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Nature in Balance
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ÅNature is a self-powered, self-balancing, self-correcting system

ÅThe foundation of this durability is the intimate relationship 
between green plants and soil

ÅLife is incredibly durable

ÅRecovery and Adaptation are limited by only One Factor:  Time

Image of Wolf Lake (Temagami ON) by Rob Nelson | http://www.savewolflake.org/ | http://www.robnelson.ca/
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Å Soil Organic Matter (SOM): we will explore the 

Green Ring below, and reveal its importance.

Å Dynamic Microbial Communities, and a cascade 

of Micro and Macro-Fauna Foragers play a key 

role in soil (and plant) health. 

Å These are a vital part of SOM in healthy soils

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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The 5 Essential Elements 

in Balanced, Undisturbed Soil Ecologies

1. Photosynthetic Plants (a Green Plant Community)

2. Mycorrhizal Fungi (Symbiotic Root Partnerships)

3.  A Mix of Soil Biota (Bacteria, Protists, and Beneficial Foragers)

4. Plant and Other Organic Residues (Soil Respiration / Water 
Cycling / Increase CEC)

5. Soil Parent Material (the Mineral Nutrient Supply Reservoir)

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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1. Photosynthetic Plants (a Green Plant Community)

2. Mycorrhizal Fungi (Symbiotic Root Partnerships)

3.  A Mix of Soil Biota (Bacteria, Protozoa, Beneficial Foragers)

4. Plant and Other Organic Residues (for Nutrient Cycling)

5. Soil Parent Material (a Mineral Nutrient Supply Reservoir)

Essential to Soil Health: 1. Green Plants 

© Earth Alive Clean Technologies 2019 www.earthalivect.com



The Engine that Powers All Life on Earth 

(Including The Unseen Life In Soils)
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The Power of Green Plants

© Earth Alive Clean Technologies 2019 www.earthalivect.com



And in those tidepools, single-celled organisms 

begin competing for food - and dominance 
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Ancient Earth ïRock, Oceans, and Tidepools 

ÅA winner would 

emerge from 

the primordial 

soup

© Earth Alive Clean Technologies 2019 www.earthalivect.com



It all began - with a Bad Case of Indigestion

8

The Primordial Leap Forward

ÅCaptured and protected 

inside an ancient cell, the 

Clorophyta flourished 

(and so did itôs captor)

Å The hitchhiker gave the 

cell the ability to feed 

itself ïBingo!

ÅWorld domination was 

just around the corner

Image by: Gentil, J., Hempel, F., Moog, D. et al. Protoplasma (2017)
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The Chlorophyta Hitchhiker inside the ancient Cyanobacteria 

propels this microbe to planet-wide dominance.  
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Blue-Green Algae Changes our Earth

ÅBut ïits waste 

product 

(Oxygen) would 

ultimately drive 

it to near-

extinction

© Earth Alive Clean Technologies 2019 www.earthalivect.com



Photosynthesis Changed the World
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Planet Earth becomes Green

Å The captured 

Chlorophyta eventually 

became part of the DNA 

of its host cell

Å Today we call these 

amazing organelles 

inside of all green plant 

cells óChloroplastsô

Å Green Plants continue to 

supply the atmosphere 

with a very important 

waste product - Oxygen

Image by: Gentil, J., Hempel, F., Moog, D. et al. Protoplasma (2017)
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Photosynthetic Plants: 80%of Earthõs Biomass 
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Which Lifeform Dominates Earth?

Diagram courtesy of: The Smithsonian Institute

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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Exudates ðThe Fuel That Powers Life In Soils
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Å Chloroplasts produce 40% More Sugars than a plant needs to grow

Carbon 
Compounds 

Produced  
Through 

Photosynthesis

60% Used by the plant to 
grow and reproduce

40%
Traded to beneficial soil 
microbes in exchange 

for nutrients, water and 
other work

Used to Grow

Exuded to form 

Partnerships  

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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How Do Plants Spend Their Carbohydrate Surplus? 
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ÅWhy do plants exude their surplus of carbon photosynthates 

(sugars etc.) into the soil environment?

ÅWhat soil organism benefits most directly from the 

carbohydrate surplus?

ÅWhat do plants get back in return?

© Earth Alive Clean Technologies 2019 www.earthalivect.com



The Natural Trading Partnership
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Å1/3 of all Photosynthates are given to 

Mycorrhizal Fungi

(via various carbohydrate exudates) 

Energy 

(Carbohydrate Exudates)

Unlocked resources 
from the soil

Host 

Plant

Mycorrhizal 

Fungi

© Earth Alive Clean Technologies 2019 www.earthalivect.com



15

Essential to Soil Health: 2. Mycorrhizal Fungi

1. Photosynthetic Plants (a Green Plant Community)

2. Mycorrhizal Fungi (Symbiotic Root Partners)

3.  A Mix of Soil Biota (Bacteria, Protozoa, Beneficial Foragers)

4. Plant and Other Organic Residues (for Nutrient Cycling)

5. Soil Parent Material (a Mineral Nutrient Supply Reservoir)

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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How do you say that?

Mycorrhizae

ôMycorõ

[ my -kor ]

ôRhizaeõ

[ ri -zay]

Å In undisturbed nature, 95% of plants form a unique 

partnership with ancient fungi.  Mycorrhizae help plants 

find water and nutrients in soil (and more). 

© Earth Alive Clean Technologies 2019 www.earthalivect.com



Energy (Carbon) Acquisition by Fungi
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ÅFungi acquire carbon energy from either Livingor Dead hosts

Green 

Plants

Fungi

ÅEndophytes

ÅParasites

ÅSaprophytes

ÅMycorrhizae

© Earth Alive Clean Technologies 2019 www.earthalivect.com



Symbiosis = Success
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symbiosis (noun) òthe living together of two dissimilar organisms, as in 

mutualisméó

mutualism (noun) òa relationship between two species of organisms in which both 

benefit from the association.ó

Achievement Through Co-operation

© Earth Alive Clean Technologies 2019 www.earthalivect.com



Letõs Look Closeré
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Host Root 

Mycorrhizal 
Web

(Hyphae)

ÅOnly 1 to 3 % of soil volume is roots

ÅMycorrhizal hyphae can increase this density to 20%

Pinus sylvestris & Suillus [ECM] 

Image c/o S.E. Smith /  D.J. Read
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Looking Even Closeré
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A Root Hair Tip

Mycorrhizal 
hyphae

Now thatõs small!

ÅThe only absorptive surface that a root has is the root tip 

© Earth Alive Clean Technologies 2019 www.earthalivect.com



The Nutrient Depletion Zone is Expanded 

100 to 1000 Times Over by Mycorrhizae
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·Mycorrhizal mycelium increase the absorptive surface of 

roots by adding the Mycorrhizosphere to the Rhizosphere

Image c/o Paul Kuttner 2015 / www.culturalorganizing.org 

© Earth Alive Clean Technologies 2019 www.earthalivect.com

The narrow 
Depletion Zone 

of the root 
(without 

mycorrhizae)



The Rootõs Fungal Workforce 
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The Sharing of Assets (and Information)

through the Mycorrhizal Network 
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c/o Suzanne Simard et al (UBC)

© Earth Alive Clean Technologies 2019 www.earthalivect.com



A Plant Chooses Its Mycorrhizal Partners
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95% of landscape plants associate with 2 classes of mycorrhizae:

Endomycorrhizae Ectomycorrhizae

© Earth Alive Clean Technologies 2019 www.earthalivect.com



Endovs. Ectomycorrhizae
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Endomycorrhizae 

[AM] enter a root 

cell of the host 

plant and build a 

tree-like 

Arbuscule inside

cortical cells 

where nutrients, 

carbohydrates, 

and water are 

exchanged.

Ectomycorrhizae 

[ECM] build a dense 

fibrous latticework of 

Hyphae called a 

óHartig Netô between 

and on the outside

of the host plantôs root 

cells where assets 

are exchanged 

through the cell wall 

membrane 

An Arbuscule [AM]

ECM Spores

Image by: Victor O. Leshyk
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Landscape Plants choose between these Mycorrhizal Types
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} Herbaceous Perennials

} Ferns, Grasses,

} Woody Shrubs (Incl.Juniper, 
Cedar, Yew)

} Softwood Trees (Maple, 
Prunus, Malus, Pyrusé)

} Vegetables, Grains

} Conifers (Spruce, Pine,Fir, 
Hemlock, Larché)

} Hardwood Trees (Birch, 
Beech, Oak, Ostrya,  
Poplaré)

} Nut Trees (Hickory,Hazel...)

ENDO

ECTO

© Earth Alive Clean Technologies 2019 www.earthalivect.com



The Oldest Trees East of the Mississippi rely on 

mycorrhizae for both water and nutrients  
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ÅòThe Snakeó (Thuja occidentalis) Date of Birth:  795 AD
This ancient 

Eastern White 

Cedar is growing 

in a 5mm crack 

in the face of the 

Niagara 

Escarpment 

near Lionôs Head 

Ontario. 

As of 2019, 

The Snake 

is 1,225 

years old
Image by: Peter E. Kelly | from ñThe Last Standò P.E. Kelly & Douglas Larson | Natural Heritage Books 2007
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1. Photosynthetic Plants (a Green Plant Community)

2. Mycorrhizal Fungi (Symbiotic Root Partnerships)

3.  A Mix of Soil Biota (Bacteria, Protozoa, Beneficial Foragers)

4. Plant and Other Organic Residues (for Nutrient Cycling)

5. Soil Parent Material (a Mineral Nutrient Supply Reservoir)

Essential to Soil Health: 3. A Consumer Culture

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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Soil Microbes and Progressively Larger Foragers

ÅHealthy soil is teaming with a mixed community of countless 

billions of individual organisms ðboth single-celled and complex

The 9 Trophic 

Levels of Life 

in Healthy, 

Undisturbed 

Soils 

The bottom of the 
pyramid supports 

all soil life

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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Nothing in a Healthy Soil Environment 

is ever wasted ïEspecially Waste

The zillions of creatures foraging (and perishing) in in 

healthy soils produce copious amounts of Ammonia (NH3)

Bacteria convert this abundant Nitrogen 

resource into Nitrate (NO3)

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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Bacterial Colonies Exploit any source of Carbon

In the presence of scant water (just a Biofilm), within the right 

temperature range, bacterial colonies with rapidly multiply 

CFU = Colony Forming Unit

© Earth Alive Clean Technologies 2019 www.earthalivect.com



Mycorrhizae move Water and Organic Nutrients 

to the roots of the host plant 
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ÅMacro and Micro Nutrients are transported to the roots in 
exchange for carbohydrates provided by the plant host

A hyphal (carbon) tube in 

the nutrient pipeline

An N15 Isotope in Soil Organic Matter 

fluoresces red on the way to the root

Image from the publication: Nature

Nitrogen is directly 

captured from bacterial 

colonies digesting SOM 

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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Soil Microbes and Progressively Larger Foragers

Image courtesy of: Landscapes For Life

Itôs all about 

Who Eats What 

(or whom)

and the Nutrient 

Residues of all 

that Activity

© Earth Alive Clean Technologies 2019 www.earthalivect.com



The Soil Food Web & its Pipeline

39

Å Plant Roots exude surplus carbohydrates - Mycorrhizal networks are built

Å Nitrogen digested by foragers is then converted into Plant Available Nitrate by bacterial 
colonies.  Nitrate is also captured from Free Nitrogen Fixing bacteria ðall flow to the 
roots through mycorrhizal hyphae (the living nutrient delivery pipeline)

Aerobic Foraging 

Bacteria (abundant 

in healthy soils) Protozoa

(Exude Ammonia)

The Mycorrhizal 

Mycelial Network

PA Nitrate 

flows to the 

roots through 

the Mycelia 
Nitrifying Bacteria

© Earth Alive Clean Technologies 2019 www.earthalivect.com

Free 

Nitrogen 

Fixing 
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1. Photosynthetic Plants (a Green Plant Community)

2. Mycorrhizal Fungi (Symbiotic Root Partnerships)

3.  A Mix of Soil Biota (Bacteria, Protozoa, Beneficial Foragers)

4. Plant and Other Organic Residues (for Nutrient Cycling)

5. Soil Parent Material (a Mineral Nutrient Supply Reservoir)

Essential to Soil Health: 4. Soil Organic Matter

© Earth Alive Clean Technologies 2019 www.earthalivect.com



Soil Organic Matter [SOM]
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Å SOM includes: living microorganisms, fresh (recently dead) organic residues, plant 
roots, microbes, insects and animals,  and very tough (long dead) organic 
compounds that resist microbial decomposition (humic compounds). These are 
the CEC ôBatteriesõin soil that hold Nutrient Cations until needed by plants

Å In healthy soils, billions of microbes digest and dismantle SOM, then root tips 
and mycorrhizal fungi transport the converted nutrients into plant roots

Diagram courtesy of OSU Fact Sheet SAG-16

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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SOM and the C:N Ratio
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Å The Carbon/Nitrogen [C:N] ratio of organic residues (and particle size) 

will determine how quickly SOM can be cycled by soil microorganisms. 

Å In organically maintained landscape soils, Primary and Secondary 

Consumers, and Mycorrhizal activity can be maintained at a highly-

productive pace. Resulting in stable nutrient availability for plants

© Earth Alive Clean Technologies 2019 www.earthalivect.com
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1. Photosynthetic Plants (a Green Plant Community)

2. Mycorrhizal Fungi (Symbiotic Root Partnerships)

3.  A Mix of Soil Biota (Bacteria, Protozoa, Beneficial Foragers)

4. Plant and Other Organic Residues (for Nutrient Cycling)

5. Soil Parent Material (a Mineral Nutrient Supply Reservoir)

Essential to Soil Health: 4. Mineral Reserves

© Earth Alive Clean Technologies 2019 www.earthalivect.com



How do these ancient Red Pines get the 

nutrients that they need from the 

unyielding Granite of the Canadian Shield? 
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ÅNutrients from mineral sources are obtained by plant roots 

through close associations with soil microbes and mycorrhizal 

fungi ðthese essential organisms solubilize minerals.

Image of Wolf Lake (Temagami ON) by Rob Nelson | http://www.savewolflake.org/ | http://www.robnelson.ca/
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