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Project Objectives and status:

The overall goal of this project is to produce and communicate new information on best practices for
balancing drainage depth and spacing, water quality, and crop production goals in lllinois. This experiment is
the first of its kind to ask the question: how do current recommendations on drainage depth and spacing
influence not only nutrient losses but also crop productivity and nutrient utilization? Can drainage depth and
spacing be optimized to minimize nutrient losses and maximize crop production? This project has the
following specific objectives:

1. Determine the effects of tile depth and spacing on tile drainage nutrient losses, field N and P balances, and
fertilizer use efficiencies through a series of field experiments. (ongoing, expected completion date:
November 2022)

2. Assess whether drainage design can be optimized to reduce nutrient loss reductions and increase crop
production. (ongoing, expected completion date: December 2022)

3. Develop a design tool to optimize the drainage design that can be used by researchers, drainage
contractors, and farmers. (ongoing, expected completion date: December 2022)

4. Communicate results to agricultural community stakeholders through field days and extension events.
(ongoing, expected completion date: November 2022)

5. Include afinal written report at the conclusion of this project to address each of the objectives stated above.
(ongoing, expected completion date: December 2022)

This project started in 2018. Installation of the subsurface drainage system and field instrumentation at the
first site (old Church Road) was completed in May 2018. Similarly, Installation of the subsurface drainage
system and field instrumentation at the second site (South Lincoln Avenue) was completed in September
2018. We have been collecting the drainage flow and water samples from both sites since then. We believe
that we will meet the project objectives from an implementation and budget standpoint.

However, we are slightly behind on the project timeline due to the pandemic last year and personnel changes
in 2020. We were not able to collect the soil samples in spring 2020 due to the pandemic regulations.
Furthermore, we also lost the postdoc working on the project last year, and a graduate student was hired to
help with the project activities. Similarly, we are also experiencing a delay in water sample analysis due to a
new equipment and lab manager in the Water Quality Lab at ABE-UIUC. These events have led to a delay in
the project activities during 2020-2021. Hence, we have requested a no-cost extension of the project for one
year. This will allow us to collect an additional year of data and complete the remaining work for the project.
We will continue to collect and analyze water samples from both the sites for N and P losses in 2021-2022.

Progress made towards its competition:

Project progress in vear 2018-2019:

In the year 2018, the installation of a subsurface drainage system and field instrumentation at two sites (old
Church Road and South Lincoln Avenue) was completed. Field monitoring, including water flow data, water
sampling, and agricultural activities, started from May 2018 at the Old Church Road site and from September
2018 at the South Lincoln Avenue site. Total six plots were established at the Old Church Road site and six
plots at the South Lincoln Avenue Site for monitoring (Figure. 1).

Six fields at Church road (CF-1, CF-2, CF-3, CF-4, CF-5, and CF-6) were installed and instrumented from April to May,
while other six fields at Lincoln road (LF-1, LF-2, LF-3, LF-4, LF-5, and LF-6) were installed and instrumented from
September to October (Figures 1, 2, 3, and 4). Each field at Church road has almost the same area of about 5-acre.
The drainage spacing and depth are 40 ft (12.2 m) and 3.5 ft (1.07 m) in CF-1 and CF-3, 60 ft (18.3 m) and 2.5 ft



(0.76 m) in CF-5 and CF-6, and 80 ft (24.4 m) and 3.5 ft (1.07 m) in CF-2 and CF-4, respectively. Layout for Church
road fields has been changed as compared to the original plan considering topographic features to install tiles. The
installed tile-drained fields at Lincoln road have two types of site installation. One site installation has a duplicate
tile spacing and depth with Church road fields (i.e., 40 ft and 3.5 ft in LF-1, 80 ft and 3.5 ft in LF-2, and 60 ft and 2.5
ft in LF-3, respectively). The other site installation at Lincoln road has the same tile depth and spacing across the
fields (80 ft and 3.5 ft), but tile size is different (i.e., 4 inch in LF-4, 2 inch in LF-5, and 3 inch in LF-6, respectively) in
order to further see the effect of tile size on agricultural systems.
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Figure 1. The layout of the installed tile-drained fields and monitoring stations at Church road and Lincoln road. CS-
1, CS-2, CS-3, CS-4, CS-5, CS-6, LS-1, LS-2, LS-3, LSDTS-1, LSDTS-2, and LSDTS-3 are a monitoring station to collect
water samples and gauge tile flow for CF-1, CF-2, CF-3, CF-4, CF-5, CF-6, LF-1, LF-2, LF-3, LF-4, LF-5, and LF-6,
respectively.

A monitoring station equipped with a v-notch weir and a logger recording air pressure was installed at the
outlets of the subsurface drainage systems. The station was instrumented to measure flow rate at 10-minute
intervals.

Tile flow gauging started from May 17, 2018 and October 5, 2018 at monitoring stations of Church road fields
and Lincoln road fields, respectively. Air pressure recorded by the logger has been downloaded once a
month. Water samples were collected twice a week (Tuesdays and Fridays) from March to October and once
a week (Fridays) from November to February starting May 29, 2018 and October 5, 2018 at monitoring
stations of Church road fields and Lincoln road fields, respectively.



Project progress in 2019-2021:

The drainage flow from each plot at both the sites have been continuously monitored. The water samples are
collected twice a week (Tuesdays and Fridays) from March to October and once a week (Fridays) from
November to February. So far, we have collected three years of daily drainage flow, weekly NO3-N
concentration, flow-weighted NOs-N load from two sites. Similarly, the crop yield data has been collected
from the Old Church Road site for 2018, 2020 and 2021.

The Orthophosphate (PO4) concentration analysis in drainage water was started from the last week of
December 2018 for Church road site (CFs) and from January 2019 for Lincoln site (LFs).

Management operations

The summary of fertilizer and pesticide applications at both the monitoring sites carried in 2019 and 2020 is
presented in Table 1. Fertilizer (UAN32%) was applied twice before planting silage corn at LS site and once before
planting grain corn at CS site. Additional fertilizer (MAP (11-52-0)) and Potash was applied after harvesting silage
corn and grain corn at both LS and CS sites.

Table 1. Management operations at CS and LS sites

Date Management Activities Application Rates Fields

04/24/2019 UAN32% 57 gal/acr LS plots
04/24/2019 Atrazine 16 oz/acr LS plots
04/24/2019 Resicore 40 oz/acr LS plots
05/18/2019 UAN32% 57 gal/acr LS plots
05/18/2019 Atrazine 16 oz/acr LS plots
05/18/2019 Resicore 40 oz/acr LS plots
10/03/2019 Potash application 119 lbs/acr LS plots
10/03/2019 MAP (11-52-0) 100 Ibs/acr LS plots
01/09/2020 NH3 52 gal/acr LS plots
01/09/2020 N-serve 1 gt/acr LS plots
04/22/2020 UAN32% 52 gal/acr LS plots
04/22/2020 Resicore 40 oz/acr LS plots
04/22/2020 Atrazine 16 oz/acr LS plots
01/09/2020 NH3 52 gal/acr LS plots
01/09/2020 N-Serve 1 gt/acr LS plots
04/23/2019 UAN32% 57 gal/acr CS plots
04/23/2019 Resicore 40 oz/acr CS plots
04/23/2019 Atrazine 16 oz/acr CS plots
10/14/2019 Potash application 256 Ibs/acr CS plots
10/14/2019 MAP(11-52-0) 242 |bs/acr CS plots
01/09/2020 NH3 52 gal/acr CS plots
01/09/2020 N-Serve 1 gt/acr CS plots
04/07/2020 UAN32% 57 gal/acr CS plots
04/07/2020 Resicore 40 oz/acr CS plots
04/07/2020 Atrazine 16 oz/acr CS plots




The summary of crop planting and harvesting at both the sites are presented in table:

Table 2. Summary of planting and harvesting operations

Date Planting/Harvesting Average Yield (bu/ac) Plots

05/28/2019 Corn planted LS plots
08/28/2019 Production silage harvested - LS plots
05/11/2020 Corn planted LS plots
08/27/2020 Production silage harvested - LS plots
04/24/2019 Grain corn planted CS plots
10/07/2016 Grain corn harvested - CS plots
04/08/2020 Corn planted 132.3 CS plots
10/07/2020 Corn harvested CS plots

Soil Sampling

In spring 2021, we completed the soil sampling from both research sites. For soil sampling, the NRCS soil
sampling protocol for nutrient management procedure was followed. From each plot, two composite soil
samples at depths 0-6 inch (dry surface) and 6-24 inch (subsurface) were collected by sampling 20 equal size
soil core samples in a random pattern across each plot for each sampling depth. The 20 soil cores collected
for each sampling depth were mixed thoroughly to obtain a representative composite soil sample for each
plot. From the collected samples collected the following constituents will be analyzed- soil texture, soil
textural class, soil pH, soil micronutrients ratings, Nitrate-Nitrogen (NO3-N), Phosphorous (P), Potassium (K),
Calcium (Ca), Magnesium (Mg), Sulfur(S), Boron (B), Copper(Cu), Iron Manganese (Mn), zinc (Zn), Sodium
(Na), and organic matter.

Planned Activities for 2022

We will continue to collect and analyze water samples from both the sites for N and P losses in 2022. The
following on-going work will be continued in 2022:

a. Modeling nutrient losses and crop yields for different tile depth and spacing combinations
We have started to set up the Root Zone Water Quality Model (RZWQM?2) for the Old Church site.
Our plan is to complete model calibration and validation for both sites for hydrology, NO3-N losses, P
losses, and crop yield by 2022 summer. We will be using observed data from 2018-2021 (three
complete years) to calibrate and validate the model. The calibrated model will be used to simulate
various scenarios of varying tile spacing and depth. These simulations will enable an accurate
evaluation of the sensitivity of N and P losses and water availability to changes in tile spacing and
depth.

b. Drainage design tool development
In 2022 fall, a tool will be developed to optimally design the subsurface drainage system considering both

environmental and crop production goals. Based on the experimental research, the site-based water
quality model will be calibrated and validated for nutrient loss and crop yield. Many additional model runs



will be performed to expand the model simulation result to other parts and soil types in the state. Based
on the experimental result and model simulation, a drainage design tool will be developed.

c. Outreach strategy
Results will be presented to farmers, consultants, and the agricultural community through the
drainage training, field days, and other extension-oriented conferences in lllinois and in the Midwest.
Results will also be presented at the American Society of Agricultural and Biological Engineers
(ASABE) meetings, and Illinois Farm Bureau events as part of the stakeholder community. Finally, the
findings from this work will also be shared in a few peer-reviewed publications at the end of the
project. We are planning to organize a field day in summer/fall 2022.

Preliminary findings or data relevant to the project

Subsurface Drainage Flow

The daily drainage flow in each plot at both sites is presented in Figure 2. The average annual drainage flow
observed in 2018-2021 range from 15.7 cm (CS-6) to 52.5 cm (CS-1) for CFs and from 34.8 cm (LS-1) to 64.9
cm (LS-2) for LFs. During the crop growing season (May- October), the average monthly drainage for CSs
range from 3.0 cm (CS-6) to 13.9 cm (CS-1) and for LFs range from 2.4 (LSDTS-3) to 10.5 (LS-2). In the winter
months (November- April), the average monthly drainage for CFs range from 4.9 cm (CS-6) to 14.0 cm (CS-3)
and for LFs range from 12.4 cm (LS-1) to 23.1 (LSDTS-3).
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Figure 2. Observed daily drainage flow for each drainage plot from 2018 to 2021.
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Nitrate loss in Subsurface Drainage

The analysis of NOs3-N concentration in the drainage water has been completed until October 2020. We are in
the process of analyzing the water samples collected in 2021. The analyzed NOs-N concentration and flow-
weighted NOs-N losses for each plot at both sites are presented in Figure 3. The average annual flow-
weighted NOs-N losses range from 31.6 kg N ha™* (CS-6) to 66 kg N ha™! (CS-4) for CF plots and from 5.3 kg N
ha? (LSDTS-3) to 207.6 kg N ha! (LS-2) for LF plots range. The average monthly NO3-N losses during crop
growing season (May-October) for CF plots range from 5.7 kg N ha™! (CS-6) to 14.4 kg N ha* (CS-4) and for LF
plots range from 0.25 kg N ha (LSDTS-3) to 50.01 kg N ha'}(LS-2). During non-growing seasons (November —
April), the average monthly NO3-N losses range from 8.7 kg N ha'}(CS-2) to 18.8 kg N ha™! (CS-4) for CF plots
and from 2.4 kg N ha'? (LSDTS-3) to 53.8 kg N ha'! (LS-2) for LF plots.
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Figure 3. Analyzed and flow-weighted nitrate-N (NOs-N) losses for each monitoring plot at Church Road site (CS)
and South Lincoln Avenue site (LS) from October 2018 to October 2020.
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The cumulative daily drainage flow and NO3z-N losses from all monitoring plots from 2018-2020 is presented
in Figure 4. The maximum and minimum cumulative daily drainage flow for CF plots was 157.5 cm (CS-1) and
47.1 cm (CS-6) and for LF plots was 194.8 cm (LS-2) and 104.3 cm (LS-1), respectively. The maximum and
minimum cumulative daily NO3-N losses at CS plots was 198.5 kg N ha 1(CS-4) and 90.4 kg N ha! (CS-2), and
for LS plots was 622 kg N ha™ (LS-2) 15.8 kg N ha™* (LSDTS-3).

Our preliminary analysis of observed drainage flow at CF site showed higher drainage flow in plots (CS-1 and
CS-3) with closely spaced laterals. The plots with shallow drain depth of 2.5 ft found to have less drainage
flow compared to plots with drain depth of 3.5 ft. At the LF site, the drainage flow found higher in plots with
wider drain spacing and 4-inch laterals.
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Figure 4. Cumulative daily drainage flow and NOs-N losses for each monitoring station from 2018-2020.
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Orthophosphate loss in Subsurface Drainage

The analysis of PO4 concentration in drainage water for CS plots was started from December 2018 and for LS
plots from January 2019. The flow-weighted PO4 losses was 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™!
(CS-5) to 0.50 kg ha™! (CS-1) and from 0.5 kg ha™! to 2.013 kg ha™* for LF plots (Figure 5). The daily average POa
losses at both the monitoring sites were very small to report.
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Figure 5. Cumulative flow-weighted PO4losses for each monitoring station from 2018-2020.

Relevant budgeting

The project is under the budget as proposed. The table below provides an overview of project expenses for

January 2018 to November 2021.

Item Amount requested Amount spent

Salary and wages 201,568 158,781
Fringe benefits 58,440 45,052
Travel 15,500 6,847
Materials and Supplies 16,000 18,449
Publications 3,000 0
Services 82,000 71,976
Indirect cost 41,831 32,119
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Project Summary

In general, subsurface (tile) drainage improves crop yields on poorly drained soil and helps reduce year-to-year
variability in crop yields. Tiles also act as preferential pathways that transfer contaminated water directly to water
bodies without this water being subjected to soil processes that attenuate nitrate concentrations. In the meantime,
tile depth and spacing impact the soil water dynamics. Although there have been few studies that investigated the
impact of tile spacing and depth on water quality from the tiled field and their impact on the crop yield, the results
have not been conclusive. This project is the first of its kind to quantify tile drainage nutrient losses for different
combinations of tile depth and spacing while also assessing potential agronomic and environmental tradeoffs that
have not been previously considered. A critical evaluation of tile drainage design practices is needed to provide a
holistic understanding of the system for reducing nutrient losses while maintaining crop production goals.

This research is being conducted at a replicated tile drainage field experiment in South Farm Agricultural
Experimental Station Urbana, IL. In 2018, we have tiled two experimental field sites, instrumented with tile flow
monitoring stations. We have been collecting and analyzing the water samples for the nitrate concentration from
site 1 (Old Church Fields) since May 2018 and from site 2 (South Lincoln Fields) since October 2018. We are also
analyzing the water samples for phosphate concentration from December 2018. We plan to continue the water
sample analysis and collection work in 2021-22 and plan to conduct soil sample collection and analysis in spring 2022.
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Figure. Cumulative daily drainage flow and NOs-N losses for the studied plots.
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