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Cameron Pittelkow, UC Davis
Three paragraph summary:
A replicated tile drainage research site combining in-field and edge-of-field practices at
the UIUC Dudley Smith Research Farm near Pana, IL is now fully in operational mode. The
previous cropping year (2019) represented the second year of treatments given the first year
(2016) was dedicated to infrastructure installation and the second year (2017) was a baseline
year without treatments. Major project outputs to date have included one student graduating
(Hannah Dougherty, M.S. Crop Sciences), publication of one peer-reviewed paper, and a
number of field events and conference presentations.
The previous fall (2018) and spring (2019) presented challenging field conditions for
many producers, and this location was no different. Planned fall N application for the
“Conventional” N management treatment was postponed and was instead applied as a preplant in spring 2019. Looking forward, it is likely the same N application timing will need to be
done in spring 2020. A positive note was that the high-clearance seeding equipment used to
seed the cover crop in fall 2019 seemingly worked well. Cover crop establishment before winter
has been good (Figure 1).
In this fourth year of funding (4 of 5), all research processes and procedures have been
well established and refined. The site continues to garner attention for the high standard of
research and quality of infrastructure. College of ACES administrators (Dean Kidwell, Associate
Dean Bollero, and Associate Dean Nichols-Richardson) visited the site in summer 2019 and
conveyed renewed commitment to and excitement about this type of work (Figure 2).

Figure 1. Cover crop seeding (left) and establishment (right) at the Dudley Smith farm in
fall 2019/winter 2020.
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Figure 2. College of ACES administrators (Dean Kidwell, Associate Dean Bollero, and
Associate Dean Nichols-Richardson) visited the site in summer 2019
1. List of objectives
The overall goal of this project is to evaluate whether current recommended practices for
reducing nitrate loss may also result in agronomic and environmental tradeoffs that have
not been previously considered (e.g. negative impacts on crop productivity, nutrient
utilization, tile drainage P losses, and/or N2O emissions). The specific assessable objectives
are to:
1. Determine the effects of combining recommended water quality practices on
subsurface drainage nutrient losses, field N and P balances, and fertilizer use
efficiencies.
2. Considering a best case scenario (e.g. 4R nutrient stewardship + cover crops +
bioreactor), assess whether synergies are occurring among practices, and/or assess
if there is an upper limit to nutrient loss reductions.
3. *Using plots without fertilizer inputs as a baseline, assess the relative contribution of
soil vs. fertilizer sources to annual N and P losses for continuous corn production
systems.
4. *Evaluate whether recommended practices reduce nitrate losses but increase N2O
emissions.
5. *Evaluate whether cover crops and bioreactors reduce nitrate losses but increase tile
drainage P losses under certain conditions.
6. Assess crop yields and relative cost efficiencies of recommended practices.
7. Evaluate (through modeling) how environmental tradeoffs can be managed at the
landscape and/or watershed-scale using different combinations of practices.
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8. Communicate results to agricultural community stakeholders through field days and
extension events.
9. Include a final written report at the conclusion of this project to address each of the
objectives stated above.
* These objectives have specific updates in “3a. Accomplishments” below

2. Length of project - number of years completed: 4.0 years (of 5.0 years including the 1-y
extension)

3. Accomplishments
a. Research updates (All results are preliminary.)
i. Objective 3: The plots that received no N fertilizer still lost a notable
amount of nitrate-N though the subsurface drainage system in the first
year of treatments (2018) (Figure 3). This is an important finding to
communicate in that removing N fertilizer, an often-touted culprit, from
the equation clearly won’t solve water quality issues in corn cropping
systems on tile-drained soils. 2019 water quality data are still being
finalized, but a similar trend is expected.
ii. Objective 4: The two years of data to date show conflicting trends
between treatments in terms of cumulative N2O emissions (Figure 4). In
2018, cumulative emissions from the four treatment were ranked as:
“4R+cover crop” > “4R” = “Conventional” > “0 N Control”. Whereas in
2019, the ranking was: “Conventional” = “4R + cover crop” = “4R” > “0 N
Control”. The main obvious consistency between the two years was that
the plots receiving no N fertilizer had the lowest N2O emissions.
iii. Objective 5: The Dudley Smith Farm bioreactor has shown an unusual and
consistent trend of dissolved phosphorus (P) removal in addition to
nitrate-N removal (Figure 5). This exciting observation is being explored
at other bioreactors and experiments to test removal mechanisms are
being investigated.
1. A specific added-value evaluation regarding if cover crops release
P under freezing/thawing conditions is being undertaken in late
winter 2020 (see “New questions created by this work” below).
b. Results from this work were presented during this reporting period at (presenter
in bold):
i. Preza Fontes, G., L. Christianson, and C. Pittelkow. 2019. Soil N2O
emissions in continuous corn as affected by 4R and cover crops. North
Central Extension-Industry Soil Fertility Conference. Des Moines, Iowa.
05-06 November 2019. Abstract #6406.
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ii. Preza Fontes, G., L. Christianson, and C. Pittelkow. 2019. Soil N2O
emissions in continuous corn as affected by 4R and cover crops. TriSocieties Annual Meeting. San Antonio, Texas. 10-13 November 2019.
Abstract #258-3.
iii. Zucher, F., A. Sanchez, R. Chacon, and L. Christianson. 2019. Tracer
testing highlights design and operational differences in denitrifying
woodchip bioreactors. Tri-Societies Annual Meeting SASES
undergraduate poster competition. San Antonio, Texas. 10-13 November
2019. Poster #1032. (Dudley Smith Farm bioreactor)
iv. Christianson, L. 2019. Denitrifying woodchip bioreactors: A view from the
field. Invited keynote, Jornada Técnica Internacional “Uso De
Biorreactores Con Madera Y Humedales Para La Desnitrificación De
Efluentes Agrícolas” (International Technical Conference “Use of
Bioreactors with Wood and Wetlands for the Denitrification of
Agricultural Effluents). Universidad Politécnica de Cartagena. Cartagena,
Spain. 03 December 2019. (Dudley Smith Farm bioreactor)
v. Christianson, L. 2019. Denitrifying woodchip bioreactors: Current status,
next steps, and scaling for the future. 2019 Illinois Natural Resources
Conservation Service (USDA NRCS) state-wide meeting. Springfield,
Illinois. 10 December 2019. ≈30 in attendance. (Dudley Smith Farm
bioreactor)

Figure 3. Subsurface drainage nitrate-N losses for four treatments (n = 4) at the Dudley
Smith Farm in 2018. 2019 data are still undergoing quality control and finalization.
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Figure 4. Cumulative nitrous oxide (N2O) soil surface emissions from four treatments (n = 4)
at the Dudley Smith Farm in 2018 (A, top) and 2019 (B, bottom).
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Figure 5. Dudley Smith Farm bioreactor cumulative dissolved reactive phosphorus (DRP) loss
entering, exiting, and by-passing the bioreactor. Loads restart at the water year (October
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01) and the three annual periods have DRP loss reductions of 72, 73, and 68% for treated
water (20-24% removal at the edge of field including untreated by-pass flow).

How will the research benefit the environment and/or crop production, etc.? Results from this
project will provide much-needed information on the potential positive and negative impacts of
water quality practices that growers are being encouraged to adopt as part of the IL NLRS. This
experiment is one of the first of its kind spanning in-field nutrient management, in-field cover
crop management, edge-of-field remedial practices, and modeling to provide a holistic
assessment of promising pathways for reducing nutrient losses to both water and air while
maintaining crop production goals and economic profitability in Illinois agriculture.

Table 1. Up-to-date timeline for “Assessing synergies and tradeoffs …” project

New questions created by this work:
1. The Dudley Smith Farm infrastructure and current monitoring configuration lends itself
extremely well to collect replicated large plot-scale data to follow-up a cover crop
column study performed on the UIUC campus. This column study showed the potential
for increased dissolved phosphorus losses under freezing and thawing conditions when
a cover crop was present (graduate student: Ms. Ariana Munoz). We will test this idea
using the four “4R+cover crop” plots (treatment) and the four “4R” plots (control) at the
Dudley Smith Farm by collecting intensive samples under diurnal freezing and thawing
conditions in early 2020. This column study was supported by NREC (NREC 090276:
“Reducing P Loss in Southern Illinois: Producers Practices and Productivity”; PI: R.
Christianson), thus this represents beneficial added-value and leveraging of these two
NREC-funded projects.
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2. The Dudley Smith Farm Bioreactor with baffles appears to have better N removal
performance than several site-years of NRCS-designed bioreactors. Additionally, why is
the Dudley Smith Bioreactor so consistently removing dissolved P from the drainage
water? We are eager to investigate these topics further.

Table 2. Budget analysis showing expenditures aligned with budget categories.
Budgeted Spent through 12/2019
A. Personnel
$292,255
$245,237
B. Fringe Benefits
$90,095
$65,704
C. Travel
$27,000
$5,056
D. Equipment
$0
$0
E. Supplies
$97,944
$93,829
F. Contractual Services
$32,650
$41,781
G. Other
$4,479
$0
H. Indirect Charges
$59,988
$50,172
TOTAL COST (Year 3.0) $604,411
$501,778
BALANCE REMAINING $102,633
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Appendix – Field activities at the Dudley Smith Farm
Summary of activities during the 2018-2019 water year
The 2018-2019 water year corresponds to the period from October 1, 2018 to September 30,
2019, which was the second year of treatments at the Dudley Smith Farm. Due to weather constraint in
fall 2018 and spring 2019, and as mentioned above, the Conventional treatment comprised of a preplant N application of 200 lbs N/ac. The four treatments and their respective nitrogen (N) management
(time of application and fertilizer source) are described in the table below.
Table 3. Description of nitrogen (N) management practices for each treatment during the 2019 corn
growing season.
Treatment

N Rate

Fall N

Pre-plant N§

Side-dress N§

- - - - - - - - - - - - - - lb ac-1 - - - - - - - - - - - - - - Control

0

-

-

-

Conventional

200

-

200

-

4R

200

-

80

120

4R + CC†

200

-

80

120

†Cereal rye cover crop planted after corn harvest and terminated three weeks before corn
planting.
§N application using 28% Urea Ammonium Nitrate

Combine corn harvest was conducted on October 17, 2018. The cereal rye cover crop was
planted on October 25, 2018, with a target seeding rate of 60 lbs ac-1 on a 7.5-inch rows using a John
Deere no-till drill in the 4R+CC treatment. Soil Samples were collected November 20 and 21, 2018.
Unfortunately, due to continuous periods of cold, wet weather throughout fall, the Conventional
treatment did not receive fall N application as planned (Table 3). Similarly, soil conditions prevented
strip-tillage from being performed across all treatments.
Cold and wet conditions persisted through winter and spring 2019 further delaying N
application, tillage and planting. On May 16, 2019, aboveground biomass was sampled from a 10.7 ft2
area to estimate cover crop dry matter production and N concentration. On May 17, 2019, the cover
crop was terminated by spraying Roundup PowerMaxx at a rate of 1 qt ac-1. Field work was again
delayed by rain for the following 2 weeks. On June 3, 2019 field operations continued with application
of pre-plant herbicide as 40 ounces of Round-Up with 0.5 pint of 2-4D per acre. The following day tillage
strips were set using a Yetter strip-freshener tool bar at depth of 2.5 inches, placing strip alongside the
previous year corn stalk row (Figure 6). Given the moist soil conditions and late planting, the traditional
strip-tillage bar was not used as the deeper, more invasive tillage strips would have created a rough
seed-bed. The strip-freshener tool provided a band of shallow tillage for the seed bed.
Spring N application was performed pre-plant on June 4, 2019 to the conventional, 4R and
4R+CC treatments. The conventional treatment received a full 200 lbs N ac-1 in the spring where
treatment had been split at 120 lbs N ac-1 in fall + 80 lbs N ac-1 spring pre-plant the previous year. The 4R
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and 4R+CC treatments received 80 lbs N ac-1 followed by 120 lbs N ac-1 applied as side-dress on July 9,
2019 (Figure 7).

Figure 6. Toolbar with Yetter Strip Freshener Units (left). Corn emergence in strips (right)

Figure 7. Side-dress N application on July 9, 2019.
Corn was planted on June 8, 2019, with a target plant density of 35,000 plants ac-1. Corn was
planted following the strip-freshener path with 30-inch row spacing (Figure 6). The corn hybrid was
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Wyffels W5518RIB SmartStax, with 109 relative maturity. After physiological maturity (growth stage R6),
grain and biomass N concentration was determined by hand-harvesting plant samples from a 75 ft2 area
within each plot on October 23, 2019. Grain moisture was measured with a grain analyzer (Model GAC
2000, DICKEY-John Corp., Springfield, IL), and grain yields were corrected to 15% moisture content. Deep
core soil samples were collected November 18-19, 2020 to estimate post-harvest residual N at the soil
profile.
Drainage flow was continuously monitored in all plots using a 6712 Full-size Portable Sampler
equipped with a 720 probe flow module (Teledyne ISCO, Nebraska, NE). The Samplers were set to take
daily water samples from tile drains. The drainage samples were analyzed for nitrate (NO3) and dissolved
phosphorus (P) (within 20 days; method 10-107-106-1-J, Lachat QuickChem 8500 series, Loveland, CO).
Nitrate and P loads were estimated by multiplying NO3-N concentrations by discharge volumes for each
sampling event and summing across the 2018-2019 water year.
Measurements of N2O were done using the closed-static chamber method according to the
USDA-ARS GraceNET Project Protocols. Gas samples were taken from April 4, 2019 to corn harvest in
2019, with more intense sampling during the corn growing season. After corn planting, gas samples
were taken twice a week until August, and once a week in September. From October to before corn
harvest, gas samples were taken twice a month. Grain yield was harvested by combine on November 16,
2019.
Set up activities for the 2019-2020 water year
On September 27, 2019 cereal rye was seeded at target rate of 65 lbs ac- into the standing corn
crop on 4R+CC treatments using a high-clearance Hagie sprayer equipped with an air seeder system
(Figure 1). Pre-harvest seeding of the cereal rye was preferred over post-harvest seeding due to the late
maturing corn crop. Again, due to wet weather in late fall, the Conventional treatment did not receive
fall N application as planned. Similarly, soil conditions prevented strip-tillage from being performed
across all treatments.
Preliminary results from 2018-2019 water year
Total annual precipitation was 48.9 inches at the Dudley Smith Farm, which was 7.5 inches
greater when compared to the 30-year average (1981-2010) (Figure 8). The months with total
precipitation lower than the 30-yr average was October (1.2 inches below), November (1.5 inches
below), and July (0.9 inches below). In contrast, precipitation amounts were 2.8 inches above the
average in March, 2.5 inches above in May, 4.4 inches above in June, and 1.8 inches above in August.
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Figure 8. Daily and cumulative precipitation during the 2018-2019 water year at Dudley Smith Farm.
Cereal rye had poor establishment before winter, with high variability within each plot, likely
due to little precipitation in November (after planting) coupled with low air temperature (mean air
temperature in November was 7.3 ºF below normal). However, cover crop accumulated great amounts
of biomass during April and May, which accounted for approximately 70% of the total growing degree
days accumulated by the time of cover crop termination. At cover crop termination on May 17 2019,
cereal rye biomass production and N content ranged from 510 to 3077, and from 7 to 39 lbs ac-1,
respectively (Figure 9). When averaged across plots (n = 20), total biomass production and N content
was 1469 and 20 lbs ac-1, respectively. The high biomass production resulted in an average C/N of 33/1.

Figure 9. Cereal rye dry matter yield (A), nitrogen (N) content (B), and C/N ratio (C) at termination in
2018 and 2019.
Corn grain yield from hand-harvest samples was highest for the Conventional treatment (174 bu
ac-1), and it was 10 and 21 bushels higher compared to the 4R treatment (174 vs 164 bu ac-1) and the 4R

12

Grain yield (bu ac -1)

+ CC treatment (174 vs 153 bu ac-1), respectively (Figure 10). However, statistical analysis showed no
significant difference between the Conventional and 4R treatment. The yield penalty of the 4R+CC
treatment compared to the Conventional was possibly due to an N immobilization early in the growing
season. Nitrogen concentration in plant tissues sampled at V6 growth stage, and ear leaf sampled at R1
growth stage were significantly higher for the Conventional (4.56 and 2.89% at V6 and R1, respectively)
compared to the 4R+CC treatment (4.31 and 2.64% at V6 and R1, respectively).
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Figure 10. Corn grain yield in 2019, (Numbers on top of bar correspond to the average of 4 replicate
plots approximately 2 ac each in size. Means following different letters are significantly different by the
Fisher’s LSD test at p < 0.05.)
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