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Executive Summary (Period between 10/23/2012 and 4/22/2013) 
We have finished the majority of the data collection other than some additional data that will be 
gathered on the impacts of biomass on songbird populations and landowner attitudes towards 
conservation practices that can be combined with biomass harvest.  Our researchers continue to 
work on manuscripts for publication. The tool for assessment and prioritization of needed stream 
channel work has been finalized and turned over to our partners who work more directly with 
landowners.  The stream channel work is also being continued by a new project being carried out 
by members of our team.  With the establishment of a carbon trading platform in California the 
market for environmental services continues to change. We will incorporate the latest 
information on those developing markets in the final report.  The life cycle assessment 
information gathering is completed as we prepare the final report. 



The project goal is to develop an efficient system for the production, pre-processing and 
delivery of biomass feedstocks for energy production that minimizes feedstock cost for 
energy facilities while maximizing landowner income and the environmental benefits of 
biomass production. 
 
The project objectives are: 
 
• Establish, research cultural practices, and estimate costs and potential cost savings for the 

establishment, management, pre-processing and transport of perennial biomass feedstocks 
from field to energy facility. 

• Estimate potential energy, wildlife, water quality, carbon and soil health benefits from 
targeted perennial biomass feedstock plantings.  

• Value environmental benefits for potential payments to landowners who provide 
environmental commodities. 

• Complete an integrated assessment of multiple ecological services markets currently being 
used; identify potential buyers of ecological services provided by perennial biomass energy 
crops; develop an integrated ecological services payment package. 

• Develop a model for the production, pre-processing and delivery of perennial biomass 
feedstocks to energy facilities including a life-cycle assessment of the system from field to 
facility. 

 
 

Technical Progress: 
 
I. Biomass crop production field to farm gate 
We are developing guidelines for production of biomass from native perennial crops. The 
biomass is intended for energy production.  These research activities will help us understand 
issues in producing biomass crops on farm from planting through harvesting.   
 
Experiment 1: Establishment strategies for weed control 
Objectives: Weeds often provide excess competition with native grasses and prevent their 
establishment. Our goal is to develop new approaches for weed control in establishing native 
perennial grasses and grass-forb polycultures. Establishment treatments include spring oat, and 
barley companion crops, herbicides, and mowing for weed control. 
 
Experimental design: Randomized complete block with three replications 
 
Accomplishment:  In 2012, we collected additional data on trials established in 2011 at Becker 
and Rosemount.  Data from the summer plant populations resulting from the various 
establishment cover crops and harvest times and the fall biomass yield following a frost are 
shown in Tables 1 and 2.   At both locations the biomass yields were low due to the summer 
drought  but highest for switchgrass established with barley or oats.  Lowest yields were for the 
mixture of grasses or the CP-25 mixture of prairie species. 



Table  1.  The 2012 fall biomass yield and summer plant populations for native perennial 
established in 2011 at Rosemount, Minnesota.  Cover crops were used as companions for the 
native grasses and mixtures and harvested for forage or grain.  CP-25 is a native grass mixture 
with forbs such as prairie clover and sunflower.   The 3 grass mix contains switchgrass, big 
bluestem, and indiangrass. 

   6/21/2012 10/1/2012  
         Cover Crop           Native plants/square foot Yield  

Crop 
Harvest 

Time         
Wild 
Rye 

Warm 
season 
Grass Forbs Weeds tons/acre  

Barley Forage Switchgrass 0.0 8.8 0.0 1.9 1.2  
Oat Grain Switchgrass 1.9 3.7 0.5 2.4 1.2  
Oat Forage CP-25 0.0 5.7 0.0 2.9 1.2  

Barley Grain Switchgrass 0.0 7.9 0.0 6.3 1.2  
Canada Wild 

Rye Forage 3-grass mix 1.1 3.8 1.1 1.6 1.1  
Oat Grain CP-25 0.4 5.1 0.0 4.5 1.1  
none Forage CP-25 0.0 4.3 0.0 3.8 1.1  

Barley Grain CP-25 0.9 2.2 1.2 1.9 1.0  
none Forage CP-25 0.0 5.5 0.0 1.6 1.0  

Canada Wild 
Rye Forage Switchgrass 0.4 4.8 0.7 1.4 1.0  
Oat Forage CP-25 0.0 8.1 1.4 2.5 1.0  

Barley Grain Switchgrass 0.0 4.2 0.4 3.2 0.9  
Oat Grain CP-25 0.0 5.0 0.7 2.4 0.9  
Oat Forage CP-25 0.5 6.1 1.2 0.7 0.9  
none Mow 3-grass mix 0.0 7.4 0.0 11.2 0.9  

Barley Forage CP-25 0.0 5.8 0.0 2.4 0.9  
none Mow Switchgrass 0.0 7.4 0.0 11.8 0.8  

Barley Forage CP-25 0.4 4.1 1.0 1.1 0.8  
none Mow 3-grass mix 0.1 6.4 0.1 9.3 0.8  

Canada Wild 
Rye Forage CP-25 0.9 5.1 0.7 1.1 0.7  
none Mow CP-25 0.2 6.2 0.4 9.3 0.7  
none Forage 3-grass mix 0.9 3.0 1.9 1.4 0.7  

          
 



Table  2.  The 2012 fall biomass yield and summer plant populations of native plants established 
in 2011 at Becker, Minnesota.  Cover crops were used as companions for the native grasses and 
mixtures and harvested for forage or grain.  CP-25 is a native grass mixture with forbs such as 
prairie clover and sunflower.  The 3 grass mix contains switchgrass, big bluestem, and 
Indiangrass.  

       
   7/3/2012 10/30/2012 

         Cover Crop               Native    plants/square foot 
Biomass 

yield 

Crop 
Harvest 

Time  

Warm 
season 
Grass Forbs Weeds tons/acre 

Barley Forage Switchgrass 3.2 0.0 7.1 0.63 
Oat Forage Switchgrass 5.2 0.0 2.6 0.57 

Oat Forage CP-25 5.8 1.5 0.9 0.56 
Canada Wild 

Rye Forage Switchgrass 5.8 0.0 1.7 0.56 

Barley Grain 3 grass mix 5.3 0.0 2.9 0.52 
Canada Wild 

Rye Forage CP-25 4.2 1.1 1.6 0.50 

Barley Grain Switchgrass 4.6 0.0 2.5 0.43 

none Forage 3 grass mix 6.8 0.0 2.9 0.41 

none Forage Switchgrass 4.7 0.0 3.7 0.40 

Barley Forage 3 grass mix 4.6 0.0 2.9 0.40 
Oat Grain Switchgrass 4.6 0.0 5.3 0.38 
none Mow CP-25 5.5 0.0 3.5 0.37 
Oat Grain 3 grass mix 3.6 0.0 3.7 0.34 
none Mow Switchgrass 4.3 0.0 6.3 0.33 

Barley Grain CP-25 3.7 0.5 3.5 0.31 
Canada Wild 

Rye Forage 3 grass mix 4.3 0.0 1.6 0.31 
Oat Grain CP-25 3.8 2.7 1.7 0.30 
none Mow 3 grass mix 5.2 0.5 2.6 0.29 
none Forage CP-25 3.5 1.7 1.6 0.29 

Barley Forage CP-25 4.2 2.7 1.6 0.28 
Oat Forage 3 grass mix 5.3 0.0 4.0 0.27 

         
       

 
 



Experiment 2: Optimum planting dates for native perennial crops 
Objectives: There is debate regarding the best time to establish native perennial prairie plants.  
Some feel that winter and late spring overseeding is an effective and low cost approach.  We will 
determine the effect of planting dates on the establishment of native perennial plants. 

Experimental design: The experiment was replicated at three locations in Rosemount, MN, with 
each treatment randomly assigned to each replicate at each location (randomized complete 
block). 

Accomplishment: In our work to date, we have found that the success of establishment was very 
much dependent on the winter/spring weather conditions.  Therefore, we have repeated the 
seeding data experiment another time during the winter and broadcast seeded a mixture of 
switchgrass, big bluestem and Indian grass with four native forbs and four native legumes on 
three dates:  December 2011 before snowfall; and March.  A seeding was undertaken in early 
June, 2012. To provide variable amounts of cover, we also compared seeding into a tilled 
seedbed with seeding into a fall seeded oat companion crop.  The seeding rate for native plants 
was 50 seeds per sq. ft.  Plots were seeded on a silt loam soil at Rosemount, MN.  

We collected stand count data using a frequency grid in spring of 2012 and biomass yield data in 
November 2012. The frequency grid is a metal frame containing 25 squares (15 by 15 cm) made 
from fence paneling. The frequency grid is randomly placed within a seeded area, and the 
number of cells containing 1 or more of the seeded plants are counted. Biomass yield is 
measured by harvesting a one meter square area to a 1 inch height from the center of each plot.  
The total biomass is dried at 30 C and yield expressed on a dry matter basis.  

Work planned: We are continuing statistical analysis of this data over all years. Data will be 
analyzed as a randomized complete block using a statistical program: SAS proc mixed (Version 
9.2, SAS Institute Inc., Cary NC).  Replication and years will be analyzed as a random effects: 
seeding date and seedbed preparation effects will be fixed. 

 

Experiment 3: Optimum harvest dates for native perennial biomass crops:  
Native plants are typically harvested for biofuel after a killing frost in November, requiring long-
term storage of the harvested biomass.  With outside storage, plant biomass degrades and suffers 
from a loss of dry matter.  Instead of storage, an option is to have multiple harvests of forage 
from the field. 

Objectives: Determine the effect of harvest date on the yield, energy content, ash content, and 
persistence of native perennial grasses and grass-forb polycultures   

Experimental design: Randomized complete block with 4 replications. We sampled plantings of 
switchgrass and native plant mixtures on four dates of harvest: September, December, March,  
and May in the three growing seasons from 2009 – 2011.  Samples were collected from 7 
locations.  

Summary of results 
Linear mixed effects models were used to test the main and interaction effects of vegetation type 
and harvest date on the response variables of dry matter yield, moisture, and mineral 
concentration.  Effects of replicates, years, and sites were considered random sources of 
variation.  Where significant (P < 0.05) effects were found, Tukey’s Honestly Significant 



Difference (HSD) test for multiple comparisons was used to determine differences between 
means.   
 
Moisture 
Moisture content of switchgrass did not differ between the first three harvest dates, ranging from 
34.9 to 41.7%, but was reduced to 12.4 % by harvest four in late spring.  No difference in 
moisture was observed between the first two native polyculture harvests, averaging 40.3%, but 
moisture was reduced in harvests three and four to an average of 15.9%.  At the third harvest 
date, switchgrass had greater moisture content (41.4%) than the native polyculture (24.5%), but 
moisture content did not differ between crops for the other harvest dates.   

 
Yield 
Neither switchgrass nor native polyculture yields differed between harvest dates.  However, 
when averaged across crops, biomass yield was greatest at the first harvest date in early fall at 
4.1 tons ac-1, and lowest at the third and fourth harvest dates with 3.3 and 2.9 tons ac-1, 
respectively (P < 0.001).  Yield at the second and third harvest dates did not differ, averaging 3.3 
tons ac-1.    These results are consistent with other reports in the literature that found that 
delaying harvest of herbaceous biomass post-senescence results in reduced yield due to lodging, 
shattering due to low moisture content, leaf loss, and reduced tiller mass due to reallocation C to 
belowground structures (Adler et 2006; Lewandowski et al 2003; Sanderson, Read, and Reed 
1999).   
 
Mineral concentration 
With the exception of N and Ca, concentration of all macronutrients in switchgrass and native 
polyculture biomass was greatest on the first harvest date.  Calcium (Ca) concentration did not 
differ between the first and second harvest dates for the native polyculture, but was lower in the 
third and fourth harvest dates.  Native polyculture N concentration was lower on the second and 
third harvest than the first harvest date, but the fourth harvest date did not differ from all other 
dates. Switchgrass N concentration only differed between the second and fourth harvest dates, 
and no difference in Ca concentration was found among harvest dates.  Concentrations of P and 
K in switchgrass and P, K, Ca, and Mg in the native polyculture were lower on the third than the 
second harvest date, while concentrations of other macronutrients did not differ for these dates.  
Only Mg concentration in switchgrass was lower on the fourth than third harvest date.    
 
Since grassland plants translocate nutrients to belowground tissues during senescence, delaying 
harvest has been cited as a strategy to reduce mineral concentration in biomass feedstocks (Adler 
et al., 2006; Ogden et al, 2010).  In general, we found this to be true.  For nearly all minerals, 
concentration declined from the first to the last harvest date, though as noted above, a couple of 
exceptions to this trend were observed. 
 
Conclusions 
In general, these results suggest that delaying harvest of both switchgrass and native polyculture 
biomass until late spring results in increased biomass quality via reduced moisture content and 
concentration of macronutrient minerals, with the exception of N and Ca.  However, delaying 
harvest would also result in significant yield loss compared to typical fall harvest.   
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Experiment 4: Fertilizer replacement value of biofuel ash: 
The combustion of herbaceous biofuels will generate a significant amount of ash that is often 
considered a waste product but that potentially could have value as a fertilizer.  Recycling of this 
ash to the soil will be an environmentally sound practice that also provides a productive use of 
the ash generated by combustion. 

Objective: The overall objective is to answer fundamental questions related to the agronomic use 
and potential environmental impacts of ash generated from combustion of herbaceous native 
perennial biomass at the Rahr Malting facilities.  These following field and greenhouse studies were 
planned and initiated for the 2012 growing season. Because of the limited amount of ash that was 
generated we were forced to change the size of our field plots and to conduct a greenhouse study for 
monitoring corn response to the ash.  Nevertheless, we will be able to provide new information on 
the use of native prairie ash on plant growth. 

Trials: 
Ash field study.  This study, conducted in the field seasons of 2012 and 2013, examined the 
effect of ash application on growth of established native prairie.  Two existing restored prairie 
sites, with a mix of native legumes, grasses, and forbs, were chosen for the study.  The first site 
is located at Belle Plaine, MN in Scott County and the second at Becker, MN in Sherburne 
County. The two sites vary from one another with the Belle Plaine location one hour south of the 
Twin Cities having clay loam soil and with the Becker location one hour north of the Twin Cities 
having sandy soil.  Prior to the start of the experiment, soil samples were collected to determine 
soil pH, soil organic matter, P content and K content.   

The treatments were varying levels of incinerated native plant biomass (the ash remains of native 
plant biomass used for fuel). This native plant ash was processed by sifting and screening to 
remove foreign materials.  The eight treatments also include two treatments consisting of 
synthetic fertilizer at the 1.0X and 2.5X ash rates.  The experimental design was a randomized 
complete block with four replicates.  Plot size was 25 ft2 (2.3 m2) which is smaller than 
originally proposed because of the shortage of ash.  Ash and synthetic fertilizer were applied to 
the plot by hand.  Plots were analyzed qualitatively for visible signs of nutrient deficiencies, 



plant height, botanical composition and biomass in the summer and fall.  At the end of the 
experiment, soil samples were taken and analyzed for P and K content.   
 
Ash greenhouse study. This greenhouse study examined the effect of native plant ash on corn 
growth.  In April 2012, 350 pounds of soil were collected from the top 15 cm of ground at near 
the Becker site described above. Soil samples were collected to determine soil pH, soil organic 
matter, P content and K content.  The greenhouse experiment is being conducted at the 
University of Minnesota plant growth facilities in Saint Paul, Minnesota.  The treatments are as 
above in the field study, except scaled down to pot size; additionally all ash rates will be 
reproduced with synthetic fertilizers.  The experimental design is a randomized complete block 
with four replicates.  In addition to the treatment amendments, nitrogen and sulfur will be 
supplied to the corn plants with ammonium nitrate, urea, and ammonium sulfate at the same rates 
at the start and during the experiment so that these nutrients are not limiting factors to corn 
growth.  Corn plants will be measured after emergence on a weekly basis for height and shoot 
diameter.  At the end of the experiment, corn will be harvested, dried, weighed for biomass, and 
analyzed for elemental composition.  Soil samples will also be taken for P and K content.  This 
information will be used to estimate P and K uptake from the ash by the corn plants.    
 
Accomplishment:  Data collected in ash field and greenhouse studies in 2012 is currently being 
analyzed.  The trials were continued in 2013. 

Work planned: Plant biomass yield and tissue mineral analysis will be conducted again in 
summer and fall 2013.  A manuscript will be prepared in the fall. 

II. Moving biomass from road/farm gate to facility 
We will be incorporating information from the Koda Energy project as we look at the supply 
chain of perennial crops to biomass facilities and that information will allow us to better estimate 
the cost of options for transportation, preprocessing and storing biomass crops.  Information 
from Koda Energy is also being incorporated into the Life Cycle Assessment and as part of our 
supply chain analysis.  Koda Energy was featured in a tour as part of the 2013 International 
Biomass Conference and Expo in April. 

III. Measure and value environmental benefits 
In this area we will measure and evaluate the specific impacts of biomass crops on the 
environment including: 1) changes in grassland songbird populations on areas planted and 
managed for biomass feedstocks; 2) changes in water quality parameters (turbidity, sediment, 
nitrogen and phosphorus concentrations); 3) register values reflected in emerging ecosystem 
markets for water quality and carbon and others as they emerge such as biodiversity; and 4) 
preparation of a life cycle assessment which allows us to estimate environmental impacts 
associated with the production, harvest and combustion of biomass crops including an evaluation 
of resource use and emissions as the crops are produced, transported and combusted. 

A. Wildlife impacts 
Robert Dunlap is currently in the middle of the fifth and final field season (2013), conducting 
bird surveys on experimental biofuel plots in western Minnesota. In early July, 2013, he will add 
the final field season's data to his existing analyses and spend the next two months finalizing his 



reports on the impact of biomass harvest on wildlife and assist with preparing management 
guidelines for biomass production that take into  account wildlife impacts. Following is a 
summary of the findings from this work: 

Some grassland birds and small mammals exhibit changes in abundance following harvests in 
the previous year, but it is unknown to what extent these organisms respond to harvests of native, 
more diverse grasslands. We analyzed data collected from bird and small mammal surveys in 
grassland biofuel plots harvested via different pattern and percentage in western Minnesota, 
USA, from 2009 to 2013. We estimated relative abundance of 11 species of grassland birds and 7 
species/genera of small mammals among the different harvest intensities and years of study. Four 
bird species and species richness showed declines in abundance following harvests, whereas two 
species showed increases in abundance. Harvests also resulted in negative impacts on two small 
mammals. The removal of vegetation in fall results in shorter, less dense vegetation the 
following spring, which creates largely unsuitable habitat for tall-grass songbirds (e.g., sedge 
wren) but more optimal habitat for species that prefer shorter vegetation (e.g., grasshopper 
sparrow). Additionally, the reduction in ground litter is detrimental to small mammals that prefer 
thicker vegetation (e.g., voles of the genus Microtus). At the community level, harvesting native 
grasslands appears to have little impact on grassland birds and small mammals, but it is 
nonetheless important to identify what species are present prior to harvesting so that harvesting 
activities do not result in detriment to these species 

B. Water quality assessment 
Hydrology: 

Channel Reconnaissance and Data Collection 

This activity has been completed and results will be presented in the final report. 

Channel and Riparian Corridor Restoration 

In spring of 2012 a decision support tool score sheet by Beechie et al (2008) and the Modified 
Pfankuch Assessment (Asmus and Magner, 2008) were used as a guide to create the Stream 
Restoration Prioritization Score Sheet (SRPSS). The SRPSS was created to help prioritize 
restoration based on a set of 10 metrics. The metrics were chosen and assigned weights by 4 
researchers (Dr. Ken Brooks, Dr. Chris Lenhart, Dr. Joe Magner, and Mary Presnail) at the 
University of Minnesota. The SRPSS was broken into two categories: 1) “Inventory of Site 
Conditions”; and 2) “Variables Affecting Cost to Restore”.  

The sites were then ranked, and an independent researcher tested the tool to make sure the 
analysis is repeatable yielding similar results. This was accomplished in August of 2012 and 
restoration techniques were designed for the prioritized sites. A final corridor plan was prepared 
for 1-2 of the highest priority sites. All of this information was turned over to the Martin County 
Soil and Water Conservation District for implementation as resources become available and are 
prioritized by their program. 



 

C. Integrated assessment of ecological service markets 
Landowner willingness to supply biomass crops 
We will continue to work with the data from the surveys to extract additional information related 
to landowner willingness to supply biomass crops and present it in a format useful for extension 
education and potential biomass businesses. Currently and over the summer we are conducting 
an ongoing study on attitudes towards and willingness to adopt conservation measures aimed at 
improving water quality that could be combined with the production of biomass. Information 
from the results of that study will be incorporated in the final report. 

Assessment of Markets (this work is ongoing and will be incorporated into the final report) 

The project team continues to monitor the development of ecological service markets.  Since 
these markets are constantly developing and changing a final assessment will be made in 2013 
and incorporated in the final project report to represent the current state of those markets at that 
time with an approximation of future trends in those markets. 

Partner Rural Advantage continues to work on developing a suite of market tools and markets for 
ecosystem services that are being implemented on a trial basis.  Results of that work will also be 
included in the final report and assessment of ecological service markets for a number of services 
including water quality, carbon, pollinator habitat among others. 

There have recently been changes in the markets for payments for environmental/ecosystem 
services.  The State of California has adopted a carbon “cap and trade” carbon emissions trading 
program which has recently come into effect providing an example of a functioning carbon 
trading program. We will follow developments in that market and incorporate that information in 
our final report. In addition there is a growing market for water quality credits linked to the 
Chesapeake Bay initiatives and markets for biodiversity that will also be included in the final 
report. 

D. Life cycle assessment   
A woodchip LCA module was added to the five LCA modules to complete the LCI inventory 
analysis. We continued to carry out the product-level contribution and sensitivity analysis with 
key parameters. As the biomass fuel mix at Koda Energy varies by local feedstock availability, it 
is hard to continue to receive feedstock with the lowest environmental impact such as 
switchgrass and prairie grass. Koda Energy biomass power plant expects a biomass fuel mix of 
barley grain and forage, oat grain and forage, Canada wild rye, woodchips and switchgrass. 
Those scenarios are being examined for seasonal variation in environmental impacts. 



 

IV. Economic assessment of biomass production and delivery 
system 

This research area looks at the financial and economic aspects of biomass production from the 
perspective of the landowner/farmer who may be interested in producing biomass feedstocks for 
the market and also the value of the environmental services (water quality, recreation, carbon) to 
society both qualitatively and quantitatively. 

A. Cost Benefit Analysis  
Information on the costs and benefits of perennial cropping systems including benefits related to 
carbon sequestration and improvements in water quality and storage will be incorporated into the 
final report.  In addition to the perennial cropping system work, we have gathered information on 
the costs and benefits of conservation practices that could be combined with biomass production 
in an integrated land use system that can increase the impact of the conversion to perennial 
biomass crops. 

The information will be used to create a decision support tool that is being prepared under a 
grant from the Minnesota Pollution Control Agency and the US Environmental Protection 
Agency.  We have been able to successfully leverage the RDF funding to expand the work to 
begin preparation of that decision support tool. 

The Section 319 Project will evaluate the cost effectiveness of different conservation measures, 
including the use of perennial crops for bioenergy, as a way to guide decisions on what types of 
measures to promote by watershed managers.  The production of biomass crops will be one 
“working lands” conservation practice that will be evaluated and will build upon data that is 
generated by this RDF project. 

This work continues and the work that is completed in 2013 will be incorporated into the final 
project report. 

B. Valuation of ecological services 
This will continue to be done in coordination with IIIC above.  Results from IIIC will be used to 
help determine how the public values ecological services which will allow us to use those values 
for our analysis.  In addition to the information gathered through the survey, we will be gathering 
data on the emerging markets for carbon and water quality credits.   

We continue to monitor the development of markets for payment for environmental/ecosystem 
services to gauge how they might affect the profitability of the production of biomass for energy 
but will also subject that information to a sensitivity analysis to understand how changing prices 
and new markets for environmental/ecosystem services might impact the profitability of biomass 
production. 



Project Status: The project has been able to continue to generate the data originally envisioned 
plus the additional data we have been able to generate through leveraged funding which will 
enrich the final report.  The preparation of the final report has been delayed and the project has 
been extended to December 22, 2013 to integrate our data and complete the final report.  
Integrating the various components of the project is key to make recommendations with impact 
at a landscape scale. 
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