
The Living Soil

“The history of every nation is
eventually written in the way in

which it cares for its soil.”

- Franklin Roosevelt



This session explores
the role of soils in the
environment as a vital
factor in the life of
most organisms

Through understanding
soil as a physical,
chemical & biological
system we can devise
strategies for
sustainable
management of this
critical & fragile
resource



“LIVING soil requires a LIVING MIND to understand.

It cannot be understood by any melange of the laws of inorganic chemistry.

Because we are a LIVING species concerned about continuation of LIVING

we need to contemplate the LIVING aspects of soil and crops, not just the \

dead chemistry unless we would prefer being dead.”

Lion Kuntz, Sustainable Agriculture Discussion Network Group



Soil is 
a fragile resource

Soil takes
hundreds,
thousands &
millions of
years to form by
natural processes









Soil is formed as an interplay of

1. Parent Material: rocks & minerals

2. Climate: temperature, rainfall, aspect

3. Organisms: plant & animal

4. Topography: tectonic processes

5. Time: climate changes, landuse





SOIL
Pedosphere

Lithosphere
Rocks & mineral 

particles

Hydrosphere
Water & 

soil solution

Atmosphere
Air

CO2, O, H & N

Biosphere
Living organisms
& organic matter

Soil biota includes:

Megafauna: 20 mm upwards,

 e.g. moles, rabbits, and rodents.

Macrofauna: 2-20 mm, 

e.g. woodlice, spiders, 

earthworms, beetles, ants 

centipedes, slugs, snails,

Mesofauna: 100 microm-2 mm, 

e.g. tardigrades, mites, springtails

Microfauna and Microflora: 

1-100 micrometres, 

e.g. yeasts, bacteria, 

fungi, protozoa, roundworms, 

rotifers



Minerals are elemental
materials

Rocks are compositions of
minerals

Soil types are determined by
rock type and particle size

Fine Sand

Silt

Clay



Rainwater absorbs CO2 forming weak CARBOLIC ACID
which breaks down rocks releasing small quantities of
mineral elements which CHELATE onto surface of clay
& organic matter for uptake by plants & soil life

HUMIC ACID  (humus) molecules

 contain 15,000 individual atoms

  are smaller than clay particles

 have acid & alkaline fields  (pH neutral)

 complex surface traps/chelates mineral particles

 have variable lifespans - short break down rapidly releasing nutrients

 are fractured/destroyed by chemical fertilisers (most nutrients leached)

Rich fertile soils can support up to 250 Tonnes/Ha Humic Acid Molecules



In one cubic foot of topsoil
there are:

• 1.5 million square feet of surface
area

• 3 trillion beneficial bacteria

• Enough root hairs to wrap around
the perimeter of the US

• Countless specialized proteins
which pump specific molecules
through root hair cell walls
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1 hectare
farmland

The top 10-15cm of soil can contain:

60 Tonnes Earthworms

125 Tonnes Bacteria & soil micro-organisms

375 Tonnes Humus/organic matter
________________________________________

Healthy soil can contain 450 Tonnes Organic Matter

holding 320 Tonnes carbon atoms
originating from 1,200 Tonnes of CO2

An increase of 1.6% soil organic matter on crops lands globally 
would sequester excess atmospheric CO2 - Alan Yeomans



• The terrestrial biosphere currently sequesters 2 billion metric tons of
carbon annually. (USDA)

•   Soils contain 82% of terrestrial carbon.

• "Soil organic carbon is the largest reservoir in interaction with the
atmosphere." (United Nations FAO) - Vegetation 650 gigatons,
atmosphere 750 gigatons, soil 1500 gigatons

•  The carbon sink capacity of the world's agricultural and degraded soils
is 50% to 66% of the historic carbon loss of 42 to 78 gigatons of carbon.

•  Grazing land comprises more than half the total land surface - An acre
of pasture can sequester more carbon than an acre of forest.

•  “Soil represents the largest carbon sink over which we have control.
Improvements in soil carbon levels could be made in all rural areas,
whereas the regions suited to carbon sequestration in plantation timber
are limited.” (Dr Christine Jones)



A) Humus: organic matter in
relatively undecomposed form. This
layer tends to be dark and rich in
smell and texture.

B) Topsoil: well decomposed organic
matter, mixed with a smaller amount
of minerals.

C) Mixed Layer of mixed
decomposed organic matter and
mineral content.

D) Subsoil or mineral layers, the
content of which varies according to
the nature of the soil and its parent
material.

E) Bedrock or parent material,
which breaks down at the upper
surface due to the effects of
weathering and decay

SOIL PROFILE                         HORIZONS



Soil Profiles

Kraznozem Light Alluvial Yellow Podzolic



chromosol dermosol kurosol podosol tenosol

Soil Profiles









Blue: acid soil
Pink: alkaline soil

Most plants 
thrive

Acid plants

Alkaline plants
NEUTRAL

1  Sulfuric Acid

2  Gastric Acid

3 Vinegar

4 Orange juice

5 Coffee

6 Milk

7 Water / HUMUS

8 Sea water

9  Soaps &

10 Detergents

11 Ammonia

12 Bleach

13 Lye

14 Caustic Soda

Plant litmus:
Hydrangea flowers 

Soil pH
ACIDITY & 
ALKALINITY

Blueberry,

celeriac, eggplant,

shallot, sorrel,

strawberry

Cabbage, thyme

cauliflower,

cucumber, olive,

pomegranate



SAWDUST pH3.5

WOOD ASH pH 9

COMPOST pH7

pH Test
FOREST 
SOIL pH5.5

GARDEN
pH6-6.5



Effect of pH on nutrient availability in soil

Below pH 6.0 (acid): nutrients such as nitrogen,

phosphorus, and potassium are less available.

Above pH 7.5 (very alkaline): Iron, manganese, and

phosphorus are less available



Zinc Magnesium Iron Potassium



SOIL ORGANISMS

Healthy soils 
can contain over 
63 Tonnes of 
Earthworms 
per hectare 
(25 ton/acre)



The Soil Food Web in meadows,
grasslands & annual production
systems (vegetables, herbs) is
dominated by beneficial bacteria



Fungal strands

in compost
can be seen with

 the naked eye



A Nitrogen Rich Root Mat



Bacteria feeding nematode
- feeds on bacteria not plant
roots. They cycle nitrogen
held in bacteria into a form
available to plants

Fungal-feeding nematode
Example of a beneficial
nematode that feeds on soil
fungi, cycling proteins in
fungi into nitrogen available to
plants

Beneficial Nematodes



Blue structures are vesicular-arbuscular mycorrhizae "VAM"
fungus that forms inside individual cells of  root tissue.
VAM Hyphae collect phosphorus, other nutrients and water
for use by host plant & protect plant from root rot disease &
parasitic nematodes

Source: Soil Food Web

Endomycorrhizae
Sections of plant
roots colonized
internally by
beneficial symbiotic
fungi.



Active fungi in root
Active fungi growing along the surface and within
the tissue of  a plant root as seen under fluorescent
microscopy.

This is probably an early stage
of colonization of a section of
root by a species  of beneficial
vesicular-arbuscular
mycorrhizae, or "VAM"
fungus  that will form a
symbiotic relationship with the
root. Where the VAM is
present, that portion of the
root will be protected from
root rot fungi and parasitic
nematodes

Source: Soil Food Web



Ectomycorrhizae on tree roots
Example of Ectomycorrhizae on tree roots.

A highly desirable  colonization
of tree and shrub roots that
causes the very shape of the
root branching pattern to
change and be very efficient at
absorbing phosphorus, other
nutrients and  water. Also
protects roots from root rot
fungi and parasitic nematodes.
Trees and shrubs planted into a
site where symbiotic fungus is
lacking may result in poor
growth and eventually death.

Source: Soil Food Web



Vesicules of endomycorrhizae in root
A section of plant feeder root heavily colonized by a desirable
"endomycorrhizae" fungus. Structures within  the root were nutrient-
absorbing "arbuscules" that have converted   to "vesicles" or spores.

Source: Soil Food Web



This beneficial species of
nematode hunts and eats
other nematodes in the soil,
balancing nematode
populations. Body waste
products  recycle nitrogen
and other nutrients back into
the soil. Predatory
nematodes should be present
in a balanced soil foodweb.
Theseare very large
nematodes that are easily
killed by plowing and  other
physical disturbance of soils.

Source: Soil Food Web

Predatory Nematode that eats other nematodes



Root-Feeding
Nematode

Some root-feeding
nematodes like the ring
nematode above migrate
in soil while feeding on
roots.  When populations
of these nematodes
increase to economic
threshold levels, plant
health and productivity
will be reduced.

Source: Soil Food Web



Soil protozoa that eat bacteria
Soil protozoa - feed on bacteria in soil & releasing nitrogen held
in bacteria in a plant available form  around the roots.
NB This active ciliate was stained with flourescein dye, then visualized with Differential
Interference Contrast Microscopy

Source: Soil Food Web



Ethylene/Oxygen
Cycle

Plant exudes 
sugars

Micro-organism
activity increases

Micro-site becomes
 anaerobic

Iron reduces to 
soluble ferrous Ethylene gas

 released

Releases nutrients bound to clay 
& org.matter into soil H2O

Micro-organism 
activity ceases

O2 diffuses
 back into site

Micro-organism 
activity resumes

Plant takes
up nutrients

Iron 
re-oxidises

Nutrients rebind
to clay & 

organic matter



Citrus

Zinc deficiency

Manganese deficiency



Magnesium deficiency



Iron deficiency

Copper deficiency



Boron deficiency - 
Cauliflower

Calcium deficiency
 - tomatoes



Iron deficiency 
-tomatoes

Iron deficiency - corn



Magnesium deficiency

celery

- broccoli

corn



Magnesium deficiency
 - peppers

Magnesium deficiency
 - celery



Molybdenum deficiency - Cauliflower



Potassium deficiency 
- chilli

Potassium deficiency - corn



Phosphorus deficiency - corn

Potassium deficiency 
- beets



Potassium deficiency in onions



Sulphur deficiency 
- cabbage 

Sulphur deficiency
- lettuce



Iron deficiency 
- coffee

Iron deficiency
- peach



Magnesium deficiency 
- grapes



Magnesium deficiency - peaches



Zinc deficiency - Avocados



Zinc deficiency - coffee





















Erosion control
planting on
steep bank



Soil
conditioning
begins with

earth shaping in
appropriate

patterns.







Soil Conditioning
with Keyline Plow


















