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PHYTOSTABILISATION
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 State 3 - Biogeochemically functional
medium (technical soil): a functional
state exhibiting primary soil structure
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SUCCESSION
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SOIL FOOD WEB

Non-mycorrhizal (rare exceptions)

« Decomposers
e Symbiotic Fungi
* Predators

Ectomycorrhizal Soil Food Web Structure

Through Succession
grawth forests Increase Productivity

« Soll Formation and Nutrient Cycling T

Conifer, old
Misd -grasses,

Endomycorrhizal /
Late successional

e Plant-Microbe Interactions
e Soll Structure Formation
» Organic Matter Decomposition m\ el - |

 Bioremediation
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SFW/SUCCESSION INTEGRATION
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BIOFERTILIZERS

 Microbial Inoculants to enhance soll fertility
 Fix Atmospheric N
e Solubilize P
 Produce Growth Producing Hormones
e Biostimulants e.g. humic acids
e Mycorrhizal fungi

BIOFERTILIZERS ‘ SWCA



- Rhizobacteries
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Nitrogenase Nitrogen fixation

Low molecular weight
organic acds,
phosphatases

Phosphate
solubilization

Direct mechanisms

Siderophores Iron sequestration

Auxins, cytokins, Phytohomones production
gibberellins, ethylene and modulation

Antibiofics, Iytic
enzymes, siderophores, Biocontrol Indirect mechanisms
induced resistance
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— WALDORF MINE
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CASE STUDY — WALDORF MINE

Parameter

pH

Organic Matter

Organic Carbon

Nitrate

Phosphate

Potassium

Calcium

Magnesium

Zinc

Manganese

Copper

Iron

Boron

Sulfate

Units

DTAl1-2

DTA3

Amendment

Lime

Biochar

Wood Straw/Straw

Richlawn 3-6-3

Total Nitrogen

Water Insoluble Organic Nitrogen

Water Soluble Organic Nitrogen

Available Phosphate

Soluble Potash

Calcium

Humates

Endo Mycorrhizae

Glomus mosseae

Glomus entunicatum

Glomus intradices

Glomus aggregatum

Rate
40ton/acre

5 tone/acre

Crimped to Cover

1.3 ton/acre
3.0%
2.9%
0.1%
6.0%
3.0%
11.0%
15.0%

7,500 Propagules
7,500 Propagules
7,500 Propagules
7,500 Propagules
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CASE STUDY — WALDORF MINE

pH Organic Matter

DTA-1/DTA-2 DTA-3 Veg DTA-3 Bare Forest Soil

DTA-1/DTA-2 DTA-3 Veg DTA-3 Bare Forest Soil

mPre mPost B Pre ®mPost
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CASE STUDY — WALDORF MINE

Calcium

®DTA-1/DTA-2 0-6

Extractable Cations

Magnesium Potassium Sodium

mDTA-3Veg0-3 ®mDTA-3Veg3-6 DTA-3 Bare 0-6

Extractable Metals
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B DTA-1/DTA-20-6 ®mDTA-3Veg0-3 m®mDTA-3Veg3-6 DTA-3 Bare 0-6

cemistrY | SWCA



CASE STUDY — WALDORF MINE

DTA-3 DTA-1/DTA-2 Forest Soil
wW010-3 WO013-6 W02 0-6

Beneficial Microorganisms

Biomass Units

Bacterial Biomass

Actinobacterial Biomass

Fungal Biomass

Fungal:Bacteria
Total Beneficial Protozoa 34,646 207,876 586,944 2,425,220 762,212
Flagellates 34,646 207,876 586,944 2,425,220 762,212

Amoebae 0 0 0 0 0
Bacterial-feeding

Nematodes

Fungal-feeding Nematodes

Predatory Nematodes

Detrimental Microorganisms

Oomycetes Biomass

Ciliates

Root-feeding Nematodes

soiLmicrosiaLBiomass | SWCA



CASE STUDY — WALDORF MINE

Species

Units
W01 0-3

Total Bacteria

gene units/g 1E+09

Total Fungi

gene units/g 1E+08

Fungi:Bacteria

Ratio 0.06

Arbuscular:Ectomycorrhizal Ji&]i(s)

Ectomycorrhizal Only

Fungal Phyllum

® Maortierellomycota

W Basidiomycota

B Ascomycota

Wil 36 wWo20-6 WHMO6 W0306

DTA-3
W01 3-6
1E+09
1E+07
0.03

DTA-1/DTA-2 Forest Soil

W02 0-6 W04 0-6 W03 0-6
1E+09 1E+10 1E+09
1E+08 1E+09 1E+08

0.05 0.11 0.09

Ectomycorrhizal Only Ectomycorrhizal Only Ectomycorrhizal Only Ectomycorrhizal Only

Bacteria Phyllum

100%

m Acidobactena
Bacteroidota

m Firmicutes

li‘l:.:}%

w0103 w01 3-6 w02 0-6 W04 0-6 W03 0-6
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CASE STUDY — WALDORF MINE

Soll Quality

Soil Quality
Value

Biodiversity

Functionality

Resistance

DTA-1/DTA-
2
W010-3 WO013-6 WO020-6 W04 0-6

DTA-3

Medium Medium Low Medium

Very
Low Very Low  Very Low
Low

Medium High Medium Medium
Medium Low Very Low Very High

Forest
Soil
W03 0-6

Low

Very Low

Very Low
High

Soil Health

DTA-3 DTA-1/DTA-2 | Forest Soil

W010-3 WO013-6 WO020-6 W04 0-6 W03 0-6

Soil Health Index Medium Medium Medium Medium Medium
Hormone Production High High Very High High Very Low
Stress Adaption Medium High Very High High Very Low

SOIL QUALITY AND HEALTH ‘ SWCA



CASE STUDY — WALDORF MINE

C Nutritional Status

N Nutritional Status

P Nutritional Status

K Nutritional Status

Fe Assimilation

Zn Transport Assimilation

Mn Transport Equilibration

S Cycle Equilibrium

Ca Transport

Cu Export

Mg Transport

Cl Transport

W010-3 WO013-6

Medium Medium

High
Medium
High
Low
High
High
Medium
High
Low
Low

Low

DTA-3

Very Low

High
High
High
Low
Medium
High
Low

High

High

Low

W02 0-6

Medium

Very Low
High
High

Very High
Low

Very Low
High
Low

Very High
High

Low

DTA-1/DTA-2

W04 0-6
High
Low
High
High

Medium

Very Low

Medium

Very Low

Very Low
Low

Medium

Medium

Forest Soil
W03 0-6
Very High
Very Low
Very High
Very High
Very Low
Very Low
Very Low
Low
Very Low
Very Low

Medium

Medium
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BIOECONOMY
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IPCC MITIGATION OPTIONS AND CORRESPONDING
BIOECONOMY INNOVATIONS

Macrosectors

Primary Production

Circularity and by-product
use

Bio-based industries

IPCC Mitigation Options

Shift to balanced, sustainable
healthy diets

Carbon sequestration in
agriculture

Reduce methane and nitrous
oxide emissions

Ecosystem restoration,
afforestation, reforestation

Enhance recycling

Reduce food loss and waste

Enhance use of wood
products

Feedstock decarbonization,
process change

Fuel Switching (Bioenergy)

Bioeconomy Innovation

New food sources,
biofortification

Microbiome innovations

Biofertilizers and Biomineral
fertilizers

Carbon and climate focused
strategies

Circular use of bioresources

Closed nutrient loops
generating added value from
waste and surplus materials.

Enhance use of wood
products

Natural organisms and
enzymes in food production
and processing

Sustainable hioenergy from
waste

nnovations | SWCA



INTEGRATION WITH SDGS

SUSTAINABLE DEVELOPMENT GOALS ‘ SWCA



Waste Resources +

Additional Inputs

Complementary Agro-
Industrial Businesses
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CHALLENGES AND LIMITATIONS

e Limited knowledge and research in reclamation settings
e Long-term Monitoring

 Regulatory Considerations

 Public Perceptions

CHALLENGES AND LIMITATIONS ‘ SWCA



FUTURE DIRECTION AND OPPORTUNITIES

« Building knowledge base

 Best practices

e Targeted species for reclamation

« Designing microbial based soil amendments
 (Genetic engineering

e Bioleaching

 Bioremediation

 Phytoremediation

OPPORTUNITIES ‘ SWCA



Andrew Harley
andrew.harley@swca.com
720.840.4703
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