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Introduction:
Prairies in Ohio and across North American are threatened by land use change and 

fragmentation. 82-99% of prairies in the United States have been destroyed or converted 

(Samson et al., 2004). Prairies are an important ecosystem to conservation because of the 

biodiversity they support and the ecosystem services they provide. There have been several 

programs and groups created to restore and regain prairies, but restoring prairies to their

historical level of diversity or species composition may come with new problems (Berger et 

al., 2020; Swab et al., 2020 ).Canadian goldenrod (Solidago canadensis) is a native prairie 

species in Ohio that can act invasive-like in its ability to create a monoculture in remnant 

prairies. This reduces the overall diversity of the prairie and can hinder restoration of prairies. 

Fire, the typical disturbance regime for prairies, benefits goldenrod and, as an early 

successional species, allows it to proliferate before other native species can establish. 

Establishing the necessary field requirements to ensure a sustained, consuming burn of 

goldenrod is essential for prairie managers to increase species diversity and resist goldenrod 

monocultures. One aspect of goldenrod that alters the fuel properties of a stand is the high 

fuel moisture contents it can have, and its ability to overtake a stand. We investigated the 

range of fuel moisture contents that naturally occur in Ohio goldenrod, and the flammability 

characteristics of goldenrod at specific fuel moisture contents. 

Methods:
• Field data was collected for the first portion of the experiment, and then a laboratory experiment was performed 

on samples taken from the field collection.

• In spring and fall of 2019 field data was collected from the Chadwick Arboretum North Research prairie. Twice 

weekly samples were collected from 5 sites across the prairie around noon. Fuel moisture content (FMC) of 

goldenrod was measured by weighing samples, drying for 48 hours at 60° C, and then reweighing. FMC was 

calculated as FMC=(Wet Mass- Dry Mass)/Dry Mass *100. The samples were divided by height, in 10 cm portions.

• Weather data from the days of field work was collected from the Waterman Farm weather station and was used 

to predict flammability. Wind speed, relative humidity, temperature and precipitation were applied to the 

Canadian Forest Fire Danger Rating System in R to predict the Fine Fuel Moisture Code rating on days of data 

collection. 

• In spring 2020, flammability experiments were undertaken in lab where specific fuel moisture contents were 

tested for their sustainability, ignitability and combustibility. Samples of specific fuel moisture contents were 

heated on an epiradiator and time to ignition, duration of flame and flame height measured. Half of the samples 

were also tested with the presence of a pilot flame. A picture of the setup is above, along with the measuring stick 

used. 

Results:
• Field data showed a clear distinction between spring and fall fuel moisture contents. The height of the sample 

and fuel moisture content had a strong influence of the fine fuel moisture code rating in the spring. 

• Figure 1 shows the gradient of fuel moisture content and code with height in the spring, and the lack of 

correlation on live fall plants. 

• Figure 2 shows the ignition probability model created to determine the probability a sample will ignite  based on 

its dry density. 

• Samples of larger mass (>0.25 g) had a higher probability of igniting that those with smaller masses. 

• Overall, fuel moisture content impacted the flammability of goldenrod. Figure 3 shows the 3 flammability metrics 

measured and a ratio calculated from ignition and sustainability measures. 

• Flame height decreased with greater fuel moisture contents and was greater when a pilot flame was present. 

Time to ignition of a sample increased with greater fuel moisture contents and was shorter when a pilot flame 

was present. Duration of flaming mostly decreased with fuel moisture content, but there was greater variability 

in the 15-25% range.

• Pilot flames increased the duration of flaming as well.

• The ratio of burn to smolder was intended to clearly show the relationship between decreased time to ignition 

and increased duration of flaming with lower fuel moisture contents. 

Discussion/conclusions:

Field data shows that goldenrod has the greatest fine fuel moisture code rating at low fuel moisture 

contents, at the top of the plant in spring. The higher a fine fuel moisture code, the greater the 

predicted flammability of a sample. The variation in fuel moisture content along the height of the 

sample is likely due to the tops being more exposed to wind and sun, while the bottoms are 

protected from changes by a microclimate, and precipitation accumulation. Dead plants do not need 

to retain constant moisture and dry out or cure over winter, while live fall plants require moisture for 

the plant to stay alive. 

The lab flammability experiments showed that greater flammability is found at the lowest fuel 

moisture contents and when a pilot flame is present. To ensure greatest consumption of goldenrod, 

fuel moisture contents should be at their lowest. Greater moisture takes more time to evaporate,

which allows for longer smoldering combustion. Longer smoldering burns up fuel and expletives 

before ignition, which in a prairie fire prevents spread and lowers the intensity of a fire, reducing 

consumption of golden rod. 

Field data predicts that lower fuel moisture contents have greater flammability, and lab flammability 

tests prove this theory. Prairie managers could apply the weather data from a site to the Canadian 

forest fire danger rating system and if that rating is in the 70s or 80s , goldenrod would have the 

greatest probability of early ignition and sustained burning. This greater flammability would 

increase spread, intensity of fire and overall consumption of goldenrod. By consuming more of the 

plant, seeds from goldenrod cannot easily be planted in warm, nutrient rich post-fire soils and 

establish before other species. 
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Pictured on the left is a prairie burn at The Wilds in October 2019, for PhD candidate Rachael Glover’s research. On 

the right is a picture of a sample of goldenrod being burned, with the pilot flame present, and the measuring stick 

behind it. This set up was consistent throughout the experiment. 

Figure 1: All dots are 

from the spring. 

Black dots represent 

the top 10 cm of a 

golden rod stem, 

blue dots represent 

the middle 10 cm 

and grey dots 

represent the bottom 

10 cm. The green 

triangles represent 

samples from the 

autumn Lines of the 

same color represent 

trends for that 

height. 

Figure 3: Flammability measurements comparing fuel moisture content to the measurements taken during flame 

tests. Blue boxplots are piloted samples and green boxplots are unpiloted. P and U on the x-axis represent piloted 

and unpiloted samples respectively. Graph A shows the average flame height Graph B shows the time required to 

reach ignition of flames. Graph C shows the duration of actual flaming burns. Graph D shows the ratio of the time a 

sample spent flaming to the time before it caught fire and was smoldering. 

Figure 2: Black dots are the 

dry masses of samples 

recorded in the flame 

experiments. 0 represents 

samples that did not ignite 

and 1 represents those that 

did, jittered. The red line is a 

linear model predicting 

ignition probability.
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