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

 

 

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 
 

If you answered “yes” please explain:       
We had an issue with the third site for the yield study in Ewing, IL.  The site is on land owned by a cooperating farmer.  When he 
harvested soybeans in December, he did not take yield data on the field.  We would like to have yield data from all three sites the 
year prior to amendments being applied, so we are searching for an alternative field site that has yield data from fall 2018.  We 
will confirm the third field site in the first two weeks of March 2019.  Wet weather and field conditions delayed the application of 
ag lime and gypsum at the St. Clair county site. 

  

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

If you answered “yes” please explain:         
We have obtained some preliminary results from the runoff study. The results reported so far are a small proportion of the total 
samples that will be analyzed in the study. A substantial decrease in dissolved reactive phosphorus (DRP) and total phosphorus 
(TP) concentration (mg L-1) in runoff was observed following treatment application, suggesting that the calcium in the applied 
gypsum is effectively binding available phosphate in the upper soil horizon.  However, the control plots also showed decreases in 
DRP and TP concentrations, albeit to a lesser extent.  A notable decrease in DRP load and TP load (kg ha-1) was also observed post 
treatment. There was an increase in sulfate concentration (mg L-1) in runoff after treatment application, which was expected as 
the gypsum dissociated into calcium and sulfate. The largest increase in sulfate was observed in the first event following 
application, and in subsequent events sulfate concentrations in runoff decreased. 

   

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:  Add outreach 
section form report.  Cut and Paste.     

The layout of the project was presented at SIU/NREC/ILFB Field Day on June 12, 2018 by Karl Williard. 
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Water Quality and Agronomic Impacts of Gypsum Applications in Southern Illinois. Harpreet Kaur, Karl Williard, Jon Schoonover, 
Jennie Snyder and Gurbir Singh. Poster presentation at Natural Sciences Student Research Symposium, Southern Illinois 
University, Carbondale, IL. November 9, 2018. 
 
Water Quality and Agronomic Impacts of Gypsum Applications in Southern Illinois.  Harpreet Kaur, Karl Williard, Jon Schoonover, 
Jennie Snyder and Gurbir Singh. Poster presentation at NLRS (Nutrient Loss Reduction Strategy) workshop at University of Illinois, 
Urbana Champaign, IL. November 13, 2018. 
 
The project will be presented as a poster at the Universities Council on Water Resources (UCOWR) national water resources 
conference, Snowbird, UT June 11-13, 2019.  
 

   

Additional Notes:  
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Water Quality and Agronomic Impacts of Gypsum Applications in Southern 
Illinois 

 
Karl Williard, Professor of Watershed Management, Southern Illinois University Carbondale 

Jon Schoonover, Professor of Physical Hydrology, Southern Illinois University Carbondale 

 

Background and Objectives 
 
Gypsum (Calcium sulfate dihydrate) applications have been proposed as a practice to reduce 
phosphate leaching as calcium binds with available phosphate in the soil based on research in 
Ohio, Wisconsin, and North Carolina.  A national conservation practice standard for gypsum 
application was released in June 2016 and states such as Ohio and Indiana are including gypsum 
application in a new cost-shared combination of practices (gypsum, cover crops, and nutrient 
management planning) to limit nutrient export from farms. Unfortunately, there has been a lack 
of research performed on Illinois soils to determine the impact of gypsum applications on water 
quality and yield. This project was specifically designed to address that need.  It will provide the 
Illinois agricultural community an independent assessment of gypsum’s ability to serve as a 
phosphate abatement tool. 
 
The project is being conducted at two scales to effectively answer two questions: What is 
gypsum’s impact on the water quality of surface runoff? What is gypsum’s impact on grain 
yields?  Flumes to collect surface runoff have been established on a field with a high soil P level 
on the SIU University Farms to test the effects of gypsum application rate on the water quality of 
surface runoff.  To assess gypsum’s impact on yield a replicated large scale field study was 
established on the farms of three producers.  The farms contained medium to high P supplying 
soils in southern Illinois.  

The field scale yield experiment includes four treatments: 

1. Gypsum applied at 1 ton/acre  
2. Calcium as ag lime applied at the same rate of Ca as supplied by the gypsum  
3. Sulfur as ammonium sulfate at the same rate of S as supplied by gypsum 
4. Control with no additions. 

We will also assess the economic cost of the gypsum addition and practicality of farmer adoption 
through a partial budget analysis. 

 
Research Goal 
 
To assess whether gypsum can be a tool for southern Illinois farmers to limit phosphate loss from 
their fields while maintaining or improving yield. Gypsum as a soil amendment has not been 
studied in Illinois. Study results will assess the applicability of the June 2016 NRCS Federal 
Conservation Practice Standard 333: Amending Soil Properties with Gypsum Products, in 
southern Illinois. 
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Research Objectives 
 
1. To determine the effect of flue gas desulfurization (FGD) gypsum applied at rates of 1 
ton/acre, 2 tons/acre, and 6 tons/acre, on dissolved phosphate leaching from an agricultural field 
in southern Illinois. 
2. To assess the impact of FGD gypsum, calcium, and sulfur additions on corn and soybean yield 
at a field scale. 
3. To determine the impact of FGD gypsum application on soil physical properties: penetration 
resistance, infiltration, bulk density, and aggregate stability. 
4. To assess the economic cost of the gypsum addition and practicality of farmer adoption 
through a partial budget analysis. 
5. To develop a final report at the conclusion of the project that addresses each of the above 
objectives. 

Summary of work since January 2018 
 
Site Location 
 
Three row-crop agricultural field study sites with natural drainage in southern Illinois were 
selected to address objective 2.  The three sites represent medium (45-65 lbs/ac) to high (>65 
lbs/ac) soil P levels based on the Illinois Agronomy Handbook The three study sites are located 
in St. Clair County south of Freeburg, Franklin County outside of Ewing, and in Jackson County 
south of Carbondale. The St. Clair County study site is located on a cooperating farmer’s field.  
The Franklin County site is located on a cooperating farmer’s field adjacent to the University of 
Illinois Extension Ewing Demonstration Center. The Jackson County site is located on the SIUC 
University Farm (Figure 1). 

To address objective 1 and 3, a plot scale study was established on SIUC University farms in 
June 2018. The study site is in a corn/soybean rotation and is under no-till management. Soil 
series for plot scale research site is Hosmer-silt loams (Fine-silty, mixed, active, mesic Oxyaquic 
Fragiuadalfs). Baseline soil samples were collected in April 2018 from the site and the plot scale 
research site was classified as a high P status soil.  

Design 
 
Surface Runoff Study 

The plot layout is a completely randomized design with three replicates of each treatment (Figure 
2). Treatment 1 was a control with no gypsum. Treatment 2 was gypsum applied at 1 ton/acre. 
Treatment 3 was gypsum applied at 2 tons/acre. Treatment 4 was gypsum applied at 6 tons/acre. 
Twelve surface runoff flumes were installed after planting of soybeans in June 2018. Each flume 
area is 16 feet in length and 3 feet in width and randomly received one of the four treatments 
(Figure 2, Figure 3).   
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Equipment Installation and Field Work  

Flumes were constructed after planting soybeans in June 2018. The flumes were constructed 
from metal landscape edging pounded in the ground to a depth of 2 inches. Flumes were 
enclosed on the upslope side to prevent surface runoff from upslope from entering the runoff 
plots. The runoff from each flume flows into a PVC pipe 45 ft. in length and is collected in a 55 
gallon HDPE plastic barrel laid on its side (Figure 3). Runoff is stirred prior to collection to 
suspend sediment and runoff samples are collected through an access port cut in the top of each 
barrel. The volume of collected runoff in each barrel is measured with a flow meter attached to a 
pump used to empty each barrel after a significant event. Surface runoff samples are being 
collected pre and post-gypsum application following significant (0.5 inch or greater) rainfall 
events throughout the year. 

Soil samples were collected from the area adjacent to each flume to minimize disturbance. Two 
composite samples, 0-2 inches and 2-6 inches, were collected from each flume for soil fertility 
analysis.  One composite sample (0-6 inches) was collected from each flume for heavy metal 
analysis pre and post-gypsum application. Infiltration data for each flume has been recorded 
using Cornell Sprinkler Infiltrometer (Figure 4) and penetration resistance was measured three 
times per flume with a Rimik penetrometer. Soil bulk density and aggregate stability were 
calculated for the 0-6 inch depth.  Aggregate stability was analyzed in the laboratory with a 
dunking machine (Figure 6).  

Yield Study 

At each of the three study sites, a 5 to 6 acre area was established in a row crop field with no 
recent manure applications.  The study fields are in a corn/soybean rotation, with all three fields 
in soybeans in the 2018 growing season.  The area was divided into 12 strips, each 50 feet wide 
and 300 feet long (Figure 1). Grain yield was collected and averaged for each strip under the 
current fertilization regime in fall 2018.  After harvesting this fall, each strip randomly received 
one of four treatments: control (no gypsum, Ca, or S), 1 ton/acre gypsum, 0.735 ton/acre 
limestone, or ammonium sulfate.  Each treatment is replicated three times and applies balanced 
levels of calcium or sulfur in each strip. The center 25 feet of the strip is utilized for soil and 
water quality sampling and yield monitoring to account for any possible overlap among the 
treatment applications. 

Soil fertility and soil physical properties will be measured prior to the gypsum, Ca, and S 
applications, and every fall following harvest.  Six composite soil samples (0 to 6 in.) were 
collected in a zig-zag pattern spread through each treatment strip for soil fertility analysis.  
Samples were collected with a Wintex 2000 automated soil sampler mounted to a John Deere 
Gator.  Soil infiltration rates were measured with a Cornell sprinkle infiltrometer at one location 
per strip.  Two soil cores per strip were taken for bulk density with a hammer driven corer.  
Three (0 to 6 in.) soil samples per strip were collected for aggregate stability measurement in the 
laboratory with a dunking machine. A Rimik penetrometer was inserted at the six soil fertility 
sampling locations to measure soil penetration resistance.  Grain yield has been estimated for 
each strip by cooperating producers using yield monitors.  At the SIUC University Farms, the 
center 25 feet of each strip was harvested with a plot combine to measure grain yield.     
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Treatment Application 

On December 10, 2018, gypsum was applied by hand at the runoff site using a sieve to prevent 
clumping. At the SIU yield site, gypsum and lime were applied using mechanical spreader truck 
on December 12, 2018 (Figure 5). Soil sampling has been completed at the St. Clair county site, 
but due to the wet winter this year, we have been unable to apply the treatments yet.  Due to the 
late harvest (December 2018) and the high moisture content at the Ewing site, soil sampling has 
been delayed. Ammonium sulfate will be applied at each site in the spring. To account for the 
extra nitrogen added from the ammonium sulfate, an equal amount of nitrogen will be deducted 
from N fertilizer application rates on those strips.  

Challenges  

This year due to the wet winter, soil sampling and treatment application was delayed at two of 
the field scale study sites.  For the surface runoff study, significant rainfall events have resulted 
in some overflows of the collection barrels, which precluded the estimation of loads for those 
events.  During those largest events, runoff samples were collected during the events before 
barrels overflowed to obtain representative samples for nutrient concentration measurement.    

Initial Results 

Surface runoff sample collection began in September 2018. Four events were collected prior to 
treatment application until December 2, 2018 and nine events were collected after the treatment 
application until February 11, 2019.  Seven events were analyzed to date in the Department of 
Forestry’s Water Quality Laboratory.  Dissolved reactive phosphorus (DRP) and total 
phosphorus (TP) were analyzed on a Perkin Elmer spectrophotometer. Nitrate and sulfate were 
analyzed on an ion chromatograph.  Total suspended solids (TSS) were analyzed by the filter and 
weigh method. Results for these events were averaged by treatment and are presented in the 
graphs for pre-treatment and post-treatment comparisons (Figure 7, Figure 8, Figure 9, Figure 
10, Figure 11).  

A substantial decrease in DRP (Figure 7) and TP (Figure 8) concentration in runoff was observed 
following treatment application, suggesting that the calcium in the applied gypsum is binding 
available phosphate in the upper soil horizon.  However, the control plots also showed decreases 
in DRP and TP levels, albeit to a lesser extent.  A notable decrease in dissolved reactive 
phosphorus load and total phosphorus load was also observed post treatment (Figure 9, Figure 
10). There was an increase in sulfate levels after treatment application (Figure 11), which was 
expected. The largest increase in sulfate was observed in the first event following application, 
and in subsequent samples sulfate concentrations (mg L-1) decreased. Soil samples were sent to 
Brookside Laboratories, Ohio for Standard Soil Analysis which included: pH, organic matter, 
Estimated N release, Bray I P, Mehlich III Extractable P, Total Exchange Capacity, % Base 
Saturation of cations, Mn, Zn, B, Cu, Fe, Al, S, Ca, Mg, K, and Na. For the surface runoff study 
we also tested for heavy metals which includes As, Cd, Cr, Cu, Pb, Mo, Hg, Ni, Se, and Zn.  
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Table 1. Important dates for field activity for gypsum study. 
 

 

Outreach  

• The layout of the project was presented at SIU/NREC/ILFB Field Day on June 12, 2018 
by Karl Williard.   

• Water Quality and Agronomic Impacts of Gypsum Applications in Southern Illinois. 
Harpreet Kaur, Karl Williard, Jon Schoonover, Jennie Snyder and Gurbir Singh. Poster 
presentation at Natural Sciences Student Research Symposium, Southern Illinois 
University, Carbondale, IL. November 9, 2018. 

• Water Quality and Agronomic Impacts of Gypsum Applications in Southern Illinois.  
Harpreet Kaur, Karl Williard, Jon Schoonover, Jennie Snyder and Gurbir Singh. Poster 
presentation at NLRS (Nutrient Loss Reduction Strategy) workshop at University of 
Illinois, Urbana Champaign, IL. November 13, 2018. 

• The project will be presented as a poster at the Universities Council on Water Resources 
(UCOWR) national water resources conference in June 2019.  

 

 
Plot Scale  
Gypsum  
Runoff  

Field Scale   

Baseline soil sampling  4/10/2018   SIU St. Clair Ewing 
DAP application @100lbs/acre  4/12/2018      
Soybean planting  5/15/2018      
Runoff flume construction  6/10/2018      
Selection of field for yield study     7/2/2018    

Plots laid out  10/2/2018 9/13/2018  

Barrel installation for collecting runoff 9/4/2018    
First water sampling of soybeans 9/7/2018    
Last water sampling of soybeans 9/22/2018    
Soybean biomass samples collected 9/18/2018    
Soybean harvesting  9/28/2018 10/22/2018 10/23/2018 12/14/2018 

Soil sampling  10/1/2018 11/10/2018 11/19/2018  

Last water sample collection before 
application of gypsum 

12/2/2018    

Gypsum treatment application on 
flumes 

12/10/2018    

Gypsum and lime application on yield 
site.  

 12/12/2018   

First water sampling after treatment 12/15/2018    
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Personnel  

Harpreet Kaur (Masters Student in Forestry), Jennie Snyder (Researcher) and Christopher Blattel 
(Researcher) will continue to collect water samples and soil data through 2019 on this project. 
Randy Lange (Researcher) assisted in construction of flumes and soybean planting in 2018. To 
date, 13 sets of runoff samples have been collected from the flumes. 144 composite soil fertility 
samples were collected from the field scale study with 72 more to be collected when the soil 
conditions improve. All 2019 field inputs will be monitored and recorded at the three sites to be 
analyzed for the economic viability of using gypsum on Illinois farms. Researcher, Jacqueline 
Crim, has been providing technical assistance and laboratory support throughout the project. 
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Figure 1. Plot layout for field scale yield study at three sites in southern Illinois.  

 

 

 

Figure 2. Experimental design of the surface runoff study including four treatments: three 
gypsum application rates and a control.  
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Figure 3. Barrels constructed for surface runoff collection from flumes.  

 

 

Figure 4. Cornell sprinkler infiltrometer for measuring infiltration rates in the field. 
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Figure 5. Treatment application at SIU field scale yield site.  

 

 

 

Figure 6. Aggregate stability sample analysis in the laboratory with dunking machine.  
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Figure 7. Mean dissolved reactive phosphorus (DRP) concentrations in surface 
runoff for gypsum treatments and control during the pre and post treatment time 
periods.  

 

 

Figure 8. Mean total phosphorus (TP) concentrations in surface runoff for gypsum 
treatments and control during the pre and post treatment time period. 

 

 

 

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Control Gypsum
@1ton/ac

Gypsum
@2ton/ac

Gypsum
@6ton/ac

DR
P 

(m
g 

L-1
)

Treatment

Dissolved Reactive Phosphorus 

Pre-trt

Post- trt

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Control Gypsum
@1ton/ac

Gypsum
@2ton/ac

Gypsum
@6ton/ac

TP
 (m

g 
L-1

)

Treatment

Total Phosphorus

Pre-trt

Post-trt



 

13 
 

 

Figure 9. Dissolved Reactive Phosphorus (DRP) load in surface runoff for gypsum 
treatments and control during the pre and post treatment time periods. 

 

  

Figure 10. Mean total phosphorus (TP) load in surface runoff for gypsum treatments 
and control during the pre and post treatment time periods.  
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Figure 11. Mean sulfate concentrations in surface runoff for gypsum treatments and 
control during the pre and post treatment time periods.  

 

 

Table 2. Percent change in dissolved reactive phosphorus (DRP) concentration, total phosphorus 
(TP) concentration, and total phosphorus load (TP load) from pre-treatment to post-treatment 
periods. 

 

Treatment 
DRP Conc.            
(% change) 

 TP Conc.             
(% change) 

DRP Load             
(% change) 

TP Load              
(% change) 

Control 57.38 31.33 26.80 -5.86* 

Gypsum @1ton/ac 54.95 55.51 48.31 59.38 

Gypsum @2ton/ac 59.54 42.36 46.79 21.35 

Gypsum @6ton/ac 56.07 50.18 33.40 47.82 

*Negative number denotes an increase from pre-treatment to post-treatment periods.   
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