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Is your project on target from an IMPLEMENTATION standpoint?
If you answered “no” please explain:

☒

Yes

☐

No

Is your project on target from a BUDGET standpoint?
If you answered “no” please explain:

☒

Yes

☐

No

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:
The Fulton County DWR site was again planted to corn in 2021 and thus there will be an opportunity to analyze the interaction
of fertilizer and irrigation. We are asking for a no‐cost extension to continue collecting data from this site at least for the next
three years. The site is at the same location as another NREC project (Zheng, Cooke, Oladeji –biochar for bioreactors), with
data collection through the end of 2022, and an EPA project that goes through 2024. It is convenient for us to continue to
collect DWR data through the end of 2024. The second DWR 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:
This summer there was an issue with the operation of the solar‐powered irrigation pumps. The pumps were shaded by
vegetation at the edge of the field, which we were not permitted to cut. In response we developed and deployed spiral water
wheel pumps that use the kinetic energy of the water in the creek to lift water to the field. This year we plan to relocate the
solar‐powered pumps, and to compare the capacity of both types of pumps.
Have you reached any conclusions related to this project that you would like to highlight?
If you answered “yes” please explain:





☒

Yes

☐

No

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.
Yield data from the past two years indicated a significant drop in yield from the plots on which fertilizer
was applied at half the recommended rate. Irrigation increased crop yield but it was not enough to offset
the reduction in fertilizer application.

Have you completed any outreach activities related this project? Or do you have any activities
☒ Yes ☐ No
planned?
If you answered “yes” please explain and provide details for any upcoming outreach:
There was a virtual a field day covering the project site during summer 2020. In addition, we prepared two articles for the Illinois
Land Improvement Contractors Association (ILICA) newsletter. This newsletter has a circulation of approximately 400 contractors
and other stakeholders.
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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 includes 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
wasdifferentially applied to the fields according the experimental design in 2020. In 2021, the Fulton County site will
still 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 2021, 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 sub‐
irrigation. Spatially distributed soil properties were collected at the start of the project. Samples were collected after
harvest in Fall 2020.

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 2022.
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On‐Farm Evaluation and Demonstration of Reduced Off‐Farm Nutrient Transport through
Drainage Water Recycling
PI: Dr. Richard Cooke, Professor and Extension Drainage Specialist, Department of Agricultural and
Biological Engineering, University of Illinois, 332‐P AESB, 1304 West Pennsylvania Avenue, Urbana, IL 61801.
Co‐PIs: Dr. Olawale Oladeji, Metropolitan Water Reclamation District of Greater Chicago (MWRD) and Dr.
Rabin Bhattarai, Agricultural and Biological Engineering, University of Illinois
Other Collaborators: Dr. Guanglong Tian and Dr. Albert Cox, Metropolitan Water Reclamation District of
Greater Chicago (MWRD); Ms. Elaine Stone, Fulton County Farm Bureau; and Mr. Alex Eccles, Ecosystem
Exchange Services.
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University of Illinois

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 were:
T1. Conventional drainage with 100% agronomic rate fertilization
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T2. Conventional drainage with 50% agronomic rate fertilization
T3. Drainage/sub‐irrigation with 50% agronomic rate fertilization
T4. Drainage/sub‐irrigation with 100% agronomic rate fertilization

Grid soil samples were collected from the fields before the drainage systems were installed, and after
harvest in 2020, and were analyzed for nitrogen and phosphorus species. Water flows were measured
and water samples were collected at regular intervals and also analyzed for nitrogen and phosphorus
species.

T1
T4
T3

T2

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 were applied starting with the 2020
cropping season. The site has an existing tile‐fed pond that is being 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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Solar‐powered pumping systems to facilitate sub irrigation were installed at both sites in summer, 2020.
These systems were installed too late in the growing season to have a signifant impact on the 2020 crop.
They will, however, be used in subsequent years.

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 through 2021 corn yield data from the four fields at the Fulton County site are shown in Table 1. 2019
serves as a control year as treatments were applied to the plots in 2020. 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 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.
Table 1. Yield data from Fulton County DWR site
Plot

DWR‐A

DWR‐B

DWR‐C

DWR‐D

Fertilizer

Half

Half

Full

Full

Irrigation

No
189
158
116
79.9
35.9
61.5
0.89
0.86
0.63

Yes
203
153
142
59.0
50.4
67.5
0.96
0.83
0.77

Yes
226
208
184
46.4
54.0
36.8
1.07
1.13
1.00

No
212
183
185
66.1
52.8
42.3
1.00
1.00
1.00

Median Yield
(bu/acre)
Yield Interquartile
range (bu/acre)
Plot Median to DWR‐
D Median Yield Ratio

Year

2019
2020
2021
2019
2020
2021
2019
2020
2021
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The distributed yield map shown in Figure 4, indicate lower yields in the plots with half fertilizer application
(the two lower plots).

Figure 4. Spatial distribution of yield on Fulton County Drainage water recycling fields in 2019 and 2020.
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Cumulative flow and nutrient transport from the four plots are summarized in Table 2. The nutrient
concentrations from the four plots are shown in Figure 5. The highest flows were from the irrigated plots,
likely due to the addition water being introduced to the plots. 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‐irrigated plot with full fertilizer
application.

Table 2. Flow data from Fulton County DWR site
Plot
Fertilizer
Irrigation

DWR‐A
Half
No

DWR‐B
Half
Yes

DWR‐C
Full
Yes

DWR‐D
Full
No

Cumulative Flow (in)

2.32
3.90
0.02
0.05

4.77
8.21
0.11
0.08

10.12
7.23
0.01
0.08

4.21
18.61
0.21
0.30

Cumulative NO3 (lb)
Cumulative PO4 (lb)
Cumulative NH4 (lb)

Figure 5. Nutrient concentrations from Fulton County DWR plots in 2020.
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Figure 6. Cumulative flow and nutrients from Fulton County DWR plots during 2021.
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The system was designed to have solar‐powered pumps lifting the water to the irrigated plots. The solar
panels were placed at the edge of the field so as not to interfere with farming operations. However, this
year these panels were shaded by vegetation growing at the edge of the field. This reduced the volume of
water being pumped to the irrigated plots. We experimented with the use of a spiral water wheel pump to
raise water from the stream to the plots.
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. We conducted experiments at the site to characterize the relationship between size of
the inlet scoop, wheel diameter, and stream velocity, on the maximum discharge head and discharge rate
for two spiral water wheel pumps. These results were used to develop pump performance curves,
determine the best pump configuration 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 discharge heads of 1.2m , 2.0m and 3.0m,
respectively.

Figure 7. 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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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, Supplies, and Services
Transportation Services
Equipment/Software/Capital Lease
Indirect Costs Pool
Salaries and Wages
Benefit Costs

Budgeted
98,832
15,162
19,074
33,994
145,307
27,694

Inception to Date
81,684
4,366
‐
28,259
145,273
23,137

Any publications or outreach accomplished from the research:
In 2021 three articles were published in the ILICA bimonthly newsletter:
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