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Overview Bioenergy Grass Research

Bioenergy Crop Research
cultivar/species evaluation trials
seed treatment/quality
germplasm collection and screening

Summary/future work



Premier Premier BioenergyBioenergy Grass CropsGrass Crops

Sugar cane Sugar cane –– Brazil ~ 5 billion gallonsBrazil ~ 5 billion gallons
Corn Corn ––US ~ 6 billion gallonsUS ~ 6 billion gallons

food vs fuel

sustainability



Ethanol RefineriesEthanol Refineries



BioenergyBioenergy Crop ResearchCrop Research
U.S. Department of Energy U.S. Department of Energy BioenergyBioenergy Feedstock Feedstock 
and Development Program and Development Program 
–– Oak Ridge National Laboratory Oak Ridge National Laboratory –– mid 1970mid 1970’’ss

Woody crops Woody crops –– willow, poplar, sycamorewillow, poplar, sycamore
Herbaceous crops Herbaceous crops -- 1992 1992 -- switchgrassswitchgrass

native to US

drought tolerant

low nutrient requirements

high biomass production

extensive root system

adaptable diverse regions



BioenergyBioenergy Grass ResearchGrass Research

Switchgrass Switchgrass ((PanicumPanicum vergatumvergatum L. ) L. ) –– warm warm 
season Cseason C44 perennial perennial –– 1515--20 years20 years
–– open pollinated genetically diverse open pollinated genetically diverse 
–– two ecotypes two ecotypes 

lowland lowland –– tetraploidtetraploid –– warm moistwarm moist
upland upland –– octoploidoctoploid –– cool drycool dry



Regional ResearchRegional Research

–– heritabilityheritability
yieldyield
qualityquality
morphologymorphology

–– molecular toolsmolecular tools
markersmarkers
mapping populationsmapping populations

–– breeding/cultivar improvementbreeding/cultivar improvement
restricted recurrent phenotypic selectionrestricted recurrent phenotypic selection
genotypic recurrent selection genotypic recurrent selection 
transformation  transformation  

NorthNorth--centralcentral
SouthSouth--central central 
MidwestMidwest
SoutheastSoutheast



Northeast Land Availability and Northeast Land Availability and 
Potential Potential BiofuelBiofuel ProductionProduction

StateState Maximum Ethanol Maximum Ethanol 
Production (gallons)Production (gallons)

ConnecticutConnecticut 60,000,00060,000,000

DelawareDelaware 52,000,00052,000,000

MaineMaine 240,000,000240,000,000

MarylandMaryland 185,000,000185,000,000

MassachusettsMassachusetts 99,000,00099,000,000

New HampshireNew Hampshire 42,000,00042,000,000

New JerseyNew Jersey 135,000,000135,000,000

New YorkNew York 1,100,000,0001,100,000,000

PennsylvaniaPennsylvania 650,000,000650,000,000

Rhode IslandRhode Island 17,000,00017,000,000

VermontVermont 107,000,000107,000,000

TotalTotal 2.7 billion2.7 billion

(http://bioenergy.ornl.gov/papers/misc/cropenv.html)

Donovan and Rybeck, 1994



(http://bioenergy.ornl.gov/papers/misc/cropenv.html)
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Assess yield and quality in diverse regionsAssess yield and quality in diverse regions
–– BTUBTU’’ss, cellulose, hemicellulose, lignin, cellulose, hemicellulose, lignin

Determine best management practicesDetermine best management practices
–– one cut, two cutsone cut, two cuts…….. herbicide, fertilizer.. herbicide, fertilizer

Collect data on disease incidence and severityCollect data on disease incidence and severity
–– survey, identify pathogenssurvey, identify pathogens

Collect economic dataCollect economic data
–– seed cost, establishment, maintenance, harvest, storage seed cost, establishment, maintenance, harvest, storage 

Calculate production costsCalculate production costs

Cultivar Evaluation Field TrialsCultivar Evaluation Field Trials



Warm season grassesWarm season grasses

–– switchgrassswitchgrass PanicumPanicum virgatumvirgatum L.L.
–– indiangrassindiangrass SorghastrumSorghastrum nutansnutans L. L. 
–– coastal coastal panicgrasspanicgrass PanicumPanicum amarulumamarulum A.S.A.S. Hitch & Chase Hitch & Chase 
–– big bluestem big bluestem AndropogonAndropogon gerardiigerardii VitmanVitman
–– eastern eastern gamagrassgamagrass TripsacumTripsacum dactyloidesdactyloides L.L.

Cool season grassesCool season grasses

–– reed reed canarygrass PhalarisPhalaris arundinaceaarundinacea L. L. 
– tall wheatgrass ThinopyrumThinopyrum ponticumponticum //ElytrigiaElytrigia ponticapontica
– brome grass BromusBromus inersisinersis L.L.
– tall fescue Festuca arundinacea L.

Cultivar Evaluation Field TrialsCultivar Evaluation Field Trials



EntryEntry CultivarCultivar Common nameCommon name
11 BonanzaBonanza big bluestembig bluestem
22 GoldmineGoldmine big bluestembig bluestem
33 NiagaraNiagara big bluestembig bluestem
44 AtlanticAtlantic coastal panic grasscoastal panic grass
55 PetePete E.gamagrassE.gamagrass
66 BlackwellBlackwell switchgrassswitchgrass
77 CarthageCarthage switchgrassswitchgrass
88 CaveCave--inin--rockrock switchgrassswitchgrass
99 CaveCave--inin--rockrock switchgrassswitchgrass

1010 ForestburgForestburg switchgrassswitchgrass
1111 KanlowKanlow switchgrassswitchgrass
1212 PathfinderPathfinder switchgrassswitchgrass
1313 ShawneeShawnee switchgrassswitchgrass
1414 ShelterShelter switchgrassswitchgrass
1515 SunburstSunburst switchgrassswitchgrass
1616 TrailblazerTrailblazer switchgrassswitchgrass
1717 Nebraska 54Nebraska 54 indiangrassindiangrass
1818 Nebraska 28Nebraska 28 switchgrassswitchgrass
1919 RumseyRumsey indiangrassindiangrass
2020 PawneePawnee big bluestembig bluestem

2121 MixturesMixtures--11
CaveCave--inin--rock rock switchgrassswitchgrass

Bonanza big bluestemBonanza big bluestem

2222 MixturesMixtures--22
Sunburst Sunburst switchgrassswitchgrass
Niagara big bluestemNiagara big bluestem

2323 MixturesMixtures--33
CaveCave--inin--rock rock switchgrassswitchgrass

Pete Pete E.gamagrassE.gamagrass

2424 MixturesMixtures--44
Niagara big bluestemNiagara big bluestem

Pete Pete E.gamagrassE.gamagrass

▲2007 Replicated plot trials
Tompkins County

Chemung County Big Flats NRCS 
Plant Materials Center

Jefferson County
Genesee County

▲

▲

▲
▲

2008 
Madison county

▲



Small plot cultivar evaluation trial Sumer 2007



Small plot cultivar evaluation trial Sumer 2007



Small plot cultivar evaluation trial Fall 2007



Small Plot Trials 1Small Plot Trials 1stst Year EstablishmentYear Establishment

% Stand New York County Trial Locations% Stand New York County Trial Locations

CultivarCultivar ChemungChemung GeneseeGenesee JeffersonJefferson TompkinsTompkins

BlackwellBlackwell

CaveCave--inin--rockrock

ForestburgForestburg

CarthageCarthage

ShelterShelter

Total Total 4747 3434 6464 4747

9191 8787 8080 8888

7777 6868 8383 8181

7474 6464 7070 7575

7474 mixture 1 (64)mixture 1 (64) Shawnee (75)Shawnee (75) mixture 1 (73)mixture 1 (73)

7171 6363 8383 7272

mixture 1 – Cave-in-rock (switchgrass) and Bonanza (big bluestem) 



■ 2007 Warm season 
grass strip trial locations

Dutchess
Genesee

St. Lawrence
Tompkins

2007 Field Trials

CultivarCultivar Common nameCommon name
BonanzaBonanza big bluestembig bluestem
NiagaraNiagara big bluestembig bluestem
AtlanticAtlantic coastal panic grasscoastal panic grass

PetePete E.gamagrassE.gamagrass
CarthageCarthage switchgrassswitchgrass

CaveCave--inin--rockrock switchgrassswitchgrass
SunburstSunburst switchgrassswitchgrass

TrailblazerTrailblazer switchgrassswitchgrass
Nebraska 54Nebraska 54 indiangrassindiangrass

MixturesMixtures--11
CaveCave--inin--rock rock switchgrassswitchgrass--

Bonanza big bluestemBonanza big bluestem

MixturesMixtures--22

Sunburst Sunburst 
switchgrassswitchgrass --Niagara big Niagara big 

bluestembluestem

MixturesMixtures--33
CaveCave--inin--rock rock switchgrassswitchgrass --

Pete Pete E.gamagrassE.gamagrass

MixturesMixtures--44
Niagara big bluestemNiagara big bluestem--Pete Pete 

E.gamagrassE.gamagrass

■

■■

■

■

■ 2008 Strip trial
potential locations

Tompkins
Schoharie County

Washington County
Steuben

■
■

■

28 acres - Sun Center 
Laboratories, Cornell 
University



Tompkins County Mt Pleasant Strip Trial Summer 2007

Cave-in-rock – switchgrass 12lbs/A

Bonanza – big bluestem 12 lbs/A



Tompkins County Mt Pleasant Strip Trial Fall 2007

Sunburst – switchgrass 12 lbs/A

Cave-in-rock – switchgrass 12 lbs/A



Tompkins County Strip Trial Fall 2007

Sunburst – switchgrass 12 lbs/A

Bonanza – big bluestem 12 lbs/A

Cave-in-rock – switchgrass 12lbs/A



Dutchess County Strip Trial Summer 2007

Cave-in-rock – switchgrass 12lbs/A

Carthage – switchgrass 12lbs/A

Atlantic coastal panic grass –15lbs/A



Cave-in-rock – switchgrass 12lbs/A

Genesee County Strip Trial Summer 2007



♦ 2007 Cool season grass trials
Tompkins County

Chemung County Big Flats 
NRCS Plant Materials Center

♦
♦

# Entries# Entries CultivarCultivar Common NameCommon Name

11 AlkarAlkar wheatgrasswheatgrass

22 JoseJose wheatgrasswheatgrass

33 LargoLargo wheatgrasswheatgrass

44 AlkarAlkar wheatgrasswheatgrass

55 EnhanceEnhance tall fescuetall fescue

66 BullBull tall fescuetall fescue

77 BellevueBellevue reed reed canarygrasscanarygrass

88 ChieftonChiefton reed reed canarygrasscanarygrass

99 PeakPeak bromegrassbromegrass

1010 York York bromegrassbromegrass
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Switchgrass Seed Treatment Trial

•Only Captan and Thiram are 
currently labeled

•New chemistry seed treatment 
fungicides

•Raxil (Tebuconazole )
•Dividend 
(Difenoconazole)

•Biological seed treatments
•T-22(Trichoderma 
harzianum)
•Bacillus spp.  (TrigoCor
1448)

Dr. Alan Taylor, Dept Horticulture Cornell University, Geneva, NY 

Dr. Gary Bergstrom, Dept Plant Pathology, Cornell University, Ithaca, NY



● 2007 Seed treatment trials

Tompkins County
Chemung County Big Flats 

NRCS Plant Materials Center

2007 Field Trials

●

●

TrmtsTrmts SwitchgrassSwitchgrass Seed TreatmentSeed Treatment

11 SunburstSunburst No No TrtTrt

22 SunburstSunburst Dividend ExtremeDividend Extreme

33 SunburstSunburst RaxilRaxil XTXT

44 SunburstSunburst ThiramThiram 42S42S

55 SunburstSunburst TT--2222

66 SunburstSunburst TrigoTrigo CorCor 14481448

77 ShawneeShawnee No No TrtTrt

88 ShawneeShawnee Dividend ExtremeDividend Extreme

99 ShawneeShawnee RaxilRaxil XTXT

1010 ShawneeShawnee ThiramThiram 42S42S

1111 ShawneeShawnee TT--2222

1212 ShawneeShawnee TrigoCorTrigoCor 14481448
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Germplasm populations from Southern sources
evaluate for winter hardiness 

selections 2008

Miscanthus

Paul Salon USDA/NRCS, Jamie 
Neally - Dept Plant Breeding & 
Genetics Cornell University



Initial ObservationsInitial Observations



Smut fungi

G.C. Bergstrom G.C. Bergstrom



Leaf spot fungi

Anthracnose on switchgrass
G.C. Bergstrom G.C. Bergstrom



Rust fungi

Bromegrass rust
G.C. Bergstrom

Eastern gammagrass rust
G.C. Bergstrom





Overall ObjectiveOverall Objective

How much land is available in the Northeast for How much land is available in the Northeast for 
bioenergybioenergy crop production? crop production? 
–– plant, harvest, transport, convert to plant, harvest, transport, convert to biofuelbiofuel productsproducts

Biomass production? Biomass production? 

Potential for improvement?Potential for improvement?
–– plant breeding, managementplant breeding, management

Cost?Cost?

Determine what is achievable.Determine what is achievable.
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