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☐ Yes ☒ No
Is your project on target from an IMPLEMENTATION standpoint?
If you answered “no” please explain:
An underlying assumption of paired field studies is that the fields serve as replicates of each other. The original plan was to
collect background data for one crop year to justify that assumption. However, after one year, the variability between the
plots was too high to justify that assumption. We, therefore, had to collect a second year of background data to be able to
produce statistically defensible results. We are a year behind our initial implementation schedule.
☒ Yes ☐ No
Is your project on target from a BUDGET standpoint?
If you answered “no” please explain:
The project is on target from a budget standpoint. In fact, because of the generous support of MWRD, we were able to establish
a second site. This second site, established on the University of Illinois’ Agricultural Engineering Farm will be used for long-term
data collection.
Based on what you know today, will you meet the objectives of your project on-time and on-budget? ☒ Yes ☐ No
If you answered “no” please explain:
Although the implementation has been delayed by a year, we will be able to meet our stated objectives on time and on
budget. We promised three crop years of treatment from one site. With the addition of a second site, we will be able to
deliver two crop years of data from each of two sites for a total of four crop years of data. In addition, both sites are set up so
that we will be able to continuing collecting data beyond the period of NREC support for minimal cost. The Fulton County site
is at the same location as another NREC project (Zheng, Cooke, Oladeji –biochar for bioreactors), and data collection for this
project will be continued for the duration of that project. The second site is located on the University of Illinois’s Agricultural
Engineering farm, and the plan is to continue data collection there for at least 10 more years.
☒ Yes ☐ No
Have you encountered any issues related to this project?
If you answered “yes” please explain:
The planned installation of a pond at the site in Spring 2020, will likely be delayed because of unforeseen circumstances.
Irrigation water will be obtained from Big Creek until the pond is constructed. The systems were designed with this
contingency in mind. We have been in talks with the Illinois Land Improvement Contractors Association (ILICA) as to the
possibility of them having a pond construction Field Day at the site. However, these discussions are in abeyance given present
conditions.
☒ Yes ☐ No
Have you reached any conclusions related to this project that you would like to highlight?
If you answered “yes” please explain:
Based on the results from both sites, there is an apparent transient drainage system response for the first year after
installation. Therefore, we would caution the use of data from the first year after the installation of a drainage system.
Have you completed any outreach activities related this project? Or do you have any activities
planned?
If you answered “yes” please explain and provide details for any upcoming outreach:

☒

Yes

☐

No

We are planning to organize a field day at the project site during summer 2020. In addition, we are preparing an article titled
“Transient Response of Tile Drainage Systems” for the ILICA newsletter, in which we will present data from this project. The
annual drainage design workshop is scheduled for the first week of August, and will include a tour of the South Farm site.

List of objectives
The main goal is to evaluate and demonstrate drainage water recycling as an effective management practice that optimizes crop
yield at reduced fertilizer application, enhances nutrient use efficiency by crops, and reduces nutrient (N and P) export to riverine
water. The specific objectives are to:
1.

Evaluate and identify the BMPs for crop recovery and reuse of nutrients in recycled drainage water, which
promote farm income and foster broad adoption of such practices. Economic analysis to date include collection of
data on cost of implementing the various practices. The first two years involved the collection on background data.
Subirrigation of selected plots begins with the 2020 crop. Smart systems for drainage and subirrigation were
installed in at the Fulton County site in Fall, 2019 (Figure 1). A graduate student, Falasy Anamelechi, started working
on this project in Spring, 2020. His first task is to develop a control system for off-site regulation of pumping and
water table control. Because of its proximity to the university, the South Farm site is easily accessible and does not
require off-site control. This situation makes it possible to determine costs associated with off-site regulation.

2.

Assess contributions of drainage water management to nutrient (N and P) use efficiency. Fertilizer will be
differentially applied to the fields according the experimental design. In 2020, the Fulton County site will be in corn,
and the South Farm site in soybean. We will continue to collect weekly tile water samples, and analyze them for N
and P species.

3.

Evaluate crop response to reduced fertilizer use under sub-irrigation with drainage water. Yield data will be
collected in Fall 2020, and analyzed for the effect of fertilization and irrigation level.

4.

Study changes in the physical, biological and chemical properties of soil under intermittent drainage and subirrigation. Spatially distributed soil properties were collected at the start of the project. Samples will again be
collected after harvest in Fall 2020, and again after harvest in 2021.

5.

Include a final report at the conclusion of this project to address each of the objectives stated above. Expected
completion date for the report is the end of 2021.
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Figure 1. Control box and solar panel for smart drainage systems installed at Fulton County site.

Progress made towards completion
Four 5-acre drainage systems were installed at the Fulton County site (Figure 2), and have been
instrumented to monitor flow and water quality. All four have been operated in conventional drainage
mode. Beginning with the 2020 cropping season, the treatments will be
1.
2.
3.
4.

Conventional drainage with 100% agronomic rate fertilization
Conventional drainage with 50% agronomic rate fertilization
Drainage/sub-irrigation with 50% agronomic rate fertilization
Drainage/sub-irrigation with 100% agronomic rate fertilization
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Soil samples were collected from the fields before the drainage systems were installed, and were
analyzed for nitrogen and phosphorus species. Water quality samples were collected at regular intervals
and also analyzed for nitrogen and phosphorus species.

Figure 2. Layout of Drainage Water Recycling Systems at Fulton County Site. Nearby drainage-related management, practices are
also identified.

A second site with four 2-acre drainage systems was established on the University of Illinois Agricultural
Engineering Research Farm (Figure 3). The same four treatments will be applied starting with the 2020
cropping season. The site has an existing tile-fed pond that will be used to provide irrigation water. If
necessary, additional water will be obtained from an 18” district main that runs along the road in front of
the drainage systems.
The addition of a second site allows for the collection of more site years of data over a shorter period of
time. In addition, the two sites have alternate crops in a corn/soybean rotation. There is, therefore, a
greater chance to reduce any confounding effect of weather. The South Farm site will be monitored for at
least 10 years. In many instances projects end after three and four years, and there is a dearth of data on
the long-term effects of drainage-related management practices.
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Figure 3. Layout of Drainage Water Recycling Systems at the South Farm Site. Nearby drainage-related management, practices are
also identified.

Preliminary findings or data relevant to the project:
2019 corn yield data from the four field at the Fulton County site are shown in Table 1. The yield for Field A
is significantly lower than for the others at a 0.05 α (probability of a Type 1 error) level. The other three fields
are similar to each other. All four fields have similar yield standard deviations.

Table 1. Yield data from Fulton County site
Field

Median Yield
(bu/acre)

A
B
C
D

189
217
226
212

Standard
Deviation
(bu/acre)
68.6
65.5
61.7
68.5

We observed standing water at a few spots in the fields, particularly towards the southern end of Field A.
The distributed yield map shown in Figure 4, indicate high level of coincidence between low yield areas and
wet spots. 2019 was an abnormally wet year, with rainfall exceeding the design capacity of the drainage
systems on several occasions. It is unlikely that wet spots will form under normal rainfall conditions.
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Figure 4. Spatial distribution of yield on Fulton County Drainage water recycling fields in 2019. Field A is shown outlined in blue.

The cumulative flows during the second year after installation for the fields at the Fulton County site are
shown in Figure 5. The flow patterns from the four fields are essentially identical, and thus the fields can be
considered to be hydraulic replicates. After applying different treatments to each field in 2020 and in
subsequent years, differences can be attributed to the effects of the treatments.

Figure 5. Cumulative flow on Fulton County fields during the second year of operation.

The cumulative flows and Nitrate-N losses from the South Farm fields during the first year after installation
are shown in Figure 6. The main differences in flow occur before December, 2018. After then the four fields
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have similar responses. Nitrate loading patterns are more variable, however. The cumulative loading curve
for SFDWR1 has a higher slope than do the other three fields. The variation in Nitrate-N concentrations
decreases after the first three months, but there is still some variability, with the Nitrate-N concentrations
from SFDWR1tracking higher than those of the other fields (Figure 7). This difference will be taken into
account when the treatments are applied starting with the 2020 crop year. The two years of background
data will be used to help to isolate treatment effects.

Figure 6. Cumulative daily tile flow and Nitrate-N losses South Farm fields during the first year of operation.
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Figure 7. Nitrate-N concentration on South Farm fields during the first year of operation.

The data from the South Farm fields do not support treating the fields as replicates, so double mass analysis
will be used to isolate treatment effects. The method consists of developing cumulative curves of nitrate
load and tile outflow versus rainfall for the background and treatment periods and testing for a change in the
slope of the line in response to a change of regime. In this case the change of regime is the application of
different treatments to each plot. The line is represented by the following equation
L = β0 + β1F + γ1ZF
where L = Cumulative Chemical Load or Cumulative Tile flow
F = Cumulative Rainfall
β0, β1, γ1 = Constants
Z = Dummy Variable [ Z=0 before treatment, Z=1 after treatment]
The null hypothesis is H0 : γ1 = 0, and the alternate hypothesis, H1: γ1 <> 0. A significant negative value for γ1
is an indication that the treatment led to a decrease in chemical loading. If there is no significant change in
slope, then the treatment does not have any effect on chemical loading or tile flow. Where there is a
significant change in slope, the magnitude of the reduction of chemical loading or tile flow is given by

Reduction =

Slope before treatment − slope after treatment
Slope before treatment
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Relevant budgeting:
The project is under the budget as proposed. The table below provides an overview of project expenses to
date.

On-Farm Evaluation and Demonstration
Item
Materials and Supplies
Transportation Services
Services
Equipment/Software/Capital Lease
Indirect Costs Pool
Salaries and Wages
Benefit Costs

Budgeted
4,080
7,752
61,874
19,074
19,939
72,573
14,215

Inception to Date
7,032
1,611
32,514
13,244
65,939
12,219

Any publications or outreach accomplished from the research:
In 2019, we conducted the following outreach activities to disseminate the project findings:
a. The Fulton County & MWRD (Metropolitan Wastewater Reclamation District) field day in Cuba IL on
July 16, 2019.
b. A poster was presented at Public Field Day at Al Boyd’s DWM Field (Argenta, IL) on August 7, 2019.
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Project Summary
The main goal of this joint industry/university project is to evaluate and demonstrate drainage
water recycling as an effective management practice to reduce nutrient (Nitrogen and
Phosphorus) export to riverine water and to optimize crop yield at reduced fertilizer application
rates. The study is being conducted at two sites, one in Fulton County, and the other at the
University of Illinois’ South Farm. Both sites are in corn/soybean rotations with corn at Fulton
County in odd years, and at the South Farm in even years. Each site consists of four fields with
randomly assigned treatments:
1.
2.
3.
4.

Conventional drainage with 100% agronomic rate fertilization
Conventional drainage with 50% agronomic rate fertilization
Drainage/sub-irrigation with 50% agronomic rate fertilization
Drainage/sub-irrigation with 100% agronomic rate fertilization

Inflow and outflow from the fields are continuously monitored and analyzed for N and P
species. Soil and crop growth and yield data are taken at regular intervals.
An underlying assumption of paired field studies is that the fields serve as replicates of each
other. If this assumption is violated, differences in the responses of the fields cannot be
attributed to the treatments with any degree of certainty. Two years of background data were
collected to justify this assumption. By the second year after drainage systems were installed,
the tile flow response from the fields at the Fulton County were almost identical, justifying
treating the fields as replicates. The nutrient responses of the fields on the South Farm were
not identical, so the efficacy of the treatments will be evaluated using double mass analysis of
pre and post treatment data. Application of the different treatments will start with the 2020
crop year.

Tile flow and nitrate response from the Fulton County and South Farm sites, respectively.
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