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Is your project on target from an IMPLEMENTATION standpoint?  ☒ Yes ☐ No 
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Is your project on target from a BUDGET standpoint?  ☒ Yes ☐ No 
If you answered “no” please explain:     
 

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:     
 

  

Have you encountered any issues related to this project?  ☐ Yes ☒ No 
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Have you reached any conclusions related to this project that you would like to highlight? ☐ Yes ☒ No 
 

If you answered “yes” please explain:     
 

   

Have you completed any outreach activities related this project? Or do you have any activities planned? ☒ Yes ☐ No 
 

If you answered “yes” please explain and provide details for any upcoming outreach:     
A project overview was presented during the Illinois Farm Bureau meeting at Chicago in December 2018.  

   

Additional Notes: See below for project accomplishments in 2018. 
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Participants Rabin Bhattarai, Richard Cooke 

Length 3 years (January 1, 2018 – December 31, 2020) 

Summary This project has completed its first year of funding. In year 2018, project activities 
occurred as proposed and spending was on track with the requested budget for the year. 
Tile installations were completed at two field sites. Flow monitoring system (control 
structures along with water level sensors were installed at the edge of each experimental 
plots. Baseline data collection occurred during the year 2018. Project accomplishments 
for 2018 are presented below include an analysis and interpretation of preliminary results 
for drainage water, nitrate loss, and crop yield.  

 
1. Objectives 

The overall goal of this project is to produce and communicate new information about best practices for 
balancing drainage depth and spacing, water quality, and crop production goals in Illinois. 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 the nutrient losses and maximize the 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.  

2. Assess whether drainage design can be optimized to reduce nutrient loss reductions and 
increase the crop production.  

3. Develop a design tool to optimize the drainage design that can be used by researchers, drainage 
contractors, and farmers. 

4. Communicate results to agricultural community stakeholders through field days and extension 
events.  

5. Include a final written report at the conclusion of this project to address each of the objectives 
stated above. 

 
2. Accomplishments 

In the year 1 (2018) of the project, two field sites were established at the South Farm Agricultural 
Experimental Station of the University of Illinois totaling twelve plots with various tile depth and spacing 
combinations.  
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Site installation and instrumentation 

At the first site (on Old Church road), subsurface (tile) drainage system was installed in six plots (CF-1, CF-
2, CF-3, CF-4, CF-5, and CF-6) in early May (Figure 1). The drainage depth and spacing are 40 ft and 3.5 ft 
in plots CF-1 and CF-3, 60 ft and 2.5 ft in plots CF-5 and CF-6, and 80 ft and 3.5 ft in plots CF-2 and CF-4, 
respectively. In order to separate the flow from one plot going to another, border tiles were also installed 
(Figure 2). Each plot at this site has the almost same area of about 5-acre. A monitoring station equipped 
with a v-notch weir and a water level logger was installed at the outlets of the subsurface drainage systems 
(Figures 3 and 4). The site was instrumented to measure flow rate and water temperature at 10-minute 
intervals. The layout for Church road fields was changed as compared to the original plan considering 
topographic features during the tile installation. The individual plots at this site has different soil types.  
 
 

 
Figure 1. Tile installation in the monitoring fields 

 
 
At the second site (on South Lincoln road), tile drainage system was installed at six plots (LF-1, LF-2, 

LF-3, LF-4, LF-5, and LF-6) and the site was instrumented with flow monitoring system from September to 
October. The installed tile-drained plots at this site have two different setups. The north section has three 
plots, which have a replicate tile spacing and depth as the first site (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). Other three plots on the south side have the same 
tile depth and spacing across the plots, but the tile size is different (i.e., 2 inch in LF-4, 3 inch in LF-5, and 
4 inch in LF-6, respectively) in order to further see the effect of tile size on water and N loss dynamics 
(Figure 2). Compared to the site 1, all the plots at this site have the same soil type.  
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Figure 2. 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. 
 
 
 

 
Figure 3. Monitoring station (CS-1) installation at the outlet of a tile-drained field (CF-1). 

 



5 

 
Figure 4. Installed loggers at monitoring stations (CS-1 and LSDTS-1). 

 
 

V-notches and flow level loggers were placed at the control structures to monitor the tile flow on 
May 17 and October 5 at sites 1 and 2, respectively. Air pressure was also recorded in a logger and the 
data has been downloaded once a month (Figure 5). Water samples are collected twice a week, Tuesday 
and Friday, starting May 29 and October 5 at monitoring stations of site 1 and site 2, respectively (Figure 
6).  
 

 
Figure 5. Downloading air pressure and temperature data from a logger 
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Figure 6. Collecting water samples at the monitoring stations. 

 
 
3. Preliminary results 

For the first year of this project, agricultural management practices and crop yields at site 1 (Old 
Church road fields) were documented (Table 1). The field was planted on May 5 at the rate at 32,000 
seeds/acre, and harvested on October 3. The corn variety planted was LG 5624 STX RIB 113 day. Corn 
received 200 lb N/ac on March 20. Corn yield estimates from the combine yield mapping (Figure 7) were 
202, 212, 215, 218, 213, and 217 bu/ac for CF-1, CF-2, CF-3, CF-4, CF-5, and CF-6, respectively (Table 1). 
 
Table 1. Agricultural management practices and crop yields at Old Church road fields (CFs) 

 
 
 

Field Crop yield 
(𝑏𝑢	𝑎𝑐&') 

Cropping details Nitrogen fertilizer application 

Crop grown Planting 
date 

Harvest 
date 

Rate  
(𝑙𝑏	𝑎𝑐&') Source Date 

CF-1 202 

Corn 
(LG 5624 STX RIB 113 day) 5/5/18 10/3/18 200 NH3 3/20/18 

CF-2 212 
CF-3 215 

CF-4 218 

CF-5 213 

CF-6 217 
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Figure 7. Corn yield map obtained from the combine at site 1 (Old Church road). 

 
Recorded air pressure data in loggers were used to compute the water level and subsequently 

flow from the each experimental plot. To convert water level to flow rate, the following v-notch 
discharge equation for Agri Drain water level control structures was used:  

𝑄 = 1.057𝐻1.234 

Where Q is discharge (L/s) and H is the water level above the weir (cm). 
 
The water samples collected twice a week from the field were analyzed for nitrate-N at the Water 
Quality Lab in UIUC (Table 2 and Figure 8). 
 

Table 2. Observed tile flows and nitrate-N losses 

 

 

Field 
Tile drainage (TD) Nitrate-N loss 

Field 
Tile drainage (TD) Nitrate-N loss 

Daily TDa 
(𝑚3) 

Sum of TDb 
(cm) 

Daily 
concentrationa 
(𝑚𝑔	𝑁	𝐿−1) 

Daily loada 
(𝑘𝑔	ℎ𝑎−1) 

Daily TDa 
(𝑚3) 

Sum of TDb 
(cm) 

Daily 
concentrationa 
(𝑚𝑔	𝑁	𝐿−1) 

Daily loada 
(𝑘𝑔	ℎ𝑎−1) 

CF-1 22.6 ± 36.5 21.7 9.9 ± 4.7 0.14± 0.27 LF-1 2.0± 3.8 1.6 37.7± 3.6 0.15± 0.33 
CF-2 4.7 ± 20.4 4.6 7.7 ± 6.7 0.05± 0.28 LF-2 8.1± 7.9 6.3 38.4± 1.5 0.56± 0.60 
CF-3 24.9 ± 27.4 21.8 17.9± 5.6 0.23± 0.32 LF-3 4.4± 8.9 3.4 16.0± 3.0 0.18± 0.41 
CF-4 15.0 ± 18.7 14.2 22.6± 2.8 0.19± 0.27 LF-4 8.3 ± 12.2 9.7 9.4 ± 8.0 0.50± 1.14 

CF-5 11.6 ± 16.1 11.8 15.5± 5.4 0.12± 0.20 LF-5 4.2± 7.0 4.8 23.0± 2.6 0.34± 0.60 

CF-6 3.4 ± 13.0 3.2 17.0± 11.4 0.04± 0.16 LF-6 9.7± 6.4 11.2 10.1± 5.8 0.36± 0.51 
a presented as an average ± standard deviation 
b only for the monitoring period 
Daily concentration and load of nitrate-N loss were only analyzed for the monitored dates (Tuesdays and 
Fridays) 
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For the site 1, it was observed that there was a variation in response from different plots in terms 
of tile flow and nitrate loss. For example, the tile flow was substantially lower for the plots CF-2 and CF-6 
compared to the other plots. Similarly, plots CF-1 and CF-3 resulted in higher tile flow compared to the 
other plots. The tile flow measured from the plots CF-4 and CF-5 were higher than CF-2 and CF-6 but lower 
than CF-1 and CF-3 (Table 2). The preliminary data showed that the plots with closer spacing (CF1 and 
CF3: 40 ft spacing and 3.5 ft depth) resulted in higher tile flow.   
 

 
Figure 8. Produced water levels, tile flows and analyzed nitrate-N loss concentrations for monitoring fields. (a), (c), 
and (e) are observations and produced results for water level, tile flow, and nitrate-N loss concentration, respectively 
for site 1. (b), (d), and (f) are observations and produced results for water level, tile flow, and nitrate-N loss 
concentration, respectively for site 2. 
 

The average nitrate concentration in tile water from the plot CF-4 was measured to be the highest 
among the six observed plots (Table 2). Measured nitrate concentrations were lower for the plots CF-1 
and CF-2 compared to the other plots. In terms of nitrate load, observed load was the highest for plot CF-
3 followed by CF-4. Plots CF-2 and CF-6 resulted in the smallest nitrate load in the tile water. These results 
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indicated that there was no specific pattern in terms of nitrate loss among the plots with various tile depth 
and spacing combination in year 1.  

For the site 2, a small number of water samples were analyzed in year 1 (Figure 8). Hence, the 
flow and nitrate data analysis was not carried out in the detail for this site.   
 
4. Benefits to environment, crop production, and economics of Illinois Agriculture 

There are many suggested changes in farm management to reduce the nutrient loss footprint across the 
state and region without the field data to support it. Results from this project will provide much-needed 
information on the potential water quality impact from subsurface drainage design that is necessary for 
optimal crop yield in the region. This experiment is the first of its kind spanning in-field subsurface 
drainage and nutrient management, modeling and design tool to provide a holistic assessment of 
promising pathways for reducing nutrient losses while maintaining crop production goals in Illinois. 
 


