
+ +

- -

 Supervisors

o Miguel Montoro Girona (UQAT-SLU)

o Yves Bergeron (UQAT-UQAM)

o Patricia Raymond (MFFP)



+ +

11.5% of total land area.

1/3 forest area, C stock, timber

The largest intact forest

Contains the most freshwater

Source: thewildclassroom
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Black spruce (Picea mariana)

• Widespread in Canada

• Fire-adapted regeneration

• Excellent timber value 

• Even-aged stands
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Rhododendron groenlandicumKalmia augustifolia

Joanisse et al. 2009,2018
Ericoid mycorrhiza Ectomycorrhiza
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Baltzer et al. 2021 Mack et al. 2021

• Black spruce forest

• Other conifer forest

• Deciduous forest

• Regeneration failure

Climate

Change
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Clearcutting Silvicultural alternati

ves

Clearcutting: 

To maximize harvesting efficiency

Partial cutting: 

To narrow gaps between natural & managed forest 
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Elliott (Oregon, US) – The world’s largest forestry experiment (2021)

Effaråsen (Sweden) – Trade-offs between biodiversity conservation & forest production (2012)

MISA (Quebec, CA) – Novel partial harvest experiment (2003)

EVO (Finland) – Rehabilitating forest structure & species composition (2001)

EMEND (Alberta, CA) – Variable retention harvest experiment (1998)
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Evaluation of silvicultural alternatives in the context of Canadian boreal forest
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How do conifer regeneration & soil microbiome respond to silvicultural treatments?

\

1. Regeneration Dynamics

\ \

2. Soil Microbiome 3. Rhizosphere microbiome

 Seedling density & growth

 Regeneration driving factors

 Community structure

 Diversity (fungi, bacteria)

 Functional diversity

 Beneficial microorganisms
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Conifer regeneration following uniform shelterwood system in black spruce stands

\

1. Regeneration Dynamics

 Evaluate the impacts of 

silvicultural treatments and 

stand structures on seedling 

growth, density and 

regeneration driving factors.

• Uniform shelterwood system with spot scarification will favor the 

establishment of black spruce seedlings than shade-intolerant 

deciduous plants.

Uniform Shelterwood Systems
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• Natural even-aged black spruce stands

• Northern Saguenay & North Shore 

Regions

• Two bioclimatic regions: Balsam fir-white 

birch & black spruce-feather mosses

• Younger & Older stands from fire history



+ +

• Harvesting Intensity - CC (100%), ST (75%), SW (50%), UF (0%)

• 3 variants of shelterwood by Spatial pattern & Scarification

Harvesting (2003) 

Spot scarification (2004)
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• 3 sites x 2 stand characteristics x 6 silvicultural treatments = 36 experimental units

2316 trees/ha, 79 yr 1272 trees/ha, 156 yr

Montoro Girona et al. 2018
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Montoro Girona et al. 2018

• 3 sites x 2 stand structures x 6 silvicultural treatments = 36 experimental units

• x 42 microplots = 1,512 permanent plots
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Sampling plot

(4m2)

Seedling Density

• Age

• Class

• Height

• Diameter

• Disturbances

• Bryophyte cover

• Terminal shoot length

Dominant conifer seedling

• Count by species & height 

class
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Sampling plot

(4m2)

• Percentage transmittance of 

photosynthetically active radiation 

(PAR; 400-700 nm) 

• 1m above ground 

• Orthogonal measurement

LI-COR Pyranometer

Microstation (WatchDog)

• Soil moisture

• Soil & Air temperature

• Electric Conductivity



Preliminary Results

17
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Younger stands Older stands

Black spruce

Balsam fir

Clearcut     Seedtree Close-sel Distant-sel Mini-strip  Unmanaged

(100%)      (75%)        (50%)       (50%)          (50%)       (0%)

Harvesting intensity
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Shelterwood
Clearcut     Seedtree Close-sel Distant-sel Mini-strip  Unmanaged

(100%)      (75%)        (50%)       (50%)          (50%)       (0%)

Harvesting intensity

Shelterwood

Treatment effect, p < 0.001

Kalmia heath 

(clearcut)

Black spruce dominance 

(scarification - shelterwood)

Seedling Competition 

(harvesting trail - shelterwood)
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Kalmia angustifolia Rhododendron groenlandicum

• Black spruce seedling density was lower in the presence of Ericaceous 

shrubs. 

38% 43%

p < 0.001p < 0.001
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Black spruce

Clearcut Clearcut
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• Ptilium crista-castrensis

Positively correlated with height & 

diameter as well as 3 years bud growth 

(p<0.05)

• Polytrichum sp.

Positively correlated with 3 years bud 

growth

• Sphagnum sp.

Negatively correlated with 3 years bud 

growth
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12.2%
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Close-sel.

100% 75%
50% 0%
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30.9%

1
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%

Growth 2021
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Montoro Girona et al. 2018

• Uniform shelterwood system promote the 

natural regeneration of black spruce in boreal 

forests (seedling density)

• Black spruce & balsam fir had different growth 

responses to silvicultural treatments. 

• Some bryophyte species (e.g., Ptilium sp.) 

may contribute to conifer seedling growth 

positively or negatively.

• The additional soil variables is needed to 

explain the regeneration dynamics more 

clearly.
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• Resolve the lack of ecological knowledge between partial- and clear-cut systems

• Silvicultural options to meet various management goals 

• Understand black spruce regeneration dynamics in post-harvest stands

• Appropriate seedbed for black spruce forests



For More Information – MISA Virtual Visit

Partial harvest (Mini-strip)

Website: https://visitesvirtuelles.partenariat.qc.ca/monts-valin/fr/

MISA Virtual Visit

https://visitesvirtuelles.partenariat.qc.ca/monts-valin/fr/


Acknowledgement

 Supervisors

o Miguel Montoro Girona (UQAT-SLU)

o Yves Bergeron (UQAT-UQAM)

o Patricia Raymond (MFFP)

 Committee

o Annie Desrochers (UQAT-IRF)

o Hubert Morin (UQAC)

 Merci beaucoup
o Naharin Sultana Anni

o Victor Beaudet

o Hugo Morin Brassard 

o Adele Brisson

o Antoine Villeneuve

o Anoj Subedi

o Akib Hasan

o Olugbadieye Gideon Tobi

1st Prize for best poster in CEF 2021 (500$)





+ +

• Black spruce seedling density was higher in the presence of conifer & 

deciduous seedlings.

28%
122%
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bp < 0.001 p < 0.001

Abies balsamea Betula papyrifera


