was observed in the precision planted cover crops relative 
to the conventional planted treatment. 

Figure 2. Cumulative nitrate-N loss over a 6-year period for 
the zero control, no cover crop, and cover crop treatments.

Figure 3. Rate of nitrate-N loading over 6 years of the study 
and the last 3 years for the zero control, no cover crop, and 
cover crop.

Figure 1.
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Shalamar Armstrong, Michael Ruffatti, Dan Schaefer, 
Philip Brown, Mike Kelly, and Robert Fish: “The effect 
of cover crops on surface water quality: A paired water-
shed experiment in the Lake Bloomington watershed” 
 Cover crops’ impact on nitrate loss via tile-drain-
age is scalable to the watershed level. After a successful 
aerial application of cover crops in the fall of 2020 on 449 
acres (49% of the treatment watershed), it was observed 
that a reduction in tile-drainage water NO3-N concentra-
tion for the cover crop watershed relative to the reference 
(control) watershed. This reduction in tile-drainage water 
NO3-N concentration is consistent with previous years’ ob-
servations from 2018-2020. Furthermore, when consider-
ing NO3-N load, the total mass of NO3-N per 1000 gallons 
of drainage water, cover crop adoption resulted in a 33% 
reduction relative to the reference watershed in 2021, 
which is consistent with the 39% reduc-
tion of the previous three years. These 
observations demonstrate the ability of 
cover crops to interact and scavenge soil 
nitrate from the residual and legacy N 
pools that would otherwise be suscep-
tible to loss via tile-drainage. Once soil 
nitrate is scavenged, the cover crop 
assimilates the nitrate into its organic 
structure securing it from the possibili-
ty of leaching and denitrification.   
 To better understand the im-
pact of cover crops on nutrient loading 
on a watershed scale, an in-situ water 
monitoring and sampling system was 
designed to evaluate the impact of sur-
face water in addition to the tile water 
previously being monitored. In both the 
treatment and reference watersheds, a 
concrete culvert located near the exist-
ing water sampling stations (Figures 1 
and 2) was used as a flume to capture 
the surface water flow and to provide a 
defined shape to determine the volume 
of water leaving each watershed. In the 
treatment watershed, the culvert was 
located such that it was capturing only 
surface water and in the reference wa-
tershed it was located such that it was 
capturing a combination of surface and 
tile water (Figures 1 and 2).  
 In the treatment watershed, a 
level sensor (pressure transducer) was 
installed and water sampling line inside 
the culvert (Figure 1) to monitor the 
level of the water and to collect water 
samples using an automated water 
sampler whenever surface flow occurs 

Figure 1 Schematic of the treatment (cover crop) watershed water quality sam-
pling system. 

Figure 2. Schematic of the reference (control) watershed water quality sampling 
systems.

(Figure 1 letter B and D).  In addition, an in-situ nitrate 
sensor was also installed to monitor the nitrate concen-
tration in the stream water (both surface and tile water). 
This sensor was originally installed in the stream at a point 
after the tile water and surface water mixed; however, it 
experienced recurring problems with stream debris and 
vegetation obscuring the optic lens of the sensor. As a 
result, a sampling well was designed and built to house the 
nitrate sensor on the bank of the stream. The sampling 
well used a battery-powered water pump connected to 
a relay timer to pump water every 15 minutes from the 
stream up to the sampling well. This protected the nitrate 
sensor from debris in the stream while still measuring the 
real time nitrate concentration of the stream.   
 In the reference watershed, a level sensor (pres-
sure transducer) and water sampling line was installed in-
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side the culvert to monitor the level and to collect stream 
water samples (surface and tile water) using an automated 
water sampler (Figure 3). Since the water in the reference 
watershed culvert is a mixture of surface and tile water, 
samples were only collected with this system when both 
surface and tile water flow was occurring.  
 Results from the drainage event analysis deter-
mined that an average of 76% of drainage occurs through 
surface drainage and only 24% from tile-drainage. The 
reduction in total nitrate load demonstrated that the pres-
ence of cover crops reduced nitrate load from both surface 
and subsurface drainage. The ability to quantify the distri-
bution of drainage volume and nitrate load across surface 
and subsurface drainage paths gives greater insight on 
potential conservation needs.

Frederick E. Below: “Nitrogen placement and applica-
tion timing for best efficiency, growth, and yield of corn 
across Illinois”
 Delaying a portion of applied nitrogen (N), as 
opposed to a single pre-plant application, can increase 
season-long N availability to the growing corn crop and 
minimize loss to the environment. However, split appli-
cations often limit N availability at the start of the season 
and lower the yield potential of the crop. Concentrating N 
fertilizer below ground near the crop row at planting (i.e. 
banding), as opposed to broadcasting across the entire 
soil surface, can increase grain yield and N removal, while 
limiting N loss to the environment. Thus, the objectives of 
this study were to assess the effect of N placement on N 
use efficiency and grain yield and to determine if place-
ment changes the optimal N rate at planting. 
 At 7 environments in Illinois from 2019-2021, 
Urea ammonium nitrate (UAN) was either broadcast-
ed with light incorporation (1-3” deep) or banded (2” 
deep x 2” away) next to the row. Nitrogen was applied at 
planting at 45, 90, 135, or 180 lbs acre-1, then balanced at 
the V6 growth stage to total 180 lbs N acre-1. Banding N, 
regardless of preplant N rate, led to greater N recovery ef-
ficiency (%) (Figure 1a). Averaged across preplant N rates 
and environments, banding nitrogen at planting increased 
grain yield by 5 bu acre-1 compared to broadcast applica-
tions. Moreover, banding just 45 lbs N/acre at planting 
and delaying the remainder to sidedress increased yield by 
10 bu/acre compared to the standard practice of broad-
casting the full rate of N at planting (Figure 1b). While 
optimal preplant rates were heavily influenced by the envi-
ronment, there is good indication that splitting N can lead 
to increased yield and N recovery. This is especially true 
when preplant N is broadcasted. At planting, broadcasting 
approximately half of the total N fertilizer (90 lbs N acre-1) 
was optimal, while lesser amounts were needed when 
banded to maximize yields in this study. Banding low rates 
of N at planting decreased the potential for N loss to the 
environment without sacrificing yield. Figure 3. Tile water NO3-N concentration in tile water over 

time within the reference and cover crop watersheds (top). Tile 
water NO3-N load from 2018-2021 within the reference and 
cover crop watersheds (bottom). Note: data points in 2020 was 
limited to the cover crop growing season.
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Figure 1. Nitrogen recovery efficiency (a.) and grain yield (b.) 
as influenced by nitrogen placement and rate across 7 environ-
ments in Illinois from 2020-2021. Uppercase letters that differ 
indicate treatment mean significant differences at P < 0.10.

Mark Bernards, Graciela Andrango, Joel Gruver, John 
Nichols, Keela Trennepohl, and Roger Viadero: 
“Integrating livestock grazing into the western Illinois 
corn-soybean cropping system to enhance farm profit-
ability and reduce nutrient loss”
 The lowest average nitrate concentration was 
observed for the CC-SMALL GRAIN/SUMMER COVER 
(cover crop-small grain/summer cover) treatment.  This 
concentration was 29% lower than the average nitrate 
concentration for all experimental treatments.  It is nota-
ble that the average nitrate concentrations of the Kernza 
treatment and the corn and soybean treatments that did 
not include a cover crop component were greater than the 
average.  
 The lowest average orthophosphate concentration 
was observed for the CC-SOY F/B SMALL GRAIN (cover 
crop-soybeans followed by small grain) treatment.  This 
concentration was 19% lower than the average orthophos-
phate concentration for all experimental treatments.
 Among the corn treatments, the average nitrate 
concentration for the treatment that included a cover crop 
was 28% lower than the treatment that lacked a cover 
crop.  Similarly, the average nitrate concentration for the 
soybean treatment with a cover crop was 14% lower than 
the treatment that lacked a cover crop.  Similar observa-
tions were made when assessing the impacts of a cover 
crop on average orthophosphate concentrations, where 
the inclusion of a cover crop yielded a 30% lower concen-
tration for soybean treatments.  A 9% reduction in the 
average orthophosphate concentration was observed when 
a cover crop was applied to corn treatments.  From these 
preliminary data, the inclusion on a cover crop appears to 
have a practical impact on reducing nitrate and orthophos-
phate concentrations.  
 The cattle consumed approximately 30% of the 
available forage and trampled approximately 70% (Fig-
ure 1 below left).  In 2022 grazing will take place in early 

May to increase palatability and percentage 
consumption.  The late summer grazing was 
successful, although biomass was limited due 
to little precipitation in July and August.  

Figure 1.  Dry matter of cereal rye cover crop be-
fore and after grazing by cattle, and percent of dry 
matter consumed.
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Rabin Bhattarai, Richard Cooke, and Jeong Hanseoki: 
”Assessing tile depth and spacing impact on nutrient 
losses and crop production”
 Current observations mostly follow the theoretical 
response to drainage design: the larger the drainage coef-
ficient, the greater the tile flow and nitrate-N losses. More 
tile flow and nitrate-N losses were observed during the 
non-growing season than the growing season, primarily 
due to the changes in water cycle dynamics in the absence 
of plants consuming water and nutrient. Initial observa-
tions, when study sites were greatly disturbed, have had 
a significant impact on the first year (calibration period)’s 
monitoring results. There was a statistically significant 

Figure 1. Cumulative flow-weighted PO4
 losses for each monitoring station from 2018-2020.

difference in corn yields by fields, but not consistent with 
tile configuration.
 The analysis of PO4 concentration in drainage wa-
ter for CS plots was started from December 2018 and for 
LS plots from January 2019. The flow-weighted PO4 losses 
were estimated from June 2018 for CS plots and from 
October 2018 for LS plots. The analyzed concentrations of 
PO4 in drainage water were considerably small and most of 
the time below detection limit. The cumulative daily PO4 
loses for CF plots range from 0.12 kg ha-1 (CS-5) to 0.50 
kg ha-1 (CS-1) and from 0.5 kg ha-1 to 2.013 kg ha-1 for LF 
plots (Figure 1). The daily average PO4 losses at both the 
monitoring sites were very small to report. 

Rabin Bhattarai, Richard Cooke, and Jacob Wood: 
“Watershed scale response of agricultural systems to 
drainage water management in central Illinois”
 The overall goal of this project is to observe and 
communicate new information about the watershed-scale 
effects of drainage water management (DWM) on water 
and nitrogen (N) losses, and crop production in central 
Illinois. This research is designed to answer the question: 
how does DWM affect water and N balances and crop 
production on a watershed scale? What are the long-term 
environmental and economic benefits of DWM? 
 Baseline data collection was collected at most 
of the monitoring stations in the treatment watershed 
in the summer of 2020. Each subsurface control struc-
ture is fitted with a V-notch weir that allows calculation 
flow through the structure based on the water level data 
collected by the sensor in each structure. To calculate 
overland stream flow, water level sensors were deployed 
in dedicated drainage ditches and drainage culverts across 
the site.  Overland flow monitoring stations A, B, and C 
have permanent twin culvert structures that allow sur-
face flow to pass under roadways.  By installing water 

level sensors in each culvert, geometry of the culvert and 
Manning’s equation can be used to calculate flow. A similar 
technique was used along with Manning’s equation to 
convert stream water level at monitoring stations D and 
F, although these sites do not have permanent structures. 
There are no permanent structures at stations D and F, so 
topography surveys are conducted at these locations every 
3-6 months. The stream survey and water level data allow 
a reasonably estimate streamflow without installing an in-
stream control structure.  
 The Soil and Water Assessment Tool (SWAT+) 
model was set up for hydrological modeling purposes for 
the proposed watershed. SWAT+ is an updated model that 
provides a more flexible spatial representation of interac-
tions and processes within a watershed. Further, Digital 
Elevation Model (DEM) (30m resolution), land use land 
cover (30m resolution), and soil map are collected from 
National Elevation Database, National Land Cover Data-
base, and Soil Survey Geographic (SSURGO) respectively 
which are used to set up the SWAT+ model. Model calibra-
tion will continue in the upcoming cycle.
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Laura Christianson, Reid Christianson, and Richard 
Cooke: “Knowledge is power: Powering up bioreactors 
and saturated buffers” 
 Data collection at the paired in-ditch and ditch 
diversion bioreactors on a private farm ended in fall 2021 
and the ditch diversion bioreactor was retrofit with a 
pump for future monitoring. 
 While the Heat-Enhanced Bioreactor (South Farm, 
UIUC) did not provide improved nitrate removal as hoped, 
this site was used for an additional study of in situ wood-
chip bulk density. The woodchips in the bioreactor were ex-
cavated carefully in three lifts, and all the woodchips from 
each lift were weighed (Figure 1). The volume of each lift 
was estimated using three meth-
ods: surveying; laying plastic and 
pumping it full of water through 
a flow meter; and LiDAR shot 
on an iPhone 12. Bulk density of 
the woodchips will be calculated 
as the woodchip mass (corrected 
for moisture content) divided by 
volume. 
 An existing bioreactor on 
a private farm was retrofit with 
a pump in fall 2021 to test the 
“pumped bioreactor” concept. Ini-
tial monitoring in underway, but 
a short-term intensive sampling 
test will be done in early 2022 
(for example, sampling every 
three hours for six days) to deter-

mine the best sampling frequency for long-term monitor-
ing. The solar powered pumps will pump during the day 
meaning the bioreactor will stop flowing at night. This will 
give the water in the bioreactor a very long retention time 
at night (that is, a long treatment time) so sampling needs 
to be designed to capture both day and night appropriately.
 Real-time, continuous nitrate sensors have been 
deployed at the UIUC ACES Dudley Smith Farm bioreactor 
and at a bioreactor on a private farm. Nitrate data from 
these sensors are currently streaming to a password-pro-
tected website. 

Figure 1. The Christianson IDROP Team installing pumps and solar panels at a ditch-
diversion bioreactor in fall 2021.
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Laura Christianson, Paul Davidson, and Richard Cooke: 
“Drainage water management (DWM) and saturated 
buffers for achieving NLRS goals”
 The most significant achievement this past year 
was the successful roll-out of a new saturated buffer model 
and 2-page factsheet. Nitrate loss reduction averaged 48 ± 
19% for the combined ten site-years with removals of 
3.5-29.3 kg nitrate-N/ha annually. This work helped 
underpin the recommended addition of this prac-
tice to the Illinois Nutrient Loss Reduction Strategy 
(NLRS), via NREC’s submitted practice proposal. 
 Agricultural producers farming the 9.7 mil-
lion acres of tile-drained land in Illinois need a wide 
variety of proven options to reduce nitrogen (N) loss. 
Two practices that may reduce tile drainage N loss but 
are not in the NLRS, are drainage water management 
(DWM) and saturated buffers. The goal of this work 
is to evaluate N loss reduction provided by DWM and 
saturated buffers to assess their potential inclusion as 
recommended practices in the NLRS. Two DWM sites 
that each have a free drainage and a DWM plot (update: 
three sites have been monitored, but only one site had a 

DWM treatment/free drainage control design) and two 
saturated buffer sites (update: three sites have been moni-
tored) will be monitored for N load reduction effectiveness 
for three years. Piezometers at the DWM sites will help 
assess the potential for lateral seepage, which may nega-
tively impact the estimated N loss reduction.

Reid Christianson, Laura Christianson, Andrew 
Margenot, Talon Becker, John Pike, Taylor Berkshire, 
and Ariana Munoz: “Reducing P loss in southern Illi-
nois: Producers, practices, and productivity”
 The major goal of this work was to evaluate and 
promote practices to reduce P loss in Illinois’ unglaciated ar-
eas. The practices under evaluation are no-till/conservation 
tillage, cover crops, and edge-of-field P-removing filters. 
 Cover crop impact on yield was evaluated at the 
Ewing Demonstration Center, with initial results showing 
no-till and no-till in combination with other treatments 
(i.e., cover crop) do not significantly reduce soybean yields, 
rather the full tillage no-cover crop treatment has the low-
est yields when considering soybeans in 2021 and 2019 
(Figure 1). In 2021, the average cover crop biomass pro-
duced across cover crop treatments was 1.1 tons per acre 
for cereal rye and 1.0 tons per acre for annual ryegrass. No 
statistically significant differences were observed in total 
phosphorus concentrations or total suspended sediment 
concentrations (individual paired t-tests). That said, the 
highest observation came from a full-tillage plot.
 Cover crop costs were estimated using seed cost 
and planting cost. Soybeans were planted into the stand-
ing green cover crop, which was terminated along with 
typical pre-emergence herbicide application used for the 
no-till operation (no cost compared to no-till). The result-
ing cost was approximately $56 per acre for cereal rye and 
$52 per acre for annual ryegrass. The ryegrass and filter 
strip combination costs were estimated based on seed and 

planting, as well as a portion of the plot out of production. 
Cost recovery was conservatively estimated using sales of 
fescue hay with one cutting per year at two tons per acre. 
The resulting cost of the filter strip treatment was $161 
per acre. Since our full tillage control was managed differ-
ently, there was a separate $27 per-acre cost associated 
with two passes of a tandem disc on those plots.
 The first round of soil test phosphorus at the Ew-
ing Demonstration Center showed high spatial variability 
across the plots, indicating there are likely no pre-project 
biases among treatments. Further, indications are that soil 
phosphorus concentrations show classic increases as we 
approach the toe slope due to soil movement down the hill.

Figure 1. Dr. Luciano Alves Oliveira, Ms. Ariana Munoz, and 
Mr. Janith Chandrasoma showing the new NREC-funded satu-
rated buffer model at the 2021 Farm Progress Show.

Figure 1. Yield response to treatments at the Ewing Demon-
stration Center. Soybean yield for the “Tilled (disc)/No Cover 
treatment was significantly lower than all other treatments 
(Tukey’s HSD test at alpha = 0.05).
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Richard Cooke, Olawale Oladeji,  Rabin Bhattarai, 
and  Falasy Anamelechi: “On-farm evaluation and 
demonstration of reduced off-farm nutrient transport 
through drainage water recycling” 
 Based on the results from both sites, there is an 
apparent transient drainage system response for the first 
year after installation. Therefore, the use of data from 
the first year after the installation of a drainage system 
should be done with caution.  The yield ratio relative to 
the control plot (drainage water recycling DWR‐D full 
fertilizer, non‐irrigated) decreased for the plots to which 
fertilizer were applied at half the recommended rate. The 
decrease on the irrigated plot with half the recommended 
fertilizer application rate was less than the decrease on the 
non‐irrigated plot with half the recommended fertilizer 
application rate. In this case the addition of supplemental 
irrigation does not seem to offset the reduction in fertiliz-
er application.
 The yield ratio relative to the control plot (DWR‐D 
full fertilizer, non‐irrigated) decreased for the plots to 
which fertilizer were applied at half the recommended 
rate. The decrease was greater in 2021, the third year of 
continuous corn, than in 2020. The decrease on the irrigat-
ed plot with half the recommended fertilizer application 
rate was less than the decrease on the non‐irrigated plot 

with half the recommended fertilizer application rate. In 
this case the addition of supplemental irrigation does not 
seem to offset the reduction in fertilizer application.
 The highest flows were from the irrigated plots, 
likely due to the addition water being introduced. The 
highest nutrients flows were from the non‐irrigated plot 
with full fertilizer application. Nutrient losses from the 
irrigated plot with full fertilizer application were less than 
half the corresponding nutrient loss from the non‐irrigat-
ed plot with full fertilizer application.
 The spiral water wheel pump is a device, which 
uses a non‐conventional energy source, the kinetic energy 
of flowing water, to lift water. These pumps operate 24 
hours a day and are not affected by shading or overcast 
conditions. Experiments were conducted at the site to 
characterize the relationship between size of the inlet 
scoop, wheel diameter, and stream velocity, on the maxi-
mum discharge head and discharge rate for two spiral wa-
ter wheel pumps. These results were used to develop pump 
performance curves, determine the best pump configura-
tion for different scenarios, and to identify limitations to 
the use of the pump. During field tests, a single‐layer 2‐foot 
diameter wheel produced discharge rates of 5.6 acre-inches/
day, 2.2 acre‐inches/day, and 0.4 acre‐inches/day at dis-
charge heads of 1.2m, 2.0m and 3.0m, respectively.

Figure 1. Side and front view of a 2 feet diameter spiral water wheel in Big Creek, at the experimental site at Fulton County. 
The outlet pipe for a solar‐powered pump is shown in the background of the front view.
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Jennifer M. Fraterrigo, Lowell Gentry, Luis Andino, and 
Lenarth Ferrari: “Characterizing subfield variability for 
efficient phosphorus management: targeting hotspots”

Hotspots associated with closed depressions and 
legacy P areas were sampled using a grid plus hotspots 
sampling scheme referred to as: “targeted sampling.” To 
incorporate information about how soil P hotspots alter 
the predictions of soil P distribution, an inverse distance 
weighted (IDW) interpolation on each dataset in ArcMap 
software was performed (Figure 1). The IDW approach 
uses the measured values of a variable to predict values 
in surrounding, unmeasured locations, and assumes that 
each measured point has a local influence that diminish-
es with distance.  The IDW interpolation of soil samples 
collected using a targeted sampling scheme better charac-
terized soil P variability at the subfield scale compared to 
samples collected using a 2.5-acre gridded scheme. For ex-
ample, estimated soil P concentration is appreciably higher 
in many areas based on the IDW interpolation of targeted 
samples compared to the 2.5-acre gridded samples. These 
preliminary results suggest the need to reduce the overall 
P fertilization rate of the study field due to an increase in 
acreage now determined at P sufficiency (65 lbs of P/A) 
and suspend fertilization until soil P levels decrease. This 

Figure 1. A map showing soil sampling locations and differ-
ences in predicted soil P concentration resulting from inter-
polations at Douglas County study farm. Interpolations were 
performed using samples collected from in either a standard 
2.5-acre grid pattern, or a standard grid pattern plus hotspots. 
The fuchsia and pink colors denote areas where soil P was 
underestimated by the interpolation of samples collected in a 
standard 2.5-acre grid pattern, highlighting the disproportion-
ate influence of hotspots on subfield soil P distribution.

improved mapping of soil P will complement variable rate 
technology, keeping P fertilizer out of areas that have 
become P sink hotspots associated with closed depressions 
and legacy P areas. 

Closed depressions are common in the surround-
ing area of the study; therefore, to investigate soil P in 
other closed depressions, permission has to be gained to 
sample soil in closed depressions on the neighboring field 
to the east. Preliminary data show that these depressions
are also high in soil P based on Bray P1 values.

Lowell Gentry, John Pike, and Corey Mitchell: “Reduc-
ing nutrient loads in WASCOBs in southern Illinois”

No-till reduced total P concentrations and loads by 
approximately 50% compared to vertical tillage during an 
extreme rainfall and runoff event about one month after 
tillage. During high flow periods, total phosphorus con-
centrations predominantly consisted of organic P (partic-
ulate P). High particulate P concentrations were accompa-
nied by high total suspended solids, indicating soil erosion 
was the main source of P in drainage water exiting the 
WASCOBs. Evidence of fertilizer loss (high nitrate, ammo-
nium, chloride, and sulfate concentrations) were found via 
the WASCOBs during the first heavy rain event following 
broadcast application of DAP. 

In general, the majority of the total P consisted 
of dissolved P, except during peak flows when sediment 
loads are greatest. At peak flows, particulate P (organic P 
associated with soil particles) is the predominant form of 
P. NO3-N concentrations during these events were often 
below 2 mg/L indicative of surface runoff as rainwater 
contains little NO3-N. 
 In the spring of 2020, both sites initiated a tillage 
treatment comparison where vertical tillage was compared 
to no-till. During high flow events this past summer, 
greater total P and sediment concentrations exiting the 
WASCOBs in the fields under vertical tillage.

High concentrations of total P as particulate P (>1 
ppm) indicate soil erosion was the main source of P in the 
water exiting the WASCOBs. Vertical tillage was intended 
to help incorporate DAP; however, the implement was not 
set up for an aggressive tillage operation. Our preliminary 
data suggests that no-till reduced P concentrations and 
loads by approximately 50% compared to vertical tillage.

See photo next page
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From left to right, the left pair of samples was collected at 9 PM during high flow on June 30, the middle pair was collected at 11 
PM, and the right pair was collected at 1 AM on July 1 as flow through the WASCOBs decreased. Total suspended solids (mg/L) 
in these samples were 700, 319, and 135 for vertical till vs. 247, 130, and 72 for no-till.

Total phosphorus concentrations in water exiting a pair of nearby WASCOBs located in 
southern IL. Vertical tillage occurred on May 25 ahead of soybean planting. No fertiliz-
er was applied. Rainfall was 3.1 inches and 0.8 inches on June 30 and July 1, 2020.
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Lowell Gentry, Dan Schaefer, and Eric Miller: “Evaluat-
ing nutrient loss reduction strategies: Longer rotation 
with cover crops and bioreactor”

It is clear that the 3-year rotation (with double 
crop soybean after winter wheat and cereal rye after corn) 
can compete financially with convention corn-soybean (C-
S) production in central Illinois.  

Following wheat/double crop soybean in 2020, 
tile flow weighted mean (FWM) nitrate concentration (8.7 
ppm) was greater than usual – possibly due to warm fall 
conditions that promoted N mineralization. In addition, 
tile FWM nitrate concentration (9.1 ppm) was elevated 
following corn in 2020, possibly because EONR was 30 
lbs/A less than the applied rate of 180 lbs/A and because 
the cereal rye biomass did not attain the 0.5 tons/A 
threshold needed to reduce tile nitrate. After the “unin-

tentionally” large cereal rye cover crop (2.75 tons/A) ahead 
of soybean in 2020, tile FWM nitrate concentration (2.1 
ppm) remained much lower than the other two phases of 
the rotation in 2021.

During the past six years in the C-S rotation, the 
corn phase has lost more tile nitrate than has the soybean 
phase, especially in the past three years when the corn 
phase has received N application in the fall (applied with 
an inhibitor). This was again true in 2021 as FWM nitrate 
concentrations were 11.5 ppm for corn (red dots) and 5.5 
ppm for soybean.

Stalk nitrate can be used as a proxy for plant N 
availability as stalk nitrate concentrations greater than 
2000 ppm indicate N rates above the level of sufficiency 
and are considered excessive. Greater stalk nitrate was 
found at the two highest N rates in C-S-W than in C-S. 
Altogether, the combination of greater corn yields at the 
low end of the N rate trial along with greater stalk nitrate 
at the high N rates indicate there is more plant available N 
in C-S-W than C-S. The first time this was noted last year, 
it suggested that this has taken several years to develop, 
consistent with the idea of carbon sequestration and 
accrual. However, this is the first year a large increase was 
seen in corn yield in C-S-W at the same EONR as in C-S. 

All six bioreactors were recharged in the fall of 
2021 and performance is being monitoring. A new stoplog 
configuration is being used and early performance is 
impressive; however, it is well established that fresh media 
(woodchips and carbon) causes a boost in performance 
due to the readily degradable nature of the C that has been 
recently added. Overall, this demonstrates proof of con-
cept that a more diverse rotation (C-S-W with double-crop 
soybean after wheat and cereal rye after corn) can compete 
financially with conventional C-S production while reduc-
ing tile nitrate by more than 30%.

Tile nitrate concentrations from each cropping sequence with-
in the C-S-W rotation from the fall of 2014 through the 2021 
drainage season.

Six-year economic evaluation of C-S-W vs. conventional C-S 
averaged across all crop phases of each rotation every year. 
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Lowell Gentry, Zhongjie Yu, Dan Schaefer, and Eric 
Miller: “Nitrogen management systems in tile‐drained 
fields: 4R Plus – Rate, Source, Time, Place and Cover 
Crops” 

It is clear that fall fertilizer N application with an 
inhibitor lost the most tile nitrate; however, the spring 
fertilizer N application with inhibitor appeared to min-
imize N loss as this treatment fell in line with the other 
treatments by the end of the drainage season.  It is inter-
esting to note that the treatment that no longer received 
fall fertilizer N application compared to the past five years 
(formerly 50F/25P/25SD changed to 33P/67SD) had no ele-
vated tile nitrate suggesting no lag time in nitrate loss from 
the past treatment. Tile nitrate load from the cover crop 
treatment was 25% less than the companion treatment.

Following soybean harvest, treatments (67F/33S, 
33P/67SD, 100S, and 75S) received deep banded DAP 
fertilizer when strip-tilling in the fall of 2020 while the 
other two treatments received a broadcast DAP applica-
tion in the spring. This provided both a comparison of 
deep banding in the fall versus no 
application, as well as an evaluation 
of broadcast DAP application in the 
spring. In addition, spring DAP appli-
cation of the 50S/50SD C treatment 
may have increased cover crop growth. 
Note: Regardless of when and how 
DAP was applied, the total N rate for 
each plot was maintained at 180 lbs/A 
by decreasing the spring or side-dress 
application N rate accordingly. 

Tile dissolved P concentra-
tions spiked across all six treatments 
during the first tile flow event of the 
season; however, tile concentrations 

averaged about two-fold higher for treatments receiving 
the deep banded fertilizer P for several months.  It is likely 
that dry soil conditions created preferential flow paths for 
either fertilizer P or mineralized P (from the disturbance 
of strip-till) to be transported to the tiles. We were very 
surprised to find a strong first flush event following deep 
banding of fertilizer P as it is presumed that deep band-
ing is a BMP compared to spring broadcast. We found no 
flushing of the spring broadcast P fertilizer into the tiles. 
These findings highlight the interaction of antecedent soil 
moisture conditions and time between fertilizer P appli-
cation and a major rain event. When applying P, farmers 
and operators need to be aware of imminent rain events to 
minimize P losses. 

Overall, tile respond quickly to management. For 
example, as soon as fall N was stopped in one of our 6 
treatments last year, the tile nitrate concentrations fell in 
line with the other 12 tiles that have not received fall N 
during the past 5 years.

Tile nitrate loads during the drainage season of 2020-2021 for corn across the 6 
fertilizer N treatments.
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Lowell Gentry and Andrew Margenot: “Integrating till-
age, soil carbon dynamics, and tile nitrate loss”

Tile nitrate concentrations in 2021 for the four 
treatments: no-till, conventional till, and strip till with, 
and without a cover crop showed a spike in tile nitrate 
concentration with heavy rains in late June, following 
side-dress application of UAN (32%) on June 11. It is 
interesting to note that tile nitrate in the cover crop plots 
quickly began to increase following termination, suggest-
ing that winter barley may not hold onto the N as tightly 
as cereal rye, which would be desirable ahead of corn.

For baseline comparisons across tiles, full width 
tillage in conventional (CT) was not performed in the fall 

and was conducted the day before corn planting. It is im-
portant to show that tile nitrate concentrations were sim-
ilar among CT, No-Till (NT), and Strip Till (ST) treatment 
in the first year of this research prior to imparting the fall 
tillage treatment. It is clear from the data that tile nitrate 
was reduced (>25%) by the presence of winter barley. 

Getting ahead of the curve with the quantification 
of management practice impacts on soil C – and trade-offs 
for NUE and yield – could be a way for Illinois producers 
to be more competitive in emerging ecosystem service 
markets, in particular C markets that appear to be gaining 
traction.

IFCA. Dan Schaefer, John Pike, and Jason Solberg: 
“Nitrogen rate research”

Most of the Nitrogen responses for the MRTN 
trials in central and northern Illinois are similar to the 
previous years. Even though there are a couple higher and 
lower responses in the 2021 data, the adding of them into 
the large data base we have generated will not change the 
MRTN by much. Yields In southern Illinois were high this 
year and that was true with the MRTN sites as well. The 
uniform distribution of the optimum points on both sides 
of the existing MRTN means that adding these to the data 
base is unlikely to change the MRTN value for 2022. 

Central/Northern Region - Most of the responses 
in the corn following soybean trials in central and north-
ern Illinois were similar to those found previously, as 
shown by the match between N rate and yield at the opti-
mum N rate compared to those at the MRTN rate, which 
are based on many previous responses. The two exceptions 
with very high optimum N rates and high yields at high 
rates compared to low N rates will move the MRTN higher 
when included in the database. The one with a low opti-

mum N rate (less than 100 lb/acre) will move the MRTN 
lower, but with so many responses already in the database, 
adding the 2021 data will not move the MRTN very much. 
There were only two corn following corn trials in 2021, 
and both showed optimum N rates similar to the existing 
MRTN.

Southern Region - Yields in southern Illinois were 
generally very good in 2021, and that was true in the on-
farm N trials as well; yield at the optimum N rate averaged 
218 bushels per acre. Responses to N rate were typical of 
those in recent years, with about equal number of opti-
mum rates above and below the MTRN (that is, to the left 
and the right of the green circles in the figure.) As we have 
seen in other cases, one site with a straight-line response 
to N up to the highest rate (the lowermost line on the 
figure) was at a relatively low yield, while the highest- 
yielding trial needed only 128 lb of N to reach its optimum 
yield of 266 bushels per acre. The uniform distribution 
of optimum points on both sides of the existing MRTN 
means that adding these data to the database is unlikely to 
change the MRTN values for 2022.
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Angela Kent, Wendy Yang, Martin Bohn, and Fred 
Below: “Managing the maize microbiome”
 To address the root cause of nitrogen losses: soil 
microbial communities and their N transformation func-
tions it may be possible to achieve synergy between the 
plant and microbial functions listed below and potentially 
reduce the requirement for N fertilizer input:
•	 N fixation (generating ammonium from atmospheric 

nitrogen)
•	 BNI – biological inhibition of nitrification (the trans-

formation of ammonium to nitrate)
•	 DNRA – dissimilatory nitrate reduction to ammoni-

um (transforming nitrate/nitrite back to ammonium)
Taken together, these have the potential to improve 
nutrient management in agricultural soils. 

 Prior results demonstrate that nitrification is 
suppressed in the rhizosphere of older maize lineages and 
teosinte, and this ongoing work to investigate the mech-
anism for suppression of undesirable N transformations 
and identify the genomic regions that influence the recruit-
ment of the maize microbiome and nitrification rates. 

The 2021 growing season represented the first 
opportunity to evaluate the potential for BNI to reduce N 
losses at the ecosystem level, as well as to evaluate synergy 

between N-fixing inoculants (that generate ammonium), 
BNI (inhibiting nitrification), and DNRA (transforming 
nitrate/nitrite back to ammonium), potentially reducing the 
need for fertilizer N addition to fields. 
 Initial results indicate that the BNI phenotype is 
associated with enhanced N accumulation when paired 
with an N fixing inoculant, offering support for a chain of 
events where diazotrophs add ammonium to the system 
and the BNI phenotype aids in retention and plant accu-
mulation. This is a valuable synergy, as this initial results 
also suggest that N fixing inoculants can elevate nitrogen 
losses through nitrification. 

Understanding mechanisms that influence 
plant-microbe interactions at the plant, rhizosphere, 
and microbial scale will enable optimization of nutrient 
retention, nutrient use efficiency, and sustainable crop 
production. This perspective represents a shift away from 
reactive approaches to nutrient retention toward proactive 
approaches for retaining nutrients and reducing water 
quality issues associated with agriculture. This work could 
lead to novel solutions for nutrient management to com-
plement existing approaches and produce economic and 
environmental benefits for Illinois corn producers.
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Andrew Margenot, Reid Christianson, and Amir Sadegh-
pour: “Capitalizing on 150 years of soil samples to deter-
mine legacy P and improve water quality in Illinois”

Approximately 7,100 soil samples, accounting for 
more than 90% of the U of I pedon collection, have been 
digitally inventoried, subsampled for total P analysis, and 
moved to their permanent location in the soil barn.

Using the Morrow Plot archived soils, potentially 
large legacy P magnitudes could be accrued in relatively 
short periods of time.  Dramatic variability in P stocks is 
demonstrated by 145-year plot-scale P balances, in which 
fertilized plot contains +170% P than unfertilized plot, 
+150% P than in 1876. Legacy P can accumulate rapidly 
over a short period of time: the majority of 150% increase 
over 145 years occurred in ~10% of that time.

There are key implications for how long it will take 
to reduce the amount of legacy P: using the same Mor-
row Plot example above, it would take 150+ years of crop 
drawdown needed to restore to 1876 levels. Rock phos-
phate have been identified as a key input of P in Illinois in 
the first half of the 20th century, before a brief period of 
superphosphate use and then MAP and DAP usage taking 
over by the 1970s.

A mobile application was developed to facilitate 
relocation and organization of the Illinois pedon samples 
from the old shed to the new location. The application 
allows fast, error-proof and efficient way to inventory jars 
with soil samples in a coherent and consistent manner. 

The users are able to enter key pieces of information (iden-
tified by the team in earlier stage of app development) 
about each pedon sample including. 

To estimate the P balance for the state of Illinois, 
a by county, by crop approach was developed based on the 
Census of Agriculture statistics (USDA-NASS) in 2017. 
Manure P and fertilizer P were included as the P inputs 
(P applied) and crop P removal as the P output. Balances 
were calculated as Inputs – Crop Removal. A conceptual 
diagram is shown in figure below.

Conceptual diagram of agronomic P balances used to calculate 
P balances at state, county and Morrow Plot scale. 

To estimate manure P, the inventory of all the 
animals in the state were included. In Illinois, the high-
est contribution of manure P was from pig manure. At 
the county level and after normalizing data based on the 
total cropland per county Effingham, DuPage, and Clinton 
County had the highest manure P contribution with 18.6, 
12 and 11.3 lb/acre, respectively.
 However due to high concentration of grain 
producers, fertilizer application contributed to 90% of 
P inputs. To estimate fertilizer P, Illinois Department of 
Agriculture Fertilizer Reports were used and calculated 
the amount of fertilizer P used after separating non-farm 
fertilizers from farm used and at the county level.

 Water quality linkages  Reviewing historic wa-
ter quality data from the NWIS database yielded between 
one and three monitoring stations actively collecting total 
phosphorus data before 1973. By 1983, the number of 
stations collecting total phosphorus data in the NWIS 
database increased by more than 10 times to 125 stations, 
and by 1984, there were 200 stations collecting total phos-
phorus information. The large number of stations collect-
ing total phosphorus information in the NWIS database 
lasted until 1998 when the number of stations dropped 
from 208 to 13. Between 5 and 19 stations were actively 
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collecting total phosphorus data in the NWIS database 
between 1998 and 2020. Area weighted state average over 
all years for the NWIS database was 0.262 mg P/L. 

 Streambank erosion and P The construction of 
the final meta-database has been completed, comprising 
1044 data entries from 175 soil pedons from 18 published 
studies and 71 USDA-NCSS sampled pedon locations, 
covering a wide range of channels and climate. This data-
base includes site information (i.e., coordinates, country, 
climate), channel information (i.e., length, drainage area), 
streambank information (i.e., bank height, near-bank land 
cover), soil depth and corresponding properties, soil types, 

and bedrock parent material. The soil sampling depth of 
these observations varied from 2.5 cm to 523 cm with a 
mean of 82 cm, whereas streambank height ranged from 
30 to 600 cm with a mean of 255 cm. Of those soil depths, 
82% of the observations were ≤100 cm, and only 3% were 
>200 cm. In contrast, 87% of the observed streambank 
heights were ≥150 cm. This finding thus reveals that in 
most cases, the depth of soil sampling on streambanks is 
not deep enough to capture P stratification through the 
whole bank profile, which may cause under- or over-esti-
mation of erosional P load to surface water as P concentra-
tion varies largely through the profile. 

Andrew Margenot, Roland Cusick, Allan Hertzberger, 
and Neha Chatterjee: “Evaluating slow release P fertil-
izers to increase crop production and environmental 
quality” 

In soils with deficient soil test phosphorus (STP) 
(<18 mg/kg Mehlich III colorimetric), 50-50% stru-
vite-MAP blends appear optimum for maximizing vegeta-
tive corn and soybean growth while minimizing residual 
STP by up to -18%. This indicates lower dissolved reactive 
phosphorus (DRP) loss risk from surface soils via run-off 
without compromised crop growth.

In soils with optimum-to-high STP, corn yields are 
unaffected by up to 75% struvite substitution and yields 
of double-cropped wheat and soybean are unaffected 
by up to 100% struvite substitution for MAP. This likely 
reflects ‘banked’ P from previous applications, but on the 
other hand is representative of STP in Illinois production 
agriculture.

Timing (fall vs spring) and placement (broad-
cast vs banding) did not influence corn yield response to 
struvite-MAP blends of up to 75% of total P in 2019 and 
2020 for corn at three sites (Urbana, IL; Effingham, IL: 
Streator, IL), nor soybean at two sites in 2019 and 2020 
(Urbana, IL), nor wheat in 2019 (Urbana, IL) if soil test 
P levels were adequate. 
Thus, at maintenance rates 
(Illinois Agronomy Hand-
book), struvite can be a 
near-complete substitute 
for MAP or DAP. 

Residual struvite 
granules remaining in soils 
at the time of sampling 
may inflate apparent STP 
values, but these increas-
es are sufficiently high 
(+600%) from a single 

granule being present in the relatively low soil mass being 
used for testing (2 g soil) that this potential artifact is eas-
ily identifiable. Over two growing seasons, we have found 
that approximately 45-55% of struvite can remain undis-
solved. However, residual granules of struvite present at 
the end of the growing season are chemically and physi-
cally weathered, as revealed by state-of-the-art scanning 
electron microscopy and electron dispersion spectroscopy 
(SEM-EDS), suggesting that residual granules are more 
likely to dissolve than freshly applied struvite in the subse-
quent season.
  Arbuscular mycorrhizal associations can increase 
solubilization of struvite by up to 40%, indicating that 
greater soil health and conservation practices like reduced 
tillage can promote biological solubilization of struvite.

Adding struvite on the same P basis as highly wa-
ter-soluble P fertilizers can decrease soil test P levels and 
water-soluble soil P, indicating it can be used to maintain 
yields but decrease residual soil test P values. The major-
ity of P absorbed by corn by V7 is soil-derived, meaning 
that initial lags in struvite dissolution may not necessar-
ily impair corn growth in ‘typical’ Illinois soils that are 
well-managed to have adequate soil test P levels.
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Momcilo Markus, Gregory McIsaac, and Rabin 
Bhattarai: “Detection and attributes of recent changes 
in P loading in the Illinois River Watershed”

River loads of P, total suspended solids, and 
other potentially related constituents were calculated at 
44 locations in the Illinois River Basin using Weighted 
Regressions on Time Discharge and Season with Kalman 
filtering (WRTDS-K), riverine concentrations from IEPA 
and USGS, and river flow data from USGS.  Data was com-
piled on land cover and point sources of P in the basin and 
conducted correlation and regression analyses that might 
identify factors contributing to increased riverine P loads. 

Analysis of incremental Total Phosphorus (TP) 
loads in different sections of the Illinois River and its trib-
utaries indicates there was a considerable deposition of P 
in the segment of the basin between Marseilles and Valley 
City (excluding monitored tributaries) during 1989-96. 
This portion of the river system is very flat and known to 
accumulate sediment. During 2015-19, this section of the 
basin shifted from being a net sink to being a net source 
of P and this shift represented 78% of the increased TP 
load at Valley City. This study was unable to 
quantify the precise causes for this shift, but 
identified suggestive correlations that require 
additional research to determine causality: 
increased discharge, increased chloride con-
centrations, reduced sulfate concentrations 
and an increased portion of TP in dissolved 
form, which may be less susceptible to depo-
sition than particulate P.   

Between Marseilles and Valley City, 
monitoring of the Illinois River at Henry 
suggests that the majority of the increased 
TP load at Valley City originated between 
Marseilles and Henry. However, several 
characteristics of the monitoring at Henry 
suggest considerable uncertainty about the 
incremental flow and load estimates at this 
site that deserve additional research. Results 
of that research may clarify the portion of the 
TP load increase that originated upstream 
and downstream of Henry, but it is not likely 
to change the estimate of the overall load 
increase coming from the Marseilles to Valley 
City segment of the watershed.  Increased 
load from the Sangamon River at Oakford 
represented 22% of the increased load at 
Valley City, and this increase was similar in 
magnitude to an increase in point source 
P discharge from the Sanitary District of 
Decatur. The combined changes from the 
other monitored tributaries below Marseilles 

(including a reduction in load from the Spoon River) 
represented only 2.4% of the increased load at Valley City, 
which offset a similarly sized load reduction at Marseilles. 

In the upper Illinois River Basin, riverine TP load 
reductions occurred downstream of some point source fa-
cilities operated by MWRD, Lake County WRD and Thorn 
Creek WRD. But these and possibly other load reductions 
were offset by increased loads in suburban areas where the 
population had increased (DuPage River) and an agricul-
tural basin (Mazon River). TP loads in the Kankakee at 
Wilmington and the Illinois River at Marseilles changed 
very little from 1989-96 to 2015-19.   
 Across the basin, changes in incremental TP yields 
from 1989-96 to 2015-19 from subwatersheds with less 
than 9% developed land cover were highly correlated with 
changes in incremental water yield. For subwatersheds 
with land cover more than 9% developed land cover, 
changes in incremental TP yield were unrelated to changes 
in incremental water yield, as these watersheds were more 
likely to be influenced by point sources.

Illinois River watershed showing major sub-watersheds and monitoring 
locations. 
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Amir Sadeghpour, Andrew Margenot, Jon Schoonover, 
Karl Williard, and Karla Gage: “Next generation cover 
cropping in corn-soybean rotation to improve farm ben-
efits and decrease environmental losses in south and 
central Illinois”

This project evaluated altering planting dates by 
interseeding and using precision planting of cover crops to 
skip the corn/soybean row – known as “skip row” plant-
ing and evaluate whether “skip row” allows for delayed 
termination of cover crop mixtures. Precision planting of 
WCR or ‘skipping the corn row’ (STCR) can minimize some 
issues associated with WCR ahead of corn while reducing 
cover crop seed costs. 

Data indicated that by switching from normal 
planting (NP) to skip row; (STC), corn grain yield was 
increased and Economic optimum rate of N (EORN) was 
decreased, suggesting the benefit of precision planted 
winter cereal rye (STCR) as a practice to deal with planting 

winter cereal rye prior to corn. To further improve these 
practices, more information is needed to assess integrated 
cover crop management practices with STCR especially 
seeding rate and termination date. 

To accommodate interseeding, a new herbicide 
protocol was established and assessed whether that half 
a rate of residual herbicide vs. full herbicide management 
would impact the establishment of cover crops and corn 
yield. Corn yield was not impacted by presence of cover 
crops and cover crops emerged under full and half rate 
herbicide protocols. 

A hybrid rye was tested as a supplemental trial 
to assess inclusion of a new easily decomposable rye vs. 
typical rye cover crops that resulted in greater biomass 
and nutrient removal. Hybrid rye decomposed similar to 
typical rye and did not improve the following corn yield. 
This will be re-evaluated for another year. 

 

Figure 1. Economic optimum rate of N (EORN) in corn following a no-cover crop control (NCC), normal planting 
of winter cereal rye (NP) and precision planted winter cereal rye (STCR). A and C are trials at ARC in 2020 and 
2021 and B is the trial at BRC in 2020. 

(A) (B) (C)
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Amir Sadeghpour, Joshua McGrath, Karl Williard, and 
Jon Schoonover: “Precision nitrogen management for 
improving farm profitability and water quality in south-
ern Illinois” 

A preliminary evaluation of the data indicates 
that (a) this project can accurately predict winter cereal N 
uptake and (b) split N application for southern Illinois and 
Kentucky are more effective than upfront N management.

In 2021, the new Kentucky-Southern Illinois vari-
able rate nitrogen (VRN) equation was tested. Each repli-
cation randomly set a strip across the entire length of the 
plot area for each of the starter rates (18.5, 37.0, and 55.5 
lb/acre). At sidedress VRN nitrogen was applied to these 
strips according to the VRN equation using NDVI input 
from the sprayer mounted GreenSeeker sensors. The equa-
tion takes input from the sensors as normalized difference 
vegetation index (NDVI) to predict yield with nitrogen and 
yield without nitrogen (Figure below) in real-time while 
sidedressing corn. The general approach of the VRN equa-
tion uses the difference between these two values and the 
grain nitrogen content along with an assumed fertilizer 
use to generate a nitrogen recommendation every second 
as you travel across the field. Figure 3 provides an example 
of how the equation varied nitrogen rate as a function of 
NDVI at one site in 2021. Sprayer-mounted sensors were 
used to manage nitrogen “on the go” but might be suc-
cessfully applied to images collected by satellite or aircraft 
close to sidedress time. The equation is working but may 
be adjusted after this year’s yield results.

Through 2020, more than 7,000 data points (at 

the subplot level) we generated from 64 site-year-cov-
er crop-starter nitrogen combinations. On average, the 
split-applied strategy beat the pre-plant-only strategy, the 
average agronomic optimum yield occurred at 212 bu/acre 
with 234 lb/acre nitrogen, and 37 – 55 lb/acre preplant 
nitrogen in the 2 by 2 was adequate to get to sidedress 
post-V6. However, the figure below shows all of the data 
points through 2020 from sites that fit yield response 
models. Using corn price of $5.54/bu and nitrogen price of 
$0.94/lb the average economic nitrate rate (the rate that 
produces the most profitable relationship between nitro-
gen rate and yield) was 192 lb/acre at a yield of 208 bu/
acre. Clearly large amounts of variability in response exists 
at each site. Over the 64 site-year-cover-starter nitrogen 
combination, the minimum agronomic optimum yield oc-
curred at 151 bu/acre and maximum at 299 bu/acre. It was 
concluded that site-specific strategies like yield goal, sensor 
guided VRN, or image guided VRN have value. 

Apart from the proposed trials conducted, several 
N rate trials will serve as validation trials for our prelimi-
nary algorithms. These trials are conducted in Carbondale, 
IL (three trials) and in Belleville, IL (one trial). These trials 
have cover crops and fallow treatments with multiple N 
rates and will help to test the algorithm for fallow and 
multi-species cover crop scenarios. Through conducting 
these trials (on-going since 2018), researchers have been 
able to estimate winter wheat and winter cereal rye N 
uptake using NDVI. Preliminary data for those are includ-
ed below. These prediction models will be adjusted as the 
project moves forward.   
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Jon Schoonover, Karl Williard, Gubir Singh, and Chris-
topher Blattel: “Modelling and designing saturated buf-
fers for nitrogen and phosphorus mitigation in Illinois”

Data suggest that saturated buffers are effective 
at nutrient reduction during base flow conditions but 
are much less effective during high flows. In 2021 the 
pitchfork buffer outperformed the standard by reducing 
discharge and nutrient loading by 17%. The standard 
buffer consistently had more backflow events and higher 
nutrient loading to the stream. Backflow issues with the 
dispersion lines in areas of high-water tables and in soils 
with low saturated hydraulic conductivities led to an over-
whelmed saturated buffer system during storm conditions.  
Future designs should focus on areas with lower water 
tables, high soil organic carbon, and higher saturated hy-
draulic conductivity.

The results of the denitrification potential exper-
iment suggest denitrifying bacteria are present in the soil 
of both buffers. The pitchfork buffer conditions are most 
favorable for denitrification in the first 12-inches of soil, 
which does become saturated during high flows, while 

in the standard buffer denitrification was highest at 1-2 
feet. The overall rates of denitrification are within range of 
other saturated buffers.  

During high flow events much of the water from 
the field tile completely bypasses the second chamber, and 
the turbulence interferes with the accuracy of the pressure 
transducer. For that reason, outflows for storm events 
were estimated using the percentage of flow diverted at 
baseflow. Flows were highest in winter and early spring, 
and both buffers dried up to near zero flows during the 
summer and early fall when precipitation was low, and 
antecedent soil moisture was relatively dry.

Preliminary results indicate that neither the 
pitchfork nor standard buffers are performing as well as 
expected, especially during higher flows. The pitchfork 
buffer has a greater width but has more dispersion lines 
than the buffers that were analyzed for hydrologic varia-
tion. Therefore, the reduced efficacy of wider buffers may 
be mitigated by the pitchfork design. Further analysis of 
hydrologic characteristics will help improve understanding 
of saturated buffer effectiveness. 
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Jon Schoonover, Karl Willard, Gurbir Singh, and Kevin 
Turnbow: “Water and Sediment Control Basins (WAS-
CoBs) influence on crop yields and water quality near 
Atterberry, Illinois”

Data suggests that WASCoBs are an effective tool 
at addressing water quality concerns in row crop agricul-
ture fields dominated by surface runoff. WASCoBs trapped/
attenuated ~98.5-99.8% of total suspended solids, ~83.8-
97.4% of total phosphorus, ~32.0-59.6% of Nitrate-N, and 
~42.3-82.9% of Ammonium-N. Following three years of 
adoption, cover crops have not shown a significant impact 
on water quality; however, with increased time and better 
establishment we would expect the trend to change.  

In 2021, a total of 27 rain events resulted in water 
samples. The samples were analyzed for concentrations of 
total phosphorus, dissolved reactive phosphorus, ammoni-
um-nitrogen, nitrate-nitrogen, and total suspended solids. 
The total loads from each basin were determined using the 
concentrations of nutrients and sediment along with dis-
charge data. Preliminary water quality data suggests that load-
ing of sediment and nutrients are lower in the basins drained 
by WASCoBs than in the ephemeral gulley drained basins.

Because very few events yielded stacked pole 
samples, a prelim-
inary estimate of 
trapping efficiency 
was determined 
using nutrient and 
sediment loads 
retained in the 
basin, based on 
soil sampling data 
in 2020, as well as 
the loads lost at 
the basin outlets 
during that time, 
determined by 
water quality 
data. Trapping 
efficiencies were 
highest for total 

suspended solids (98.5-99.8%) and total phosphorus 
(83.8-97.4%).  Lower trapping efficiencies were estimated 
for the dissolved nutrients, ammonium-N (42.3-82.9%) 
and nitrate-N (32-59.6%). 

These results support the idea that WASCoBs are 
effective in trapping sediment and sediment-bound phos-
phorus. In the future, trapping efficiencies will be calcu-
lated using water quality data from stacked pole samplers 
rather than soil data. New stacked pole samplers installed 
in the basins in 2021 are expected to sample more fre-
quently, allowing a comparison between water quality in 
the basins and at the outlet to calculate trapping efficiency

Crop yield data was collected using a GIS yield 
monitoring system attached to the combine during har-
vest. Yield data from the 2020 corn harvest was analyzed 
in 2021 and showed a higher average yield in the ephem-
eral gullies (159.1 bushels per acre) than in the basins 
drained by WASCoBs (126.4 bushels per acre). The 2020 
harvest was the first corn harvest after WASCoB construc-
tion. The soil data, and soil maps, reflect the large amount 
of soil disturbance during the construction phase of the 
WASCoBs and dry dams. N and P values are much lower 
in the WASCoBs than the ephemeral gullies. Continued 
yield monitoring of subsequent harvests will be used to 
evaluate the long-term impact of WASCoBs on crop yield.  
As soils begin to rebuild over time, and with the adoption 
of cover crops, we expect to see soil tests and yields slowly 
recover. 

Image 1.  New stacked pole samplers to 
be used in calculating trapping efficiency.
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Nicholas Seiter and Brodie Dunn: “Insect management 
in cover crop systems” 

The risk of insect damage to soybean following a 
cereal rye cover crop is relatively low and is secondary to the 
potential for damage from slugs, voles, and deer. Farmers 
should scout for these and other management issues during 
stand establishment, but the relatively low risk of insect 
damage should not be a deterrent to adopting a winter rye 
cover crop ahead of soybean.

Three years of research on commercial farms and on 
small- and large-scale field experiments show that the risk 
of insect damage to soybean following a rye cover crop is 
relatively low. We observed no economically relevant insect 
damage at any of the field experiments we conducted where 
cereal rye was planted before soybean. These results are 
typical for the North Central region of the U.S., where insects 
did no economically relevant damage to soybean across 34 
site-years of a cereal rye termination-timing experiment 
from 2018-2021. Insect damage to commercial soybean 
fields was similarly rare; while overall damage to soybean was 
higher when a cereal rye cover crop was used in one (2020) 
out of two years, only 4 out of 37 cereal rye fields were either 
sprayed or suffered economic impacts (note that three of 

these were undergoing a transition to organic production 
and could not be sprayed). One cereal rye field was replant-
ed due to slug and water damage during the extremely wet 
spring of 2019. We observed no economically relevant insect 
damage in the reduced number of fields we surveyed in 2021. 
While insect damage following rye is more likely to have an 
impact in corn, the early rye termination timings used in the 
commercial cornfields and field experiments resulted in no 
meaningful insect damage to corn in our observations.

Our primary insect management recommendation 
to farmers using cover crops ahead of either corn or soybean 
is vigilance – scout fields during the early vegetative stages 
to identify stand reduction due to insects (or slugs, voles, 
deer, etc). If you are in no-till production, inspect fields for 
slugs and slug damage, particularly during a wet spring. Fu-
ture work on slugs should determine the impacts of residue 
management on slug damage and stand loss. Additional work 
is needed to characterize the extent of stand loss caused by 
armyworms in soybean; this insect does poorly on soybean as 
a food source, but there have been several reports of localized 
threats to stand due to armyworm feeding. While additional 
stand-reducing pests are possible following a cereal rye cover 
crop, they are manageable. 

Karl Williard, Jon Schoonover, Amir Sadeghpour, Karla 
Gage, and Dwight Sanders: “Minimizing phosphorus 
and nitrogen loss from agricultural systems with cover 
crops and tillage in southern Illinois” 

The long-term impact of cover crops under conven-
tional tillage and no tillage on nutrient leaching is being 
assessed using three different cover crop rotations (corn/
cereal rye/soybean/hairy vetch, corn/cereal rye/soybean/
oats+radish, corn/NoCC/soybean/NoCC) and two different 
tillage practices (conventional tillage and no tillage) are 
integrated in the experimental design.  Timing of cover crop 
planting and establishment is an important determinant 
of in-field nutrient leaching.  If a cover crop does not have 
time to establish in the fall, the effect on nitrate leaching 
can be significant as was seen in fall 2019.  Due to late es-
tablishment, there was more nitrogen leached in the cereal 
rye cover crop season versus no cover crop plots.  However, 
the amount of leaching was relatively low at 4 kg ha-1 com-
pared to most agricultural systems. The 2020-2021 cover 
crop of hairy vetch (a nitrogen fixer) did not 
result in a significant difference in leaching 
between cover crops and no cover crops.  Soil 
sampling indicates that phosphorus stratifica-
tion is occurring in the cover crop areas. 

Overall, data suggest most of N2O-N 
emissions occur early in the season so man-
agement practices should focus on finding 
solutions to reduce excess N early in the 
growing season to potentially reduce N2O-N 
losses. Similar to 2019, N2O-N emissions 

were higher during corn after vetch than the no-CC treat-
ments reflecting on N contribution from vetch. Data also 
show that inclusion of vetch increased corn yield similar to 
2019 data suggesting N addition by vetch increases yield 
due to possible N limitation in corn with no-CC treatments. 

In the watershed scale project, the cover crop treat-
ment significantly reduced total suspended sediment, dis-
solved reactive phosphorus (DRP) and nitrate in the stream 
compared to the control watershed. In 2021, the approxi-
mate Total Suspended Solids loading was 17.38 lbs/acre/yr 
for the cover crop (CC) watershed and 37.19 lbs/acre/yr for 
the control watershed. The DRP in the CC watershed was 
2.36 lbs/acre/yr and the No-CC was 6.65 lbs/acre/yr during 
storm events.  The nitrate (NO3

--N) loading during storm 
events of the CC watershed was also lower at 9.80 lbs/acre/
yr versus the No-CC at 34.36 lbs/acre/yr.  This suggests cov-
er crops are very effective at reducing sediment and nutrient 
levels at the watershed scale.

Figure 1.  Mean seasonal Nitrate-N leaching in field for cover crop seasons from 2015 
through 2021 at SIU university farms
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Karl Williard, Jon Schoonover, and Gubir Singh: “Water 
quality and agronomic impacts of gypsum applications 
in southern Illinois”

In assessing impacts of FGD gypsum application 
on reducing P losses in surface runoff, it was  observed 
that the lowest amount of dissolved reactive phosphorus 
and total phosphorus losses in 2021 was from the gypsum 
treatment of one ton per ace while the highest was in the 
control treatment. The data show Total Suspended Solids 
(TSS) loads were lowest at two tons per acre while the 
control had the highest loads. Calcium Sulfate dissociation 
in gypsum allowed the calcium to bind to soluble phos-
phorus, which transformed readily soluble phosphorus to 
less soluble calcium phosphate which remained in soil for 
a longer time. 

In a comparison between pre-treatment (2020) 
and post treatment (2021) surface runoff samples, it was 
found that losses of DRP loads in 2021 was reduced by 

50%, 20% and 33% in one ton per acre treatment, two 
tons per acre treatment and six tons per acre treatment, 
respectively. Similarly, total phosphorus loads decreased in 
2021 by 40%, 0% and 12.5 % in one ton per acre treatment, 
two tons per acre treatment and six tons per acre treat-
ment, respectively. Comparison showed that TSS load val-
ues decreased in 2021 by 83%, 85% and 78% in one ton per 
acre, two tons per acre and six tons per acre, respectively. 

In terms of grain yield, soybean yield data from 
Fall 2020 showed that gypsum plots had the highest yield 
(72.9 bushels per acre) followed by control (70.9 bushels 
per acre), sulfur (69.3 bushels per acre) and lime (68.6) 
treated plots. Economic analysis shows application of one 
ton of gypsum per acre on an alternate year basis to a 
standard corn-soybean rotation in southern Illinois can re-
duce phosphorus loads by 2.19 to 3.29 pounds per acre per 
year compared to control. The cost per pound of phospho-
rus removed averaged $2.98 per pound across the study.

Table 1. Comparison between Pre and Post Gypsum Treatment loads and Control Treatment loads for DRP, TP, and TSS in sur-
face runoff.

Parameter Treatments
Pre-Treatment Loads  
kg/ha (2020)

Post Treatment Loads 
kg/ha (2021)

  Change (%)

Dissolved Reactive Phosphorus 
(DRP)

1 ton/acre 0.14 0.07 50

2 tons/acre 0.15 0.12 20

6 tons/acre 0.12 0.08 33.33

control 0.16 0.11 31.25

Total Phosphorus (TP)

1 ton/acre 0.20 0.12 40

2 tons/acre 0.17 0.17 0

6 tons/acre 0.16 0.14 12.5

control 0.18 0.22 -22.22*

Total Suspended Solids (TSS)

1 ton/acre 141.30 22.83 83.84

2 tons/acre 144.30 20.93 85.49

6 tons/acre 173.40 37.43 78.41

control 168.70 50.72 69.93

Negative values denote increases in export in post-treatment period compared to pre-treatment period, while positive 
values denote decreases in export in the post-treatment period compared to pre-treatment period.
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Zhongjie Yu and Lowell Gentry: “Sources and cycling of 
nitrate in tile-drained corn-soybean rotation systems: A 
stable isotope approach”
 This isotope technique has unequivocally deter-
mined that fertilizer N is the direct source of tile nitrate 
during flow events following fertilizer N application and 
that preferential flow is the mechanism of transport.  
Moreover, nitrate produced from soybean residue de-
composition is an under-appreciated source sustaining 
tile nitrate loss during the non-growing season following 
soybean harvest.
 Based on these measurements, there was a direct 
leaching of fertilizer-derived nitrate following fertilizer 
applications to corn and soil preferential flows played an 
important role in this loss. 
 Two competing microbially mediated processes 
– mineralization and denitrification – control the back-
ground level of nitrate in tile drainage. While mineraliza-
tion-produced nitrate inherits N isotopes from those of 
the source N (in this case, soil organic N and crop resi-
dues), denitrification can substantially increase the N and 
O isotopes of nitrate because denitrifying organisms pre-
fer the lighter isotope (thereby elevating the soil nitrate in 
heavy N isotopes). 
 This provides evidence for reduced mineraliza-
tion following corn harvest and during soybean produc-
tion. This reduced mineralization promoted a shift of 
the balance between mineralization and denitrification 
toward the latter. This finding is based on nitrate isotope 

measurements lends support to the previous conclusion 
that decomposition of high-quality soybean residues is 
an under-appreciated source of tile nitrate loss following 
soybean harvest. This substantial tile nitrate loss following 
soybean harvest and prior to corn planting is postulated to 
be directly linked to nitrate leaching from surface soil layers, 
where organic N and soybean residues are most abundant. 
 Large tile nitrate loads from the corn plots mainly 
originated from N fertilizers, as well as from rapid min-
eralization triggered by soybean residue decomposition, 
whereas tile nitrate loss from the soybean plots followed a 
steadier trajectory over time, which was regulated by the 
balance between mineralization and denitrification.
 Based on the above analysis, a conceptual model 
is proposed to reconcile the diverse hydrological, biogeo-
chemical, and management controls on tile nitrate loss at 
the Douglas County site (Figure 1). Following crop harvest 
from the previous year, the soil system gradually wets 
up over the winter and early spring (Figure 1a). During 
this time period, soil moisture content keeps increasing, 
resulting in progressively less precipitation water entering 
the soil matrix. Consequently, both preferential flows in 
response to precipitation events and soil matrix flows acti-
vated between precipitation events are important path-
ways transporting soil background nitrate to tile drainage. 
During this stage, soil mineralization and crop residue 
decomposition are the main processes sustaining high 
nitrate loads in tile drainage. Cumulatively, these losses 
of soil background nitrate accounted for about half of the 
annual nitrate load in tile drainage.

 As soil moisture 
content further increas-
es and likely reaches its 
highest point in mid-
spring to early summer, 
the transport regime 
of water and nitrate is 
shifted to be preferential 
flow-dominated (Figure 
1b). During this stage, 
most incoming precip-
itation bypasses the 
soil matrix, creating a 
substantial network of 
preferential flows that 
significantly reduce the 
travel time of water and 
nitrate to tiles. Because 
most fertilizer applica-
tions occur within this 

Figure 1. Conceptual schematic of flow paths and nitrate transport and transformation in tile-
drained fields under different wetness and crop growth conditions. 
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time window in Central Illinois, soil preferential flows may 
have played a disproportionally important role in facilitat-
ing the loss of fertilizer-derived nitrate to tile flows. 
 As crops continue to grow and temperature to in-
crease, the system starts to dry out in mid-summer owing 
to enhanced evapotranspiration (Figure 5c). Incoming pre-
cipitation can now be quickly adsorbed and stored in the 
soil matrix due to elevated suction forces in the matrix. 

Tile drainage during this time period is mainly generated 
by relatively large precipitation events or a series of small 
events, during which water and nitrate stored in deep soil 
layers (e.g., below 2 feet) are mobilized by the infiltrating 
water. This is consistent with the observation that ni-
trate-N isotopes increased rapidly during the late growing 
season of both corn and soybean, indicating the leaching 
of “old” background nitrate. Fertilizer-derived nitrate is 
not a major source of nitrate in tile drainage during this 
stage, as it would take considerably longer time for water 
and nitrate to migrate from surface soil layers to tiles.

Wei Zheng, Richard Cooke, Brajendra Sharma, 
Olawale Oladeji, and Mahelet Maru: “Designer biochar 
to capture and recycle phosphorus from tile drainage 
systems”
 Biochar is a carbon-rich material produced from 
thermal conversion of biomass under an oxygen-limited 
condition. Biochar application as a soil amendment can 
increase carbon sequestration, improve soil quality, en-
hance fertilizer-use efficiency, and promote plant growth. 
A designer biochar pellet was produced from wood bio-
mass pretreated with lime sludge using pyrolysis and then 
pelletized. 
 Three phosphorus sorbents (including the design-
er biochar pellet generated in our laboratory, a commercial 
phosphorus polymer sorbent pellet (RecoNP), and an iron 
material) were packed into the P-sorbing filters to capture 
dissolved phosphorus from subsurface tile drainage. The 
designer biochar pellet could capture about 43% of dis-
solved phosphorus from drainage water (Figure 1), show-
ing a great potential to prevent nutrient loss from agricul-
tural fields. 

Continued “Sources and cycling of nitrate in tile-drained 
corn-soybean rotation systems: A stable isotope 
approach”
 

 Scale-up biochar-sorption chambers (Figure 2) 
have been designed and applied into biochar-sorption 
channels, which treats drainage water that is received 
from a larger agricultural field. 
 Overall, the designer biochar pellet can effectively 
capture phosphorus from drainage water and mitigate the 
excess nutrient loads to watersheds from agricultural fields. 
The phosphorus-captured biochar have a great potential as 
a slow-released fertilizer to enhance nutrient use efficiency 
and improve crop yields.

Figure 2. Designed biochar-sorption chamber.
Figure 1. Phosphorus sorbents used in the field trial.
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Education and Outreach
One essential role of NREC is to facilitate delivery of infor-
mation to farmers and crop advisors so that they can im-
plement the practices tested and proven by researchers to 
help reduce nutrient loss while maintaining productivity. 
When NREC is not directly reaching out to farmers, we are 
utilizing influencers such as Certified Crop Advisers and ag 
retailers. A variety of other 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 2021 with 19,170 
Facebook users reached and just under 25,000 impressions 
made. 

YouTube was more successful in sharing information this 
year with 16 new videos being added with links from social 
media and the NREC web site. Almost 70 hours of videos 
were viewed from 1,542 visits. 

In print and electronic media, NREC topics were covered 
an average of twice a month. Either researchers were inter-
viewed or research results were communicated by local, 
state and national publications as well as RFD and local 
radio interviews. February’s Investment Insight LIVE! was 
not held in 2021 because of the pandemic. 

Nine individual electronic mailings in 2021 were opened at 
an average rate of 31.4%. 
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