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Background. This project is guided by the framework of ‘landscape multifunctionality’, which 
promotes the integration of a range of different functions or benefits into the working landscape, 
beyond just production.  For Illinois farms, site-specific solutions including perennial buffers can 
be introduced into the less productive or marginal portions of the farm to provide environmental 
benefits such as nutrient scavenging, greenhouse gas reduction, and carbon sequestration, in 
addition to offering marketable products.  This research program focuses on opportunities to 
establish and evaluate different multifunctional perennial systems appropriate for marginal or 
sensitive areas (e.g. sloped land, floodplains, etc.) on Illinois farms. The first objective was to 
establish replicated long-term field studies to compare multifunctional buffer systems at three of 
the University of Illinois Research Stations.  These buffers include monocultures and 
polycultures of perennial bioenergy crops, forages, shrubs producing fruits or floral cuttings, and 
corn/soy rotation with cover crops.  From the treatments, we are evaluating the environmental 
benefits related to nitrogen recovery based on analysis of soil nutrients over time, subsurface 
leaching of nutrients, and abundance of specific soil microorganisms (Objective 2).  The third 
objective will be to conduct a Life Cycle Assessment to study greenhouse gas (GHG) emissions 
and water quality impacts for the different buffer systems. For the fourth objective, the 
profitability of the systems will be compared and a prototype farm planning tool developed to 
assist farmers in decision-making regarding transitions to new cropping systems on marginal 
areas of the farm landscape.  A final report will be prepared at the conclusion of the project to 
summarize results of each objective. This project is creative and original in developing solutions 
for farmers that could be both productive and environmentally beneficial.  In addition to 
recovering nutrients that pollute water resources and reducing greenhouse gas emissions, 
multifunctional buffer systems could diversify the landscape and the income stream for Illinois 
farmers, offering a win-win situation for both farmers and the public at-large. 

Project Participants. This multidisciplinary project relies on expertise of five UIUC 
investigators. PI Dr. Sarah Taylor Lovell oversees the administration and management of the 
project, in addition to organizing the effort to establish the research plots (Objective 1) and to 
conduct Life Cycle Assessment to study Greenhouse Gas Emissions of the cropping systems 
(Objective 3). Co-PI Dr. Samuel Wortman is assisting in establishment of shrub and 
corn/soy/cover crop treatments (Objective 1), and he is responsible for evaluating soil nutrient 
cycling over time (Objective 2). Co-PI Dr. DoKyoung Lee is involved in identifying, 
establishing, maintaining and evaluating site-appropriate perennial plant communities with 
biomass or forage potential (Objectives 1 & 2). Co-PI Dr. Nick Paulson will apply his 
background in managing risk/uncertainty and benefits of biofuel systems and fertilizer use, to 
integrate the economic data into the farm planning tool (Objective 4). Co-PI Dr. Anthony 
Yannarell is responsible for soil microbial sampling and laboratory analysis to characterize the 
populations of nitrogen-cycling bacteria (Objective 2).   
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Field Trial Design. In spring 2014, the full set of 10 treatments was established at the Urbana 
site.  The Dixon Spring site focused on herbaceous perennials (treatments 3-6) and St. Charles 
site focused on woody plants (treatments 7-10) in addition to the control treatments at each 
location.  The full set of 10 treatments is listed below, set up as a split-plot design of simple 
(monoculture) and complex (polyculture) treatments:  

1. Control: Corn-soybean rotation 
2. Cover Crop Control: Corn(winter rye) –Soybean(hairy vetch/oat) rotation 
3. Monoculture forage crop: Virginia wildrye (Elymus virginicus) 
4. Polyculture forage crop: Virginia wildrye + purple prairie clover +leafy prairie clover 
5. Monoculture bioenergy crop: Switchgrass ‘Kanlow’ 
6. Polyculture bioenergy crop: Switchgrass + big bluestem + Indiangrass + Prairie 

Cordgrass 
7. Monoculture edible: Red Currant (Ribes sativum ‘Perfection’) 
8. Polyculture edible: Red currant + Aronia melanocarpa + Elderberry (Sambucus nigra) 
9. Monoculture ornamental: Pussy willow (Salix discolor) 
10. Polyculture ornamental: Pussy willow + Red osier dogwood (Cornus sericea stolonifera) 

+ Snowberry (Symphoricarpos albus) 
 

2015 Plot Updates:  

In the fall of 2014, the winter rye cover crop was broadcast into standing corn at a rate of 120 
lb/acre in the cover crop control plots at each location.  In spring and fall of 2015, soil samples 
were drawn, soybeans were planted in the control plots, and lysimeters were at each location. 
Composite soil cores were sampled at depths of 0-4” and 4-12” from each plot at all locations 
prior to soybean planting. Soil and leachate samples have been sent to Ward Laboratories to be 
analyzed for NO3-N and NH4-N (soil) and NO3-N (leachate). Subsamples from the 0-4” zone 
were collected and are being stored for microbial analysis. Trial maintenance was performed on 
a site-specific basis as described below.  All activities and labor requirements were recorded in 
detail per treatment, for future inputs in the Life Cycle Assessment. Below are the specific 
management details from each of the locations.   

 
Urbana.  The rye was mown in the woody plots on April 28, and lysimeters installed in all plots 
on April 29.  Herbicide was applied on May 5 with Dual II Magnum @ 1pt/A, Triflurex HFP @ 
1.5 pts/A, and Roundup PowerMax @ 22 oz/A with 1%AMS. Soybean variety A1036218 was 
planted on May 7 at 150,000A. On June 2, shrubs were replaced as needed and rye was mown in 
woody plots. Soybean control plots were sprayed on June 23 with a postemergence application 
of Roundup Powermax @32 oz/A with 2% AMS.  
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St. Charles. Due to poor establishment of the Virginia Wild Rye groundcover in woody plots in 
2014, the groundcover was reseeded on April 22.  Control plots were sprayed with glyphosate 
(32 oz/A) & AMS and Dual II Mag (1.33 pt/A) + Triflurex (2pts/A) on May 22. Soybeans were 
planted on June 4, and selected shrubs were replaced on May 1 and June 4, as needed.   

Dixon Springs. Soybean control plots were sprayed on May 15 with Roundup @1 qt, 2,4-D @ 1 
pt., Sharpen  @ 1 oz.,  Boundary @ 1.5 pt.  Soybean variety Pioneer 94Y23 was planted on May 
29, and a pre-emergence application of Prefix @ 2.5pt sprayed on June 6. On June 3, the forage 
plots were harvested and lysimeter samples pulled.  

Location Specific Activities 

Urbana.  The installation of lysimeters was successful at all of the locations, and the process was 
documented in detail at the Urbana site, as shown in the images below.   

 

Figure 1. Process of installing lysimeters into the buffer plots.  
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Perennial treatments including the herbaceous plants and shrubs appeared very healthy in early 
May (Figure 2), and just a few individual plants were replaced as needed.  Heavy rains 
throughout May and June, however, have placed some plants under stress.  Certain species show 
signs of iron deficiency that is common with saturated conditions (Figure 3).  

 

Figure 2. Urbana shrubs in early May - currant, elderberry, and Aronia breaking dormancy 

 

Figure 3. Urbana shrubs on June 24 – currant (left) and elderberry (center) suffering and 
chlorotic from continuous soil saturation, and pussy willow (right) thriving in wet conditions.  
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Dixon Springs.  The plots at Dixon Springs experienced heavy damage from wildlife, which 
resulted in reduced yields compare with other sites. 

 

Figure 4.  Dixon Springs following harvest.  

 

St Charles.  St. Charles site experienced challenges as a result of excessive rains in the region.  
Shrubs actually rebounded well from the conditions, but soybean plots were lost as a result of the 
extended flooding.  

 

Figure 5.  St. Charles floral plots thriving after spring flooding.   
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Summary of 2015 Results 

Harvest of Forages and Bioenergy plots (Urbana and Dixon Springs) 

Based on the stand count using a frequency grid method in Spring 2015, a stand density of both 
forage and bioenergy plots in Urbana and Dixon Springs was considered adequate, and we 
anticipate full production in Year 2.  Biomass from bioenergy plots was harvested at the end of 
the growing season, on November 10 at Urbana and December 08 at Dixon Springs. Forage plots 
were harvested twice during the growing season to maximize forage quality and bioenergy plots 
were harvested once after a killing frost.  Forage harvest dates were May 27 and Aug 25 at 
Urbana, and Jun 3 and Aug 26 at Dixon Springs.  Results are presented in Figures 6-8 below. 

 

Figure 6. Forage biomass yield from two cuttings at Urbana and Dixon Springs in 2015, where 
C = complex (multiple species) and S = simple (one species).  

Biomass yield at Dixon Springs was low, particularly at the first cutting.  The low yield was 
primarily attributed to early season damages from animal pests.  There was no effect of simple 
versus complex species mixtures on forage biomass yield for both cutting times, and the average 
annual forage biomass yield was 7.1 and 3.5 Mg/ha in Urbana and Dixon Springs, respectively. 
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Figure 7. Bioenergy crop yield at Urbana and Dixon Springs in 2015, where C = complex 
(multiple species) and S = simple (‘Kanlow’ switchgrass alone). 

Biomass was harvested after a killing frost to maximize bioenergy feedstock quality and ensure 
stand longevity.  The average annual bioenergy feedstock yield was 8.7 and 6.5 Mg/ha in Urbana 
and Dixon Springs, respectively.  There was no significant effect of simple versus complex 
species mixes in 2015 at either location.  

 

Figure 8. Comparison of biomass yields between forage and bioenergy feedstock production 
systems.   

Biomass yield of the bioenergy feedstock production system was significantly higher than the 
forage production system.  Comparisons of N removal rates will be very interesting. We are 
currently working biomass quality analysis including NDF, ADF, ADL, and ash concentration. 
We will send the biomass samples for tissue N and P analysis. 



 NREC 2014-02284 • Multifunctional Buffers 

  Interim Research Report • 14 July 2015 
   Lovell, Wortman, Lee, Paulson, & Yannarell  

 

Soil Nitrogen 

Spring soil samples were collected on April 14 at Urbana, May 1 at St. Charles, and May 6 at 
Dixon Springs.  Results below reflect the findings from 2015.  Bioenergy and forage plots were 
only established at Urbana and Dixon Springs, while edible and floral plots were established at 
Urbana and St. Charles.  Figures 9-11 show the results of the sample analyses.  

 

Figure 9.  Total available soil nitrogen in Spring 2015 from respective treatments at three sites.   

Overall, soil nitrogen was greatest at the St. Charles site.  The analysis indicated a trt*location 
interaction, likely related to elevated available N in edible and floral treatments at St. Charles as 
a result of N that was not removed with harvest of biomass in previous year, leaving a 
historically a high concentration.   
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Figure 10.  Total available soil nitrogen in Fall 2015 from respective treatments at three sites.   

Results of soil nitrogen in Fall 2015 are as expected, with greater soil N in the corn/soy plots 
relative to the perennial plots, even though it was a soybean year without any added N.  These 
results suggest some legacy effect of a legacy effect of nitrogen inputs from the corn/soybean 
rotation.  
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Figure 11. Comparison of available soil N at two depths in Fall 2015. 

At Urbana and St. Charles, a greater concentration of N was available at the shallow depth.  The 
depth*location effect seems due to a lack of depth difference at Dixon Springs. In general, the 
soils there are equally void of N regardless of depth. This may have implications for how we 
target sites for deploying conservation buffers. Unless we add N, there isn’t much ambient N in 
the Dixon Springs soils to be lost (to the environment) or gained (by our conservation crops). 
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Water Nitrogen from Lysimeters 

Leachate was collected from lysimeters in spring, summer, and fall of 2015.  Spring samples 
were collected on May 27, May 21, and May 6 at Urbana, St. Charles, and Dixon Springs, 
respectively.  Summer samples were collected on September 24, September 30, and September 
28 at Urbana, St. Charles, and Dixon Springs, respectively. Fall samples were collected on 
November 4, November 3, and October 28, respectively. Results of the analyses are shared in 
Figures 12-14.  

 

Figure 12.  Water nitrogen comparing all treatments at Dixon Springs.   

The analysis of results indicated only species main effect is significant (P<0.05).  The missing 
samples are due to drought in summer and fall season (summer samples were entirely missing).  
Standard errors were not shown due to missing values and lack of homogeneity of variances.  In 
general, Corn/Soy treatment showed the highest N concentration in water while switchgrass 
treatment had the lowest N concentration in water for both season. 
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Figure 13.  Water nitrogen comparing all treatments at Urbana.   

Analysis of results indicates species, complexity, and season effect are significant (P<0.001, 
0.05, 0.001).  In general, Corn/Soy had the highest N concentration in water while the treatment 
with lowest N concentration is depended on the season. The Floral treatment had the lowest N 
concentration in overall. The species complexity effect on water N concentration is species 
specific.  For example, cover crop (complex) helps to retain N in Corn/Soy treatment for all three 
seasons. The N concentration is also varied for each season. 
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Figure 14.  Water nitrogen comparing all treatments at St. Charles.  

Results indicate Species and Season effect are significant (P<0.05, 0.001).  The St. Charles site 
was submerged in water throughout spring season, which explained a much lower N 
concentration in water. The surface remaining N may result in a higher N concentration in water 
for summer and fall. However, unlike the other two sites, Floral and Edible treatment showed a 
higher N concentration in water, compared with corn/soy, which was in soybean in 2015.  These 
results are somewhat unexpected (high N loss from shrub treatments) but could be the result of 
unusual flood dynamics and delayed N release from compost.  
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Life Cycle Assessment. We continue to gather data for the Life Cycle Assessment, and the 
information is transferred to a spreadsheet for calculating impacts based on land area.  Figure 15 
shows a small section of the spreadsheet as an example.   

 

Figure 15.  Example of inputs for Life Cycle Assessment for the control plots at St. Charles. 

 

Challenges:  Clearly the greatest challenge of 2015 was the weather, with frequent rainfall 
throughout May and June.  Flooding of plots at St. Charles caused substantial damage to the 
plots.  At Urbana, some shrubs experienced stress from wildlife damage (deer, rabbits) and from 
consistently wet conditions.  The greatest challenge moving forward is the limited resources at 
the Dixon Springs and St. Charles sites.  We have been approved to set up an alternative site with 
all treatments at a new location.   

Outreach: The website for the Multifunctional Landscape Analysis & Design (MLAD) lab was 
updated to include a new page dedicated to the NREC project.  Updates will be posted regularly, 
along with pictures to highlight activities at: 
http://multifunctionallandscape.com/Multifunctional_Buffers.html.   

Budget: No changes are required at this time. 

http://multifunctionallandscape.com/Multifunctional_Buffers.html

