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Mining in Canada

e Canada is a global leader mining

e contribution of $35.6B to GDP in 2011

 represents 22.5% of Canadian exports

 major employer in Canada: 320,000 jobs in 2011,
more than 6,000 in R&D

 continued exploration spending of up to 18% in 2012

 legacy of contaminated sites, many orphan sites




Plant-Microbe Tripartite Associations
plant — fungi - bacteria

» chemical signaling (beneficial and harmful)
« exchange of nutrients (e.g. nitrogen, phosphorus)
e water capturing capability
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ant growth promoting activity
ant stress reduction
ant disease suppression or enhancement

* iIncreased plant growth ranges
* increased plant biomass




Objectives

 Evaluation of field performance of greenhouse
iInoculated plants on an oil sands site

« Evaluate performance of inoculated alders
for reclamation and revegetation of waste rock
on a mining site

e Use ‘omics’ technologies to explore the tripartite
association between plants, fungi and bacteria on
mining and hydrocarbon contaminated sites




Evaluation of field performance
of greenhouse inoculated plants
on an oil sands site
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Alders on MD5 Site in September 2009
Planted in June 2009 (1 growing season)




MD5 Site in September 2010
Planted in June 2009 (2 growing seasons)




MDS5 Site in September 2011
Planted in June 2009 (3 growing seasons)
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S000r ] Alder Growth at
Suncor MD5 Site
(4 Growth Seasons)
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- For the last two growing
seasons, SVI for inoculated
alders 3-4 times that for
uninoculated alders
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Seedling Volume index (cma)
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Inoculated alders.
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Reclamation of waste
rock at a former gold
mine site




Century Mines, Val D’Or, Quebec
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Waste Rock Site




Val D’Or, Quebec




Preparation of experimental plots on the waste rock site




Survival Rate (%)
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Growth of Alders (after 2 growth seasons)
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Microbial Viable Counts (MPN/g)

Most Probable Number (MPN)/g
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Mineralization of **C-Acetate in the Rhizosphere

A. rugosa - NPK
A. rugosa - BRF
A. rugosa - Fins
A. rugosa - Rien
A. crispa - NPK
A. crispa - BRF
A. crispa - Fins
A. crispa - Rien
bulk soil (halde

control
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Initial (t=0) phylum-level bacterial diversity

* July 2011 Sampling * September 2011 Sampling
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Rhizosphere phylum-level bacterial diversity

June 2013: Two growing seasons in the field
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Alders In the field after
Two growing seasons




Explore the tripartite association
between willows, fungi and
bacteria on a hydrocarbon
contaminated site
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S Phytoremediation

. Large biomass using willows

* Deep rooting
o Grow from sticks

« Microbial interaw o
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Expression of Hydrocarbon Degradation Genes During
Phytoremediation of a Petroleum Contaminated Site

rampgerlisaia pathwsy of smmatic compound degradation
Fhany acabd-Cos catabnlic paimay eore)

Ganazare dagradaton

Phenol mdnedase

Cantral reda-cleavage palhvsy of @omalic compound degradalion
aphilalens and snlracene degsadaion

Toluene &rnaracrmenase [T

Barecate degradaiion

Chloroberzoate degradaion

Berzeale ranspon and eagrsdston clussr

Aromatic amin Catabolizm

tehalerocyelic arprmalic caompound degradatian

n-Phanyalkannic acid degracation

Halicylata estar degradation

carbszol degradsdon cluster
d-Fydrypharglacedc atid calabolic pathus
Cresol degradalion

Calechol branch of neta-kaloadipale patkmsy
Bereoale catabalism

Anaenobic Ioluana sl sihybereene degradalion
Protocaiachusbe aranch of bets-ketosdipaie pathvesy
Biphertyl Dagradsion

Toluene degracalion

Balicate and gerisate cateioism
Chlornaramane dagradsaon pathesy
Phanyprapanaid cormanund dagradabion
Anaenobic benzose metabalizm

Aeetaphenone carbandase 1

p-cymene degradaton

p-Hydroyhenzoate degracation

Hydrmsyarom st dacsrboyiases family

Cuinate dagradatan

IC.NP
NC.P
C.NP

CP



Summary

 Fleld trials on an oil sands site showed that
Frankia-inoculated alders grew better than
uninoculated plants (biomass, root development),
and had a positive impact on indigenous soll
microorganisms (population density, diversity, activity)

 Inoculated alders were able to establish and grow on
waste rock at a mining site, having a positive effect on
the microbial community structure and function in the
rhizosphere

 Application of genomics technologies demonstrated
the positive interactions between plants and microbes
on mining and hydrocarbon contaminated sites
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