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Two pathways to a perennial grain

PR23 Rice—wide hybridization                                        Kernza®-- domestication 



Perennial wheat Perennial sorghum

Perennial rice‐‐

Wide hybridization

annual    x perennial
relative

Thinopyrum spp. X Triticum spp. Sorghum bicolor X Sorghum halepense

Oryza sativa X Oryza longistaminata



Annual rice Perennial relative of rice Perennial rice hybrid
Oryza sativa Oryza longistaminataX

Perennial Rice—Yunnan University
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PR23  Mengzhe Yunnan Province

Hu, unpublished data
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60 cm Perennial sorghum
rhizome



de novo Domestication

Kernza
Thinopyrum intermedium

Silphium
Silphium integrifolium Lupinus polyphyllus Medicago spp. 

LegumesOilseeds Wheatgrass



Helianthus annuus
Wild Domestic

H. maximiliani



Helianthus annuus
Wild Domestic

Silphium integrifolium H. maximiliani
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Intermediate Wheatgrass
Or “Kernza®”  breeding nursery

DOMESTICATION



Sprunger 2018

Total Root Biomass of annual wheat and perennial Kernza



Intermediate wheatgrass Annual Wheat

2.5 m

J. Glover/J. Richardson



y = 0.67x + 6.5
R² = 0.69
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wheat Kernza

Improvements in
Kernza seed and
Yield characteristics 
over five breeding
cycles



DuBois & Crews unpublished
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UNITED STATES

University of Colorado | Boulder, Colorado 
University of Georgia | Athens, Georgia 
University of Kansas | Lawrence, Kansas 
University of M innesota  | St . Paul, M innesot a 
University of Vermont  | Burlington, Vermont  
University of W isconsin | M adison, W isconsin 
Utah State University | Logan, Utah 
Washington State University | Pullman, W ashington 
Texas A&M  | College Stat ion, Texas 
Ohio Stat e University | Columbus, Ohio 
Oklahoma Stat e University | Stillwater, Oklahoma
Perennial Agricultural Project Field Station | Lawrence, Kansas 
Red River Valley Center – USDA-ARS | Fargo, North Dakota 
St. Louis University and M issouri Bontanical Garden & Danforth Center 
            St. Louis, M issouri
North Carolina Stat e University | Kannapolis, Nor th Carolina
Cornell University | Ithaca, New York 
Kansas State University | Manhat tan, Kansas 
M ichigan State University | East  Lansing, M ichigan
University of California, Davis | Davis, California
Colorado State University | Fort  Collins, Colorado
Chicago Botanic Garden, Northwestern & Loyola University | Chicago, Illinois 
University of M ichigan | Ann Arbor, M ichigan
Pennsylvania State University | State College, Pennsylvania 
USDA-ARS Stored Product Insect and Engineering Research  
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M assachusetts Institut e of Technology  | Cambridge, M assachuset ts
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Lethbridge Research and Development Centre | Lethbridge, Alber ta | Canada
University of M anit oba | W innipeg, Manit oba | Canada
Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias 
     Santa Catarina, Ciudad de México | Mexico 

Council for Research and Experimentation in Agricultur e | Rome | Italy
M ax Planck Institut e for Plant Breeding Research | Köln | Germany
Lund University | Lund | Sweden
Perennial Grains Research Program  | Lyon | France
Swedish University of Agricultural Science | Alnarp | Sweden
Swedish University of Agricultural Science | Uppsala | Sweden
University of Copenhagen | Copenhagen | Denmark
CIM M YT Turkey W heat Program | Ankara | Turkey
Namik Kemal University | Nerjez | Turkey
Liege University, TERRA research and t eaching center | Gembloux | Belgium 
University of Bonn | Bonn | Germany

New South W ales Department of Primary Industries  
 Orange, New South W ales | Aust ralia

Agricultural Research Council | Pretoria | South Africa
Jimma University | Jimma | Ethiopia
M akerere University | Kampala | Uganda
ICRISAT | Bamako | Mali
ICRISAT | Nairobi | Kenya
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Yunnan University | Kumming, Yunnan | China
Northwest A&F University |Xianyang, Shaanxi | China
Guizhou Normal University | Guiyang, Guizhou | China
ICRISAT | New Delhi | India
M akaneyyat Project | Ramallah | Palest ine
Tel Aviv University | Tel Aviv | Israel 
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M useo Paleontologico Edigio Ferugulio | Trelow, Patagonia | Argent ina
Universidad de la Republia | Montevideo | Uruguay
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TOTAL GLOBAL PARTNERS: 53

CANADA, M EXICO, AND CENTRAL AM ERICA
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