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Annual species are known to hinder the establishment of bitterbrush seedlings (Hall et al. 1999).  

Invasion by annual species, in particular cheatgrass (Bromus tectorum L. ) also increases fire frequency 
by increasing fine fuels and fuel continuity (Balch et al. 2013; Davies and Nafus 2013).  Since 1976 fire 
has drastically changed the vegetation quality at Bitterbrush State Wildlife Area (SWA), which serves as 
important mule deer Winter Range, Severe Winter Range, and Critical Winter Range for the D-7 Data 
Analysis Unit.  Eleven fires have burned a total of 5,468 acres within the property boundary (67% of its 
area) and 37,089 acres of similar habitat on adjacent property.  Recovery of bitterbrush and other shrubs 
species has been extremely slow.  Areas subjected to several burns over multiple years have little to no 
shrub recruitment occurring, and invasive annual species remain abundant in burned areas.   

 
Recently, the herbicide indaziflam (trade name EsplAnade® 200 SC, Bayer Corp., hereafter 

Esplanade) has been shown to provide long-term control of annual grasses, and, to a lesser extent, annual 
forbs (Sebastian et al. 2017; Sebastian et al. 2016).  The herbicide is a cellulose biosynthesis inhibitor and 
provides a different mode of action than other commonly used herbicides for annual grass control.  
Recent trials on near Boulder, Colorado have resulted in both reduced annual grass cover and increased 
leader growth on bitterbrush, mountain mahogany (Cercocarpus montanus), and fringed sagebrush 
(Artemisia frigida, Derek Sebastian, pers. comm.).  However, effects on seedlings may differ from those 
on mature plants.  Esplanade inhibits root elongation, and may have detrimental effects on seedlings.  
Detrimental effects of the herbicide may be more than offset by reduced annual competition, but the net 
effect on bitterbrush seedlings is unknown. 

 
We sought to understand how Esplanade effects mature bitterbrush and other desirable shrubs, to 

quantify its annual grass control performance, and to determine its effect on bitterbrush establishment 
from seed.  We chose three study areas which had burned in the last 35 years, had experienced low to 
moderate recovery, and had received no prior habitat treatments (aside from seeding).  Using prior 
monitoring data, we identified areas which have potential to show a response in bitterbrush density and/ 
or leader growth, given a reduction in annual grass competition.  We used these criteria:  

• At least trace bitterbrush present, OR seeded with bitterbrush within the last 5 years 
• Perennial forb cover is less than 40% [perennial forbs hinder bitterbrush production 

(Cunningham 1971) and seedling survival (Mummey et al. 2018)] 
• Dense bitterbrush stands were present at the site prior to fire 

 
Nine plots approximately 25 m X 75 m and 0.1 ha (0.5 acre) in size were established at each site. 

We followed the manufacturer’s recommendation to combine Esplanade with glyphosate for a spring 



application (esp + gly), and compared esp + gly plots with glyphosate only (gly) and control plots.  
Treatments were assigned randomly (n = 3 per site).  Colton Murray completed application on 22 April 
2019.  Esp + gly plots received 73.1 g ai/ha indaziflam (5 oz/ac of Esplanade 200SC which contains 1.7 
lbs/gal of active ingredient), 350  g ai/ha glyphosate (8.9 oz/ac of Roundup Power Max which contains 
4.5 lb/gal active ingredient), 188 li/ha (20 gal/ac) of water, and 0.125% v/v non-ionic surfactant 
(Activator 90, Loveland Products).  Gly plots received 350  g ai/ha glyphosate, 188 li/ha of water, and 
0.125% v/v non-ionic surfactant.  Control plots received 188 li/ha of clean water only.   

 
At the time of application, the soils were dry at the surface but wet deeper down.  Dry soil at the 

surface was ideal to prevent downward movement of Esplanade, which could result in injury to desirable 
species.  Cheatgrass was active and at an appropriate developmental stage to be killed by glyphosate.  
Perennial grasses were just beginning to become active, and slight injury from glyphosate was expected. 

 
One-strand smooth wire solar charged electric fence was installed by Colton Murray on 22 April 

2019 around each site.  These will be activated for about six weeks in late spring each year to prevent 
cattle grazing, as Esplanade is not yet approved for grazed lands. 

 
We took data on percent cover in the second week of June, 2019, using 55m transects centered in 

the middle of each plot.  We took hits to species every 25 cm for a total of 220 hits per plot.  Data will be 
analyzed for a future report.  It was obvious, however, that both the esp + gly and the gly only plots 
achieved some control of cheatgrass.  Slight injury to desirable species was also evident in both the esp + 
gly and the gly only plots (Figure 1). 

 

We took data on shrub density, leader growth, and productivity in all plots the week of August 
14.  In addition to the important forage species listed in the study plan [whitestem rabbitbrush 
(Ericamerian nauseosa ssp. hololueca), big sagebrush (Artemisia tridentata), silver sagebrush (Artemisia 
cana), and bitterbrush], we also took data on fringed sage (Artemisia frigida).  Some species were very 

 
Figure 1.  Plots at the Maybell Sands 1 site on 11 June 2019, two months after herbicide application. 
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sparse, therefore we varied the width of the belt transect from 1m to 21m in order to capture sufficient 
numbers of each species. 

 

To test the impact of herbicides on natural bitterbrush recruitment from seed, we planted bitterbrush 
seed in mimicked rodent caches, as nearly all bitterbrush seedlings grow from such caches (Vanderwall 
1994).  We planted the week of 9 October 2019, using seed which had been collected in July 2018 from 
Bitterbrush SWA. We planted within six 1m X 1m subplots per plot.  Subplot locations were chosen by 
subjectively selecting at least 10 potential 1m2 areas which had no perennial vegetation and as little 

annual vegetation as possible (Hall et al. 1999).  We 
then selected 6 of these which covered the spatial 
extent of the plot (excluding a 2 m edge buffer), and 
randomly assigned 3 to receive a grazing cage.  For 
each subplot, we overlaid a grid so that we could 
create 9 evenly spaced seed caches and planted 10 
hard, well-formed seeds 4cm deep at each grid 
intersection (Figure 2; Hall et al. 1999; Hammon and 
Noller 2004).  We then either marked the corners of 
the 1m2 subplot (for controls) or placed and staked a 
grazing cage over the subplot (Figure 3).  Grazing 
cages will allow us to determine if large herbivore 
browsing was a factor in seedling recruitment, as 
bitterbrush seedlings need about two years of 
protection from herbivory to become established 
(Dyer and Noller 2014; Paschke et al. 2003).   

 
In 2020 we plan to monitor the seedling subplots in May, July, and September.  We will count the 

number of seedlings and determine the number of live caches.  We will collect percent cover data on each 
plot in late May or early June, and measure shrub density, leader growth, and production on important 
forage species in August.  Response variables for data analysis will include percent cover of perennial 
grasses, annual grasses, perennial forbs, and important forage shrubs, leader growth of important forage 
shrubs, and density of important forage shrubs.  We plan to make management recommendations 

 
Figure 2.  Grid of mimicked rodent caches within a subplot (a) and bitterbrush seed within one 
cache (b). 
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Figure 3.  Seedling subplot with grazing cage. 



concerning the potential impact of Esplanade herbicide on recovery of bitterbrush and other desirable 
vegetation.  
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