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Goal Statement

* Development of more accurate cost supply information
and improved communication with partners in the
biomass feedstock supply chain

» Replicated field trials across regions to determine the
Impact of residue removal on future grain yield.

» Replicated field trials to develop energy crops within
geographical regions.

= Regional assessment of feedstock resources which
can be used to determine supply curves.

* Long term field data is the best and most direct way to
determine commercial viability



Quad Chart Overview (Herbaceous Crops)

Timeline Barriers
Project start date: 01/15/2007 Ft-A: Feedstock availability and cost
Project end date: 12/31/2015 Ft-B: Sustainable production
Percent complete: 90% Ft-C: Feedstock genetics and

development

Budget
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giganteus, switchgrass
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1 - Project Overview

* Development of regional and national yield estimates for
sustainable biomass supply systems for herbaceous
Crops

= Perform replicated field trials of diverse herbaceous
biomass feedstocks at different locations for assessing
potential expansion of these feedstocks as a bioenergy
resource



2 — Approach (Technical)

» Selected species and scale of trials (field or small plot)
» Energycane (small plot—10 x 6 m plots)
= CRP (field scale—0.5-1 ha plots)

= Miscanthus x giganteus (small plot—210 x 10 m plots;
sustainability site at Illinois)

= Switchgrass (field scale—0.5-1 ha plots; sustainability
site at South Dakota)

= Determine geographic distribution of trials for each
species



2 — Approach (Management)

* Management approach: herbaceous group lead (Vance
Owens), species leads (shown in section for each
species), field trial Pls (varies with each species)

» | ong-term trials of selected species are not commonly
done; up to 6 years of data for some locations/species

» Establishment variability for perennials presented key
challenge (one switchgrass and one miscanthus site
required replanting due to establishment failure)



3 - Technical Accomplishments/Progress/Results

» Establishment of 34 (%) replicated field trials across US

» Sustainabillity trials



Energycane

Hybrid of sugarcane and wild cane (Saccharum spontaneum)
Bred for high fiber, high biomass

Tolerance to cold weather

Fermentable sugars




Energycane Collaborators and Locations
(All planted in 2008 unless otherwise noted)

= Mississippi: Brian Baldwin (Species Lead; MSU, Starkuville)

» Mississippi: Bisoondat Macoon (MSU, Raymond)

= Georgia: Bill Anderson/Wayne Hanna (USDA and UGA, Tifton
» Georgia: Charlie Brummer, Joe Bouton (UGA, Athens)

» Hawaii: Goro Uehara, Richard Ogoshi (U Hawaii, Waimanalo;
planted in 2010)

* Louisiana: Kenneth Gravois (LSU, St. Gabriel)
* Louisiana: Anna Hale, Ed Richard (ARS-SRU, Houma)

» Texas: Jurg Blumenthal, Ronnie Schnell (TAMU, College
Station)

» Texas: Ted Wilson (TAMU, Beaumont)



Energycane Locations




Energycane Approach

» Plots 10 x 6 m (limited size based on germplasm
availability)

= Four replicates at each location
* Five genotypes common to all locations

ke ENergycane harvest (Tifton, GA)

Energycane one year after planting




Energycane Technical Progress/Results to Date

- Switchgrass

Energycane (Starkville, MS)
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Energycane production in Georgia

Athens: Athens, GA
. Delayed plantingin .
2008

e Cold damage during
winter 2010/11
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Energycane production in Mississippi
Starkuville: Starkville, MS
 Most northern site
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Energycane production in Texas

College Station:

 Irrigated in 2010 to
keep crop alive

 No data in 2012;
awaiting 2014 data

e 144 and 114 best
across years

Beaumont:

 No yield in 2009 due
to tornado

 Among highest
yielding sites
(sugarcane region)

e 9001 and 114 best
across years
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Energycane production in Louisiana (top) and Hawaii (bottom)

! St. Gabriel, LA
St. Gabriel, LA: - Gaprie

e Among highest
yielding sites
(sugarcane region)

e 147 best yielding
across years g i I I l I I
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50.00

Yield (Mg/ha)

Honolulu, HI: Honolulu, HI
« Seed cane
guarantined in 2009

 Planted in field in

2010

« Among highest 2 3000
yielding sites

e 147 and 114 best ' | I
across years -

2009 2010 2011 2012 2013 2014

Yield (Mg/ha)

Year

m Ho(US) 02-144 m Ho(US) 02-147 m Ho(US) 06-9001 Ho(US) 06-9002 mHoCP72-114



Summary

= |t took six years to show the limitations of the crop
= Cold winter in the North
= Pathogen buildup at Tifton, GA and St. Gabriel, LA

= At the northern locations, other crops (switchgrass and giant
miscanthus, sometimes sweet sorghum) yield as much

» At Athens and Tifton, GA genotypes 9001 and 9002 yielded
among the greatest

= (at Beaumont, TX it was 9001 and 114)
= At St. Gabriel, LA and Honolulu, HI 147
* (114 also yielded the greatest at Honolulu)

= At Starkville, MS and College Station, TX 144 yielded the
greatest

= (with 114 also highest at College Station)



CRP Trial Locations (DK Lee-Ul, Species Lead; Adler-ARS)

= North Dakota: Ezra Aberle (NDSU)
» Kansas: Keith Harmoney (KSU)
= Montana: Chen Chengci (MSU)
= Georgia: Carl Jordan (UGA) = Overhead view of CRP
= Missouri: Rob Kallenbach (UMO) [ PR RD
= Oklahoma: Gopal Kakani (OSU) &

]
| CRP plots in MT
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CRP Research Sites

FY 2009 CRP Enrollment

Warm-season, ND

e e

Warm-season, KS

= 100F = 1,000 aones

Warm-season, OK

Total: 33.7 million acres Cool-season, GA&

Source: USDA FSA
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CRP Technical Progress/Results to Date

Harvesting CRP plots (warm-
season mixtures) in ND in 2011
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CRP Project Progress

» Completed field study: 2008-2013
» Field scale (0.4 to 0.5 ha experimental units)
* Field setup: Spring 2008 on active CRP lands

* Biomass harvest: every summer and fall since 2008

= Species composition: every year since 2008



Yield (Mg ha 1)

Management Effects on Biomass Production
(averaged across six growing seasons; 2008-2013)

(a) Harve.st timing o (b)
| E0kgN | EPSC; peak standlng:crop
u56 kg N 8 AKF/EGS; after killirlg frost/end of
M112 kg N growing sqason
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Average Biomass Production at CRP Sites

2008-2013

6.0 F
Warm-season

B Qverall mean
EBMP mean

.
o

Yield (Mg ha ')

N
o

0.0

KS OK ND

MT

Cool-season

GA MO

BMP; Best Management Practices (considered to be 112 kg N/a
and harvested after a killing frost or at end of growing season)
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Importance of
Long-term Field
Evaluation to see
Variability

Harvest timing

PSC: peak standing
crop

AKEF: after killing frost
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Harvest Timing Effect on Species Composition

Species composition (%)

90 - .
Harvest timing
80 - KF: after killing frost (red squares)
PSC: peak standing crop (green dots) 9 2
70 -
60 [
50 =
S : ()
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0 T T T T 1
2008 2009 2010 2011 2012 2013
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CRP Summary (2008-2013)

= This farm scale field experiment demonstrated the potential of sustainable biomass
feedstock production on CRP lands estimated in the 2005 Billion Ton Study. However,
sustainable management practices are required to maximize biomass production
= Nitrogen (N) fertilization significantly increased biomass feedstock production and
adequate N application is crucial to obtaining the yields outlined by the Billion-Ton
study, especially in systems where non-leguminous species are prevalent.
= Harvest management, or timing of biomass harvest, did not have much impact on
stand health or long-term biomass production. However, early season harvest for
warm-season species dominant mixtures had adverse impacts on changes in
species composition. Because of this, delaying harvest until after a killing frost or
at the end of growing season is recommended for stand longevity.
» Qur six-year field research demonstrated the importance of long-term farm-scale
research for accurate estimation of biomass feedstock production potential of CRP
grassland.

» These results provide base information
= for a projection of feedstock production on CRP land.

= for a thorough economic analysis associated with production of biomass on CRP
land.



Miscanthus x giganteus Trial Locations (Voigt-Ul; Davis-ARS)

= |llinois: Tom Voigt (Species Lead, UIL)
» Kentucky: David Williams (UKY)

* Nebraska: Roch Gaussoin(UNL)

= New Jersey: Stacy Bonos (Rutgers)

= Virginia: John Fike (VT, added in 2010)

New Jersey
29 Nov. 2010




Miscanthus x giganteus Approach

e 12-10 m x 10 m plots
with 100 plants on 1-m
spacing

o 4 replications at each
location

 Annual N fertility
treatments (0O, 60, 120 kg

SrrRghannay Ui N ha-1) using urea

e | sy e Plants in IL, KY, NE, and

s ko NJ planted in 2008 (75%

. - "
! H - ;. i
. ﬂh_*-'T-"*

ErroT R SN IL replanted in 2009); VA
Sample Plot planted in 2010
Layout i




Miscanthus x giganteus Measurements

Biomass yield at harvest

Soil moisture

— moisture probes were installed at 10, 30, and
50 cm (starting in 2009 at the IL site and 2012
at all sites)

Changes in Soil N and C in IL, KY, NE, NJ

— comparison of soil samples from at planting
and after 4 years at depth of 0-10 and 10-30
cm

Inorganic N leaching

— resin lysimeters were installed at 50 cm and
collected on a yearly basis (starting in 2009 at
the IL site and 2012 at all sites)

N,O emissions (lllinois)

— Measured using static chambers following the

USDA GRACENET protocol

— Samples were taken throughout the growing
season with increased measurements around
fertilization periods

CO, emissions (lllinois)

— Measured using a LI-COR® LI-8100

Automated flux system

Davis et al. 2014. GCB -Bioenergy. doi:
10.1111/gcbb.12217.




2009 — 2014 Miscanthus x giganteus Biomass Yields
Averaged Across N Rates (Dry Mg hat)

Location |2009(2010|2011(2012|2013|2014
lllinois 3.0 {15.6]20.6|10.0*23.6%*19.9*
Kentucky [17.1(19.0{19.0{12.8|19.9| -

Nebraska (15.6|27.4|31.2(23.7|17.5|17.3
New Jersey|16.9| 9.7 |18.6|115.9|12.0(17.9*
Virginia - - 19.41(16.7(18.1|{17.3

* Significant yield differences based on N application rates
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2012 - 2014 Miscanthus x giganteus Feedstock
Partnership Yields (Dry Mg ha)

2012 13 | 14 |2012| 13 | 14 [2102| 13 | 14 (2012 13 | 14 [2012| 13 | 14

IL ‘ IL ‘ IL KY‘KY‘KY NE‘NE NE‘NJ‘NJ NJ‘VA‘VA VA‘
mON m60kgNHa-1 =120kg N Ha-1

Drought of 2012: extreme drought conditions in lllinois and Nebraska; moderate drought

conditions in Kentucky; abnormally dry conditions in Virginia
Hurricane Sandy: New Jersey experienced lodging from snowfall after storm surge of

Sandy
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Cumulative Nitrate and Ammonium Leaching from Spring 2012 -
Spring 2013 in M. x giganteus
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Annual Cumulative N,O Emissions in M. x giganteus in lllinois
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Miscanthus x giganteus Conclusions

e N fertilizer rates have affected biomass yields in lllinois
In 2012 and 2013, and in IL and NJ in 2014 (both have
sandy soils)

« Poor soil moisture affected yields in 2012 at several
locations

e Some soil changes occurred at the 0-10 cm depth
— Soil N levels dropped at NE and KY

— Soll carbon levels increased at NE and KY, and
decreased at IL and NJ



Miscanthus x giganteus Conclusions (cont.)

e Fertilizing M. x giganteus usually increased N losses
— nitrate leaching is greater under fertilized plots across
the eastern US
— losses were usually greatest in the 120 (kg N hat yri)
plots at all sites
— fertilized plots had a larger N, O fluxes, and greater
yearly emissions
e CO, more related to temperature and moisture than N
fertilization



Switchgrass Trial Locations (Owens-SDSU,; Mitchell-ARS)

South Dakota: Vance Owens (Species Lead; SDSU)
Virginia: John Fike (Species Lead; VT)

Alabama: David Bransby (Auburn, 2010)

New York: Don Viands (Cornell)

Oklahoma: Rodney Farris(OSU)

lowa: Emily Heaton (ISU, 2009)

Nebraska: Rob Mitchell (USDA ARS)

South Dakota harvest 2010

lowa planting 2009 B



Switchgrass Approach

» Field scale (0.4 to 0.8 ha experimental units)

= Four replicates across landscape

= Nitrogen (0, 56, 112 kg hat) applied annually beginning the
year after planting at all locations (except AL where
application began two years after planting)

» | ocally adapted cultivar at each location (AL-Alamo, |IA-Cave-
In-Rock, NY-Cave-In-Rock, OK-Blackwell, SD-Sunburst, VA-
Alamo)




Switchgrass Progress/Results to Date

= |nitial soil characteristics utilizing minimum soll data set

= Total organic carbon; soil pH; Total N; Bulk density;
Soil-test P and K

* Yield using standard, farm-scale equipment available at
each location

» Biomass collected from plots for chemical
characterization

= Samples from windrow and/or bales sent to INL

= Samples analyzed locally for other estlmates of
biomass quality |

Sampling bales ih SO 8



Switchgrass harvest and collection

Baled switchgrass in SD (note dark area in
bale resulting from wet field conditions

z g =
i :
'
-
i

Windrowed switchgrass in SD
(note wet areas at bottom of slope)
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Switchgrass Yield (3-6 production years)

ALABAMA (Alamo) IOWA (Cave-In-Rock)
16 16.0 —
W0 m56 = 112
kg N ha! ]
12
T 8
s
4
0 .
2009 2010 2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
NEW YORK (Cave-In-Rock) OKLAHOMA (Blackwell)
16.0 16.0
ns
12.0
T 8.0
s
4.0 -
0.0 -
2009 2010 2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
16.0 SOUTH DAKOTA (Sunburst) 16.0 VIRGINIA (Alamo)
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Production costs ($/dry ton) in 2009, 2010, 2011 for sites planted in
2008. Establishment costs included in 2009 data.
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Switchgrass Sustainability Results (South Dakota)

S BIGENERGY = K

GCB Bioenergy (2014), doi: 10.1111/gcbb. 12157

Nitrogen fertilizer and landscape position impacts on

CO; and CH, fluxes from a landscape seeded to
switchgrass

ERICG. MBONIMPA' CHANG O. HONG?, VANCE N. OWENS', R. MICHAEL LEHMAN?,
SHANNON L. OSBORNE?® THOMASE. SCHUMACHER!, DAVIDE. CLAY" and

SANDEEPF KUMAR!

;n'_':'flru rintent of Plant Scence, South Dakota State Unmersity, Brookmgs, 5D, LISA, Pusan Mationa Umoersihy, Busan,

Seuth Korea, *Umited States Department of Agriculture, Brookings, 5D, LISA
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Average annual soil CO, fluxes for 2010, 2011, and 2012 from switchgrass

production in South Dakota as influenced by two landscape (shoulder and

footslope) positions (A), and three nitrogen rates (Low-0 kg N/ha; Medium-
56 kg N/ha; and High-112 kg N/ha) (B).

001 {A) § souder &

Fion s pe &
HECIE ;

130

1]
&0 a
1]
) I |
[} T

Iain il il 12

0 kg O Ly enr)

(B
®) ® High = Malion  Law

.
P
FiE
el
-

0, (kg COy-Chavear)

(Mbonimpa et al. 2014)

oz
44



Switchgrass Summary

Switchgrass production has varied annually in response to:

= Establishment (With exception of IA, yield the year after planting
was lower than succeeding 2-3 years)

= \Weather (drought, floods, etc.)

= Stand age (Yield decreased slightly in the fifth or sixth production
year in IA, NY, OK, VA; remained steady in SD)

= Harvest conditions (e.g. weather related delays)

Based on the annual variability, 2015 production data will be very
Important

Switchgrass yield not consistently affected by N application
Production costs varied by location, but primarily affected by yield

Landscape position: In general, CO, and CH, fluxes were higher at
the footslope position than at the crest

N rate did not impact CO, and CH, fluxes

Cumulative N,O emissions affected by N application and season of
growth

Nitrate leaching higher with high N rate



4 — Relevance

= Multi-year, region-specific, yield and composition data for
potential feedstocks to help with construction of feedstock
supply curves to better understand ability to meet future
biomass production goals.

» Developing baseline productivity estimates for various species
across regions; have 3-6 years data for nearly all field trial
sites after 2014, this data has been used extensively in the
GIS mapping process.

» Selected sites are gathering environmental sustainability data,
along with yield data, to better understand effect of feedstock
production and management on soil C, water use, and GHG

* Field trial data being submitted to KDF and will be made
available for public use as publications continue to be
completed

= All of this Is highly relevant to industry as biorefineries are sited
and to policy makers as they evaluate bioenergy practices



5 - Future Work

= Develop final reports for each herbaceous species and meld
with synthesis report being developed for overall Partnership

= Submit all field trial data to KDF using species-specific
templates (includes meta data, annual yield data, site
descriptions, etc.)

= Manuscript preparation; working on herbaceous manuscript as
part of Regional Feedstock Partnership proposed special
publication

* Revise national yield potential maps in conjunction with OSU
PRISM group

* Depending on funding, continuing/expanding field trials based
on results obtained thus far (i.e., What is the outlook for long-
term sustainable production of these, and possibly other,
biomass feedstocks?)



Summary

= | ocation (i.e., environment) and genetics influence
production

» Challenges exist: weather, moisture, harvestable
biomass, long-term persistence

= Critical baseline, multi-year data gathered for these
species is providing empirical evidence of yield potential

* Management practices affect sustainability

» | ong-term evaluation critical in order to really understand
crop performance and sustainability impacts



Additional Slides



Response to Previous Reviewers’ Comments

= Reviewer comment: “This overview of herbaceous energy crops included
Energycane, miscanthus, switchgrass, and mixtures on CRP ground. The
team was well distributed across the US and included many of the leading
researchers. However, some key researchers and long term research sites
were missed. The non-competitive nature of team assembly was likely a
factor in this limitation.”

» Reviewer comment: “Sustainability data collection should have started
earlier.”

= Reviewer comment: “Need more years of data before predictions can be
projected. Rather than plot data, need field trial information.”



Publications and Presentations—Energycane

Peer reviewed manuscripts

Knoll, Joseph E., William F. Anderson, Edward P. Richard Jr., Joy Doran-Peterson, Brian Baldwin, Anna L. Hale, Ryan P.
Viator. 2013. Harvest date effects on biomass quality and ethanol yield of new energycane (Saccharum hyb.) genotypes
in the Southeast USA. Biomass and Bioenergy 56:147-156.

Proceedings

Owens, Vance, Brian Baldwin, D.K. Lee, Tom Voigt. 2013. Perennial Herbaceous Energy Crops and CRP Land for
Biomass Production in the USA: A Five Year Regional Feedstock Partnership Report. Tenth Anniversary World Congress
on Industrial Biotechnology. Montréal, Québec. 16-19 June.

Knoll, J.E. W. F. Anderson, B. Baldwin, E. Richard. 2010. Harvest date effects ono biomass yield and quality of new
energycane (Saccharum hybrid) genotypes in the southeastern USA. ASA/CSSA/SSA Meetings. Long Beach, CA. 31 Oct
- 4 Now.

Presentations

Baldwin, B. et al. 2013. At Mississippi State, this work was presented to U.S. Secretary of Agriculture, Tom Vilsack during
his visit to the Starkville, MS campus on September 25th, 2013.

Baldwin, B. et al. 2013. At St. Gabriel, the work was mentioned and displayed at the research station field day on July 17,
2013.

Baldwin, B., W. Anderson, J. Blumenthal, E.C. Brummer, K. Gravois, A. Hale, and L.T. Wilson. 2013. Energycane
(Saccharum spp) sugarcane goes North. 245th National Meeting of American Chemical Society, Carbohydrates Division.
Biofuels, bioproducts, and biomas from sugar feedstocks. New Orleans, LA. 8 Apr .

Baldwin, B.S., W. Anderson, C. Brummer, J.R. Parish, K. Gravois, L.T. Wilson, J. Blumenthal, A. Hale. 2013. Southeast
regional evaluation on energycane (Saccharum spp) genotypes as a potential bioenergy crop. SEC Conf. Atlanta GA. 10-
12 Feb. http://mwww.youtube.com/watch?v=nlkf8NZSzwc

Baldwin, Brian. 2011. The southeastern U.S.: Biomass powerhouse. Soil and Water Conserv. Soc. Ann. Conf. Washington,
D.C. 17 July.

Baldwin, Brian S., J. Brett Rushing, Edward Richard, Thomas Tew, Anna Hale, 2010. Energycane: Sugarcane gone
North. Seventh Annual Bioenergy Feedstock Symposium. Champaign, IL. 11-12 Jan

Baldwin, B., D.K. Lee, V. Owens, W. Rooney, and T. Voigt. 2009. U.S. Dept. of Energy Regional Biomass Feedstocks
Partnership. Bioenergy Symposium, AAIC. Termas de Chillan, Chillan Chile. 15-19 Nov.

Rushing, J.R., B.S. Baldwin, E.P. Richard, T.L. Tew. 2009. Evaluation of cellulosic energy feedstocks for production in
northcentral Mississippi USA. Fiber and Cellulosics Division AAIC. . Termas de Chillan, Chillan Chile. 15-19 Nov.

Baldwin, B. et al. 2010. The Species Lead presented 2009 growth and yield results at the Sun Grant/DOE Regional
Feedstock Partnership Report and Planning Meeting held February 23 - 24, 2010 in San Antonio, Texas.



Publications and Presentations (CRP)

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.

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.
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