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Soil Functions

Roles that soil and land-use play: Supporting Provisioning Regulating Cultural

SUPPORTING CULTURAL REGULATING PROVISIONING

Supporting vegetation Recreation Climate Biomaterials

Soil formation Heritage Water flow and (timber, fibre, fuel)

Nutrient cycling Cognitive (education, quality Raw materials (soil,
inspiration and Erosion control minerals, aggregates)
aesthetics) Atmospheric gas Food and feed

Habitat

Biodiversity (genetic
resources)

Climate regulation ‘

L ¥4

% Platform for built
structures
Gas | Biomaterials I
regulation | | Water storage
Primary | Raw materials
production €0, CH,

NO, N, | Food and feed | '::tﬁ';t

Erosion
control

o
duoa

'Carbon, Nitrogen, Phosphorous, Potassium, Sulphur

Water storage

Nature and categories of ecosystem services an
CPRE_FF3_Soil_26Nov_web.pdf



https://www.cpre.org.uk/wp-content/uploads/2019/11/CPRE_FF3_Soil_26Nov_web.pdf

The pedosphere

Interactive processes linking the
Atmosphere pedosphere with the atmosphere,
biosphere, hydrosphere, and
lithosphere.

The Soil Biota | Learn Science at
Scitable (nature.com)

The term pedosph
interchangeabl
captures th

https://www.soils.org/files/s4t/soil-taxonomy-w



https://www.soils.org/files/s4t/soil-taxonomy-web-poster.pdf
https://www.nature.com/scitable/knowledge/library/the-soil-biota-84078125/#:~:text=Soil%20biota%3A%20Consists%20of%20the,on%20the%20soil%20or%20pedosphere.

SOi Is R a n d I ife Element Mineral end products

Carbon | CO,, CO327, HCO3™, CHy, C
« Decomposition of detritus or dead organic Nitrogen | NH4*, NOo~, NO3™, N5 (gas), N»O (gas)
material Sulfur S H,5. 5042 86,2 €5,

Phosphorus | HoPO4~, HPO42™

litter is dead plant material (such as leaves,
bark, needles, twigs...)

Others H,0, 05, Hy, H*, OH™, K*, Ca2*, Mg?*, etc.

* Mineralization by microorganisms
(bacteria, etc), i.e. oxidation of the
chemical compounds in organic matter, by
which nutrients in those compounds are
released in soluble inorganic forms

Humus oxidation

Addition :
of detritus 4 q

Humification — un-mineralized —
. . . detritus .
organic matter is transformed by fungi, ;
bacteria, microbes and animals to Vi
chains of organic polymers (resistant .- -
to micro-organisms) : .

Topsoil
mineralization

humus = well-decomposed
organic material



Soils... and life
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Soils provide the medium for life (plant growth and
new formation of organic matter via photosynthesis...)

Despite our perception of the world as driven by
photosynthesis, virtually all net primary production ends up
as soil organic matter and, because of its relatively long
residence time, soils contain twice as much carbon as
vegetation - more ecology occurs below than above-ground
(Bardgett 2005)

Decomposition - one of the two major life-generating processes; pairs with
photosynthesis to maintain function of ecosystems and balance of atmosphere

Carbon
photosynthesizes

The soil is food web — a recycling ma

 Food webs do not follow traditi
(more omnivores and deco

Is terrestrial world br

Plants break
down into
organic carbon.
Sources: www.biochar.org



The soil biota

 Trophic levels in a soil food web.

The soil fauna is
Functions the collection of all
s | fea ) eone the microscopic and
' } | macroscopic animals

e o e ) in a given soil.

pm Bacteria-feeding
b Nematodes l .
Sell structure
Measofauna Microarthropeds improvement

mm [Collembola. Mites)

Plant residues

.g
Z
o
o
O
18

Disease
transmission
& preventicn

Enchytraeids Macroarthropeds Earthworms -
Pollutant
- degradation

Soil animals can be conventionally grouped by size cla
enchytraeids, earthworms, macroarthropods), mes
microarthropods, mites and collembolan), and mi
nematodes)

The Soil Biota | Learn Science at Scitable (natur



https://www.nature.com/scitable/knowledge/library/the-soil-biota-84078125/#:~:text=Soil%20biota%3A%20Consists%20of%20the,on%20the%20soil%20or%20pedosphere.

Soil Organisms

« Soils vary in physical and chemical properties... (soil types!)

Table 2. Typical Numbers of Soil Organisms in
Healthy Ecosystems

Ag Land Prairie Forest

Organsms per gram (teas poon) of soil
CERCTEN 100 million - 100 million - | 100 million -

1 billion 1 billion 1 billion
TN Several meters | 10s - 100's of | 160 kilometers
meters {in conifers)
Protozoa RlikS 1000's 100 000's
Nematodes §l/¥1/ 0% -100's 100's

Organisms persquare meter
Arthropods L3} 45200 900-2,300

Earthworms [ ¥+ 842 842
{0 in conifers)

All soil organisms help decompose nutrient rich organic
material (decaying plants, animals, and animal waste),
which increases soil organic matter (SOM) that feeds
plants. Larger soil organisms, such as earthworms
and arthropods, add nutrients to the soil through
their waste as they shred and feed on SOM

The Soil Biota | Learn Science at Scitable (nature.com)



https://www.nature.com/scitable/knowledge/library/the-soil-biota-84078125/#:~:text=Soil%20biota%3A%20Consists%20of%20the,on%20the%20soil%20or%20pedosphere.

Soil Hotspots

Zones or ecosystems containing areas of activity include the “drilosphere” (the
portion of the soil volume influenced by secretions of earthworms), the
porosphere (the total pore space), detritusphere (dead plant and soil biota),
aggregatusphere (the sum of aggregates) and the rhizosphere.

https://www.soils.org/files/s4t/soil-taxonomy-



https://www.soils.org/files/s4t/soil-taxonomy-web-poster.pdf

Soil Hotspots

Zones or ecosystems containing areas of activity include the “drilosphere” (the
portion of the soil volume influenced by secretions of earthworms), the
porosphere (the total pore space), detritusphere (dead plant and soil biota),
aggregatusphere (the sum of aggregates) and the rhizosphere.
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Detritusphere Aggregatusphere Rhizosphere
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https://www.solls.org/files/s4t/soil-taxonomy-we



https://www.soils.org/files/s4t/soil-taxonomy-web-poster.pdf

Soil Texture

Soils vary in physical and chemical properties... (soil types!)

Soil texture (fineness or coarseness) affects

plant rooting, soil structure and organic
matter content.

Soil texture and structure determine the pore-
size distribution, soil water holding
capacity and the amount of water to air-filled

pore space in soil aggregates that provide
habitat for soil organisms.

https://www.soils.orqg/files/s4t/soil-taxonomy-web-p



https://www.soils.org/files/s4t/soil-taxonomy-web-poster.pdf

Soil Formation

Material

Removal ,gs oganic  Addition

Dissolved ‘1 "
Deposition

Elements ¥ .
= (e.g. Wind,
Floods)
Watgr Organic
Erosion _g Material
Decompoasition
Winq - Mineral
Erosion formation
(from host
rock)
Leaching
Minerals
transform
(e.g. to clays)
Movement

(with water or §

soil organisms) % Minerals form

from solution
(e.g. carbonate)

https://www.soils.org/file

- It
4

A

-

==
B, -y

2

1 c
Internal reactions Internal movement
(transformations) (translocations)

. open system

Wide range of biological,
and physical process
(Pedogenesis)


https://www.soils.org/files/s4t/soil-taxonomy-web-poster.pdf

Soils... and life

« Vary in physical and
chemical properties...
(soll types!)

 Habitat on various scales
for flora and fauna

* Provide nutrients for
primary production
(life)

Root . A J
A" 5 K <

nodules: - Y
nitrogen- = !
fixing 1 . .

bacteria = ~ WAL ¥y : ,
Mineralization (oxidation of c’ "' _ ., & Ammal and V’
organic matter to release =P IS Iacterlawl'. gﬁ

nutrients) Mite -~ )

Decomposition =

+ j ;
Humification (transfor- Nematode {1 el T Fungus
. g Root 5 \! e
matlon Of Ol’ganIC ma.tter = Protozoa </T/\\‘ —’—7)— Bacteria

7
into stable forms to improve (§7
soil properties . . .
Pl ) The worlds biggest recycling machine!




Soils and Landscape

‘i Ground surface _—
— .
How fast does soil erode??

L
Colluvium/sail, pg
O

* Soil formation
possible only if
formation rate is faster

o i O than erosion

O

T

~. — . from bedrock t

2 _~ How fast does soil form ??

> X

oy

Bedrock, py

« Soil production rate vs removal (erosion) rate

: : : agriculture
under agricultural use... is an issue! J

* Global average: 114 mm per 1000 years
(Stockmann et al. 2014)

Soil|Production or Erosion Rate (mm / yr)

* So, what drives soil formation ?2?

Soil produclion Conservation Conventional



What drives soil formation?

« Soil =f (humans, lithology, climate, vegetation...

R )

L

=,

—

[ arisols
|| avidisols

Trapde of Cancer

Equatar

- Entisols
B viistosors

[ inceptisols

- Oxisals
I:] Spodosols

Humic acids and dissolved cations

osses
- Dissolved
material lost
to groundwater

!
Additions
- Precipitati
- Dust

- Flood Deposits
- Organic Matter

E - leached horizon, often sandy
or silty, white or gray in color
reflecting lack of grain coatings.

B - zone of clay and iron oxide
accumulation, blocky soil struc-
tures developed here, reddish
color.

C - parent material, may be
oxidized if not saturated.

=

Humic acids and dissolved cations

| Mountain soits
I:I Areas without soil

B urisols
[ | ventisois

N

Additions

- Dust

accumulation, blocky soil
structures developed here,
reddish color.

C - parent material, may be
oxidized if not saturated.

\k Losses

- Dissolved material lost

to groundwater

Grassland soils

- Precipitation - Flood Deposits
- Organic Matter

B - zone of clay and iron oxide

Arid soils
Additions

- Dust

- Precipitation

-——— A - often dominated by aeolian

dust, may have vesicular

structure (especially at the top),
little organic material, tan color.

Dissolved cations

B - zone of clay, iron oxide
accumulation soluble mineral
accumulation, and blocky soil
structure. In arid environments,
salts such as calcium carbonate
may precipitate, forming
horizons such as white Bk
horizon.

Losses
- Wind erosion
- Water erosion

C - parent material, likely
oxidized.

—




What drives soil formation?

Soil = f (humans, lithology, climate, vegetation, relief/topography

Topo-sequence

(catena):

sequence of
varying profiles
along changing
relief/ topography
(comparable
parent material 1?)
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- 92
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What drives soil formation?

« Soil =f (humans, lithology, climate, vegetation, relief/topography, time)

« Chrono-sequence:
sequence in substrates of
varying age (comparable
parent material !?)

Oldest river
terrace

8000 yrs

Youngest river
terrace

* [ caco, depositionin | *| Humidand arid *| Humid and arid
f arid regions only ‘ T T

S s

U — ’_—‘ Y
J Q | o el QO

c 2 < c o

S| o s| .~ Sl

4 Z & =

B gle s|le

Terrace age —— + Terrace age — + Terrace age —— +




What drives soil formation?

« Soil =f (humans, lithology, climate, vegetation, relief/topography, time)

O horizon
Loose and partly
decayed organic —[

matter

A horizon
Mineral matter
mixed with
some humus

Soil

5 Ef hlorizon
one of eluviation :
and leaching Regolith
B horizon [
Accumulation of
clay, iron and
aluminum
from above; L
zone of illuviation

C horizon
Partially altered
parent material

Bedrock

R horizon
Unweathered
parent material




What drives soil formation?

« Soil =f (humans, lithology, climate, vegetation, relief/topography, time)

O horizon
Loose and partly

decayed organic

matter

A horizon
Mineral matter
mixed with
some humus

E horizon
Zone of eluviation
and leaching

B horizon [

Accumulation of
clay, iron and
aluminum

from above;

zone of illuviation [

C horizon
Partially altered
parent material

R horizon
Unweathered
parent material

Regolith

Bedrock

Ft.

Ky 5
-0- =
- .

ot ™ <«——0 horizon

A horizon

B horizon

C horizon



Modern soil

ol  Paleosol??

Soils and the landscape

* Where can soils form and preserve? - NGB BGIE
. - uri
What are limiting factors? X
) (or ‘pedocomp[ex';
- Well-developed soil reflects formation in a el irweided ol
morpho-dynamically (relatively) stable puinien
1 /(formerly
landscape !! buried)

vl ? e ';-f '

- ‘ | !
Buried
, > paleosol _
y A £ odern soil
i ’ . A ! /
. - - A {

)

Relict paleosol
(never buried, but
sied underpa

environment)

Buried
paleosol

Topogrphy (and eroion)

- ‘./F . 4

] -‘., fﬂ "l o .
e <
Yy -~ .
- ““
! o' o

s
"
4

Frequenéy and magnitude
of deposition (and burial)



Chinese Loess
Plateau: > 2 Ma of
soils vs deposition
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Recommended videos

T 'HE
HA DD EN

Soll — Growing a Revolution el
(1:11 h length): ' o

. GROWING A [ZERY
REVOLUTION poses
https://www.youtube.com/watch?v=c4p-kO6D8aA stvaies on saanzn e

Soll Erosion — Historical Perspective
(1:02 h length):

https://www.youtube.com/watch?v=KcY4Kwa9fsk

Talks by David R. Montgomery Ph.D., Professor,
Quaternary Research Center and Department c
Space Sciences, University of Washingto


https://www.youtube.com/watch?v=KcY4Kwa9fsk
https://www.youtube.com/watch?v=c4p-kQ6D8aA

Lab Activity...

Today — Solls Lab: Observations & Soll Tests

ACNA4007: Soils Lab (uwtsd.ac.uk)

Ca mp g P tect

Soil Characterization Protocol RE Rl
Field Guide
Task Back to the land:
Identity, measure and record the horizons in a soil profile at a study sie. Measure and record . o N
B S ey o i i g S8 rethinking our approach to soil
What You Need % 4% :

Spray mist bottie full of water u»\mmmumnamlmww
O Golf tees, nails olw from Site

ﬂwmbenu&h!d asoll honmn DG”.’:EIW,SM(I

ywel, shovel, Dmuaqqngdtvm ‘aper towels

Soil color book leter stick or tape measure

Marking pen lolling pin. hammes, thes

Camera for crushing peds and separating

e the top and each
the profe. Start wih the meter stick o tape measure at 0 cm at mmmmm
which each

horizon on the page

FOOD & FARMING FORESIGHT —Paper 3

https://moodle.uwtsd.ac.uk/pluginfile.php/88
8724/mod folder/content/0/Soil%20Charact
erization%?20Protocol.pdf?forcedownload=1

This lab should take approximately 1


https://moodle.uwtsd.ac.uk/pluginfile.php/888724/mod_folder/content/0/Soil%20Characterization%20Protocol.pdf?forcedownload=1
https://moodle.uwtsd.ac.uk/pluginfile.php/888724/mod_folder/content/0/Soil%20Characterization%20Protocol.pdf?forcedownload=1
https://moodle.uwtsd.ac.uk/pluginfile.php/888724/mod_folder/content/0/Soil%20Characterization%20Protocol.pdf?forcedownload=1
https://moodle.uwtsd.ac.uk/mod/folder/view.php?id=554873
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