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History of cheatgrass invasion in the Great Basin 
The importance of seeding degraded rangelands after 
wildfires to suppress cheatgrass and restore ecosystems
Factors impairing rangeland seeding success
Use of seed enhancement technologies for overcoming 
barriers limiting seeding efforts 
Future research



The Great Basin 





History of the West 





Seed was potentially introduced as a 
contaminate in grain seed, straw packing 
material, soil used in the ballasts of ships





The Cheatgrass-Wildfire Cycle



Do we have a Formidable Opponent to 
Cheatgrass? 





Chad Boyd, Miller Homestead fire 



5-20% success rate in seeding native vegetation in the western US (Sheley et al. 2011)



Allow for the physical manipulation and 
application of materials to the seed for 
improving seed germination, emergence, and 
early seedling growth



SEED ENHANCEMENT 
TECHNOLOGIES

Working Hypothesis 
Restoration success can be improved by applying seed 
enhancement technologies that are designed to 
address specific barriers limiting seeding success
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Between fall and spring, significant seed loss and seedling mortality 
can occur



Rodents can have a strong top-down 
effect on seeding success 
Can consume as high as 80% of the 
seeds
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Pepper Coating = Bhut Jolokia/ ghost pepper (Capsicum chinense)

Species: PSSP, HEAN, LUSE, PUTR  

Location: 5 sites near Missoula MT

--------IN PRESS--------



Objective
Develop seed coatings to 
decrease rodent granivory
Deterrents (e.g. Ghost 

Pepper powder)
 Scent masking (e.g. 

deodorizers, essential oils)

Justin Taylor 



Freezing

Energy loss

Winter 
drought
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Pathogens

James et al. 2011
50-80% germination by December
<10% emergence (March)

Boyd and Lemos 2013
high mortality in freezing soils

Roundy and Madsen 2016
>60 freeze–thaw cycles Oct. - March

Gornish et al. 2015
Pathogen attack 



Bluebunch wheatgrass

Definition: Mechanism for preventing seed 
germination within a season that is unfavorable for 
establishing a new plant
For water-permeable seed, dormancy is caused 
from elevated levels of abscisic acid (ABA)
Dormancy levels decrease as a function of time 
(dry after-ripening)
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Untreated seed

ABA coated seed



Identified 9 pathogens present on bluebunch 
wheatgrass seeds

Lookout Pass, UT
(Seeded fall 2016) 



Species 
Bluebunch wheatgrass 

Fungicide Coating
Fungicides were chosen to address pathogens identified by 
Gornish et al. (2015), to be present on bluebunch
wheatgrass seeds and treat soil borne fungal diseases  

─ Coating formulation: Difenoconazole, Azoxystrobin, 

Azoxystrobin, Azoxystrobin

Lookout Pass, UT
(Seeded fall 2016) 

Study Site



Collecting germination 
bags

Determining 
germination

Determining seed 
viability (TZ)
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competition
from weeds
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Treatment P < 0.001
Date P = 0.001

Davies et al. 2017

300%

≈ 300% greater 
with HPP 



granivory
freezing

Energy loss

pathogens
competition
from weeds

drought
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Surfactant Seed Coatings
• Madsen, Petersen, and Taylor. 2010. Patent  Application # 

WO/2010/111309 submitted
• 2017: European accepted (#02410833/EP-B1)
• 2017: Technology commercialized by Aquatrols and Barenbrug
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