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Introduction 

On October 19, 2010 one of three experimental sites at Chisholm Alberta was burned to test the 
effectiveness of the selected native Alberta less-flammable species (Baxter 2010) in a wildfire 
situation. Plateau Rocky Mountain fescue, yarrow and white clover had been planted in a natural 
environment in 2008 at three sites in and around the hamlet of Chisholm, Alberta. Test burns were 
planned for spring and fall conditions to reflect the primary grass fire hazard. This paper will report on 
the fall burning season. Spring fire season testing is planned for 2011. Depending on the success of the 
selected species (sufficient establishment and response to fire), these mixtures could be seeded in and 
around values at risk, along linear corridors, or for community protection purposes; such as 
FireSmart™ projects.  

The species had been tested at Vegreville, AB for three years prior to this burn test.
1
 Of the seven 

species, three were chosen for testing in a natural setting. Chisholm, AB was selected as it has 
experienced severe fire events, and has linear corridors with in-grown grasses surrounding the town. 
Chisholm is typical of towns within Alberta’s forests and environmental conditions. Once the 
surrounding vegetation around one of the sites was cured, it was ready for the burn experiment 
performed in the fall of 2010. 

 

Objectives 

The objectives of the study were to: 

� Establish plots of Plateau Rocky Mountain fescue, yarrow and white clover and monitor 
establishment as the species compete against existing vegetation.  

� Subject the species to a simulated wildfire, document the results, and compare them to a fire in 
the natural vegetation. 

 

Methods 

Plot Set-up 

Three sites were selected around Chisholm, covering a range in terrain (Figures 1 - 3), with one located 
in a lowland mesic area, a second on a very gentle slope and the third on a drier upland site with sandy 
soils. The lowland and sloped sites had 3 replications of treatments 1 through three, described below, 
plus a control plot, while the upland site had all four treatments plus a control. 

                                                 

1 Alberta Innovates Technololgy Futures (AITF) (formerly known as the Alberta Research Council (ARC)), set up and planted the Chisholm sites, and 
monitored the growth. 
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� Treatment 1: 100% Plateau Rocky Mountain fescue 

� Treatment 2: 70% Plateau Rocky Mountain fescue; 30% yarrow. 

� Treatment 3: 70% Plateau Rocky Mountain fescue; 30 % white clover.  

� Treatment 4: 60% Plateau Rocky Mountain fescue, 20% yarrow, 20% white clover. Treatment 
4 was seeded at the Upland site only.  

� The control plot consisted of existing vegetation primarily smooth brome grass and Timothy. 

 

 

Figure 1. The lowland damp site. 

 

 

Figure 2. The upland dry site showing hand-seeding. 
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Prior to seeding, the sites were sprayed with Roundup® to kill the natural vegetation. The dried plant 
material was then burned, and the sites were cultivated. Seeding was originally done at 11 k/ha using a 
drill seeder at Sites 1 and 2, and hand seeding at site 3, due to the soft sand. The sites were visited 
periodically over two years to observe growth. When necessary, weeds were mowed by a rotary mower 
at a height of 30 cm and re-sprayed with Roundup. Site 2 and 3 were reseeded during 2009 because 
establishment was poor.  The species on Site 1 established well.  

Following establishment, an inventory of species on site was completed by Alberta Innovates staff.
2
 

Species consisted of: 

• Achillea millefolium (yarrow) 

• Agrostis stolonifera (creeping bent grass) 

• Bromus inermis (Smooth brome grass) 

• Calamagrostis canadensis (marsh reed grass) 

• Carex sp. (sedges) 

• Epilobium angustifolium (Fireweed) 

• Equisetum arvense (horsetail) 

• Vicia americana (American vetch) 

• Salix sp. (willow) 

• Petasites sagittatus (Arrow leaved coltsfoot) 

• Rubus idaeus (rasberry) 

• Alopecurus (water foxtail) 

• Caltha palustris (marsh marigold) 

 

 

Figure 3. The sloped site showing abundant vetch. 

                                                 

2 Jay Woosaree Ph. D. and Marshall McKenzie Research Technician.  
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The inventory showed that species present before treatment were not completely eradicated by 
herbicide application and contributed to the biomass on site.  In the treated plots our species comprised 
over 50% of the vegetation.  
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Figure 4. Plot layout for the lowland plot. 

 
The first area burned was the north end of the plot. The small arrow indicates the direction of fire travel 
for the entire  length of the plot. 

The agronomix was used a “wick” species between the treatments and is comprised of 40% boreal 
creeping red fescue, 20% buffalo brand timothy, 20% AC Parkland Crested wheat and 20% alsike 
clover – preinoculated.  

N 
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To prepare and maintain the sites the costs were: $5,171 in 2008 to prepare the three sites; 
approximately $10,000 in 2009 for seeding and maintenance on the trial; and $10,000 in 2010 for 
selective herbicide application on the trial and re-seeding of site #3 (dry upland site). Generally seeds 
cost $300/ha and herbicides about $100/ha. Costs vary depending on travel time and access.  

The lowland damp site established fairly well even though seeding rate may have been low at 10 lbs/ac 
(or 12 kg/ha). An increased seeding rate would have provided better cover, especially for the Rocky 
Mountain fescue, which has a low growing nature. It is not aggressive vegetation, and many native and 
non-native plants have invaded the seeded plots. Approximately $12,000 was spent on the lower site 
over the two year period. This includes clearing, spraying, seeding and burning. The area was roughly 
180 x 30 m in size (or 0.5 ha).  

 

Burn conditions 

On October 19th 2010, Alberta Sustainable Resource Development (SRD) met on site with 
FPInnovations, AITF, and a contract fire crew. Fire guards were burned on the down-wind side of the 
lowland site and then the plots were ignited.  The day was chosen because the warm damp fall had 
allowed the vegetation to remain green, and existing vegetation was not adequately cured until that 
time. Four in-fire video cameras were used to document fire behaviour. 

Fuel load and moisture content of the samples were collected for each treatment as well as the control 
plot. Samples were destructively collected by removing all vegetation in 30 x 30 cm areas. Eight 
samples were collected from the site. 

Weather conditions3 were as follows: 

� Temperature: 12 oC 

� Relative Humidity: 38% 

� Windspeed: 10 gusting to 20 km/h 

� Wind direction: west northwest 

Burning on the lowland treatments began at 12:20 pm with all ignitions using hand torches. The first 
fire was ignited along the first row of treatments, shown by arrow 1 in Figure 4. The second ignition an 
hour later burned the middle and bottom rows of vegetation (arrow 2). The control plot was burned 
while the second fire was still smoldering.  

All burns were conducted under similar weather conditions. The second burn and control fire were 
burned with similar temperatures and wind speed. 

                                                 

3 The weather data was collected using a Kestrel downloadable weather station set up adjacent to the burn sites. 
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Results 

Fuel load 

Fuel load samples showed a clear difference between the control plot and the treatment areas. Mean 
loads in the treatment plots were 3.7 t/ha while the control plot had twice that at 7.5 t/ha. This heavier 
loading would have a large influence on fire behaviour. Fuel moisture was also collected from our 
samples. The control plots had moisture contents of 18% whereas the treated plots had moisture 
contents that averaged 44%. This again would influence fire behaviour. Fuel height in the treated plots 
averaged 1.0 m in height compared to 1.25 m in the control plot. 

The burn within the treatments 

The first fire was ignited to take advantage of the westerly wind and was intended to burn through the 
first row of treatments—in order two, one and three. In Treatment two’s fescue/yarrow mix, the tops of 
the yarrow and the upper portions of the fescue were cured. The wind was gusty and carried the fire 
through the yarrow, but once it reached Treatment one (Plateau Rocky Mountain fescue only), it 
immediately dropped to the ground and moved very slowly before it self extinguished. The fire did not 
reach Treatment one (Figure 5 and 7).  

The amount of green material at the base of the vegetation and the higher moisture contents combined 
to bring the fire to a stop. Initially the gusty wind drove the fire and it took off through the dry tops of 
the grass and yarrow. When the wind slowed, the fire dropped and encountered the green grass, 
slowing considerably before stopping. This was very evident in the video taken from our in-fire 
camera.  

Flame lengths in the yarrow treatment were initially 1.25 to 1.5 m in length (for roughly 4 m) until the 
fire moved to the ground with 0.20 m flame heights. This was the only selected treatment to burn with 
any intensity during the day, coincident to an increase in wind speed that acted to push the fire through 
the yarrow. 
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Figure 5. The fire burned through the yarrow in the top part of the 

 photograph but then dropped to the ground and self extinguished. 

The fire behaviour in the fescue and clover can be described as a “creeping” surface fire, producing a 
lot of smoke (Figure 6) due to higher moisture contents and green vegetation. 

 

Figure 6. The greener vegetation and higher moisture contents in the treated plots 

 produced considerably more smoke than in the control plot. 
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Figure 7. The fire dropped in the fescue and did not reach  

Treatment 3 (white clover and fescue). 

The burn within the control plot 

The control plot was located across the road from the treated plot (roughly 20 m away). The vegetation 
was fully cured, and composed primarily of reed grasses and 1.25-m-tall smooth brome grass. The 
burned area was 20 x 30 m in size. The fire was ignited while the second burn was smouldering to 
ensure the same weather conditions.  

Fire behaviour in the control plot was High (Figure 9) based on the Canadian Fire Behaviour fire 
intensity class. Flame lengths were 1.5 to 2.5 m and the fire travelled through the entire plot in about 40 
seconds (Figure 8). No vegetation was left on site. The smoke was black, reflecting the more complete 
combustion and lower moisture contents compared to the treatment areas. 
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Figure 8. The control plot burned very quickly with  

flame lengths of 1.5 to 2.0+ m. 

 

 

Figure 9. All vegetation was burned in the control plot. 
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Discussion 

Fire behaviour 

The photographs in this report show a spectacular difference in the fire behaviour between the treated 
and control plots. The treated plots had a higher proportion of green material near the ground surface 
that played an important role in retarding fire spread and intensity.  

Using a basic field equation to estimate fire intensity (kW/m), I = 300 x L2, we can calculate the fire 
behaviour in the control and treated plots. With flame length of 0.75 m for the treated plots and 2.25 m 
for the control plot the fire intensities would be: 

� Control plot: 1500 kW/m or Fire Intensity Class 3. 

� Treated plots: 168 kW/m or Fire Intensity Class 2. 

In practice, the two intensities require different fire control procedures and equipment.  At Class 2, the 
treated plots could be controlled using hand tools whereas at Class 3, the control plot would require 
heavy equipment and would challenge the effectiveness of hand constructed fireguards. 

The Grassland Firebreak Breaching Program (see http://fire.feric.ca) shows that a minimum 5.4 m 
firebreak would be required to stop a fire in the control plot (at 90 FFMC, 100% curing and standing 
grass). In the treated plots, a minimum firebreak of 3.0 m is required (80% cured). Clearly, the amount 
of work required to control a fire and the resulting overall costs are quite different under the two 
situations. The difference in equipment and firefighting costs would be offset by the expense of seeding 
and maintaining a site around a value at risk. 

Species 

When the species were selected in the original study at Vegreville, the main criteria were: 

� Lighter fuel loads and low growing. Our plots had half the loading of the natural vegetation 
which has a direct effect on fire behaviour. Standard fuel loads in grass fuels are 3.5 t/ha (as 
used in the Fire Behaviour Prediction model), similar to the results for our treatments. Fuel 
loads of 7.0 t/ha, as measured for the natural vegetation, are heavy and result in the very 
aggressive fires often found in central Alberta. Doubling the fuel load doubles the fire 
intensity. Fuel heights in the natural vegetation were 0.25 m higher than in the treated plots. 

� Green early and stay green well into the fall. The green base in the treated plots contrasted 
with the control plot which had 100% curing. 

� Maintain a higher moisture content. Fuel moisture percent in the treated plots was twice that of 
the control plot. 

The data and results show that these criteria were met by the selected species and performed well in the 
lowland plot. 
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Individual Species  

Plateau Rocky Mountain Fescue 

Plateau Rocky Mountain fescue was chosen because it is a low growing, early greening species that can 
be used as a colonizer. It established well on the lowland site, growing to a mean height of 15 cm. At 
the time of the burn, it was roughly 50% cured. The green component at the base of the vegetation was 
critical in influencing the fire behaviour (see Figure 10 where the green portion of the grass can be seen 
in the burned area). It grew well with both yarrow and white clover. A higher seeding rate would have 
provided greater coverage. 

 

Figure 10. The green plateau fescue shows clearly following the burn. The condition of the 

vegetation slowed and eventually stopped the fire. The fire moved from right to left in the 

photograph. 

White clover 

The white clover was not as visible as the plateau fescue or the yarrow because it is very low growing 
(< 10 cm). However, it remained green and covered the ground. Because of its location on the site, it 
was only challenged once. The clover was located at the back of the plot at two locations and the fire 
did not reach it to test its effect on the fire. The clover was combined with the Plateau Rocky Mountain 
fescue in Treatment 3, the first treatment unit in the third row. Here, the combination of the two species 
created a slow moving creeping fire that extinguished itself. 

Yarrow 

We had two different results from the yarrow. In the first fire it burned completely, likely because a 
strong gust of wind occurred at the time of ignition, resulting in an increase in fire intensity. The plot 
burned completely and continued until it hit the next treatment site. The yarrow had cured tops but its 
fern-like leaves were still green at the base. In the second burn, the yarrow had the opposite response. 
The fire did not consume the tops and the green base acted with the fescue to create a slow moving 
surface fire (creeping). The fire did not reach the third yarrow/fescue treatment.  
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Agronomics 

The agronomics was used as a “wick” species between the treatments to carry the fire. The agronomics 
was mixed with other species occurred within the plots. Even in this mixture, green vegetation 
remained at the base of the grass (Figure 11) and slowed the fire. 

 

Figure 11. Even the agronomics had a green base. The agronomics is located directly below the 

camera. 

Conclusion 

The reduced fire behaviour observed in the treatment areas showed the species to be surprisingly 
resistant to fire spread. The fire never reached the last treatment along the east side (Figure 12). In all 
cases, the sown species established on site in sufficient quantity to successfully reduce fire behaviour.  

 



 

 Page 13  
 

 

Figure 12. A view of the entire plot containing the treatments.  

The fire did not reach the back half anywhere in the plot. 

 

Flame lengths and fire rates of spread (Figure 13) were considerably less than those measured in the 
control plot. This has a direct effect on the control required (width of fire break, and manual compared 
to mechanical techniques) and on the financial costs of fighting the fire.  

This trial tested the species during the fall fire season. The species need to be tested in a spring fire 
situation and potentially in larger scale installations. 
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Figure 13. A side by side comparison of fire behaviour between the treated sites (left) and the 

control plot (right). The fire behaviour in the treated plot was its maximum intensity in the 

photo. 
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