Flinders % Olmruwnms

258
KINGS PARK SCIENCE

Soil microbial community succession patterns
over a 30-40 year chronosequence of post-mining ecosystem restoration

Siegy Krauss (Kings Park Science)
Martin Breed, Craig Liddicoat, Shawn Peddle, Jake Robinson (Flinders U)
Luisa Ducki, Ryan Borrett (KPS, Murdoch U)
Andrew Bissett (CSIRO), Mark Tibbett (U Sheffield), Rachel Standish (Murdoch U),
Andrew Grigg (Alcoa), Paul Bullock (South32), Mark Dobrowolski (lluka), Sarah Broomfield (Tronox)

8/29/23

eDNA assessment of soil microbiota:

Diversity and spe_c_ies;omﬁosition across 30-40 year
rehabilitation chronosequence

Contrast to pre-disturbance reference systems
A novel measure of restoration success/completion criteria
* Kevayestions:

Q1. Impact of the mining and initial rehabilitation process on soil
microbial community?

Q2. Trajectory through time of the soil microbial post-
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rehabilitation?

Q3. Does the soil microbial community diversity /composition return to
reference state in 30 yrs

Qa. If not, can we predict time to recovery?

Q5. What are the compositignal differences in the soil micobial
community between rehabilitated and reference sites?
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Cl ling Alcoa Huntly 2016)
36 sites: 18 rehab sites (3 reps of each of 6 ages), each with an adjacent natural reference site (18 in total), each at 2 depths

Yearofrehab 1987 1991 1999 2002 2008 2014

Age (years) of rehab when sampled

Sample site locations showing
year/age of post-mining rehabilitation

2014 (2)
2008 (8)
2002 (14)
1999 (17)
1991 (25
1987 (29)

2014 (2 YO) rehab site

Sampling of soil and sequencing
Conducted as per BASE protocols:
Biomes of Australian Soil Environments microbial diversity database

Unique identifiers

ok High-throughput Sequencing
] —— e llumina MiSEQ
p—

— il Fungal ITS region (ITS1F-ITS4)
Bacterial 165 rRNA gene (27 F-519R)
S Archaeal 165 rRNA gene (A2F-519R)
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Airdried
| et Sequencing conducted at AGRF

Details of workflow summarised in Bissett et al (2016)

OTUs initially identified using:
UNITE (v7.0) for fungi,
Green Genes for bacteria and archaea
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From: Bissett et al (2016) Introducing BASE: the Biomes of Australian Soil Environments soil microbial diversity database.
Gigascience 5:21. doi:10.1186/513742-016-0126-5

Fungal ITS data summary - total number of sequence reads per sample
In total: 4,944,651 sequences and 12,004 OTUs identified

All analyses conducted on sub-sampled data standardised to 16,749 reads
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36 sites (18 rehab, 18 reference sites, each site sampled at 2 depths)
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Increasing soil fungal species diversity in rehabilitated sites with time: nMDS ordination of 36 soil fungal communities by rehab age and soil depth at Alcoa Huntly
Differences between fungal diversity at 0-10cm Vs 20-30cm decrease with time
Trajectory shows projected return toward natural pre-mining levels (REF) after 50-60 years 20 Sress:0.14
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Shade plot visually identifies the key taxa that differ in abundance with rehab age
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50

Square root transformed abundance

SIMPER analysis in PRIMER 7 (Clarke et al 2014)

Relative abundance

The soil fungal taxa that best typify newly rehabilitated sites

The soil fungal taxa that best typify reference sites

(accounting for >50% of the variation) but remain

are all Saprophytic Ascomycetes that quickly drop out

sites after 30 years
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are mostly mycorrhizal (or root endophytes)
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SIMPER analysis in PRIMER 7 (Clarke et al 2014)
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it nMDS ordination of soil bacterial eDNA communities at Alcoa Huntly
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Liddicoat et al 2022. J Env Management
1. Soil bacterial community data from eDNA bacterial 165 amplicons

2. Calculate Bray-Curtis ecological distance matrix - i.e., distances b/w all samples (see PCoA ordination)

3. Select goly those distances involving Reference sites

4. Express as Similarity = 100 x (1 - Distance)

5. Visualize Similarity to References ~ reveg age

6. Apply logarithmic models, predict time to reach median @ Refs
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“ ’ - @ 1. 40-60 years median predicted recovery time of bacterial communities.
Multiple alternative microbiota data i , . , oty ot ‘ .
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3. Approach offers a quantitative microbiota-based SMART* metric for

Sequence grouping approaches
Eliminating rare taxa
Addressing spatial autocorrelation

measuring rehabilitation completion criteria
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* Specific, Measurable, Achievable, Relevant, Time-bound
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Plant-Soil Feedbacks for the Restoration of Degraded Mine Lands
A Review Plant Economics Spectrum Plant-Soil Feedbacks
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