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The soil microbiome - where the science is needed



The Fescue Recovery Project was a collaboration between Livingstone Landowners Group (LLG), TC Energy, and 
researchers James Cahill and Viktoria Wagner at University of Alberta, and Jon Bennet, University of Saskatchewan. 
Work to draft a research prospectus for NSERC Alliance to fund  the project’s five year duration began in October 2021. 
That work, as well as this presentation and an Outreach List, were developed through a grant to LLG from Alberta 
Environment and Protected Areas’ Range Sustainability Program, and undertaken on LLG’s behalf by Cheryl 
Hendrickson of LandSaga as Research Integrator.

The overarching research question of the Fescue Recovery Project as framed by Principal Investigator Cahill was: Can 
we utilize naturally occurring soil microbes to enhance the recovery of  Mountain Rough Fescue and the associated 
grassland ecosystem? 

Fieldwork for the research was to have taken place on the Lundbreck Section of NGTL’s West Path Delivery 2023 
expansion subsequent to approval of its application to the Canada Energy Regulator (CER).

While NGTL’s application for its expansion was recommended for approval by the CER, final approval by the Governor 
in Council was extended by six months to accommodate a recommendation made by the Commissioners for a 
Regional Assessment under the Impact Assessment Act to address concerns about cumulative impacts voiced by 
Indigenous Intervenors.

Due to the delayed final approval, TC Energy put their unconditional support of the NSERC grant application in 
abeyance until the GIC final approval. Livingstone Landowners Group subsequently opted to discontinue their 
involvement from the Fescue Recovery Project given the protracted and uncertain outcome. For similar reasons,  the 
research team engaged other research opportunities in the interim. As of October 2022, the Fescue Recovery Project 
as it was originally envisioned, planned and supported, came to an end.

Even though the FRP was not realized, the draft research prospectus has expanded  fescue reclamation from grassland 
ecology and soil science, to include specialists in the microbiology of grassland soil ecology.

These preliminary research questions help point the way forward to increasing the tools in our reclamation toolbox.
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• Currently we have not been successful in restoring these 
grasslands after disturbance.

• Understanding the  fescue soil biome may be the key 
to better outcomes for foothills fescue restoration.

• Mountain rough fescue (Festuca campestris) is a native 
bunch grass and grassland type characteristic of the eastern 
slopes of the Rockies.

• The relationship between these grasslands and their soil 
microbiome  before and after disturbance is a knowledge 
gap in our restoration toolbox.
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Mountain Rough Fescue 
(Festuca campestris) is a 
common grass species in 
prairies and montane and 
subalpine grasslands, at 
elevations to about 2000 m.

Its range extends from 
southern British Columbia, 
Alberta, and southwestern 
Saskatchewan south through 
Washington, Oregon, Idaho, 
and Montana. (FNA).

(x = does not occur in ON, 
Natural Heritage Information 
Centre,  Ontario Species Lists, 
2022.)

(Flora of North America 2021)
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Grassland Natural Region 

• Dry Mixedgrass Natural Subregion 

• Mixedgrass Natural Subregion

• Northern Fescue Natural Subregion 

• Foothills Fescue Natural Subregion

Parkland Natural Region

• Foothills Parkland Natural Subregion

• Central Parkland Natural Subregion 

• Peace River Parkland Natural Subregion 

• Peace River Parkland Natural Subregion 

Rocky Mountain Natural Region

• Alpine Natural Subregion 

• Subalpine Natural Subregion 

• Montane Natural Subregion

Foothills Natural Region 

• Upper Foothills Natural Subregion

• Lower Foothills Natural Subregion 

In Alberta, mountain rough fescue is found in 4 
out of 6 Natural Regions.

Not found in:

• Boreal Forest Natural Region

• Canadian Shield Natural Region
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Mountain rough fescue 
is a characteristic 
species in Foothills 
Fescue, Montane, 
Upper Foothills and 
Foothills Parklands 
Natural Subregions

Calgary



In Alberta, Natural Subregions with MRF are 
between 700 and 2000 meters asl.

Source: Natural Regions and Subregions of Alberta, 2006
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How do the MRF grassland communities 
present in each of the NSRs?



Montane NSR

Montane

• Chinooks are frequent along the Front Ranges, with much lower snowfalls than in the Subalpine and 
Alpine Natural Subregions.

• Highly variable microclimates produced by differing aspects, slope positions and wind
exposures produce abrupt changes in vegetation over very short distances.

• Summers are cool, but winters are warmer than almost anywhere else in Alberta. 

Calgary
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Upper Foothills NSR

Upper
 Foothills

Short, wet summers and snowy, cold winters influence the 
Upper Foothills Natural Subregion. Closed canopy conifer 
stands of lodgepole pine, black spruce and white spruce on 
rolling to steeply sloping terrain are typical.

Calgary





Foothills Parkland NSR

Foothills Parkland

Rolling to hilly native grasslands on southerly slopes, aspen 
woodlands or willow shrublands in low-lying areas or on 
northerly slopes, and hay lands on undulating to rolling terrain.

Calgary





Foothills Fescue NSR

Foothills Fescue

Cooler summers and shorter 
growing seasons, but warmer 
winters and more precipitation
than other grassland Natural 
Subregions.

Black Chernozemic soils are 
typical on average sites; mountain 
rough fescue and bluebunch fescue 
are the dominant grasses on lightly 
grazed native range.

Fifty percent cultivated, with about 
80 percent native prairie in the 
south at higher elevations.

Nearly level cultivated plains in the north and cool, high-elevation 
grassy uplands along the mountain flanks to the south.

It is estimated that about 29-32% of the original 
grassland area of Foothills Fescue is still intact as of 
2022. (Raven et al. 2022). 

Calgary
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Comparison of Fescue Plant Community site types between NSRs

Natural Subregion

Range Plant 
Communities with 

Fescue

% of range 
plant 

communities Ecological Sites Edatope

Upper Foothills 7/78
9.0 (cc) rough fescue grassland submesic/rich

(ff) rough fescue fluvial submesic/rich

Foothills Parkland 5/42

11.9 (c) thick black rough fescue submesic/rich
(b) submesic/medium
(a) submesic/poor

Montane (Southern) 14/90

15.6 (cc) rough fescue grassland submesic/rich
(c5) submesic/medium
(g) submesic/very rich

Foothills Fescue 8/11

Edatopic grid not used 
for grasslands

72.7
Ecological Range sites 
defined by 
landscape/soil 
features/textural group
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Pavlick and Looman (1983)

Until 1983 the rough fescues were lumped together under Festuca scabrella
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Distribution of mountain, plains and northern 
rough fescue in Alberta, BC, SK and adjacent 
US states.

Adapted from Pavlick and Looman (1983)

Mountain rough fescue (Festuca campestris)

Plains rough fescue (Festuca hallii)

Northern rough fescue (Festuca altaica)
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Ecosystem Goods and Services

• Carbon storage
• Livestock forage
• Habitat for wildlife 
• Grasslands species diversity
• Erosion control
• Soil moisture conservation

Source:  Adams et al. (2003). Range Plant Communities and Range Health 
Assessment Guidelines for the Foothills Fescue Natural Subregion of Alberta.
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Carbon Storage

Alberta’s native fescue grasslands are estimated to 
contain up to 200 tonnes of carbon per hectare 
within the first meter of soil (Raven et al. 2022). 

Root biomass of closely related 
plains rough fescue (Festuca 
hallii) in southeastern Alberta 
(Source: Gayton, 2003)
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MRF is highly palatable and nutritious for livestock. 
“Cures on the stem”  and provides winter forage.
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Fescue grassland species diversity
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• Mountain rough fescue is an important source of forage for mule deer 
and bighorn sheep. 

• MRF makes up 69% of elk winter diet in the Ya Ha Tinda area of the 
Upper Foothills NSR  (Mortantini and Russell, 1983), although elk will 
avoid plants with large amounts of old litter (Jourdonnais and 
Bedunah, 1986).

• Sharp-tailed grouse often nest under clumps of rough fescue in 
northwestern Montana (Giesen and Connelly 1993).

WILDLIFE
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▪ Restoring MRF is a long-standing 
reclamation challenge (Naeth et 
al. 1997; Tannas 2014; Small et al. 
2017, Raven et al. 2022) 

▪ Currently the tools and 
knowledge to restore mountain 
rough fescue  grasslands after 
industrial resource development 
and other disturbances are 
insufficient. 

Photo: Allan Garbutt
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Once disturbed, these grasslands are 
subject to invasion by agronomic forage 
grasses such as Kentucky bluegrass and 
smooth brome that decrease overall 
diversity, biomass, and potential for 
carbon storage,[lowering the value of 
three of the  ecosystem goods and 
services] and make recovery to a native 
grassland unlikely (Lancaster et al., 2018).



Mountain 
Rough Fescue 

in Alberta

“We know that disturbance will cause 
changes in soil microbiomes ... where the 
science is needed is to understand what 
those changes are, and how they affect 
mountain rough fescue grassland 
communities.”

Dr. James Cahill, 
University of Alberta
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Existing research into the relationship 
between MRF  and the soil microbiome has:

• Been restricted to fungi ((Sherrit 2012; 
Desserud and Naeth 2012). 

• Occurred previous to contemporary molecular 
techniques of DNA sequencing (Molina et al. 
1978; Aiken and Fedak 1992), 

• Inconclusive results (Sherrit 2012; Desserud and 
Naeth 2012). 
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• The soil microbiome consists not only of 
fungi, but viruses, bacteria, archaea, 
protists, nematodes, micro-animals and 
micro-arthropods.

• They may function as parasites,  to 
increase nutrient cycling, help with 
nutrient capture,  protect against disease  
and a single species of microbe may have 
different impacts on different plant 
species.

Microbes in the soil are exceptionally diverse and 
involved in nearly all aspects of a plant’s life.
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• There can be billions of organisms in a 
handful of soil.

• A sample of soil is taken from the field, 
DNA is extracted and sequenced, and we 
identify taxa by their genetic 
fingerprints/barcodes, rather than the 
colour of their petals or shape of their 
beak.

Soil microbes are largely impossible to identify 
by eye and thus we use DNA sequencing.
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Overarching research question
Can we utilize naturally occurring soil microbes to 

enhance the recovery of Mountain Rough Fescue and 
the associated grassland ecosystem?
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Companion research questions
• Do inocula collected from diverse locations and timings 

(including stockpiled soil) enhance ecosystem recovery (e.g. 
MRF performance, native biodiversity, ecosystem goods and 
services)?

• Can growth-enhancing rhizosphere microbiomes continue to 
provide these benefits while they are propagated into larger 
volumes?

• Do different inocula contain distinct rhizosphere microbiomes 
and can we identify which taxa are most strongly associated 
with positive recovery outcomes?

• Is the effectiveness of inoculum modified by the use of locally 
relevant herbicides?
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Even though the FRP was not realized, the draft research prospectus has expanded  
fescue reclamation from grassland ecology and soil science, to include specialists in 
the microbiology of grassland soil ecology.
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All photos, interpretive graphics and derivative maps by LandSaga except as noted. NSR descriptions Natural Regions and 
Subregions of Alberta (2006).

Environment and Protected Areas
Range Sustainability Program
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