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Clear Lake National Wildlife Refuge administered by the U.S. Fish and Wildlife Service consists 
of approximately 33,500 acres.  Sagebrush uplands on the Refuge support pronghorn antelope 
and mule deer as well as many species of birds including greater sage grouse (Centrocercus 
urophasianus).   Sage grouse populations are allied closely with sagebrush (Artemisia spp.).  
Sage grouse also rely heavily on the availability of highly nutritious perennial forb species within 
sagebrush ecosystems.  On July 3, 2001 a lightning strike ignited a wildfire on the Clear Lake 
“U” which burned 3,800 acres on the refuge.  Following the fire, cheatgrass and medusahead 
quickly invaded the burn.  Little or no recovery of sagebrush and native vegetation occurred on 
burned sites over the last 11 years.  Cheatgrass and medusahead populations, however have 
increased in size and severity.   
 
In 2010, CLNWR managers and University of California researchers formed a collaborative 
project to research methods for habitat recovery on burned sites on the Clear Lake U.  The 
primary objective was re-establishment of healthy low and big sagebrush (Artemisia spp.) 
communities.  Reducing infestations of exotic annual grasses was seen as vital to minimize fire 
ignition hazard and prevent competition with native vegetation (perennial grasses, shrubs, and 
forbs).   Funding was secured for two years, and an experiment was established at the Refuge in 
fall 2010.  The experiment examined the influence of herbicides on native vegetation, with or 
without reseeding.   
  
The same experiment was established at three sites infested with medusahead with differing 
baseline plant communities.  Site 1 had a healthy low sagebrush over-story and sporadic 
perennial grasses and perennial forbs.  Sites 2 and 3 were burned by wildfire that destroyed most 
low sagebrush.  Site 2 had a healthy perennial grass stand and sporadic forbs.  Site 3 was a near 
monoculture of medusahead with sporadic perennial grasses and forbs.  
 
Three herbicide treatments were evaluated: fall-applied imazapic at 1.5 fl oz ai/A, fall-applied 
rimsulfuron at 1 oz ai/A, and spring-applied glyphosate at 3.75 oz ae/A.  Herbicide rates and 
application timings were designed to maximize annual grass control while minimizing non-target 
plant injury.  Plots were reseeded in March one year after herbicide treatment using a native seed 
mix containing sagebrush, squirreltail, Idaho fescue, and Great Basin wildrye.  Percent cover of 
all plant species was evaluated in early spring and mid-summer for three years following 
herbicide application.  Seeded species density and cover were measured the year of seeding and 
year after seeding.  
 
Herbicides had a similar effect on annual grasses at all sites.  Imazapic and rimsulfuron reduced 
medusahead and cheatgrass cover by more than 95% the year of treatment compared to the 
untreated control.  Unfortunately annual grass cover in both herbicide treatments rebounded one 
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and two years after treatment.  Glyphosate reduced annual grass cover by 60 to 70% the year of 
application, but annual grass cover quickly rebounded one year after treatment.  
 
Glyphosate caused unacceptable injury to several native annual and perennial forbs.  
Rimsulfuron and imazapic were safe on perennial forbs, but they caused unacceptable injury to 
multiple annual forbs. As a result, forb cover in herbicide treated plots was lower or similar to 
the untreated control the year of application.  Both annual and perennial forbs prospered one year 
after herbicide application in imazapic and rimsulfuron treatments.  Total forb cover was 75% to 
250% higher in these herbicide treatments compared to the untreated control.  The increase in 
forb cover was temporary and total forb cover declined back to near pre-treatment levels two 
years after treatment.  
 
Glyphosate caused unacceptable injury to most perennial grasses.  Rimsulfuron was safe on 
perennial grasses except perennial bluegrass species.  Imazapic was safe on all established 
perennial grasses.  Perennial grass seeding establishment ranged from 0 to 1.2 grass seedlings per 
1 m2.  At the two sites that lacked sagebrush, seeded grass establishment was highest in the 
rimsulfuron and imazapic treatments. Seeded sagebrush establishment was highest in the 
rimsulfuron and imazapic treatments at all sites.  Imazapic was the only herbicide treatment with 
higher perennial grass cover compared to the untreated control two years after treatment.  
 
Most herbicide effects on vegetation were limited to the year of application and year following 
application except for permanent reductions in perennial grass cover.  Final year results point to 
annual grass cover returning to pre-treatment levels for all herbicides at all sites.  Glyphosate did 
not match land-use objectives due to unacceptable injury to native forbs and grasses.  Imazapic 
and rimsulfuron appear to have the best fit with land use objectives related to increasing forb and 
sagebrush cover.  Both herbicides temporarily increased forb cover for species important to 
several wildlife species including sage grouse.  Both herbicides also temporarily increased 
established sagebrush cover and sagebrush seeding success.  
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