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1. Corn Stover

1.1 Description/Characteristics

Corn stover, the aboveground plant material left after grain harvest, was identified as a major potential
cellulosic feedstock for bioenergy production because of the vast area used for corn production in the
United States (Karlen et al. 2014). It was selected as a focal point for one of the Regional Feedstock
Partnership (the Partnership) teams based on Billion-Ton Study projections that stover could supply 75
million of the 446 million dry tons of crop residues available for U.S dioenergy production (Perlack et al.
2005). The U.S. Environmental Protection Agency (EPA) concurr stover was, indeed, “the most
economical agricultural feedstock...to meet the 16 billion gallg osic biofuel requirement”
(Schroeder 2011). Furthermore, based on energy use, energy, and several resource-conservation

i feedstock for advanced biofuel
production was more consistent with U.S. national ene i an producing them from

grain.

It was envisioned that the agricultural communit i er harvest since
farmers have been collecting it for many years for u i since a substantial
amount of research had been conducted on its use as a 1970s oil crisis
From a producer’s perspective, harvest gement costs,
which currently range from $20 to $30 8 acre”’ 015) and are expected to rise as grain
yields increase. However, before assuming i ntly available and simply waiting to
be harvested, it is important to recognize th ca i important ecosystem services that
include: (1) protecting surface,soi i i yi (2) reducing runoff and soil

anic matter (SOM), (4)
recycling essential pla : g soil water (Baumhardt et al. 2013)
that can be crucial for 5 ] i al weathe atterns become more variable.

affiliated with \ sociation, and engineers from the U.S. Department of
oratory. The overall goal was to quantify the amount of corn stover
ffects of moderate or high stover-harvest rates on subsequent crop

1.3 Methods

A core experiment consisting of no-tillage (or the least amount of tillage necessary to establish a corn
crop), three rates of stover harvest (none, moderate, and high), and four replicates was agreed upon for
each Partnership site. In addition to new experiments, several established long-term ARS and university
field trials, designed to assess crop residue-harvest effects, which were leveraged to build a more robust
dataset. New and existing studies provided 239 site-years of data from 36 replicated field experiments.
With regard to genetic resources, all sites used commercial corn hybrids recommended for the location
based on grain yield. As a well-established crop, corn has substantial genetic diversity, so when cellulosic
conversion facilities are operating commercially, it will be very easy to increase vegetative biomass by
transitioning to hybrids, such as those currently grown for corn silage production. With regard to the type
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of land upon which the studies were run, 31 were within the traditional U.S. Corn/Soybean Belt. Four
Pennsylvania sites were selected because of increasing corn and soybean production in that area and
because of ongoing complimentary research focused on quantifying greenhouse gas (GHG) loss from
those production systems. Those 35 studies were conducted on loam, silt loam, clay loam, or silty clay
loam soils. A 36th site, located on loamy sand in the southeastern Coastal Plain near Florence, South
Carolina, was included because a similar multi-location stover harvest study had been initiated in that
location (Karlen et al. 1984) following the 1970s energy crisis. Furthermore, it was hypothesized that if
adverse effects of stover harvest were going to be detected quickly, it would more likely be on highly
weathered loamy sand than on well-structured, heavy-textured soils in the Midwest. In addition to the
desired “no-tillage” treatment, moldboard or chisel plowing, disking, or strip tillage treatments were
evaluated at various sites. The length of time for which stover was hafiuested ranged from 5 to 12 years
(Karlen et al. 2014).

1.4 Results/Outcomes

Collectively, the 36 research sites, located in seven st
239 site-years of data with corn grain yields rangin
averaging 156, 160, and 160 bu acre™ for the no-,
3.2 tons per acre (tons acre™), respectively (Karlen . | Agricultural

Statistics Service (NASS) records, average corn grain tments averaged 6

to South Carolina, provided
acre (bu acre™) and

bu acre” less than the 5-year average fo (NASS 2014).
Moderate- and high-stover removal trea u acre” less than NASS values

Comparisons between the no-removal an | treatments showed an increase of 5
bu acre”, indicating that stover harvest rest ght i verage grain yield. This result was

driven by locations with higher grain yields whe ields were lower due to residue

development. The stud red corn grain, stover harvest

increased nitrogen, phogph i ¢ 2, and 18 pounds per ton (Ib ton™)
of harvested residue. Thi
depending on the curre n management history, but it does emphasize the
i C g plant nutrient status to ensure crop productivity

e of no-tillage, cover crops, and vegetative conservation barriers
duction in Nebraska, lowa, Illinois, Indiana, and Minnesota by 134

. The study also provided data verifying the breakeven field-edge
ship sites. Several site-specific factors influenced the prices (Archer et
to $38 ton™ in Iowa and from $49 to $66 ton™ in North Dakota.

could increase availab
to 176 million tons per
biomass price for two of the
al. 2014), which ranged from 3

With regard to soil health, the study showed that when average grain yields were below 175 bu acre™,
continuous stover harvest for 10 years, even with no-tillage practices, reduced particulate organic matter
(POM) carbon accumulation (Karlen and Johnson 2014). POM is one of the active carbon components of
total SOM and is therefore more responsive to soil and crop management changes than the entire SOM
pool. Harvesting stover from areas with low-average corn grain yields also shifted dry aggregate
distributions toward smaller soil aggregates, which are more vulnerable to the erosive forces of wind and
water. An average minimum rate of crop residue return was calculated using 35 of the 239 site-years of
data, although the extreme variability associated with different soils, weather patterns, and crop growth
conditions did result in a high standard deviation (2.84 = 0.98 tons acre™).

Regional Feedstock Partnership Report | 7
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GHG emissions, another critical sustainability issue, were quantified by Jin et al. (2014) who summarized
static chamber estimates of GHG emissions from nine corn-production systems under various crop
residue and tillage management practices across the U.S. Corn Belt. They found that stover harvest
generally decreased total soil carbon dioxide (CO,) and nitrous oxide (N,O) emissions by approximately
4% and 7 %, respectively, when compared to no-stover removal. Decreased emissions were attributed to
lower carbon and nitrogen inputs and possible microclimate differences due to changes in soil cover.
Baker et al. (2014) added to the GHG knowledge base by summarizing automated continuous chamber
CO; and N,O flux data collected between Spring 2010 and Spring 2012 for three levels of stover harvest:
none, full, and intermediate. They found no significant differences in N,O emission as a function of
stover harvest, but CO, loss from the full removal plots was slightly lower than from the zero removal
plots. However, between the two stover harvest treatments, the diffe e in emission loss was much
lower than the amount of carbon removed with the stover. This i at carbon was also being lost
from the full removal plots—a phenomenon continuing to be ¢ d through rigorous soil sampling at
several sites.

An overall assessment of the information obtained thro i nt in the Corn Stover Team is
that through this multi-location, multi-agency effort, ield and availability due to
soil resources, weather patterns, and management with much greater

accuracy. Adapted, commercial hybrids were use

provided insight regarding the use of corn
ergy distribution within various plant fractions.

cessful corn stover-based bioenergy feedstock-production facilities
are (1) spatial and tempo i in crop growth and stover production; (2) multiple ecosystem
service demands for which '@ over is already needed; and (3) harvest, storage, and transport
challenges. All three barriers became focal points for synergistic studies conducted by Corn Stover Team
members, so overall substantial progress was made in advancing the cellulosic-based biofuel industry by
DOE investment in the Regional Partnership. Another important synergistic contribution was
development of the ARS Renewable Energy Assessment Project (REAP) database that can be queried by
and transfer data directly to the DOE Knowledge Discovery Framework (KDF). This data sharing also
provides a conduit to the ARS Greenhouse Gas Reduction through Agricultural Carbon Enhancement
network (GRACEnet) database that can be queried for additional GHG information. An additional
synergistic outcome of the DOE investment was development of the REAP Public-Private-Partnership
(PPP) by the Agricultural Technology Innovation Program (ATIP) to help sustain and augment multi-
location, natural resource-based research that was a direct outcome of this DOE investment into the
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university, federal agency, non-governmental organization (NGO), and industry that PPP associated with
the ARS-REAP activities.

One of the most significant outcomes of the Corn Stover Team was the synergy that the Partnership itself
resulted in because of the coordinated interagency and multi-location research conducted to address a
common goal—determining sustainable corn stover feedstock-production strategies. Two examples
illustrating how the Partnership led to new and creative outcomes are illustrated first by the studies
Lehman et al. (2014) conducted while by examining crop residue harvest impacts on the soil microbial
community. Using fatty acid and DNA analyses of soils from four locations (Brookings, South Dakota;
Florence, South Carolina; Ithaca, Nebraska; and Morris, Minnesota) with contrasting soil, climatic
conditions, and differences in SOM and pH, they showed that high (~3.2 tons acre™ yr') stover harvest
rates tended to reduce the fungal to bacterial ratio. This response w, sistent with decreased aggregate
stability and an increase in the erodible fraction quantity as disc y Osborne et al. (2014). The
second major development was that the LEAF (Landscape E ntal Assessment Framework) model
used by Bonner et al. (2014a) to examine tillage, cover cro ation barrier effects now
provides a foundation for a venture capital company (
changing the approach that innovative farmers are a ideri roving management

Based on the outcomes, innovative research approa orlglnated as a result
of the Corn Stover Team partnership, our recommend

landscape-based management strategie producers
from continuous corn or simple corn-so erse landscape-management plans that
incorporate perennials into non-profitablg portions of each field. Such changes
are projected to not only increase available (Bonner et al. 2014b), but also
decrease soil erosion and nutrient losses that and air quality because of the
“leaky” nature of current rt (HST) calculations using

Corn Stover Team res ' ] i ilitate feedstock transport and
handling within bioref i

blended and compressed into aracteristics allowing them to be subsequently
stored and

1.5¢F

As of July puscripts, 8 outreach publications, 20 proceedings papers,
and 39 presents ingidata produced in part with supplemental funding from the

DOE investment. am ﬁmds also helped support 8 graduate students and another
10 undergraduate st
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2. Switchgrass

2.1 Description/Characteristics

Among the many grasses and crops explored for biomass-to-bioenergy systems, switchgrass (Panicum
virgatum L.) has garnered some of the greatest attention. As a potential biofuel feedstock, the plant has
high productivity, has broad adaptability, is suited to marginal sites, and is native to North America.
These all have been important factors in the choice of switchgrass as a model energy crop, and they were
central to its use in these studies.

Switchgrass has wide genetic diversity, which, in turn, facilitates i nsive native range extending
from Canada to Mexico and from the Atlantic Coast to the Sie da Mountains. In addition, the
plant is divided into upland and lowland ecotypes of northe hern origin. The ecotypic
description reflects the typical adaptation of plant material ape, while the latitudinal

designation breaks out somewhere in the mid-latitudes i roughly 37°—40° North).

ts. In contrast, upland
t internodes. These

Lowland ecotypes are larger, more robust plants, r
ecotypes generally are finer-stemmed and shorter,
root morphological traits leave upland ecotypes app
have a bunchgrass appearance.

2.2 Objectives

Given the wide variation i i d si itak i the switchgrass feedstock
' i ¢ ing best management
i he production response of
ese diverse sites. In addition, soils at the sites
changes in soil carbon over time as a response to

practices at field scale
switchgrass to various
were sampled prior to the
switchgrass preduction and

, Oklahoma, South Dakota, and Virginia) were
pplications and cropping year occurring in 2009. A site in

2.3 Methods

2.3.1 Distribution 0
Geographic/Environ

lons across the United States and the
*ntal Diversity

Because of its broad adaptability, a wide range of sites was chosen for this study. Sites’ conditions
encompassed much of the diversity encountered in the switchgrass’ growing range, including large
differences in geography, climate, and soil conditions. In addition to being relevant for various bioenergy
schemes, the wide range in conditions provided additional information for the geospatial modeling team.
The initial switchgrass field trials were located in Elmore County, Alabama; Tompkins County, New
York; Muskogee County, Oklahoma; Day County, South Dakota; and Pittsylvania County, Virginia. The
sixth site, in Story County, lowa, was added to the Partnership in 2009.

Trials were implemented using commercially available equipment for all field operations (site
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preparation, planting, fertilization, and harvest). Plot sizes were about 1 acre or larger.

Three nitrogen rates (0, 50, and 100 pounds of nitrogen per acre [Ib N acre™']) were applied in this study.
Nitrogen sources varied by site and were limited to urea or ammonium sulfate. Treatments were
replicated four times within each site.

2.3.2 Genetics (What Was Used and Why)

The switchgrass cultivars planted varied by site and were selected based on our understanding of
productivity, site adaptation, and seed availability. Upland ecotypes used at more northern locations
included ‘Cave-in-Rock’ (Iowa and New York), and ‘Sunburst’ (South Dakota). Although the Oklahoma
site is warm enough to support a lowland ecotype, seeds were not readily procurable. Thus, ‘Blackwell’, a
regionally derived and adapted upland cultivar, was planted in Ok . “Alamo,’ a lowland ecotype,
was planted both in Alabama and in Virginia.

2.3.3 Type of Land on which Field Trials T,

Lands used for these sites were generally considered
Previous crop use at these sites largely had been so
New York, and Oklahoma was conducted on uni farms, while the wor
Virginia was conducted by farmers on commercial tions.

er sites in the region.
in Alabama, Iowa,
outh Dakota and

2.4 Results/Outcomes

literature. During the
4.5 tons acre™, but yields
increased ove

a and New York sites approached
the 1.8 to 3.1 tons acre” range. Yields also

a and Virginia, the percent yield increase in response to nitrogen
rate averaged 47% and 76% over all production years. In contrast,
(where some of the highest yields were recorded) was about 12%.
In Oklahoma and New vas no benefit of added nitrogen over years, and in some production
seasons, the effects of nitrogg switchgrass in New York were significantly negative. The pattern of
response in lowa was unlike that at other locations in that the response to nitrogen was limited in the first
few years of production, but by the fourth and fifth years, the response to nitrogen reached 52% and 88%.

the average yield increa

Data from these studies provide greater understanding of the year-to-year and site-to-site variability in
switchgrass production than is available with other research. The multiple years encompassed by this
work also shows the changes in production and nitrogen utilization that would not have been observable
with shorter-term research. Data in the literature (largely from small plot studies) regarding switchgrass
response to nitrogen are highly variable, and our data indicate that response to nitrogen occurs primarily
on soils that are nitrogen limited. As well, our data indicate that in soils of even moderate fertility it may
take several years of harvesting to reach a point at which response to nitrogen applications become
economical.
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2.4.1 Performance/Quality/ Convertibility

Biofuel feedstocks from each site have been submitted to and analyzed by Idaho National Laboratory, and
these data are forthcoming.

2.4.2 Economics

Economics data regarding establishment costs have been analyzed for all sites and a more complete
analysis of yield responses to fertility over time is being finalized in Spring 2016. As alluded to
previously, initial data suggest responses to nitrogen may be of limited value, economically, unless the
sites have limited soil nitrogen from the start. Key questions about the assumptions used in economic
modeling must be addressed to determine the feasibility of switchgr: o-bioenergy/bioproduct schemes.

Utility of marginal land for energy production systems also remai
establishment and that yields on marginal sites may be lower irable. The establishment issues that
cropped up at several sites in this study would have negati economic outcomes in a real-

world setting and point to the further challenge for deplogi i ms on marginal sites that may

estionable given challenges for

control. Of course, the value of a ton of switchgrass wi i i asibility for marginal
land use and fertilization.

such as harvest method, storage, and s
these systems could require very differe
were beyond the scope of this research but
bioenergy/bioproduct systems.

uare and large round bales used for
d handling systems. These issues

Initially, data collectiot '
were only able to collect over the last few years of the trial). In addition, greater yield potential
would be expected from the € oma site, had a southern lowland cultivar been available for planting at
the start of the study. To address the issues of upland versus lowland switchgrass production in
Oklahoma, we began a cooperation with a second site to gather some of the lowland production data.
These data have been made available for the modeling efforts that are part of the Partnership. One of the
challenges facing the modeling team is the limited data from sites on the periphery of the switchgrass
production range. However, the reason such data are lacking is that little switchgrass is grown on the
periphery, and there is low productivity for such sites.

Whether switchgrass response to nitrogen should have been the preferred treatment has been a question
for our group at times. Other treatments that warrant exploration include use of mixtures vs.
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monocultures, and there is a question regarding how best to extend harvest windows for these systems in
order to lower logistics costs.

While these questions are important, perhaps the most productive line of inquiry would involve the direct
comparison of the various energy crops suited to a region. For example, both miscanthus and switchgrass
are suited to many of the sites used in the feedstock partnership, but there is little assessment of their
productivity in side-by-side trials. (This would be similar for sorghum, energycane, and other potential
energy crops.)

Aside from stover and other crop residues, switchgrass remains the primary biomass feedstock of interest
across much of the United States. This is due to its high productivity, broad adaptability, perenniality, and
the crop’s high level of familiarity within the biofuel community. Algeugh not part of this work, new
switchgrass varieties have been developed or are in the research pi , and they promise to increase
yields by several percentage units. Future work assessing these als will be important for optimizing
opportunities for the nascent bioenergy industry.

2.5 Key Outputs

2.5.1 Peer-Reviewed Manuscripts

Owens, V. N., D. R. Viands, H. S. Mayton, J. H. Fike,
C. O. Hong. 2014. “Switchgrass Respe i nments in the
USA: A Regional Feedstock Partne g
doi:10.1007/s12155-014-9484-y.

Owens, V. N., D. R. Viands, H. S. Mayton, $2H. Fiks . D. 1. Bransby,
and C. O. Hong. 2013 &Nitsegen Use in ! rgy across the USA.” Biomass
and Bioenergy 58: 24 j i

Owens V., C. Hong, D. Bra [arris,, J. Fi Heaton, H. Mayton, R. Mitchell, and D. Viands.
] e ents in the USA: A Regional Feedstock

of Agronomy-Crop Science Society of

al Annual Meetings, Cincinnati, OH,
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APPENDIX A: 3. MISCANTHUS X GIGANTEUS

3. Miscanthus x giganteus

3.1 Description/Characteristics

Miscanthus x giganteus Greef & Deuter ex Hodkinson & Renvoize (hereafter “miscanthus”) is a large-
statured (up to 4 m in height), perennial grass (family — Poaceae). This sterile triploid hybrid was
originally discovered in Japan in 1935, following a spontaneous mating between fertile diploid M.
sinensis and tetraploid M. sacchariflorus (Hodkinson and Renvoize 2001). The hybrid was later
introduced into Europe, the United States, and elsewhere as an ornamental landscape plant and a
bioenergy crop. Miscanthus ‘Illinois,’ the clone chosen for this stu
established plants at the Chicago Botanic Garden, propagated, a

ed in demonstration plantings at
because of significant research
conducted with this grass at the University of Illinois, Urb ien (UIUC).

2000) and in U.S. trials since the early 2000s (Heat . promised high biomass
yields; up to 17.8 tons acre™ in some European lo i
tons acre” across European test sites (Heaton et al.
15.6 tons acre™ (Lee et al. 2014; Heaton et al. 2008),
small-scale test plots (Smith et al. 2015)lt is unknown

range from 2.0 to
tons acre” from
reach these
conditions, but the potential for high
compare years,

s in the United States. Real-world

regions/environments, and agronomic prac
yields have averaged 7—10 tons acre™ acros

0 > d trials of miscanthus to gather
biomass production, yield i i five locations in the eastern and midwestern

or distribution and planting at each site following

ere responsible for planting, managing, applying the research
treatments, and collect 3 the Miscanthus field trial at their site. Finally, the field trial data
from each site were collccted embled from all participants.

3.2.2 Duration
The study was initiated in 2008 and will be completed in 2016.

3.3 Methods

3.3.1 Distribution of Locations across the United States and the
Geographic/Environmental Diversity

At each of five U.S. locations, miscanthus was grown using a randomized, complete block design with
three nitrogen fertility treatments (0, 53.5, and 107.1 Ib acre™) replicated four times in 12, 10 x 10 m test
plots. Planting and harvest dates were recorded, along with soil type, environmental data (precipitation,
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temperature), soil fertility (nitrogen, phosphorous, potassium), and biomass yield and moisture.

The five locations spanned 22° longitude and 4° latitude, representing a wide variety of environmental
conditions. At the initiation of the project in 2008, the five participating collaborators and research sites
were the University of Nebraska, Mead, Nebraska; the University of Illinois, Urbana, Illinois; Purdue
University, West Lafayette, Indiana; the University of Kentucky, Lexington, Kentucky; and Rutgers
University, Adelphi, New Jersey. However, due to high miscanthus mortality and collaborator turnover,
Purdue University dropped out of the study in 2009 and was replaced in spring 2010 by a Virginia Tech
collaborator using a study site near Gretna, Virginia.

3.3.2 Genetics (What Was Used and Why)

Because they are sterile, miscanthus plants were clonally propagat
and shipped to collaborators for planting. Although several rela
developed and tested (e.g., ‘Amuri,” ‘Freedom,’ and ‘Nagar

g thizome fragments at UITUC
canthus varieties have now been
nois’ clone was chosen because of

The soil at the Illinois site is classified as a very deep, loam (fine-silty,
mixed, superactive, mesic Oxyaquic Arg r silty clay
loam (fine-silty, mixed, superactive, me i e upper 30 cm of soil 1s dominated by a
sandy loam. At Kentucky, the soil is classifie 5 ined Maury silt loam (fine, mixed,
active, mesic Typic Paleudalfs) and a Blue ixed, active, mesic Typic
Paleudalfs). At Nebraska, the soil is class1ﬁe Tomek silt loam (fine
smectitic, mesic Pachic A by a silty clay loam soil
texture. At New Jerse S 3 g mixed, active, mesic Aquic
Hapludults) with a resteict i m and 80 cm in depth, depending
on the plot. At Virginia, il i ained Cecil sandy loam (fine, kaolinitic, thermic
Typic Kanhapludults). Beln inois and New Jersey soils were less fertile and
held less wz

3.4 K

Yields in ubstantially. The average yields across all years (2009—
2014) and a 9, 6.6, and 6.6 dry tons acre” for Nebraska, Kentucky,

In Kentucky, Nebraskaha irgi fertilization has not had an effect on yield in any year, while in
Illinois, in 2012, 2013, ields of the 0 Ib N acre™ rate were less than the yields of the 53.5
and 107.1 Ib N acre™' rate ] New Jersey in 2014 did the 107.1 Ib N acre™ fertilization rate
produce a significantly large d than the 53.5 1b N acre™ rate; fertilization did not affect yields in New
Jersey from 2009-2013.

In most cases, the highest fertilization rate was correlated with slightly decreased yield relative to the
moderate rate. Therefore, we can conclude that the 53.5 kg N acre™ rate was sufficient to augment yield in
some locations, and that any additional fertilizer could be unnecessary, not cost-effective, as well as
potentially harmful to the surrounding environment due to leaching, runoff, and gas emissions.

In other locations, the moderate fertilization rate did contribute to increased yield. For example, in
Ilinois, the average yield of unfertilized plants was 4.7 dry tons acre™ with all years pooled. This
increased to 8.1 dry tons acre™ with the addition of 53.5 Ib N acre™'. The highest fertilization treatment
resulted in average yields of 7.9 dry tons acre™ . This pattern was similar in New Jersey and Virginia.
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Years differed, with 2009 yields consistently lower than subsequent years (2011 for Virginia). Across
sites, 2012 was a lower-yielding year due to the severe drought in much of the study region. Most sites
rebounded to pre-drought yields in 2013, with the exception of Nebraska and New Jersey; however, New
Jersey recovered by 2014.

This study did not specify particular yield goals, but consistent, sustainable yields of the range of 8.9-9.8
tons acre”', which would be desirable. Our study indicated that this is possible in some locations,
especially with a moderate fertilization treatment.

Although early reports suggested miscanthus does not require nitrogen fertilizer, we would now
recommend nitrogen amendment after 3—4 years when the crop is not establishing favorably (e.g.,
showing low density, yellowing, etc.). This study has also reinforce thoughts about where
miscanthus should be produced—in the central United States wh al precipitation averages at least
75 cm.

3.4.1 Sustainability

A number of studies have indicated that miscanthus ¢

particularly compared with
ligible for miscanthus
et al. 2012; Gauder et

nitrogen fertilizer (Dr

al. 2012). Nitrate leaching has also been found to be al or nonexistent in

fields (Lesur et al. 2014), but the addition of nitrogen i i i sed nitrate
leaching and increased N,O emissions jidfthe present stud .2012). GHG
emissions (in tonnes of CO, equivalents hus were significantly lower than
combusted peat moss (Finnan et al. 2012 . coal (Sanscartier et al. 2014).

Miscanthus has sequestered carbon in plantiissuesa i i n et al. 2012; Mishra et al. 2013).

thus, it would have been improved with
dy locations, and a longer duration.

Going forward, it will be o discover whether yields can be improved further with other
fertilizers, particularly phosph@mus and potassium. Virtually nothing is known about the effects of these
nutrients on miscanthus growth and yield. In addition, it will be useful to evaluate additional genotypes in
a similar experimental design. Other genotypes have been developed, but they have not been grown and
compared in this way. As previously mentioned, adoption of this crop is hindered by its difficult
propagation process. Development of an inexpensive, reliable method of propagation, e.g., New Energy
Farms Crop Expansion Encapsulation and Drilling System (CEEDSTM), will improve scale-up. It will be
important to understand disease or insect issues at commercial scale, although there are no reported
problems with these issues in Europe, thus far. Lastly, miscanthus lags behind switchgrass in terms of its
versatility. Switchgrass applications include bioenergy, bedding, wildlife conservation, hay, reclamation,
combustion, and as an absorbent material for saltwater and other byproducts from fracking. It is likely
that development of additional miscanthus bioproducts can only improve the market for miscanthus.
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Some of the initial enthusiasm for miscanthus has waned in the last 2 or 3 years—even with agronomic
improvements—due to lags in the development of efficient ethanol-conversion technologies and an
increased availability of natural gas from fracking and other extraction methods. New genotypes are being
developed and trialed at UITUC, the University of Guelph, and elsewhere, but these are unlikely to be
commercially available in the near future.

3.5 Key Outputs

3.5.1 Peer-Reviewed Manuscripts

Maughan, M., G. Bollero, D. K. Lee, R. Darmody, S. Bonos, L. Co
M. Sousek, D. Williams, L. Williams, F. Miguez, and T. Voi
Productivity: The Effects of Management in Different Envi
Bioenergy 4 (3): 253-65. doi:10.1111/1.1757-1707.201

Behnke, G. D., M. B. David, and T. B. Voigt. 2012. “Gz
Biomass Yields from Production of Miscanthus
(4): 801-13. doi:10.1007/s12155-012-9191-5

Davis, M. P., M. B. David, T. B. Voigt, and C. A. ell. . i Addition on

J. Murphy, R. Gaussoin,
. “Miscanthus x giganteus
nts.” Global Change Biology

issions, Nitrate Leaching, and

anteus in Illino A.” BioEnergy Research 5

Li, D., T. Voigt, and A. D. Kent. 2015. *Pla i acterial Communities Associated with
Miscanthus xgiganteus Rhizosphere a [ es. ge Biology Bioenergy 8 (1): 183—
93. doi:10.1111/gcbb.12252.

Production and Susta
National Conference:

iscanthus x giganteus and Panicum virgatum Feedstocks in
§ociety, Special Session - Biofuels, Bioproducts, and

This project has funded
Maughan [PhD], Gevan Bel
scheduled to complete her M
worked on this project.

who have completed University of Illinois graduate degrees (Matt
MS], and Morgan Davis [MS]), and a fourth, Miriam Molina, is
early 2016. Several undergraduates and research specialists have also
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4. Sorghum

4.1 Description/Characteristics

Of the four herbaceous bioenergy crops identified by DOE, sorghum is unique as it is a drought-tolerant,
annual crop established from seed that is readily tractable to genetic improvement. Sorghum possesses
many traits that are valuable in a bioenergy crop, including high biomass yield potential, drought
tolerance, established production systems, a sequenced genome, and its tractability to breeding and further
improvement. In addition, sorghum is an annual crop established from seed that can be rotated with other
crops, providing flexibility in response to fluctuating markets. Base rior breeding history, sorghum
has extensive genetic variation and is divided into end-use types n be roughly categorized as grain,
forage, biomass, and sweet sorghums.

Grain sorghum is already used to produce ethanol in the U d ethanol yields from sorghum
grain are identical to corn and ethanol plants that are a es of grain at the same

facility where supply allows it. Biomass sorghums
part because they are photoperiod sensitive (PS), grown in the long-day
environments of the temperate United States. Thus, tative biomass for a

The purpose of this resea e of six different sorghum
genotypes grown at se i ix differe The results establish the biomass

i production re€gions of the United States and their
be used to determine the role, types, and

g 1 billion dry tons of biomass annually.

age hybrid; TX08001, a PS bioenergy hybrid; M81-E, a
Sugar T, a moderately PS sweet sorghum silage hybrid; and
(bmr) silage hybrid. TX08001 was developed by Texas A&M
oped in Mississippi by the ARS, and the remaining four hybrids are
¥ Inc., primarily as forage sorghums for silage, green chop, grazing,

AgriLife Research, M§
produced and marketed b
and hay.

The seven locations used for testing were: Manhattan, Kansas; College Station, Texas; Corpus Christi,
Texas; Ames, lowa; Lexington, Kentucky; Raymond, Mississippi; and Roper, North Carolina. All yield
trials were rain-fed; no supplemental irrigation was used in any location. In all locations and years, trials
were planted in a randomized complete block design, but plot size and number of replications varied
across locations due to space availability and management capacity. Standard production practices
specific to each location were observed for fertilizer, tillage, and herbicide application. Target plant
densities were 50,600 plants acre” for the sweet sorghums (Sugar T and M81-E); 60,700 plants acre™ for
the bioenergy types (22053 and TX08001); and 80,900 plants acre for the forage sorghums (Graze All
and Graze N Bale). Agronomic traits evaluated at each location were fresh weight, moisture concentration
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of the biomass, dry weight, and brix. Biomass samples were collected at harvest and dried in a forced air
oven for a minimum of 72 hours to obtain the moisture concentration and dry weights.

4.3 Results

The seven locations represented very different adaptation zones, and as expected, they varied widely in
annual rainfall, seasonal temperature, and length of growing season. Furthermore, within the years tested,
rainfall varied widely from year to year. For example, in 2009, it was too dry in Corpus Christi, Texas, to
plant the trial, and in several other years, the rainfall was sufficient to plant but insufficient to sustain
season-long growth.

The majority of the variation observed in the data in this experime attributed to environmental

effects (year, location, and year by location). Thus, breeding eff

conducted on a regionalized basis. This conclusion is confir e significant genotype by
environment variation. The significant effect due to genot ait indicates that there is
considerable variation in sorghum that can be used to b icties and hybrids for ethanol
production.

Across all environments, significant differences each agronomic trait
evaluated. Across environments, mean dry yield ra s Christi to 7.8 tons
acre ' in North Carolina. Lowest average yields were iti iated with lower
rainfall (Texas and Kansas). Grain and f@
‘ ioenergy production due to persistent
seasonal droughts. Alternatively, the loca g nited States (Mississippi, North

er climates. Thus, while
sorghum is quite capable of i 11ts i that the greatest yields occur

Variation from year to
2011 season was dry for

mate on productivity. For example, the
ates, resulting in the lowest mean fresh and dry

asure productivity of the crop in a biomass production
plan. Across these i (08001 produced the greatest mean fresh and dry weights.

i ithin an environment. For example, in College Station, Texas,
between 2009 and 2012 t yield of TX08001 ranged from 1.9 to 9.3 tons acre . The primary
variable affecting yield wa S, so less variation in yield was observed in more southeastern testing
sites.

The results of this study also indicate that biomass sorghum is very difficult to dry in the field. In this
study, differences in moisture concentration existed among the entries. However, TX08001 had the lowest
average moisture concentration, but the moisture concentration still ranged from 65 to 75% at harvest.
Unlike forage sorghums that are commonly dried and baled, biomass sorghums have significantly thicker
stems and are harvested relatively later in the season; both of these factors are less conducive for dry
down. Consequently, processors who use sorghum will likely have to adopt systems that handle wet
biomass. While the additional moisture increases transportation costs, the water in the sorghum genotypes
tested in this trial contains substantial amounts of fermentable sugars, which do represent another
processing stream much like energycane.
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4.4 Considerations

The results of this study confirm that sorghum can produce sufficient biomass yields to meet the needs of
a developing biomass industry. The tractable genetics of sorghum coupled with established breeding
systems will allow great strides to be made in the productivity of future high-biomass sorghum. In fact,
since this research was conducted, several companies have commercialized sorghum hybrids specifically
for the energy market. While forage and grain sorghums have been traditionally grown in the southern
and central regions of the country, energy sorghums produce the highest and most consistent yields in the
southeastern United States. The large amount of variation due to the effects of environment and genotype
by environment highlights the need for and value in breeding specifically for the target area. With the
proper genotypes and production environments, sorghum will be a vaduable tool in the goal of sustainably
producing 1 billion tons of dry biomass each year in the United S

4.5 Key Outputs
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APPENDIX A: 5. ENERGYCANE (SACCHARUM SPP.)

5. Energycane (Saccharum spp.)

5.1 Description/Characteristics

Sugarcane is bred for large stalk diameter, low fiber content, and high sugar content under Louisiana
conditions. However, the northern limits of these sugarcane varieties have always been determined by the
tropical origins of their parents. During the 1960s, mosaic virus threatened the sugarcane industry in
Louisiana. USDA’s ARS at Houma imported wild cane (Saccharum spontaneum) from the Himalayas
and screened it for resistance to mosaic virus (Anna Hale, pers. comm.). Along with the mosaic virus
resistance from the S. spontaneum parent, there was cold tolerance. ing the “oil shocks” of 1973 and
1979, Louisiana State University selected hybrid progeny of sugar, S. spontaneum for biomass and
high fiber content, releasing L79-1002—a cane specifically rel s a biomass feedstock (Bischoff et
al. 2008). Because S. spontaneum has a high fiber stalk (wo nergycane” progeny have a

industry. USDA’s ARS Sugarcane Research Unit at H 11 program on energycane
development throughout the 1990s, but added cold ble traits. In fall of 2007
Drs. Tew and Richard sent billets of 11 genotype (Starkville, Mississippi)
for general assessment and winter hardiness screen suitable for
continued testing at latitudes north of New Orleans, L

Energycane, like sugarcane, is a tropica can be
harvested, and the subsequent year’s crd iving crown. The regrowth after the

first harvest is called the first ratoon; afte ‘ ond ratoon, etc. Unlike most other

warm-season (summer) crops, energycane i mature canes of existing plants.
Because energycane 1s vegetative i : 1) hybrids of the sugarcane x
antings are from the original

Establishment of a field immercial sugarcane. Mature canes (seedcane) of
the desired genotype are ha The apical meristem is removed to stimulate
shoot gro reate beds and furrows. Canes are placed
horizont soil from the bed is cast down over the canes
to bu ese shoots are killed by fall frost, but the cane
and cro ed underground. In spring, new shoots emerge and will grow
through th nergycane doesn’t undergo a natural senescence. Growth
slows in the fa but a killing frost is required to stop growth. Failing

natural senescen i trients in the aboveground plant parts. Removal of this material
removes the mineral§ tia in it. ediately following the killing frost, moisture levels initially rise in
the plant (root pressure owing into the plant, but there isn’t transpirational loss). Thus
harvest is made on “wet’ 3 50%—70% moisture) altering preservation/storage requirements.
Unlike switchgrass and gian anthus, which can be baled, energycane must be consumed directly
from the field or ensiled anaerobically for storage.

5.2 Objective

The objective was to evaluate energycane hybrids for biomass yield. We established replicated field trials
of five genotypes (Ho 02-144 & 147; Ho 06-9001 & 9002; and Ho 72-114) common to all seven locations
across five states (Georgia, Hawaii, Louisiana, Mississippi, and Texas) to evaluate the potential
production and sustainability of energycane as a bioenergy feedstock (figs. 5-1 and 5-2). Additionally, it
is desirable to know the duration of productivity of a plant stand.
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5.3 Methods

Five energycane lines tested from 2006—2008 at Starkville, Mississippi, were selected for broader testing
across the Southeast and Hawaii as part of the Partnership. These genotypes were: Ho 02-147, Ho 02-144,
Ho 72-114, Ho 06-9001, and Ho 06-9002. In August and September of 2008, seed cane was distributed to
seven test sites (Tifton, Georgia; Auburn, Alabama; Raymond and Starkville, Mississippi; St. Gabriel,
Louisiana; Beaumont and College Station, Texas) (Error! Reference source not found.5-1). Crop

ailure at the Auburn site caused an alternate site to be selected at Athens, Georgia. Waimanalo, Hawaii
was added in 2009. Little was known concerning the area of adaptation and cold hardiness of this
germplasm. Athens, Georgia, and Starkville, Mississippi, were the most northern locations (33° North
latitude). Planting was accomplished at all locations within three da seed cane delivery. Some sites
included other sugar or energycane genotypes, but all locations h ame five genotypes in common.
Because germplasm was new, field size was limited. Individua ypes were planted in plots 30 ft long
x three 18-ft wide rows. Two rows would be harvested for yi tes; the third would be used for

growing season data. Plots of all five genotypes occuple a 6 ft; this was replicated four
times within a field at each location. During the follo i ergence data (shoots/plot),
date of 50% emergence, and soil temperature at 6 i i . urse of the growing

season, mean height and “Brix (a measure of solu e recorded. Site
scientists recorded major factors potentially impact extremes of
temperature, insects, or disease). Harvest date varied b ¢ and weather
conditions. At the end of each growing , st damage
rating, final Brix, and fresh harvest weig e . e sacrifice row, sap yield, stalk moist

talks were ground and submitted for

As expected, most characte adMocation. Height of all germplasm increased
throughout the sun i g g3 indicated onset of “grand growth” (the point at
which gro, i : The date of onset differed for each of the
sites; re : O a, mean ambient air temperature of 86° Fahrenheit.

-September, which corresponds to daytime

ecause of the longer growing season, plant height and,
gcations compared to northern location, with the exception
eight of germplasm. Brix deviated by location, variety,
weather, and tlme 0 i Brix values at all locations dropped sustainably 2 weeks after frost,
but remained relative : er, presumably due to cooler temperatures. Germplasm differences
for Brix were not unifort sflocations, indicating some genotypes accumulated more sugar at a given
location, while others accu ¥'more sugar at a different location. Efforts to extract sap varied by
variety also; Ho 02-144, Ho 069001 and Ho 06-9002 had less extractable sap than Ho 02-147 and Ho 72-
114. The difference is due to the woody nature of the former (backcrosses to S. spontaneum) and the
pulpy nature of the latter varieties.

With regard to biomass production, dry matter yield is the most important attribute. Of the seven
locations in 2009 (the first year); highest yields were observed at Tifton, Georgia, and Beaumont, Texas.
This was followed by Raymond, Mississippi, and St. Gabriel, Louisiana. Lowest yields were observed at
the two most northern sites: Athens, Georgia, and Starkville, Mississippi. Third-year yields included data
from the site at Waimanalo, Hawaii, for the first time. Hawaiian law prohibited the importation of
sugarcane germplasm (repealed), and heat treatments to destroy pathogens delayed establishment of their
test. Mean yields at Bryan, Texas, and St. Gabriel, Louisiana, were 22.3 tons acre™’. The general trend was
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toward increasing yield at all locations with the exception of Athens, Georgia, which suffered damage to
the stand from a record cold winter. There were strong reductions in yield at Beaumont, Texas, due to
drought conditions. Hawaii’s yields for the five common energycane varieties had a mean of 16.5 tons
acre”, similar to Tifton, Georgia, and Beaumont, Texas, but less than Bryan, Texas. It is important to
note, that this was Wiamanalo’s first year of growth, and that is being compared to sites on the mainland
in their third year of growth.

During the second and third ratoon crop yields started to decline with the exception of the Raymond site
(which always had modest yields). This decline coincides with observations in sugarcane fields
suggesting a maximum of three to 4 productive years before replanting is necessary. It should be noted, if
the test had not continued into 2014 (fifth ratoon crop), yield drops would not have been noticed at
Starkville, Mississippi, nor Athens, Georgia.

Problems observed: At the more northern locations, extremely
these locations allow the breeders at USDA’s ARS at Hou

mters limited production. However,
ntiate between lines that are more

cold-hardy than others. The presence of potentially trouble i ugarcane borer (Diatraea
saccharalis) and Mexican rice borer (Eoreuma loftini ont, Texas, and Raymond,
Mississippi—though it was more problematic on s ugarcane smut
(Sporisorium scitaminea) was reported at Tifton, ingle variety (L79-

In summary, the new germplasm/varietigs i shown that energycane can produce

10-11 dry tons acre'yr” yields at the mo [ i rth latitude) and in excess of 20 dry
tons acre” yr”' at the southern locations. Ho i ond, Mississippi, north, other
biomass crops produce simi i i ialized infrastructure for harvest
and planting.

Figure 5-1 | Location of participants for the Herbaceous Feedstock Partnership. Energycane (blue dots)
is plotted on the USDA hardiness zone map (planthardiness.ars.usda.gov/PHZMWeb/Maps.aspx). The
origin of the test material is the USDA Sugarcane Research Station (Houma, Lousiana; red dot).
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an S. Baldwin, and Edward Richard. 2008. “Evaluation of Energy
tarkville, MS.” U. S. Department of Agriculture, Agricultural

5.5.3 Proceedings

Baldwin, B. S. 2012. “Factors Impacting Feedstock and Bio-Based Fiber Composition.” Keynote
Presentation. In Proceedings of 2012 BioEnvironmental Polymer Society Conference. Denton, TX:
BioEnvironmental Polymer Society, September 18-21.

Baldwin, B., W. Anderson, J. Blumenthal, E. C. Brummer, K. Gravois, A. Hale, J. R. Parish, and L.
T. Wilson. 2012. “Regional Testing of Energy Cane (Saccharum spp.) Genotypes as a Potential
Bioenergy Crop.” In Proceedings for the Sun Grant Initiative National Conference, Vol. 1, Ch. 1.4.
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5.5.4 Presentations

Baldwin, B. 2010. “Biomass for Bioenergy: Where the Industry Appears To Be Going.” Presented at
Seventh Eastern Native Grass Symposium, Knoxville, TN, October 5-8.
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Biofuels Conference, Jackson, MS, August 11-13.
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5.5.5 Posters

Baldwin, Brian, Rocky Lemus, and Davis Lang. 2011. “Grassy Feedstocks for Biomass Energy.” Poster
presented at the Mississippi Biofuels Conference, Starkville, MS, October 5-7.

on in the USA: A Five Year Regional Feedstock Partnership Report.”
oress on Industrial Biotechnology, Montreal, Canada, June 16-19.
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6. Cereal Crop Residues

6.1 Introduction

The Partnership established five areas of study—corn stover, herbaceous plants, woody plants,
geographic information system analysis and information delivery, and cereal crop residues. While the first
four groups received significant program operation funds, the cereals group was given $90,000 in total
funding as a planning grant. The cereals group took a very different approach to the overall DOE program
goals of assessing biomass production capability in each of the crop systems, assessing sustainability of
biomass removal in each system, and determining biomass supply ¢ . A significant amount of
information was already available on cereal residues, as was dat ong-term plots that had been
established to assess the effect of residue levels on soil qualit oup made the decision to “mine”
available information and trial work to address program go ducting new trial work. No
additional funds were requested beyond the initial $90,0

6.2 Why Cereal Residues Wer luation in the
Partnership

For the purpose of this project, cereals included wheat, well as sorghum
and millet grown for grain. In the last ore than

ined acreage was over 80 million acres
in some years. At first blush, cereals mig ource of biomass. Acreages were
large and spread across the nation. These crops we i for their grain while plant stems

i hese “waste” residues could be

agricultural professiong i of cereal acreage was grown under
dryland conditions in at i ) : and in envirenments where harsh winter or

summer drought conditio
participated in government CXOPSUD} 0 fréquired them to leave crop residues in place for

g-term cereal production plots across the United States. The group
of these plots as to their experiences with residue removal or
addition in these plots: stion to be addressed is whether significant changes are expected in
SOM or other soil charactemiStics with the removal of 50 or 100% of the straw in production areas
where annual grain yields typically exceed 4,500 Ib acre”. An ASA-CSSA-SSSA annual meeting
symposium is proposed for 2009.

. Query this group

0 existing
will, in turn, query )

C. Using NASS county average data, obtain and average available grain yield data for the past 5 years.
Using the axiom that 100 Ib of straw is produced for every 60 Ib of grain (a harvest index of 38%,
which is typical for wheat and barley), remove any area with a 5-year average grain yield of less than
4,500 1b from further consideration.

D. Using geographic information system, plot areas of the United States where straw removal seems
possible. In these areas, determine if there are grain plots. Ask scientists to gather harvest index data
from current season plots. Save straw samples.
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E. Collect a small subset of straw samples from across the nation. Run these samples through the INL
alpha-level near-infrared analysis and determine if there are differences in composition among these
samples.

F. Use information gathered in A—E to establish a work plan for future years.

6.4 Description of Research Conducted/Program Activities

The cereal residue group invested their funds in four activities:

A. Mining long-term plot data for information on soil quality. A number of long-term (50+ year) cereal
production plots exist in the United States and around the world. The current managers of these plots
were asked to query their available data to address the effect of ue removal on soil quality. Could
they document effects on SOM or other soil characteristics removal of residues?

B. Creating residue maps using existing data. Using NAS ta, grain yields for a 10-year
period were obtained. Using this data and harvest inde ount of residue produced for
each unit of grain), it was possible to create cereal 0-year period for all areas of

For every bushel of wheat (60 Ib of grain) produ
produced [60/(100+60) 38%]. Extensmn agrono

Management Effects of Soil Organic Carbon: A Literature Review.” Agronomy Journal 103:
247-252. doi:10.2134/agronj2010.0147s.

3. Machado, Stephen. 2011. “Soil Organic Carbon Dynamics in the Pendleton Long-Term
Experiments: Implications for Biofuel Production in Pacific Northwest.” Agronomy Journal 103:
253-260. doi:10.2134/agronj2010.0205s.

4. Nafziger, Emerson D., and Robert E. Dunker. 2011. “Soil Organic Carbon Trends Over 100
Years in the Morrow Plots.” Agronomy Journal 103: 261-267. doi:10.2134/agronj2010.0213s.

5. Miles, Randall J., and James R. Brown. 2011. “The Sanborn Field Experiment: Implications for
Long-Term Soil Organic Carbon Levels.” Agronomy Journal 103: 268-278.
doi:10.2134/agronj2010.0221s.
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6. Powlson, David S., Margaret J. Glendining, Kevin Coleman, and Andrew P. Whitmore. 2011.
“Implications for Soil Properties of Removing Cereal Straw: Results from Long-Term Studies.”
Agronomy Journal 103: 279-287. doi:10.2134/agronj2010.0146s.

7. Karlen, Douglas L., Gary E. Varvel, Jane M. F. Johnson, John M. Baker, Shannon L. Osborne,
Jeff M. Novak, Paul R. Adler, Greg W. Roth, and Stuart J. Birrell. 2011. “Monitoring Soil
Quality to Assess the Sustainability of Harvesting Corn Stover.” Agronomy Journal 103: 288—
295. doi:10.2134/agronj2010.0160s.

An eighth article was written as an introduction to this series of papers:

Huggins, David R., Russell S. Karow, Harold P. Collins, and Joel K.
Term Impacts of Harvesting Crop Residues on Soil Quality.”
doi:10.2134/agronj2010.0382s.

This introductory paper’s abstract is as follows: Utilizing ¢ as biofuel feedstocks will involve
trade-offs between bioenergy production and agroecosy ices: sequently, agricultural

ansom. 2011. “Evaluating Long-
my Journal 103: 230-233.

production managers and policymakers need to critic ctions of crop residues in
light of increasing demands for agricultural intensi At issue are the short-
and long-term impacts of residue harvest on the s related food and
energy production and the often disparate economic; i technological, and

logistical factors involved. Although field studies cann i studies can

SOM, although the na
harvesting residues m ontext that¥ncludes an evaluation of economic
and environmental trade- i i d location. Therefore, future challenges include
the developme i i isiomaids that enable growers to make economically

From e amount of cereal residue that must be left in
place forgoi an draw the general conclusion that, in most situations, at least
3,000 Ib of'zesi e rouind. If mechanical harvest is then considered, agricultural

two values togeth a“net available” residue map should only include those areas of the
United States whercy usi r surrogate, yields exceed 79 bu acre™ (79 bu x 76 Ib straw per bu

bushel-per-acre yield is ne
used, this narrows areas ava

ach the 6,000-1b residue level). If a minimum 6,000-1b value is indeed
or wheat residue harvest to several dozen across the country, at most.

B. Creating residue maps using existing data. NASS county data was used to create grain yield maps
and predicted straw yield maps using harvest index values. Maps for the 1999-2008 time period for
barley, oats, rice, sorghum, wheat, and a combined straw total can be found at
sungrant.oregonstate.edu/projects/cereal-residue. Maps have been generated that show areas of the
United States in which either a 5- or 10-year period predicted straw yields that exceeded 6,000 Ib—
our suggested minimum harvest level. Reliable straw supplies would be essential for establishment of
biomass processing plants. When looking at these maps, based on the assumptions made in these
assessments, you will see that despite the vast acreages and across-nation production of cereal crops,
there are few predicted locations for reliable biofuel production if cereal residues are used as the sole
source of biomass. A few sample maps are shown below (fig. 6-1).
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Figure 6-1
(bottom) using
straw yield woul
wheat straw as the

t yiel ) for the period 2004—-2008, and potential straw yield
f 44%. Phe green areas in the bottom map are counties where
X and, therefore, where it may be possible to consistently use
iofuel plant.

C. Suggesting a revise x value for wheat. We surveyed the aboveground biomass, grain
yield, and straw yield o tivars of durum wheat, 40 cultivars of hard red spring wheat, 14
cultivars of hard red winter wheat, 174 cultivars of soft red winter wheat, 3 cultivars of soft white
spring wheat, and 12 cultivars of soft white winter wheat in eight states (Arizona, Idaho, Kentucky,
Minnesota, North Dakota, Oklahoma, Oregon, and Texas) of the United States from 2008 to 2010.
Harvest index values were determined. Given the unbalanced nature of these trials, we have faced
challenges in trying to get the study published. The paper has been submitted to the journal Biomass
and Bioenergy.

Title: “Harvest Index and Straw Yield of Five U.S. Classes of Wheat”

Corresponding author: Jochum Wiersma

Regional Feedstock Partnership Report | 35




APPENDIX A: 6. CEREAL CROP RESIDUES

Co-authors: Jing Dai; Brent Bean; Bradford Brown; William Bruening; Jeff Edwards; Mike Flowers;
Russell Karow; Chad Lee; Gaylon Morgan; Michael Ottman; Joel Ransom.

The paper’s abstract is as follows: Wheat straw is a potential cellulosic feedstock for bioethanol.
This study was conducted to evaluate straw yield potential and its relationship with grain yield for
wheat (Triticum spp.) grown in the United States. The specific objectives were to determine if
differences in straw yield and harvest index exist between and within regions and/or wheat classes,
and if harvest index and/or grain yield can be a good predictor of straw yield. A total of 255 cultivars
from five classes of wheat grown in eight states were surveyed for straw and grain yield, aboveground
biomass, and HI. Averaged over all wheat classes and regions, the harvest index was 0.46 among
wheat classes. Soft red winter wheat in Kentucky produced, on average, the highest harvest index and
lowest straw yield among regions and wheat classes. Soft whit g wheat and soft white winter
wheat in the Northwest produced the highest straw yield. H winter wheat in the southern Plains
states of Texas and Oklahoma had the lowest harvest ind rences in climate, methodology, and
cultivars were the major contributors to the variation d in wheat classes. Although
significant relationships were found among straw yi HI, dedicated sampling will
need to be done for harvest index or grain yield yield within a region or
class of wheat.

D. Collecting sets of straw samples from across th

hundred straw samples were pulled from the plots i alues. These
samples have been cataloged and aregin storage at | potential
assessments.

source for biofuel prog
“clear cut” strategies,

Co-authors: C.E. Kruger, K. Painter and D.P. Uberuaga

The paper’s abstract is as follows: Cereal residues are considered an important feedstock for future
biofuel production. Harvesting residues, however, could lead to serious soil degradation and impaired
agroecosystem services. Our objective was to evaluate trade-offs of harvesting residues, including
impacts on soil erosion and quality, soil organic carbon, and nutrient removal. We used agricultural data
from 369 geo-referenced points on the 91-acre Washington State University Cook Agronomy Farm to
develop straw harvest scenarios for conventional tillage and no-tillage and both 2- and 3-year crop
rotations. Site-specific estimates of ethanol production from 2- and 3-year rotation scenarios ranged from
72.8 to 164.7 gallons acre yr”' indicating that both crop rotation and site-specific targeting of residue
harvest are important factors. Harvesting straw reduced residue carbon inputs by 46% and resulted in
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levels below that required to maintain soil organic carbon under conventional tillage. This occurred as a
function of both straw harvest and low residue producing crops in rotation. Harvesting straw under
conventional tillage was predicted to reduce soil quality as Soil Conditioning Indices were negative
throughout the field. In contrast, Soil Conditioning Indices under no tillage were positive despite straw
harvest. Estimated replacement value of nutrients removed in harvested straw was $13.13 ton™ straw with
field variation that ranged from $4.97 to $31.38 acre”'. We concluded that substantial trade-offs exist in
harvesting straw for biofuel, that trade-offs should be evaluated on a site-specific basis, and that support
practices such as crop rotation, reduced tillage, and site-specific nutrient management need to be
considered if residue harvest is to be sustainable.

Keywords: wheat residue, biofuels, cereal straw, ethanol, soil quality, soil carbon

erStock have directly used some
ass assessments across the nation:

Another spinoff of this research effort is that companies like Paci
of the mapping procedures developed as part of this project to
pacificpowerstock.com.

Cereal residues will be a part of the biomass and biofue ited States but not on the scale
that was originally envisioned by some. Site-specific likely to be made in areas
where cereal residues are a part of a mixed feedst
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/. Conservation Reserve Program
Land

7.1 Description/Characteristics

The Conservation Reserve Program (CRP) is a land retirement program established by the Food Security
Act of 1985 that encourages farmers to convert highly erodible farmland or environmentally sensitive
lands to permanent vegetation cover. The main objective of this pro is soil and water conservation.
Since the lands enrolled in the CRP are already set aside from con al farm practices, and harvesting
biomass from these lands does not require significant land-use these lands are potentially a good
resource for bioenergy feedstock production. In addition, ma demonstrate that removing

ental benefits of the CRP. As of
April 2015, the total area of CRP enrollment was 24.27 4fii ing 8.2 million acres under

providing landowners additional revenue on top of go . landowners and
i i potential based
on agronomic management practices s i i arvest timing manageément of current
CRP land.

7.2 Objective

The overall goal of this 3
yield potential and sui
adaptation.

Is on CRP land to assess the
source across logical regions of

imum biomass yield potential of CRP
ing farm-scale agricultural practices that are

the experiment was designed with a minimum of

¢ estimation errors caused by weather conditions across the
ted over 6 years, in which a wide range of weather conditions were
recorded throughout i

7.2.2 Duration
The field study was initiated i

7.3 Methods

7.3.1 Distribution of Locations across the United States and the
Geographic/Environmental Diversity
Six field research locations were identified based on CRP grassland distribution in the United States in

the spring of 2008. The established CRP stands were located at the following sites: Foster County,
North Dakota (ND, 47.5°N 99.2°W); Ellis County, Kansas (KS, 38.8°N 99.4°W); Jackson County,

008 and completed in 2013.
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Oklahoma, (OK, 34.7°N 99.3°W); Chouteau County, Montana (MT, 47.1°N 110°W); Boone County,
Missouri (MO, 39°N 92.2°W); and Oconee County, Georgia (GA, 33.8°N 83.4°W).

7.3.2 Genetics (CRP Grass Mixtures) (What Was Used and Why)

The predominant species varied among the six locations—C, grasses (warm-season mixture) at the North
Dakota, Kansas, and Oklahoma sites, and C; grasses and legume species (cool-season mixture) at the
Montana, Missouri, and Georgia sites. Grass mixtures for the region were selected based on the most
common mixtures representing regional practices. Nitrogen fertilizer (urea) was annually broadcasted
with the rates of 0, 50, or 100 Ib nitrogen acre™ onto each plot using a farm-scale fertilizer spreader in the
spring of each year, and biomass yield and species composition changes were monitored. Biomass yield
was determined from a whole-plot harvest with a farm-scale harves a cutting height of 4-6 in. For
warm-season CRP sites, biomass was annually harvested either sis (peak standing crop, summer)
or at the end of the growing season (autumn,). For cool-seaso ites, biomass was annually
harvested either at peak standing crop (spring) and/or at th rowing season (autumn)
depending on location. For the Georgia and Missouri sit;

aboveground biomass harvest since the imposed in the
spring of 2008.

7.4 Results/Outcomes

1. Yield Goals—How

According to the 2 g
total enrollment in e i rdeedstock production with the annual yield goal of
2.0 tons acre”. 0 e i —2013 indicates that the maximum biomass

best management practices, including an
ass harvest in the fall. Nitrogen fertility was

sm-season mixture sites and 1.70 ton acre™ for cool-season
mixture si . , bi 8 yields varied based on year, location, and site-specific
dominant spe greatest impacts on seasonal biomass production and changes in
vegetation compQsiti o location-specific precipitation.

2. What We Now Knga of the Partnership Work That Would Not Be Known Otherwise,
Whether It Is in Yield omics, or Obstacles Overcome

One of the most important findings of the CRP field research as a part of the Partnership is that long-
term field-scale research is the first necessary step to determine the potential feedstock production
capability of a given feedstock resource. Obviously, the biomass yield in CRP grasslands was lower
than expected by the program goal. One reason for the lower biomass yield was lack of precipitation
during the field study period. We had 3 years of moderate to severe drought during 2008-2013. Our
first estimation based on the first 3 years of field data was much higher than the 6-year average
because of severe drought during 2011-2013 in the Great Plains region. Also, using farm-scale
practices, we were able to estimate real-world yield potential with true input costs for biomass
production.
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Nitrogen fertility on CRP lands is a key management factor for biomass production and might be
more important for sustainable biomass production than on other crop lands because soil quality of
CRP land is typically much lower than that of other crop lands.

7.4.1 Sustainability

One of the main concerns about using CRP lands for feedstock production, besides losing the original
benefits of the CRP, was species composition change, which could negatively impact long-term
sustainability of CRP lands. The results demonstrate that CRP land will shift vegetative composition over
time based on harvest and fertilization management for biomass feedstocks. Any shift by mismanagement
over time to less desirable or less productive species will hinder the ability of CRP land to adequately
provide a sustainable or reliable resource for bioenergy feedstock p tion. Harvest and nitrogen
fertility management did not significantly impact species compo i f mixtures dominated by cool-
season species, other than a decline of legume species under fertilization. However, harvest
timing management significantly impacted mixtures domi -season species, with a decline of
desirable species by early harvesting (peak standing cro

7.4.2 Economics

Even though this field research covered a w
distribution, a longer durati J

ter understand long-term trends.. The results presented here

al practices, that CRP land is a potential resource for bioenergy
¢ management practices are followed under normal precipitation
during the growing seaso , CRP lands could increase biomass production through renovating
CRP grassland to high-yield pecies and/or cultivars recently developed for biomass feedstock
production, since current species and cultivars were not necessarily bred for high biomass yield.

7.5 Key Outputs

7.5.1 Peer-Reviewed Manuscripts

Lee, D. K., E. Aberle, C. Chen, J. Egnolf, K. Harmoney, G. Kakani, R. L. Kallenbach, and J. C. Castro.
2012. “Nitrogen and Harvest Management of Conservation Reserve Program (CRP) Grassland for
Sustainable Feedstock Production.” GCB Bioenergy 5: 6-15.
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Mohammed, Y. A., C. Chen, and D. K. Lee. 2014. “Harvest Time and Nitrogen Fertilization to Improve
Bioenergy Feedstock Yield and Quality.” Agronomy Journal 106: 57-63.

Porter, T. F., C. Chen, J. A. Long, R. L. Lawrence, and B. F. Sowell. 2014. “Estimating Biomass on CRP
Pastureland: A Comparison of Remote Sensing Techniques.” Biomass and Bioenergy 66: 268-274.

7.5.2 Outreach Publications

A publication summarizing the results of the Kansas site from 2008 to 2010 was written for our research
center’s annual Roundup 2011 Report of Progress 1050 and is available online at: https://www.ksre.k-
state.edu/historicpublications/pubs/SRP1050.pdf.

“Evaluation of CRP for Cellulosic Biomass Production, 2010.” 20
Carrington Research Extension Center Annual Report 51:
http://www.ag.ndsu.edu/CarringtonR EC/documents/ann

rth Dakota State University

s/2010-annual-report.

Chen, C., J. Heser, T. Porter, and D. K. ing Affect
Biomass Yield and Composition o edings of the 2012 Sun Grant National

¢ lization, Vol. 1, Ch. 3.14. New
Orleans, LA: Southeastern SunGrant G
http://sungrant.tennessee.edu/NR/rdonlyt

Proceedings of the 201258k ] ence: Science for Biomass Feedstock Production
and Utilization . e Az Southeastern SunGrant Center, October 2-5.

Biobased tee Meeting and Symposium, edited by Kent Rausch, Vijay
Singh, and 'umbleson. hington, D.C., 55.

7.5.4 Presentatio

Lee, D. K., E. Aberle, C. Ch gnolf, K. Harmoney, G. Kakani, R. L. Kallenbach. 2009. “The
Regional Biomass Feedstock Partnership: Herbaceous Energy Crops and CRP Land for Biomass
Production Across Environmental Gradients, CRP Land for Biomass Energy Production in the U.S.”

Presented at the Sixth Annual World Congress on Industrial Biotechnology and Bioprocessing,
Montreal, Canada, July 19-22.

Lee, D. K., E. Aberle, C. Chen, J. Egnolf, K. Harmoney, G. Kakani, R. L. Kallenbach. 2011. “Utilization
of Conservation Reserve Program (CRP) Grass Land for Sustainable Biomass Production.” Presented
at the First Annual World Congress of Bioenergy, Dalian, China, April 25-30.

Lee, D. K., E. Aberle, C. Chen, J. Egenolf, K. Harmoney, G. Kakani, and R. L. Kallenbach. 2012. “The
Regional Biomass Feedstock Partnership: Herbaceous Energy Crops and CRP Land for Biomass
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Production in the USA: A Five Year Regional Feedstock Partnership Report, CRP Land for Biomass
Energy Production.” Presented at the Tenth Annual World Congress on Industrial Biotechnology and
Bioprocessing, Montreal, Canada, June 16-19.

Lee, D. K., E. Aberle, C. Chen, J. Egnolf, K. Harmoney. V. G. Kakani, R. L. Kallenbach, and J. Castro.
2014. “Conservation Reserve Program (CRP) Grassland for Sustainable Biomass Feedstock
Production—Regional Biomass Feedstock Partnership.” Presented at Biomass 201: Growing the
Future Bioeconomy, Washington, D.C., July 29-30.

7.5.5 Workforce Development (Graduate Students, Undergraduate
Students, etc.)

This project has funded one master’s student, one doctoral stude
associates, and several undergraduate students.

¢ post-doctoral research
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8. Poplar

8.1 Introduction

Work of the Sun Grant Poplar Team began in 2009 with the purpose of conducting research related to the
development of poplar as a woody energy crop nationally. Work underway involves analysis of the yield
potential of poplar plantations using selected clones in regional tests throughout the United States as well
as development of new parent populations and hybrids to produce a new generation of fast growing,
disease-resistant hybrids adapted to a number of geographic regions of the country. A variety of new yield
and genetics field trials were established under the program. In additigon to new tests established since
2009, the Sun Grant program allowed the continued measurement rge preexisting network of field
tests. Without these funds, many of these legacy sites would lik ¢ been abandoned with no
measurements taken. As a result, prior investment by universj industry across the country,
combined with the DOE/Sun Grant funds, made possible a ed program with federal funds
adding needed research infrastructure to a foundation ofg@xi ites. resulting program has

The field testing program contains a rang
underway at a variety of locations rang
South, and Southeastern regions. For cla
are part of the breeding and field testing p

est, upper Midwest, alluvial Mid-
1al sites are located in Minnesota and

Clone Composition, N

Year State Families Clones | Sites Acres
1999 21 563 1 1.6
78 1170 1 2.7
38 684 1 2.0
50 750 1 1.7
69 1725 1 13.1
33 899 1 7.4
27 907 1 7.4
35 785 2 10.8
2003 CP 33 511 2 16.4
2006 MN Clone 70 2 2.0
2006 MN Yield Blocks 22 2 16.3
2007 MN Family Trial 2003 CP & 2004 CP | 40 672 2 10.2
2007 MN Clone Trial 70 2 2.0
2007 MN Yield Blocks 12 2 8.1
2008 MN Family Field 2005 CP & 2006 CP | 45 400 1 4.6
2008 MN Clone Trial 70 6 6.0
2009 MN Clone Trial 70 3 3.0
2009 MN Clone Trial 2005 OP P. nigra 10 46 3 2.1
2009 MN Yield Blocks 10 3 7.5
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@ CP designates a controllg
® op designates an ope

Table 8-2 | GreenWood Res

Name, Loca

atus

Year State | Study Source Families | Clones | Sites Acres
2010 MN Family Field 2007 CP 30 400 1 4.6
2010 MN Clone Trial 70 2 2.0
2010 MN Yield Blocks 10 3 5.1
2011 MN Clone Trial 98 2 2.6
2011 MN Yield Blocks 12 2 4.0
2008 Mi Yield Trial 7 1

28127 MI Yield Test 16 5

2010 GA Yield Block 7 1 2.0
2003 GA Clone Trial 2 2.6
2010 GA Yield Block 1 0.6
2008 SC Clone Trial 1 1.54
2011 SC Clone Trial 1 1.0
2009 SC Clone Trial 1 2.1
2013 SC Clone Trial P. nigra 1 2.8
2009 AL Clone Trial 1 2.1
2009 AL Clone Trial 0.9
2010 NC Clone Trial 0.5
2010 NC Yield Block 1 2.1
2010 NC Yield Block 1 0.22
2013 TN Clone Trial 1 1.5
2013 VA i 1 14

ield Trials by Establishment Year, Study

Year Location Status
2009 Boardman, Oregon Active
2010 Boardman, Oregon Complete
2011 Boardman, Oregon Complete
2011 Boardman, Oregon Complete
2012 Boardman, Oregon Active
2012 Boardman, Oregon Active
2013 2. alba, P. simonii) Boardman, Oregon Complete
2013 Nursery (P. alba, P. simonii) Boardman, Oregon Complete
2013 Nursery Boardman, Oregon Complete
2013 Orchard Boardman, Oregon Active
2013 Stage | (P. deltoides) Trial Boardman, Oregon Active
2013 Stage | (P. nigra) Trial Boardman, Oregon Active
2014 Nursery Boardman, Oregon Active
2014 Stage | (P. tricho., P. nigra) Boardman, Oregon Active
2014 Stage Il Trial Boardman, Oregon Active
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Year Name Location Status
2015 Nursery Boardman, Oregon Active
2015 Stage | (P. deltoides) Trial Boardman, Oregon Active
2011 Stage Ill Trial Boardman, Oregon Active
2012 Stage Il Trial Boardman, Oregon Active
2013 Stage Il Trial Boardman, Oregon Active
2014 Stage Il Trial Boardman, Oregon Active
2015 Stage Il Trial Boardman, Oregon Active
2009 SunGrant Bioenergy Trial Active
2010 Stage Il Trial (P. maximowiczii) Complete
2010 Consolidated Clone Trial Complete
2011 Consolidated Clone Trial Complete
2013 Nursery Active
2007 LCTF Stage Ill Trial Complete
2008 LCTF Stage lll Trial Complete
2009 LCTF Stage lll Trial Complete
2011 Active
2012 Active
2013 Active
2014 Active
2015 Active
2009 Complete
2009 Bluff City, Arkansas Active
Fitler, Mississippi Active
itler, Mississippi Active

’ nity to capitalize on this variation to improve yield and disease
resistance of poplar'e However, no method currently exists to estimate a priori

observe growth rate and d stance under field conditions over time. As a result, clone tests are a
necessary part of research to fy the subset of clones from a larger collection that could be considered
for commercial release in operational biomass production as well as the next generation of parents to be
used in further breeding efforts. Also, identification of the best genotypes suited to a region is critical to
deciding the subset of clones to be used in more intensive research (such as enhanced yield analysis under
various management scenarios using different stand spacing) or in coppice management. An additional
consideration is that the phenotype of growth rate and disease resistance is not immediately evident, and
growth ranking among clones can change significantly over time. In light of this reality, clone trials must
be done in the target regions and be maintained over a sufficient time period to identify those clones that
are most promising for commercial production. Further, clone performance at one site within a region
may or may not be stable across other sites within that region. This significant “genotype-by-environment
interaction” and changes in clone ranking over time necessitate intensive testing across multiple sites
within a region once a subset of superior material has been identified.
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It should be noted that a large pool of clones suited to a region can only be derived through a breeding
program. Initially, clonal material can be selected from wild populations, but further progress can only be
made through breeding. Collection of populations from the wild is a first step in the process but cannot be
the final step. Breeding both within and among candidate species must be done to improve yield, disease
resistance, and other characteristics such as rooting ability from hardwood cutting, wood characteristics,
and tree form. The Sun Grant Poplar Team has carried out the process of breeding simultaneously to
provide a source of plant material for continued yield improvement. The phases of genetic improvement
and field testing will be discussed in greater detail in their respective sections.

8.3.1 Cooperative Clone Tests

Cooperative Clone Tests were one avenue of clone testing pursued by the Poplar Team. These tests were
planted at various locations in 2009 and 2010. Because research paj had access to or owned unique
collections of poplar that warranted further testing, we were in position to begin the process of
interregional exchanges of clones with selections from four dij llections. Twenty clones from each
of four collections for a total of 80 clones were planted at fi to evaluate clone growth rate and
adaptability across a wide geographic range.

Results of analyses of the four Cooperative Clone
material are significant factors influencing clone
expected, clones of northern origin planted at south

ow that species osition and source of
and disease suscepti in all regions. As
ocations, while survivi owed reduced

. Thisis a
cease active

crate testing of pure-species P. nigra in the
: elped identify those clones to be included in
hich aim to answer questions related to yield potential in

clones in a replicated desig tests were planted at sites in the Southeast, Midwest, and the Pacific
Northwest. These tests typicall§#included clones that had not undergone extensive testing in the region
previously. Pooled results of tests in the Southeast showed a gain of up to 35% in tree volume and
biomass relative to the standard clone S7C8. In Minnesota and Michigan, clone tests typically showed
that mean biomass growth of the ten best clones in an eighty-clone test exceeded the commercial
standard, NM6, by an average of 1.5 times. Across all regions, clone tests demonstrated that testing of
new genotypes has significant potential to increase growth rate and genetic diversity of poplar for
commercial planting. Results of these trials have identified the subset of clones suitable for more
extensive clone and yield testing in the respective regions.

8.3.3 Wood Characteristics

In addition to evaluating growth rate, variation in wood characteristics such as specific gravity and
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chemical composition were also investigated. Work done by ArborGen on a collection of 26 clones
showed little variation between pure P. deltoides and hybrids with a mean specific gravity of 0.355 (22 Ib
cu ft!). Also, research done on the average moisture content of a selection of clones shows significant
variation among clones. University of Tennessee research on hybrids grown in Minnesota clone tests
helped to quantify chemical constituents of hybrid poplar. This information is valuable for use in large-
scale yield analyses as well as to inform potential conversion technologies regarding issues related to
process suitability and ultimate fuel product yield.

8.4 Genetic Improvement Research

Genetic improvement research involves several phases of research. These include: (1) clone testing of
potential pure-species parental stock typically from wild population inter- and intra-specific breeding
of selected parents to produce the next generation of improved g aterial, and (3) field testing of
progeny resulting from the breeding program to understand fu tal genetic mechanisms and identify
the next set of promising clones for inclusion in a new rou one tests. We make the distinction
between (a) clone tests of pure-species collections with the identifying new parents for

identifying new material for commercial develop

8.4.1 Breeding

Minnesota. The legacy of refined pare allowed us to begittbreeding under
the Sun Grant program. Together, the t over 20,000 new clones, which will
serve as the source of new genetic material : ing i trials and yield blocks. These

containing a large popula ith inérease biomass growth and

disease resistance in th€ne: ¥ C i ity and reduce commercial risk, and
isms operating within these populations, to allow
for optimal design of the D an accelerate future progress in genetic

1improvement

e have the unique ability to explore research questions regarding
tion within this species group. Having access to complete
populations resulting frof
able to plant populations of Sy ¢ genetic composition in long-term field studies of genetic variance
within poplar at two levels, family and clone.

Specifically, the aim of this research is to estimate the contribution of families (additive variance
component) and clones (non-additive variance component). The practical issue (as it relates to the
breeding program) is that if the genetic system is dominated by non-additive effects with very little
additive effects, then little justification exists for a structured breeding program to test parental
performance prior to using selected parents in breeding. In other words, if ultimate field performance
depends entirely on the specific genetic combination residing in a specific clone, parental makeup has
little influence, and all clones resulting from the breeding program must be maintained in order to
evaluate the population and identify potential new commercial clones. On the other hand, if additive
effects are known to be in operation, then the contribution of the parents does indeed “carry over” to the
specific family, and all full-sib members of that family share a common trait; again, in our case, the
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primary trait of interest is growth rate or yield. After 5 years of measurement, results of our work across
four separate study sites in Minnesota have shown that both additive and non-additive effects are
statistically significant. The most important result is that additive effects indicate that yield is indeed a
function of parental composition and not random. This indicates that a breeding program employing a
pure-species parental testing program with ongoing refinement of the parental populations through intra-
specific breeding will ultimately result in continual yield improvement.

Based on our analyses and the relatively early stage of poplar breeding overall, we estimate that gains in
biomass growth of roughly 20 to 30 percent can be expected through each breeding cycle. If funds are
available for future poplar breeding work, our results argue for a specific structured program testing
parental stock of all potential parental species in each region, with 1ntersp601ﬁc breeding being done to
capture yield gains and desirable commercial characteristics (e.g., rogting ability, tree form). To our
knowledge, information of this type is a unique output of the Sun rogram and is critically
important in designing an effective future poplar breeding pro

8.4.3 Parental Populations

Due to the interest in hybridization overall and specifi idizati uding P. nigra in crosses, we
sought collections of P. nigra from native regions i . s of the programs at
GreenWood Resources and University of Minnes . nigra was obtained.
Thousands of clones were procured and propagate members. The

It should be emphasized that the Sun Gran uced new knowledge, but has
contributed significantly to the physical infrasts o i es—notably, parental populations
that have not existed in Nogtlg i i ram. ] i ce of these resources cannot be
overemphasized. The cux i i s puts the Sun Grant program
in a position to condu ing i ‘ : been done before. While funding
restrictions are a consta i 3 static in time and may be lost if funding is not
maintained. This could rep allowed to lapse, not to mention the lost progress

The ultima ncrease yield and decrease commercial risk associated with
biomass feed plar, once a subset of promising clones are identified in a
region, the logi i ion in greater numbers and planting of tests designed to estimate
yield potential in ¢ clone blocks more closely resembling larger commercial

ires planting replicated blocks of clones to measure absolute yield
in terms of tons per unit'@ psed to relative growth rates measured in clone tests. For the sake of
clarity, yield data reported h ect the mean annual incremental production at the point of maximum
growth, including all years of plantation management. During the early stages of plantation development,
production is quite low compared to future production after crown development has been achieved. This
is particularly important when comparing annual yields of perennially-harvested crops (such as
switchgrass or miscanthus) to woody crops (including poplar and willow). A total of 26 yield tests are
being measured annually under the Sun Grant Poplar program. Based on these data, total aboveground
biomass yield of newer clonal material on moderate sites ranges from 3.5 to 4.5 dry tons acre yr’' in the
upper Midwest, 8 to 9 tons acre” yr’'in the Pacific Northwest, and 7 to 8 tons acre™ yr™' in the alluvial
South and suitable sites in the upland Southeast region.

As mentioned in the introduction, the Poplar Team had access to a variety of sites that pre-existed the
formation of the Partnership. The plantation acreage located in the alluvial Mid-Southeast is one such
case. Large acreages of commercial plantations were planted as a result of the Mead Westvaco operation
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surrounding Wycliffe, Kentucky. However, very little data existed that allowed estimates of biomass
production on these sites. Also, many of these sites ranged in age from 5 to 11 years with an average age
of 8 years and, as such, provided a unique opportunity to measure yields on plantations that are close to
achieving maximum production. A total of 1,500 measurements were made on 55 plots to estimate
biomass production. Average annual height growth was found to be 9.7 ft, and the mean annual
incremental production of the best clones at these sites was approximately 5.5 dry tons acre™ yr'. This
dataset was used in constructing national yield estimates in this region.

Data generated by the Poplar Group were used to produce a dataset of biomass yields across the United
States as part of the larger effort to update estimates of yield of dedicated energy crops nationally.
Through the leadership of staff at the Oak Ridge National Laboratory and the Parameter-Elevation
Relationships on Independent Slopes Model (PRISM) Climate Modeling Group at Oregon State, yield
data were coupled with soil characteristics and climate to develop nships between site
characteristics and biomass yield. In light of the potential impo f the Southeast and relative lack of
publically available data, we developed reference yield curv height and diameter to allow us to

clone tests in the Southeast to estimate yield potential iafthi ion; ta, along with data from
other sites and regions, were used to produce the da apping effort.

8.5.1 Advancement in Knowledge a
Clone Tests

Results of clone tests have helped iden
respective regions to answer questions r
material. Also, yields of the fastest-growin
available commercial clones.

be included in further yield tests in the
ch region using superior genetic

Breeding and Genetig

ng, producing resources to serve
ave also conducted research to delineate genetic
t productive and efficient future breeding

as a basis for next-genera
effects; this information is

program. Thi utput of the Sun Grant program. Finally, we
have assg ecies to support breeding efforts in a way that
has no

Sustaina

We conducted versity of Illinois—Champaign/Urbana to evaluate carbon
and water fluxes ions, contributing to our knowledge of carbon sequestration and
sustainability of woo he South Central Research and Outreach Center at Waseca,
Minnesota, completed ions established and measured by the University of Minnesota—

Performance/Quality/Convertibility

The work of the Partnership has helped develop new methods to evaluate wood chemical constituents and
helped delineate the variation in wood density and moisture content, which are all important factors
affecting commercial conversion facilities.

Economics

We developed and provided information on economic performance for various regions in support of the
Billion-Ton Study (2005), U.S. Billion-Ton Update (2011), and the current Billion-Ton updating effort.
We developed cash flow models using information from commercial operations, particularly from the
former Verso Paper operation in Minnesota and the current GreenWood Resources program. This
information was put into a cash flow analysis where management inputs are identified and the costs of
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those practices are delineated on an annual basis through ultimate harvest. Breakeven costs are then
calculated using a selected discount rate and the sum of input costs throughout the life of the plantation.

In addition to the fundamental cash flow analysis, we did work in Minnesota to estimate the opportunity
costs associated with displacing an agricultural crop. While we do not necessarily advocate direct
replacement of agricultural crops with energy crops, it is nevertheless instructive to consider the reality of
displacing energy crops on land that is currently producing agricultural commodities and quantifying the
delivered price that one would need to receive in order to pay the farmer or landowner an amount that is
cost-competitive with that associated with growing an agricultural crop. Based on our estimates of
production costs, stand production and harvest and transport economics, DOE’s delivered price target
range of $70 to $80 per dry ton appears to be achievable on many sites in the Midwest.

Barriers to Success

The primary barriers to success of commercial implementation i : (1) relatively low and variable
energy prices overall, (2) depending on region, potential co isk due to lack of intensive yield
performance testing of clones on representative sites, (3) di i ome genotypes in some regions

multiple-harvest scenario (work currently underw,

Synergistic Activities

As noted above, we have worked cooperatively with the water and
carbon fluxes in poplar plantations. Al i rant activities
has attracted worldwide attention; coop i terial are underway in Germany,

Poland, and Russia, and new tests in East i i ine) and Sweden are being
established in 2015.

Success Stories

Minnesota—Verso
terminated due to a trag that it points to the need for an established
research base to provide e commercial viability of a project. Information
on expected yi : acti 1 are needed. The prior work done by the

h done on a relatively small footprint translated well to a larger
ience of the commercial program in central Minnesota pointed to
the critical need and oppo ersify the genetic base to guard against changes in pathogenic

: on to a range of sites encountered within a region. The fact that only
one clone was ultimately us@ ommercial purposes after a series of clone tests including 70 clones
demonstrates the need for the DOE program to continue genetic development and clone testing in
anticipation of the eventual emergence of a commercially viable renewable fuels industry. The successful
establishment of 25,000 acres of commercial plantations is an example of the critical need for information
on genetics, yield, and stand management appropriate for each region.
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8.6 Recommendations for Future Work (Holes in Current
Work or New Directions)

8.6.1 Clone Testing

A particularly frustrating and puzzling aspect of poplar clone testing is the lack of site-to-site stability in
growth rate within a region. The high degree of “genotype-by-environment interaction” associated with
this work requires that a field testing program include many tests replicated within site and across sites
within a region in order to have a level of confidence that a particular clone will perform consistently and
reduce the risk of plantation failure or underperformance. While there are notable exceptions to this
phenomenon, they are a very small subset of clones. Field testing of new clones at multiple sites within a
region is necessary to identify those clones capable of adapting to of field conditions prevalent
throughout the region. It may be possible to approach this probl ugh testing of parental stock in
replicated field tests prior to breeding to determine if it is possi “breed in” plasticity.

8.6.2 Breeding

Building on the results of the analysis of family and ithi i ce, coupled with the array

development of parental collections, understanding o ated success of the
breeding programs suggests that additio provement and
diversification. In order to continue to i i ing and field testing

of progeny is recommended.

esponse to nitrogen and others showing no

oted in Minnesota, the asymptote of the

of elemental nitrogen) with no additional

here is a need to link site type, site management

conditions V
a subject for
and nitrogen fert
response and the ned
energy efficiency.

8.6.4 Regional Yiel@

The effort to construct estimates of expected poplar yield for the regions as part of the national mapping
effort highlighted the continued need to first identify promising high-yielding, disease-resistant clones,
but then to plant and measure these trials on a wide array of potential site types within each region. This
work is viewed as a logical continuation of genetic improvement research to verify yield performance of
selected clones in a region. These data are an important part of analyses to estimate production costs and
the optimal siting of plantations in a given region.

is, ycle analyses are heavily influenced by energy inputs,
potentially high energy input into these analyses. Thus, nutrient
have an effect on commercial performance and sustainability and

alysis and Verification on Multiple Sites

Coppice Management and Spacing Effects

Questions remain regarding the effect of repeated coppices on long-term production and the variation in
suitability of clones in regrowth and maintenance of long-term productivity under a coppice system.
While this system has been in place in Europe, and research into coppice systems is underway on both
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relatively large-scale (GreenWood Resources in the Pacific Northwest) and smaller research plots
(University of Minnesota—Duluth Natural Resources Research Institute and Michigan State University),
more intensive research on this topic over a longer time period is required before this system can be relied
on to produce feedstock on a commercial scale.

8.6.5 Key Outputs

e Clones performed and selected superior genotypes for each region
e Identified canker-susceptible clones in the Southeast

e Produced large quantities of next-generation materials for testing and yield improvement through
breeding

e Produced unprecedented infrastructure of parent collections
genetic improvement research

ort further breeding through

e Enhanced understanding of genetic effects and “ban
breeding cycle (20% gain expected per cycle)

expected yield gain per

e Developed cash flow models and gained bette

e Developed a much more extensive dataset of y benefits to the
national mapping effort

e Supported cooperative research in

e Gained worldwide attention through i ; tests using genetic material underway
in Europe.
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9. Willow

9.1 Description/Characteristics

Interest in shrub willows (Salix spp.) as a perennial energy crop for the production of biomass has developed
in Europe and North America over the past few decades because of the multiple environmental and rural
development benefits associated with their production and use (Borjesson 1999; Rowe et al. 2008; Volk et al.
2014). Initial trials with shrub willows as a biomass crop were conducted in the mid-1970s in Sweden, with
the first trials in the United States starting in 1986 (Volk et al. 2006). Since the initial trials in upstate New
York, yield trials have been conducted in a number of locations in the northeastern and midwestern United
States, as well as in several provinces in Canada.

ideal feedstock for biofuels,
years in 3- to 4-year rotations, ease
etic base, ease of breeding for

Willow shrubs (Salix spp.) have several characteristics that make
bioproducts, and bioenergy: high yields that can be sustained ft
of propagation from dormant hardwood cuttings, a broad un
several characteristics, ability to resprout after multiple h

The shrub willow cropping system consists of plant s in prepared open land
where weeds have been controlled. Willow can be gr cultural land across the
Northeast, Midwest, and parts of the Southeast. Weed co on of chemical and
mechanical techniques and should begin i i i nial weeds,
which is often the case with marginal lang nrooted, dormant hardwood cuttings in
the spring as early as the site is accessible & using mechanized planters that are
attached to farm tractors and operate at abou the first year of growth, the willows
are typically cut back (coppiced) close to the g t season to force coppice

regrowth, which increases th
(Tharakan et al. 2005). Ad s are mechanically harvested

e coppiced plants sprout again the

following spring when the pout 40 kg nitrogen acre ~ of commercial fertilizer or
organic sources like manure o s underway to refine these recommendations for
new willow allowed to grow for another 3- to 4-year rotation
before the th&’Crop can be maintained for seven 3-year rotations
before t vint that they restrict access to harvesting equipment

and thus nce i 3 i y disk or mower. After 22 years in cultivation, some cultivars
will need to b i ivarg developed through breeding. This is easily accomplished in
isti ctbicides after harvesting and then chopping the killed stools
ine, followed by planting the same year or the following year.

us Salix and the limited domestication efforts to date provide

and other characteristics, such as insect and disease resistance, and
growth form of willow bioma ps. Worldwide there are over 350 species of willow (Kuzovkina et al.
2008; Smart and Cameron 2008), with growth forms ranging from prostrate, dwarf species to trees with
heights of greater than 40 m. The species used in woody crop systems are primarily from the subgenus Vetrix,
which has over 125 species worldwide (Kuzovkina et al. 2008). While these species have many characteristics
in common, their growth habits, life history, and resistance to pests and diseases vary, which are important
considerations in the successful development of woody crops. The ability for vegetative propagation of most
willow genotypes means that once superior individuals are identified, they can be maintained and rapidly
multiplied for deployment.

tremendous potential to imp

As willow breeding programs in North America and Europe have advanced in the last decade, interspecific
hybridization has proven to be a very effective strategy for capturing heterosis for yield in combination with
pest and disease resistance, yet we know little about the genomic basis for heterosis in interspecific hybrids.
More specifically, a trend that has emerged that is predominant in Sa/ix is the consistent success of crosses
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between diploid species and tetraploid species in generating triploid progeny that outperform their parents
(Serapiglia et al. 2014, 2015). This phenomenon is not a major component of breeding in poplar, but it is
critical to future cultivar breeding in willow. These genotypes also have reduced reproductive fertility,
helping to allay concerns about potential invasiveness. Since USDA’s Animal and Plant Health Inspection
Service has recently banned the import of Salix cuttings into the United States, it is imperative to maintain a
strong willow breeding program in North America and to expand existing Salix germplasm collections
through seed import, if possible.

9.2 Objectives
9.2.1 Size and Scope of “Field” Trials

The objectives of the willow feedstock network are to (1) assess the
willow biomass crops across a wide range of sites in the Northeas
these trials to develop models to estimate yield potential of wil

9.2.2 Duration

The project included 18 trials planted between 1993 a
included to provide data on the long-term productivj
additional eight trials with new cultivars bred in Ne

t and future production potential of
idwest and (2) use the data from
ass crops across multiple regions.

1als with older cultivars were
multiple rotations. An
fore the start of this

(table 9-1).
hrub willow system
, which were establish

of the most recently developed cultivars. Ig addition to the i seven other
regional yield
SM Environmental Model (PRISM-
EM). The trials were monitored and measure
6™ rotation, two 5™ rotations, one 4™ rotation, 1 fations, ci ations, and fifteen 1* rotations.
This network of trials is proyi ential data ) i illow biomass crops as well as

Table 9-1 | Existing and in the Willow Biomass Crop
Feedstock Project under the
Land
capacity
Drainage” | class® NCCPI®
1993 Tully, ,
New York o0 3% slopes Wb 1 0.48
1997 Tully, Palmyra gravelly loam,
New York 0% to 3% slopes Wb 1 0.48
Existing willow biomass new cultivars
2005 Tully, Palmyra gravelly loam,
New York 18 0% to 3% slopes Wb 1 0.48
2005 . 0
Belleville, New | 18 2,3 Galway siltloam, 3% to | \\p, 2 0.39
8% slopes
York
2006 . 0
Constableville, | 30 1,2 tEo"éE/ei‘l’(')”ee'soasTéf & MWD 2 0.24
New York o Siopes, y
2007 o
Middlebury, | 30 1,2 Vergennes clay, 2% PD 4 0.49
to 6% slopes
Vermont

54 | Regional Feedstock Partnership Report



APPENDIX A: 9. WILLOW

Number Land
of Rotations capacity
Trial name cultivars | harvested | Soil type® Drainageb class® NCCPI

2006 Waseca,
Minnesota

Nicollet clay loam, 1%

to 3% slopes PD 2 0.80

24 1,2

2008 Big
Flats, New 6 1,2
York

Unadilla silt loam, 0%

to 3% slopes WD 1 0-56

2008
Fredonia, New | 28 1,2
York

Lordstown channery silt

loam, 5% to 15% slopes WD 3 0.34

2008 Onaway-Ossineke fine,
Escanaba, 26 1,2 sandy loams, morai
Michigan 1% to 6% slopes

MWD 2 0.35

New trials established in 2009

2009 Sault
Ste Marie
(Brimley),
Michigan

20 1 0.32

2009 Skandia,

Michigan 0.17

20

2009
Potsdam, New | 16
York

4 0.40

2009 Storrs,
Connecticut

20 2 0.36

2 0.78

WD 1 0.94

Point, India to 2% slopes

2010 Onaway,
Michigan

our flaggy loam, 0%

to 3% slopes SPD 2 0.26

Emmet-Montcalm
complex, 0% to 6% WD 2 0.44
slopes

2010 Lake
City, Michigan

2011 Albion, 20 1 Hillsdale sandy loam,

Michigan 0% to 6% slopes WD 3 0.61

& USDA National Resources Conservation Service (NRCS) Soil Survey Geographic database soil classification

> USDA NRCS soil drainage classes: WD—well drained, MWD—moderately well drained, SPD—somewhat poorly
drained, PD—poorly drained

 Land Capacity Class rates land on a scale of 1 (few limitations to agriculture) to 8 (unsuitable for agriculture).
Under good management, soils from class 1 to 4 are capable of producing common field crops and pasture without
reducing the soils long-term productivity. Soils 5 to 8 have limited value for commercial plant production but may be
suitable for use as pasture, range, or forestland, and may also provide opportunities for recreation, wildlife, and
water supply.

¢4 NCCPI—National Commodity Crop Production Index. NCCPI is a model that interprets soil, landscape and
climate data to reflect soil’s inherent capacity to produce dryland (nonirrigated) commodity crops.
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9.3 Methods

9.3.1 Distribution of Locations across the United States and the
Geographic/Environmental Diversity

The project included field trials in six states (Connecticut, Illinois, Michigan, Minnesota, New York, and
Vermont). All trials in this project were smaller-scale yield trials with between 4 and 30 genotypes at each
site. Individual field plots typically contained three double rows of willow with 10 to 18 plants in each row.
Plots were typically 6.9 m in width and 6.0 to 7.9 m long. Most of the trials included four replications of each
genotype, but in a few of the older trials, only three replications were available. In the vast majority of cases,
the trials were coppiced after the establishment year and then were harvested on 3-year rotations. Site
characteristics for the trials varied widely from some better site conditigms, particularly at university research
stations, to truly marginal conditions at other sites. USDA National ces Conservation Service (NRCS)
land capability class varied from 1 to 4 and the National Commodi op Production Index ranged from 0.17
for a site in the Upper Peninsula of Michigan (Skandia) to 0.9 i 1n Ilinois (Savoy). Based on NRCS

9.3.2 Genetics (What Was Used and

Overall, 94 different willow genotypes were includ re than 10 different
diversity groups (a diversity group represents a willo i jals planted before
2005 included older genotypes that were either acquire i were collected
from the wild in the northeastern United e

New York College of Environmental
Science and Forestry. Only one cultivar is p x dasyclados ‘SV1’. Three other

cultivars are present in 17 of the 18 trials (S. &

First-rotation yields were gefie i i Itivars across sites with a range of conditions
e 005, the yield of the top-producing, newer

icut) dry tons acre” yr . The mean across the sites was 4.3
e top five cultivars across the sites ranged from 1.2 (Potsdam, New
York) to 6 2 (Mlddle 5 tons acre ' yr ' with a mean across all the sites of 4.1 + 0.4 dry tons

acre ' yr'

Willow biomass crops are cu a perennial system that is typically harvested multiple times on 3- or
4-year rotation cycles, and the ve projected lifespans of over 25 years. However, data on the long term
production potential of willow biomass crops are very limited. The trials in this project have provided
valuable results on the production of willow over multiple rotations. One trial planted in 1993 in Tully, New
York, was maintained as part of this network and has now been harvested six times, providing the longest
continuous set of yield data from a shrub willow trial in North America. While many of the cultivars planted
in this trial have been replaced with more productive cultivars, one cultivar (‘SV1°) has been used for many
years in both trials and large scale plantings of willow and is present in all the trials in this project. Over six
rotations, the yield of ‘SV1’ ranged from 4.0 dry tons acre ' yr ' in the first rotation to 6.8 tons acre ' yr ' in
the fourth rotation. In the sixth rotation, the yield decreased to 5.0 dry tons acre™' yr ' but was still 26%
greater than the first-rotation yield. Across all six rotations, the average annual yield was 5.5 dry tons acre™'
yr . A 12-year-old trial in Michigan compared poplar and willow hybrids under multiple 3-year harvest
cycles and determined that while poplar initially thrived, it could not withstand repeated harvests as well as
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willow. These long-term data begin to provide verification that willow can be productive over multiple
rotations and provide a basis for modeling these systems over 25 or more years.

This network of field trials with the large number of cultivars has provided essential information on potential
yield increases associated with breeding and selection efforts. Yield increases associated with new cultivars
have typically ranged from 15-25%, with some variation across sites. The broad range of sites included in
this project has provided a valuable basis for understanding factors that influence willow production and
genotype-by-environment interactions (Serapiglia et al. 2013). The factors that have greatest impact on yield
can include: temperature during the growing season, growing degree days, and regional pest pressure. Despite
the heavy influence of site conditions on overall yield, some important patterns have emerged, including
evidence that triploid hybrids, such as Salix viminalis x S. miyabeana, have demonstrated consistently greater
yields compared to a range of other taxonomic groups. Since breeding and selection work is still at an early
stage for willow, these results suggest that significant gains can still b ized by developing improved
cultivars. Data from these sites, along with data from a number of rlier trials, formed the data base for
the development of models to predict the regional yields of will will be used in the 2016 Billion-Ton
Report.

9.4.1 Sustainability

Findings from a subset of trials in this network provi cle analysis that was

. The GHG
COxq per dry ton) (€aputo et al. 2014)
et al. 2014). The net energy ratio of
for every unit of fossil energy

re 18—43 units of stored energy in

emissions from this study were negative §
when measurements of belowground bio
biomass delivered to an end user ranged fro
invested in the production, harvest, and delive
the willow chips delivered to y

9.4.2 Performan

Wood samples collected a i vests from a number of these trials have been
analyzed for specific gr: i igh-resolution thermographic analysis. There are
iffe i by site, and with significant genotype-by-
lations between yield and cellulose content, with
apiglia et al. 2013; Fabio et al., in prep.). It is

vastly improve O i ental factors influence biomass quality and conversion
efficiency.

For perennial crops like will@ tion of yields over two or more decades is an important factor that
influences key attributes, includiig the economic viability of these systems. The yield data collected across a
range of sites and over multiple rotations as part of this project have provided a solid foundation for
improving economic models of this system. Yield data from this network of trials were used to model returns
from willow biomass crop systems using a cash flow model developed at the State University of New York
College of Environmental Science and Forestry that was updated and improved in 2014 (Buchholz and Volk
2011, 2013; Heavey and Volk 2015). Yield data from this network of trials, and seven other additional trials
outside of the network, were used to develop yield models using PRISM-EM across multiple regions of the
United States. These yield results, along with production, management, and harvesting costs from EcoWillow
2.0, will be used in POLYSY'S for the 2016 Billion-Ton Report.

9.4 .4 Barriers to Success

Two important barriers to the large-scale deployment of willow biomass crops include a stable and reliable
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market and the overall economics of the system. As noted above, there is ongoing expansion of willow
biomass production occurring in northern New York, with a commitment from ReEnergy to purchase all the
willow biomass that is being grown in the area over an 11-year period. While the price that ReEnergy
currently pays for wood chips would make it difficult to justify growing willow from a purely economic point
of view, the support for landowners to plant willow biomass crops from the USDA Biomass Crop Assistance
makes growing willow an economically viable option. The development of a long-term market and support to
reduce upfront costs has made the expansion of willow in northern New York a reality. Another key barrier
stems from the misperceptions about willow biomass that already exist among landowners and potential
growers, as well as potential end users.

9.4.5 Synergistic Activities

This network of willow yield trials has provided locations where other,
been completed. Without this network of sites and the support to mai
of time, these studies would not have been possible. In New Yor,
of belowground biomass, changes in soil carbon over time, ¢

ies are either underway or have
these sites over an extended period
¢ related studies include assessments
ions of willow so the Revised
willow, measurements of sap
flow in willow, assessments of fine root dynamics in wi i ents of willow biomass crops,
examinations of genotype-by-environment interactio in willow compositions

Environmental Benefits.” This project is now using will
of ecosystem services including nitrogen afid phosphorus

ment trial of several willow varieties

Michigan were employed to conduct
an investigation of the GHG and nitrogen imfs
woody bioenergy crops (Nikiema et al. 2012). i i e also been supplied to a variety

The network of trials has prg ties to highlight willow biomass crops in different
communities. extension and education activities, which has
been import biomass crops. Two trials in northern New York
in partic the successful application for a USDA Biomass
Crop As tablished on school property and the Future
Farmers of d in planting and monitoring the willow crop. The site was used

pstrations of a New Holland forage harvester being used to
rial at the USDA NRCS Big Flats Plant Materials Center was
highlighted at an a or several years, with over 100 participants each year. The data from
these yield trials provide i ground information that was needed for this application and also

] and potential growers to see willow biomass crops firsthand. Despite
the fact that the sign-up perio@ s Biomass Crop Assistance project area was limited to about a six-week
period, just over 1,170 acres wereenrolled. Without the presence of these yield trials, this project would not
have been successful, and this commercial expansion of willow biomass crops in the United States would not
have been possible.

The data from the network of trials, and especially the data from the trials with newer cultivars, has provided
invaluable information for a commercial nursery partner in western NY—Double A Willow—to make
decisions about which cultivars to plant in its nursery beds. Currently Double A Willow has about 150 acres
of commercial nursery beds and is providing willow planting stock for various projects in the United States,
with subcontracts to nurseries in Canada. The data from the yield trials are important for making decisions
about what to plant in nursery trials because it takes several years before these nursery beds are productive.
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9.4.7 Where Do We Go from Here?

Maintaining a subset of these trials is important for monitoring some of the new cultivars over multiple
rotations to provide data on their performance. In addition, findings from some trials with cultivars from
breeding efforts that have been conducted over the past few years are beneficial for continuing to improve the
genetic material that is available for future deployment. As willow crops are deployed on a commercial scale,
it becomes especially valuable to conduct focused monitoring across large fields. This would provide valuable
data on the economics, production, and sustainability of willow biomass crops at a much larger scale and
provide an opportunity to optimize various parts of the system.

At the beginning of this project, willow biomass crops were limited to a small network of yield trials and a
few scattered larger-scale demonstration plantings. This project has supported an important expansion of the
network of yield trials and has enabled researchers in a number of regiofis, to leverage this support for other
projects and initiatives. As noted above, this network of trials has p, key data for the expansion of
willow biomass production in northern New York. Results from ials have provided the data needed for
the Research Foundation of the State University of New Yor ight willow cultivars.

9.5 References

Borjesson, P. 1999. “Environmental Effects of Ene
Quantification.” Biomass & Bioenergy 16: 1375

op Cultivation in Sw : Identification and

Cause of Variation in Cell Wall Recg
doi:10.1186/1754-6834-5-83.

with a Crop Budget M@del.” Bioené h : 85-95. do1710.1007/s12155-010-9103-5.

Buchholz, T., and T. A. Volk . tabili Biomass Crops Affected by Incentive
i D7/s12155-012-9234-y.

Ecological Engineering Aj ons: Co-ordination of Structure, Function and Autecology.” Ecological
Engineering 35: 1178—1189%d0i:10.1016/j.ecoleng.2009.03.010.

Nikiema, P., D. E. Rothstein, and R. O. Miller. 2012. “Initial Greenhouse Gas Emissions and Nitrogen
Leaching Losses Associated with Converting Pastureland to Short-Rotation Woody Bioenergy Crops in
Northern Michigan, USA.” Biomass and Bioenergy 39: 413-426. doi:10.1016/j.biombioe.2012.01.037.

Pacaldo, R. S., T. A. Volk, and R. Briggs. 2014. “Carbon Sequestration in Fine Roots and Foliage Biomass
Offsets Soil CO, Effluxes along a 19-year Chronosequence of Shrub Willow (Salix x dasyclados)
Biomass Crops.” Bioenergy Research 7 (3): 769-776. doi:10.1007/s12155-014-9416-x.

Rowe, R. L., N. R. Street, and G. Taylor. 2009. “Identifying Potential Environmental Impacts of Large-Scale
Deployment of Dedicated Bioenergy Crops in the UK.” Renewable & Sustainable Energy Reviews 13 (1):
271-290. doi:10.1016/j.rser.2007.07.008.

Regional Feedstock Partnership Report | 59



http://www.sciencedirect.com/science/article/pii/S0961953498000804
http://biotechnologyforbiofuels.biomedcentral.com/articles/10.1186/1754-6834-5-83
http://link.springer.com/article/10.1007%2Fs12155-013-9347-y
http://link.springer.com/article/10.1007%2Fs12155-010-9103-5
http://link.springer.com/article/10.1007%2Fs12155-012-9234-y
http://www.sciencedirect.com/science/article/pii/S0925857409000810
http://www.sciencedirect.com/science/article/pii/S0961953412000475
http://link.springer.com/article/10.1007%2Fs12155-014-9416-x
http://www.sciencedirect.com/science/article/pii/S1364032107001189

APPENDIX A: 9. WILLOW

Serapiglia, M. J., M. C. Humiston, H. Xu, D. A. Hogsett, R. Mira de Orduna, A. J. Stipanovic, and L. B.
Smart. 2013. “Enzymatic Saccharification of Shrub Willow Genotypes with Differing Biomass
Composition for Biofuel Production.” Frontiers in Plant Science 4. doi:10.3389/fpls.2013.00057.

Serapiglia, M. J., K. D. Cameron, A. J. Stipanovic, L. P. Abrahamson, T. A. Volk, and L. B. Smart. 2013.
“Yield and Woody Biomass Traits of Novel Shrub Willow Hybrids at Two Contrasting Sites.” BioEnergy
Research 6: 533-46. doi:10.1007/s12155-012-9272-5.

Serapiglia, M. J., F. E. Gouker, and L. B. Smart. 2014. “Early Selection of Novel Triploid Hybrids of Shrub
Willow with Improved Biomass Yield Relative to Diploids.” BMC Plant Biology 14:
74. doi:10.1186/1471-2229-14-74.

Serapiglia, M. J., F. E. Gouker, J. F. Hart, F. Unda, S. D. Mansfield., A. J. Stipanovic, and L. B. Smart.
(2015) “Ploidy Level Affects Important Biomass Traits of Novel Willow (Salix) Hybrids.”
BioEnergy Research 8: 259-269. do0i:10.1007/s12155-014-95

Smart, L. B., K. D. Cameron, T. A. Volk, and L. P. Abrahams
Shrub Willow as a Dedicated Energy Crop.” NABC Rep

“Breeding, Selection, and Testing of
gricultural Biofuels: Technology,

Sustainability, and Profitability, National AgriculturaifBi ncil, Ithaca, NY.

Stoof, C. R., B. K. Richards, P. Woodbury, E. S. Fabi S. Das, L. Geohring, J
Hornesky, H. Mayton, C. Mason, G. Ruestow, eenhuis. 2015
“Untapped Potential: Opportunities and Challenge ction from Marginal
Lands in New York and the Northeast USA.” BioEn :10.1007/s12155-
014-9515-8.

Tharakan, P. J., T. A. Volk, C. A. Nowak,
Clones and Their Relationship to Bioma! D1 urnal of Forest Research 35 (2):
421-431. doi:10.1139/x04-195.

Volk, T. A., L. P. Abrahams .
Deployment of Willg . ¢ : ping Systems, edited by D. Karlen,

60 | Regional Feedstock Partnership Report


http://journal.frontiersin.org/article/10.3389/fpls.2013.00057/full
http://link.springer.com/article/10.1007%2Fs12155-012-9272-5
http://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-14-74
http://link.springer.com/article/10.1007%2Fs12155-014-9521-x
http://link.springer.com/article/10.1007%2Fs12155-014-9515-8
http://link.springer.com/article/10.1007%2Fs12155-014-9515-8
http://www.nrcresearchpress.com/doi/abs/10.1139/x04-195#.V3FdW2erbcs
http://www.sciencedirect.com/science/article/pii/S0961953406000687

APPENDIX A: 10. PRISM-EM

10. PRISM-EM

10.1 Description

PRISM-EM is a hybrid statistic/process model that has been used to provide estimates of potential biomass
yield for feedstocks with little production history in the United States. The centerpiece of PRISM-EM is a
semi-monthly Food and Agriculture—style water balance simulation, which tracks precipitation input,
evapotranspiration, and soil moisture depletion. An estimate of monthly relative yield (0—100 percent) is the
product of the water stress coefficient and a temperature growth curve. In what is known as a “limiting factor
approach, the final relative yield is the lowest of the modeled yields resulting from the water balance
simulation, plant injury curves for summer heat and winter cold, and th constraints due to soil pH,
drainage, and salinity. Climate inputs of temperature and precipitati provided to PRISM-EM on a semi-
monthly basis using 800-m resolution gridded data from the PR mate mapping system.

10.2 Objectives

A major objective of the Sun Grant geographic inform
the spatial distribution of current and potential bio
Biofuel crops have become a point of national focus;
feedstocks. Traditional crops, such as wheat, corn, an

99

is to gain an understanding of
es across the country.

as potential

n serve as biofuel

ied as potential feedstocks, such as
ry in the United States. It is not

production, and spatial distribution. How,
switchgrass, miscanthus, and energycane,

ield of new biofuel feedstocks have taken two
and (2) application of mechanistic plant growth

d climatic envelope modeling (e.g., Casler et al.
aya et al. 2010; Jager et al. 2010; Wullschleger

cls simulate photosynthesis, carbon allocation, phenology,
tioning. Examples of simulation models include EPIC
, ALMANAC (Kiniry et al. 2008), and MISCANFOR

biomass production, @
(Williams et al. 1984;

PRISM-EM stems from earlie to estimate the suitability of U.S.-grown perennial grasses in China
(Hannaway et al. 2005). It draws from both the statistical-empirical and crop growth modeling approaches,
while keeping the modeling system very simple and universal so that assessments can be made quickly and
easily over large areas. The basic question we seek to answer is: What is the spatial distribution of the major
environmental constraints that limit the production of this crop? The main focus is on general biomass
production, rather than a detailed accounting of phenology, flowering, grain development, etc.

The centerpiece of PRISM-EM is a semi-monthly Food and Agriculture—style water balance simulation (fig.
10-1), which tracks precipitation input, evapotranspiration, and soil moisture depletion (Allen et al. 1998). An
estimate of monthly relative yield (0—100 percent) is the product of the water stress coefficient and a
temperature growth curve. In what is known as a “limiting factor” approach, the final relative yield is the
lowest of the modeled yields resulting from the water balance simulation, plant injury curves for summer heat
and winter cold, and growth constraints due to soil pH, drainage, and salinity.
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Climate inputs of temperature and precipitation are provided to PRISM-EM on a semi-monthly basis using
800-m resolution gridded daily data from the PRISM climate mapping system. PRISM datasets serve as the
USDA’s official 30-year “normal” digital climate maps (Daly et al. 2008; PRISM Climate Group 2015).

Water. The water balance model uses PRISM precipitat al available water (TAW) in the
soil profile Halbleib et al. (2012). Available soil wat estimated from the Soil
Survey Geographic database soils data, and the dep efined by the user
PRISM monthly average temperature (7) is used to es i (ETo0). Actual

evapotranspiration (£7a) is a function of E7o, a water st i ater use efficiency

moisture demand and the soil water supp i rval reduces the next time interval’s soil
water supply, which is at least partially rep fis ipi TAW exceeds AWC, the excess

C ich i only to woody perennial species.
At the end of each time interval, Ks is calculato ‘AW and Dr. Relative yield for

10

0 50 50 90 80 30 70 60

5
EXED

Floating N-month™ max yield

the method used to calculate final water balance yield.
growth period, FP = floating maximum growth period.

: s a relative yield estimate ranging from 0 to 100 for each month
(shown, for example, as RY 1n -2). The user specifies a potential growth period, which is the range of
months in which production is likely to occur across the modeling region. In the example in figure 10-2, the
potential growth period is March—August. The user also specifies the number of sequential months within the
potential growth period over which maximum production is likely to occur. Relative-yield values are
averaged over these months to obtain a final water balance yield. For example, if the period of significant
biomass accumulation is typically 3 months, the user would input N = 3, as shown in figure 10-2. This
maximum growth period is allowed to “float,” meaning the model will use the 3-month sequence with the
highest average relative yield as the final water balance yield, to accommodate varying growing season timing
under differing climates.

Temperature. The winter temperature constraint simulates a perennial crop’s ability to tolerate and survive
winter low temperatures. A two-tailed temperature response function relates the PRISM average January
minimum temperature to expected damage or mortality on the cold tail and, if needed, loss of production due
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to inability to meet winter chilling requirements on the warm tail. The summer temperature constraint
simulates a crop’s ability to tolerate and survive average summer high temperatures. A single-tailed
temperature response function relates the PRISM average July maximum temperature to expected damage or
mortality and resultant loss of production.

Soil. The soil constraint function for soil pH uses a two-tailed curve that can be broadened or narrowed based
on expected plant response to pH, and to accommodate application of amendments such as lime to raise the
pH of acidic soils. The soil constraint function for salinity uses a one-tailed curve that represents growth
reduction due to increasing soil salinity. The soil constraint function for drainage is based on the seven soil
drainage classes as defined by NRCS, ranging from very poorly drained to excessively drained. The expected
plant response for each drainage class can be set individually, ranging from 0 (full constraint) to 100 (no
constraint). Drainage class responses can be modified to account for field tiling to improve poorly drained
soils.

Relative yield. The final relative yield is calculated as the /ow
functions: water balance, winter low temperature, summer h1
salinity. Model output is in the form of a regularly space
of relative yield from 0 to 100 percent.

ulting from any of the constraint
, soil pH, soil drainage, and soil
m resolution with an estimate

Land use. A land use grid can be applied to the relative yi types that are not
classified as agricultural, such as forests, deserts, parks, verage is the NASS
Cropland Data Layer.

map by developing statistical
relationships between relative and actual yie The transformation can be as simple

as setting 100-percent relative yield to a maxi

or as complex as using in si nships across the country
10.4 Results

Winter wheat valzdatzon As a M was run using 1981-2010 30-year average
climate data a sultin lative yield estimates were averaged across each
county in th : year (2000-2009) county average grain yields
for wint t Agency. The Risk Management Agency requires
yield repo | crop insurance program, resulting in the most comprehensive
database of ited States. The Risk Management Agency is cooperating
with the PRIS and validate the model as the basis for a decision support

A nationwide linear regtessi ] as developed relating modeled relative yields against reported

: The overall linear relationship was strong, with an R-squared of 0.77
and y-intercept near zero (fig! he PRISM-EM soil pH and drainage response functions were widened
to accommodate relatively high'Wi€lds achieved by liming and tiling of acidic and poorly drained soils,
respectively. Outliers where actual yields exceeded the modeled estimates were found primarily in Idaho and
eastern Oregon and Washington, where summer fallow periods are common to preserve soil moisture.

The PRISM-EM relative yield map was converted to actual biomass yield by applying the nationwide
regression function in figure 10-3 to transform relative yield into grain yield, then applying a harvest index,
which is the proportion of the crop’s biomass allocated to grain, to arrive at an estimate of biomass. Using a
harvest index of 0.4 for winter wheat, the biomass map shown in figure 10-4 was produced.
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Figure 10-3 | Scatterplot of PRISM-EM conterminous U. Ia!ve yield
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Figure 10-4 | PRI r wheat straw yield, using a linear regression function between
relative yield and 20 ported yield, and a harvest index of 0.4

ividual species groups participating in the Partnership provided yield
data for most species. The m am met with each species group in face-to-face meetings. During these
meetings, they discussed each point in detail to gain an understanding of the methods used to grow and
manage the crop, and how harvesting and yield data collection were performed. In some cases, yield data
were supplemented by previously collected data outside the Partnership. Outcomes from these meetings
included draft PRISM-EM potential biomass maps and scatterplots showing observed versus modeled yields.
These were reviewed by each species group, and modifications were made by the modeling team to produce
final maps.
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PRISM-EM Cumulative Yield Distribution
for Wheatland County, Montana, 1981-2010
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Figure 10-5 | Cumulative yield distribution of PRISM-EM estim
the years 1981-2010. The probability curve shows the perce
percentile marked with a star.

ds for Wheatland County, Montana, for
ttaining a given yield, with the 50th

What we now know because of the Partnership. Map
were produced for energycane, upland and lowland
willow, poplar, and pine. These maps provide a first

1-2010 average
grass, biomass sorgh

tial biomass production
RP grasses, miscanthus,

for most nationally important feedstock species, using a tion framework,
and close collaboration with each species he economic
analysis in the 2016 Billion-Ton Report.

Next steps. The potential biomass maps prod ent estimates of average yields
expected each year over a 30-year period (193 ep is to apply the model on a year-

by-year basis over those 30
assessments. An example 8 i istrib@tion function derived from annual
PRISM-EM yields, whi [ ili 2 , inter wheat grain yield in Wheatland
County, Montana.

10.5 Ke

10.5.1
Halbleib, ; . 2012. “Nationwide Crop Suitability Modeling Of Biomass
Feedstoc 3 it e 2012 National Conference: Science for Biomass Feedstock

Production a ilizati ' October 2-5.

hop for the U.S. Department of Energy/Department of
ansportation Sun Grant Initiative, Chicago, IL, 18—19 February 2014.

Daly, C., M Halbleib, and L. Eaton. 2013. “Nationwide Bio-Fuel Resource Mapping: Woody Biomass
Feedstocks.” Organized, conducted, and hosted workshop for the U.S. Department of Energy/Department
of Agriculture/Department of Transportation Sun Grant Initiative, Corvallis, OR, September 18—19.

Daly, C., M. Halbleib, and L. Eaton. 2013. “Nationwide Bio-Fuel Resource Mapping: CRP Grass Biomass
Feedstocks.” Organized and conducted workshop for the U.S. Department of Energy/Department of
Agriculture/Department of Transportation Sun Grant Initiative, Kansas City, MO, July 25-26.

Organized and conducted
Agriculture/Department of

Daly, C., M. Halbleib, and L. Eaton. 2013. “Nationwide Bio-Fuel Resource Mapping: Sorghum Biomass
Feedstocks.” Organized and conducted workshop for the U.S. Department of Energy/Department of
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Agriculture/Department of Transportation Sun Grant Initiative, Oak Ridge National Laboratory, Oak
Ridge, TN, June 27-28.

Daly, C., M. Halbleib, and L. Eaton. 2013. “Nationwide Bio-Fuel Resource Mapping: Switchgrass Biomass
Feedstocks.” Organized, conducted, and hosted workshop for the U.S. Department of Energy/Department
of Agriculture/Department of Transportation Sun Grant Initiative, Corvallis, OR, May 29-30.

Daly, C., M. Halbleib, and L. Eaton. 2013. “Nationwide Bio-Fuel Resource Mapping: Energycane Biomass
Feedstocks.” Organized and conducted workshop for the U.S. Department of Energy/Department of
Agriculture/Department of Transportation Sun Grant Initiative, Jackson, MS, May 7-8.

10.5.3 Presentations and Panels

Daly, C. 2014. “An Update on the PRISM-RMA Crop Suitability Ma
Portal.” Presented to the U.S. Department of Agriculture’s Ris
compliance offices, Davis, CA, December 17.

Daly, C., and M. Halbleib. 2014. “Potential Yield Mapping nergy Crops.” Presented at panel
session, “Integration of Supply Chains I: Breaking D i essing Cost, Quality, and

, and Weather and Climate Web
gement Agency—Davis regional and

Quantity of Feedstocks for Optimizing Bioenergy 014: Growing the Future
Bioeconomy Agenda, Washington, D.C., July 2
Daly, C., and M. Halbleib. 2014. “Potential Yield Ma nted at breakout

Portal.” Presented to the U.S. Departmen e Ri ment Agency—Davis regional and

compliance offices, Davisg@A, December
Daly, C., and M. Halbleib . : C y eb-Based Access Tools for
Improved Agricultu ' g . ator and senior personnel, U.S.

Department of Agricu i 4 ¢ Washington, D.C., June 12.

Halbleib, M., C..D . a % . “Modeling of Bio-Energy Feedstock Biomass in
the U.S2 artnetship annual meeting, Indianapolis, IN, March 14—
15.

Daly, C. 20 e Mapping: Estimating the Potential Distribution and Yield of
Biomass € niversity Biomass Group, June 10.

Daly, C. 2011. Feedstocks.” Presented at the U.S. Navy Green Fleet

workshop, Hono

Daly, C., M. Halbleib, Mt
Feedstocks.” Presented 3
February 15-16.

Daly, C., and M. Halbleib. 2010. “Nationwide Suitability Modeling of Bio-Energy Crops: A Useful Idea?”
Presented at the Sun Grant Feedstock Partnership annual meeting, San Antonio, TX, February 24.

D. Hannaway. 2011. “Nationwide Biomass Modeling of Bio-Energy
rant Feedstock Partnership annual meeting, Knoxville, TN,

Daly, C., and M. Halbleib. 2009. “Using Map Server Technology and Environmental Datasets for Feedstock
Development and Assessment.” Presented at the Sun Grant Regional Initiative Energy Conference,
Washington, D.C., March 12.

Daly, C., and M. Halbleib. 2009. “Western Region Sun Grant GIS Team Status Report.” Presented at the Sun
Grant Regional Biomass Feedstock Partnership Workshop, Washington, D.C., March 9.
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11. Biomass Resource Library

11.1 Overview

The Bioenergy Feedstock Library, which was initially created to support the Partnership, is now a cornerstone
tool for effectively evaluating the impacts of feedstock quality, formulation, preprocessing, and
preconversion. It is an essential part of the DOE Bioenergy Technologies Office’s (BETO) effort and supports
the Partnership program by bringing together disparate data associated with biomass feedstocks into a single
management framework.

The library serves as a physical repository as well as a data and knowledge management system for storing,
recording, accessing, and analyzing critical information regarding bi and feedstock resources for use in
bioenergy research. The library has three primary objectives:

1. Collect and manage samples: The library maintains a ph itory of biomass materials and

process intermediates, which can be requested and use

universities, and government institutions around the ks with Partnership
researchers as well as other researchers around t mples for storage and
dissemination and gathers data associated with lication. It also provides
a set of reference materials with relevant tests tha

2. Manage collected information: The library aggregate ation about
processed samples into a single, easi i tion. It works to maXimize the use of

and history; operations performed on the
version performance
1 processes. A web-based

samples; chemical, physical, and rheolo

characteristics in a variety of potential th

application is used to mapa
' . [ ling of materials, methods for

entering and viewin archi ~ infogmation and export capabilities, as well
i 3 program collects as much relevant data around

the Partnership samples a d to host and combine harvest and analysis

informatio

3. Develop advanced data analysis tools: The library works to further develop and enhance tools that utilize
the data and processes gathered to make effective decisions and answer questions relevant to BETO
research. These tools will improve the estimates of feedstock quality on logistics, help in mapping
feedstocks to conversion technologies, and provide research programs with appropriate guidance. This
includes looking for innovative ways to visualize data and distill patterns from the data that facilitate
decision-making processes, and developing models and advanced tools that will allow users to analyze
the data in ways that answer questions of importance to their research.

estones and addressing BETO objectives, including: inventorying
national feedstock resources loping quality metrics, developing a sustainable feedstock logistics
supply system, characterizing fe€dstock composition, understanding feedstock variability (temporal, seasonal,
genetic), understanding logistic and preprocessing intermediates (recalcitrance) and options for mitigating
impacts on downstream conversion processing, and development of feedstock specifications to support
conversion optimization (3.2.1.n).

The library is key to meet1
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of other research programs for
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ct the bioenergy program as a whole. As shown
g, tracking, and distributing biomass and the data

The Bioenerg f ma

e and retrieve harvest and biomass analytical characterization data

with added specific functio e Partnership’s needs.

To best meet the needs of tracking and analyzing the feedstock characterization data collected from research,
the library application hosts three major types of information regarding each sample.

First, the application tracks “samples” of feedstocks from harvest through analysis. Each feedstock is
collected from various sources, including the harvest program, and is assigned a unique identifier or Globally
Unique Identifier. The information about this sample is collected and tracked with the Globally Unique
Identifier and all operations and activities associated with the sample are kept as well. Certain activities that
change the physical or chemical characterization of the sample will result in generating a new “child” sample,
which will also be assigned a new Globally Unique Identifier. These can be the result of procedures such as
grinding or processes such as drying or splitting to send to a new location. The hierarchy of samples is an
important part of identifying the history and characteristics of the samples—especially when testing blends of
samples. Figure 11-2 shows a hierarchy representation in the library tool.
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Figure 11-2 | Sample hierarchy of a four- eucalyptus, switchgrass, and corn
stover

Second, the database tracks ¢ their history. This can include
information such as the lo . : est year and method, the

. pugh some elements are requested for
every sample, each projec i ata are most Important for identifying the samples
i led. This information is often referred to as

sts that have been performed on the samples.
each sample, and new analysis types and results

effort have been significant

As of 2015, the library hosts ove®30,000 physical samples, and has tracked over 77,000 samples at various
stages in the processing and analysis flows. The library has stored over 1.5 million data elements of physical
history and characteristic metadata, and over 80,000 analysis data elements. In addition, the library has
shipped over 12,000 samples to partners at the National Renewable Energy Laboratory, Pacific Northwest
National Laboratory, Lawrence Berkeley National Laboratory, and more than four dozen university and
industry partners. It has distributed in excess of 40 tons of biomass material, in addition to providing related
pedigree information to BETO researchers and collaborators.

o grow our understanding of the biomass attributes in the library.

The Partnership has contributed over 30% of the original samples tracked in the library (fig. 11-3) and over
50% of the analysis results (fig. 11-4). In addition, the Partnership initiative has improved the diversity of the
species provided and enhanced the reliability of the resulting analysis characteristics that are identified.
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11.4 Impacts

The data sources in the library tilized in many different research initiatives to make critical decisions for
the bioenergy program. The library data can be exported in a tabular format for analysis by a wide variety of
sources.

The data collected in the library can be used to answer key concerns such as: valuation of characteristic
feedstock; what feedstocks best fit the needs of a particular conversion pathway; locations of resources and
quality to meet the needs of industry conversion; sources of variability in feedstock characteristics; and
predictions of blend characteristics that can direct further research into conversion methods with less cost and
more reliable sources of feedstock. The data can contribute in many invaluable ways.

In addition to exporting and processing the data, the library is working to provide meaningful tools to
researchers that will allow them to investigate the data and test different scenarios in an interactive and
responsive way.
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Current tools include

o Attribute Graphs and Summary: Tools to examine the attributes and characteristic analysis of different
types of biomass that have been collected in the library. This includes summary information of each
quality as well as graphs with information regarding the plots and standard deviations.

o Conversion Pathway Mapping: A tool that allows users to specify quality characteristics that are of
interest (such as expectations for a particular conversion methodology), which will return the list of
feedstocks stored in the library that have attributes that meet those requirements.

e Blend Prediction: A tool that will predict the quality characteristics of a specified blend using the
recorded attributes in the library from each of the constituent elements.

e Least Cost Formulation: A tool for examining the availability of fegdstocks and price-points at different

locations geographically.

Is that will identify blends that meet
s that examine the data sources that

Future work includes creating more detailed blend recommendati
the quality requirements of a specific conversion pathway; v
exhibit a wide variety of quality characteristics, identifyin

least cost formulation recommendations, which wil based on geographical
locations as well as quality targets.

s to distribute
nergy improvements: Future work will
of results for researchers around the
of data.

rovide an even greater impact
o prepare new research
ommunity to inform the decisions
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