Introduction to soil chemistry

Part I: Introduction - What are soils?

Dr. habil. Marie Spohn
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Overview — What are soils

Definition

 Components

Soll forming factors

Soil forming processes

The function of soils Iin landscape



The soil pedon — A section of a landscape

Landscape

A-Horizont
A polypedon

or soil individual
B-Horizont
G-Horizont b 4

Solum o A “pedon

enstehendes
Gestein

Soil profile



The soil pedon — A section of a landscape
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Definition

Soll constitutes the interphase at the Earth’'s surface,

In  which the litosphere,

the hydrosphere,

the

atmosphere and the biosphere overlap. Soil has
formed during time under the influence of several
environmental factors.

Atmosphere

Pedosphere

Lithosphere Hydrosphere
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@ Unterboden
humusarm, extensiv

4 durchwurzelt

> Biosphare

Lithosphare
Hydrosphare

Rehfuss, 1990
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Some terms

Explanation

Pedosphere The total soil cover that forms a continuum
Pedon Column of a soll

Horizon More or less horizontal section of a soil that is formed
through soil forming prozesses

Soil order/ Soil with the same pedogenic properties that differ
Soil type characteristically from other soils




Soil consists of three phases

Solid phase

Liquid phase
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The solid phase of soils

* Mineral component (quantitatively dominating)
« Stones, primary minerals, secondary minerals,
amorphous substances

« Organic component
 Soil organic matter, debris of animals and plants

Can be characterized:

— Phyically (density, particle size distribution)

— Chemically

— Biologically (Archea, Bacteria, Protozoa,
Animals)
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The components of soll

Minerals ]

l

Eisenoxide Sonstige
Feldspate 3% Bestandteile
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Ton- _I
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Organic J
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“Bodenleben”
lebende

Wurzeln
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Pedogenesis = Soil formation

Soil forming factors

!

Soil forming processes

!

Soil horizons

!

Soil types/soil orders 1




Factors of soil formation

Evergreen forest

Grassland
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Factors of soil formation:

» Parent material/bedrock > Relief >» Climate > Water
> Soil organisms > Time » Humans 13




Soil forming factors |

« Parent material/bedrock

— Different mineral composition and resistance to
weathering, different element composition
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Soil forming factor parent material
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Soil forming factors |

« Parent material/bedrock

— Different mineral composition and resistance to
weathering, different element composition

« Climate

— Temperature affects the rates of (bio-) chemical
reactions

— Precipitation affect transport of matter, erosion,
and weathering

— WIind can cause erosion
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The soil forming factor climate

Humus
. accumulates. A

Iron oxide and

Iron oxide,
. aluminum oxide,

Leaching
ion

o = C ¢ and aluminum
alcite 2 . aluminum oxide hydroxide residue

accumulates = accumulate;

to form § calcite is leached.

calcrete. <

Unweathered Unweathered

Weathered

bedrock bedrock bedrock
Desert soil Temperate soil Tropical soil
Increasing rainfall _;
(a) Aridisol forms in deserts. Rainfall is so (b) Alfisol forms in temperate climates. (c) Oxisol forms in tropical climates where
low that no O-horizon forms, and soluble An O-horizon forms, and less-soluble percolating rainwater leaches all soluble minerals,
minerals accumulate in the B-horizon. materials accumulate in the B-horizon. leaving only iron- and aluminum-rich residues.
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The soil forming factor climate

Precipitation Clay CEC

mm a-’
370
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/50

900

7

15
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12
16
24
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pH

/,8
/7,0
5,2

5,2

Soll order

Kastanozem
Chernozem
Phaeozem

Phaeozem
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Soil forming factors Il

* Relief/Topography

— Affect water balance, transport of matter, erosion
rates, soil temperature

« Soil organisms

— Affect the accumulation and the transformation of
organic matter

— Vegetation affects the microclimate

— Uptake of water and nutrients affect transport
processes
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Soil forming factors lll

 Humans

— Affects soll formation through cultivation and
tillage as well as constructions and element inputs

 Time
— Controls the duration during which other factors
excert their influence

o Decades: Incepticols (initially developed soils)

o Thousands of years — Many parts of the temperate zone
that were galciated

o Million of years - Tropics (that were not glaciated)
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The soil forming factor time

After 100 years After 500 years

After 8000 years
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Soil forming factors IV

* Water
— Stagnant water

— Groundwater
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The soil forming factor water

The effect of groundwater

Cambisol
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Pedogenesis (Soil formation)

Soil forming factors

!

Soil forming processes

!

Soil horizons

!

Solil types/soil orders 4




Soil forming processes

ABTRANSPORT

! ZUFUHR

organisches
Material

Erosion

Wind
chemische
Verbindungen
und Minerale
des Ausgangs-
gesteins

[§

f
Auswaschung }

Al j

3G
. GpA
! ESTEI'\;"VG& Minerale wie

z.B. Feldspate

gehen in andere
Minerale Uber,
etwa in Tonminerale.

Innerhalb des
gesamten
Bodenprofils
kommt es zur
Verlagerung von

Mineralen, Andere Minerale,
Partikeln und wie beispielsweise
Bodenaggregaten. Carbonate, werden

TRANSLOKATIONS- TRANSFORMATIONS- in den Porenrdumen
PROZESSE PROZESSE des Bodens aus der

Bodenldsung ausgefallt.

Im gesamten Bodenprofil kommt
es zu Translokations- und Trans-
formationsprozessen.

Aus: G

iever, ine Geologie, 5. Aufi.
© Spektrum Akademischer Verlag GmbH 2008

Processes of
translocation and
transformation
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Soil forming processes

A) Transformation
« Decarbonatization
« Formation of soil organic matter

« Formation of clay minerals and iron oxides/hydroxides

. . =
« Formation of soil aggegates %g"

ZUFUHR

B) Translocation
« Clay migration

« Podzolization

- Salinization L B
« Turbation

Auswaschung

Minerale wie

2.B. Feldspate
Innerhalb des  FAL ) 5 gehen in andere
gesamten . * # Minerale Gber,
Bodenprofils 4 4 etwa in Tonminerale.
kommt es zur
Verlagerung von (&
Mineralen, \
Partikeln und
Bodenaggregaten.

—Andere Minerale,
wie beispielsweise
N Carbonate, werden
TRANSFORMATIONS- in den Porenraumen
PROZESSE des Bodens aus der

Bodenldsung ausgefallt.

PROZESSE

Im gesamten Bodenprofil kommt

es zu Translokations- und Trans- 2 6
formationsprozessen.

Aus: GrotzingeriJordan/Press/Siever, Algemsine Geologie, 5 Auf

© Spekirum Akademischer Veriag GmoH 2008



Soil forming processes |: Decarbonatization

CO,+H,0 < H,CO,
H,CO, + CaCO, <> Ca(HCO,),

CO, partial Solubility of

pressure (kPa) CaCO;at 25 °C
(mg 1)

0.031 49

0.33 117

1.6 201

4.3 287

10 390




Soil forming processes |lI: Formation of soil organic matter

.3
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Soil forming processes lll

Formation of clay minerals and iron oxides

Goethite Lepidocrocite  Schwertmannite

German:
,,orowning“

Hematite Maghermite Ferrihydrite Magnetite
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Soil forming processes IV: Formation of soil aggregates

Einzelkorngefiige Kohéarentgefiige

{ [¢&— des —>
Bodengefiiges

\

Aggregatgefiige
Absonderungsgefiige
A
[ 3 Al
Prismengefiige Séulengefiige Plattengefiige

.

Absonderungsgefiige Aufbaugefiige
A A

Al r Al

Subpolyedergefiige  Polyedergefiige Krimelgefiige Wurmlosungsgefiige

Fragmentgefiige
A

Brockel Schollen
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Soil forming processes

A) Transformation

« Decarbonatization

« Formation of soil organic matter

« Formation of clay minerals and iron oxides

ABTRANSPORT ;) ZUFUHR

» Formation of soil aggegates AR o

Material

B) Translocation
« Clay migration

« Podzolization 5

- Salinization | EE
* Turbation

Auswaschung

Minerale wie

2.B. Feldspate
Innerhalb des & g e gehen in andere
gesamten Minerale tber,
Bodenprofils 7 - etwa in Tonminerale.
kommt es zur
Verlagerung von 4 2 % -
Mineralen, 1 P 3 Andere Minerale,

Partikeln und wie beispielsweise
Bodenaggregaten. Carbonate, werden
TRANSLOKATIONS- TRANSFORMATIONS- in den Porenrdumen
PROZESSE PROZESSE des Bodens aus der
Bodenldsung ausgefallt.
Im gesamten Bodenprofil kommt
es zu Translokations- und Trans- 1
formationsprozessen.

Aus: Grotzinger/Jordan/Press/Siever, Algemeine Geologe, 5 Auf
© Spekirum Akademischer Veriag GmaH 2008



Soil forming processes V: Clay migration

WRB DBG
O
vorausgehende Ah
Entkalkung
Dispergierung von
onteilchen
E bes. < 0,2 um Al
Verlagerung von Tonteil-
chen, Al-, Fe-, Si-
Oxidkolloiden
Ablagerung z.B. als
Bt Toncutane an Bt
Aggregatoberflachen
geringe Auswaschung
CBt von Ca, Mg, Bt-C
Locker- Na, K
sediment,
z.B. Loss




Soil forming processes VI: Podzolization

Cool and moist
climate

o Acidic organic

Humus- litter
rich
Eluviation of
A bases, oxides,
clays; light
pale layer
Sandy,
bleached
: lluviation of
Spodic B oxides and
horizon clays
¢ Loss of base

to water table
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Soil forming processes VII: Turbation

0Ocm

Example:
Bioturbation

AX P Pflughorizont

Humusanreicherungshorizont
g5 '
g

~
[ roL St

e

Cv k'all:ﬁaﬁi'ger Loss

y Krotowinen. .




Pedogenesis (Soil formation)

Soil forming factors

!

Soil forming processes

!

Soil horizons

!

Soil types/soil orders 3s




Some soil types

Luvisol Cambisol Gleysol

Al
—/z 20-45 cm




Diversity of soils — At the local scale

Dystric
Rendzic Cambisol

Leptosol Gleysol

Stagnic
Luvisol

Albeluvisol

Luvic
Phaeozem

Podzol

Fluvisol

Grafik z.T. nach
Roeschmann(1981)
aus Kuntze et. al (1994)

NS £jiz:
Kalk- Sand- : ’ verfllt ;
: - Ton, Mergelton, z.T. mit Decklage aus Sand- verrulites  quartare
stein steln Geschiebelehm, unter Loss stein EEZ@S’ Sande

Bodengesellschaft in den Niedersachsischen Lossgebieten
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Diversity of soils — At the intermediate scale

Bodeniibersichtskarte der Bundesrepublik Deutschland 1 : 1 000 000
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Diversity of soils — At the global scale

Gelic Gleysols, Gelic Cambisols, Gelic Regosols, Gelic und Lithic Leptosols
(Gelic Gleysol-Gelic Leptosol-Zone)

Podzols, Dystric und Gleyic Podzoluvisols (WRB 1998: Albeluvisols), Gelic Cambisol:
Fibric Hi: Is (Podzol-Cambisol-Histosol-Zone)
Haplic Luvisols, Dystric und Humic Cambi: Eutric P isols, Luvic Ph

Luvic Chernozems, Greyzems (WRB 1998: Greyic Phaeozems) (Luvisol-Cambisol-Zone)

K: Haplic /

Chernozems (ohne Luvic Chernozems)
Chernozem-Zone)

Calcisols, Cambic Arenosols, Vertisols, Calcic Luvisols, Solonetz
(Calcisol-Cambic Arenosol-Solonetz-Zone)

o R, g 1s. SHlGratake: Guosicol

L
(Leptosol-Arenosol-Solonchak-Zone)

Chromic Luvisols, Chromic, Eutric und Calcaric Cambisols, Calcisols,
Rendzic Leptosols (Chromic Luvisol-Calcaric Cambisol-Zone)
Acrisols, Lixisols, Niticols, Vertisols, Ferralic Arenosols
(Acrisols-Lixisol-Nitisol-Zone)

Acrisols, Alisols

(Acrisol-Zone)

Ferralsols, Plinthosols, Acrisols
(Ferralsol-Zone)

Aus G laser/Radtke/Reuber: G hie. 1. Aufi., © 2007 Elsevier GmbH



Soil functions

Soil functions

Habitat

Regulation

Cultivation

\ 4

Achiev
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Soil functions — Federal law for the protection of soils

Bundes-Bodenschutzgesetz (BBodSchG § 2, Abs. 2)

Der Boden erfiullt im Sinne dieses Gesetzes

1. natirliche Funktionen als

a) Lebensgrundlage und Lebensraum fir Menschen, Tiere, Pflanzen
und Bodenorganismen,

b) Bestandteil des Naturhaushalts, insbesondere mit seinen Wasser- und
Nahrstoffkreislaufen,

c) Abbau-, Ausgleichs- und Aufbaumedium fur stoffliche Einwirkungen
auf Grund der Filter-, Puffer- und Stoffumwandlungseigenschaften,
Insbesondere auch zum Schutz des Grundwassers,

. Funktionen als Archiv der Natur- und Kulturgeschichte sowie
. Nutzungsfunktionen als

a) Rohstofflagerstatte,
b) Flache fur Siedlung und Erholung,
c) Standort fur die land- und forstwirtschaftliche Nutzung,

d) Standort flr sonstige wirtschaftliche und 6ffentliche Nutzungen,
Verkehr, Ver- und Entsorgung.
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Soil functions

1. Soils as habitat

» In one kg of fertile soil:

1 -100 Billon Bacteria and fungi

* 10 Miollion -1 Billion Geil3eltiere, AmOben, Wimpertiere

* 10000 - 10 Million Radertiere, Fadenwirmer, Milben, Springschwanze
*10-50 Insects and worms

Root with fungal hyphae Earthworm



Soil functions

2. Regulation in ecosystems

INPUT of solid, liquid, and gascous
inorganic and organic compounds
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Soil functions

2. Regulation in ecosystems: Soils work as

> Filter and Buffer

» Regulator of water fluxes

» Sinks and sources of nutrients, gases, toxines

Soils affect the water quality

Soils form sinks and sources of CH,

25
20 * . *
g 15 o
— TS o0
S 10 *
Z »
51 o
0 ? L] L] L] L]
100 80 60 40 20

% Waldflache im Einzugsgebiet

Anoxische
Boden

Gut belliftete
Boden
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Soil functions

2. Regulation in ecosystems: Soils work as
» Important sinks for CO,

Stocks: Gt

Ao Fluxes: Gtyr:
fearly acCUUIANONKBI2%: 041

6.4+04 OE) 'l 22:04

. Net terrestrial \et ocean
IFossiI fuels = luptake uptake

Land use change Land carhon sink
0.510 2.7 t 'lr 09to43

~e—

Soils and detritus 1700




Soil functions

3. Cultivation and production

» Production of biomass (Food and fiber)
» Repository (Clay, sand, peat)

> Basis for settlements

B 55 % Landwirtschaft
W29 % Wald

B 11 % Siedlung, Verkehr
B2 % Wasserflachen

B 3 % Sonstiges

Land use in Germany
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Soil functions

> Fertile soils are a limited resource

e Wordwide about 1475 Mio. ha cropland
(abourt 0.25 ha per person)

81 World total
Latin America
North America
7 The former USSR
Europe
®» 6
c
S
35
& Rest of Asia
T 4 and Oceana
a
g
© 3
g
2 China
1
Africa

1700 1750 1800 1850 1900 1950 200
Year 47
Cogyright 1999 John Wilay and Sons, Inc. All rights reserved




Soil functions

4. Soils as an achieve of natural and human history:

> Soils are the basis for human life and culture

> Soils are testimony of archieve of natural and human history

Soil at the e &
Kilimanjaro that o '
documents the
| vegetations and
climate history

Depth (cm)

100

Soil Northwest
German that
documents
history of human
land use

150




Take home message

Factors of soil formation:

» Parent material/lbedrock » Relief
» Soil organisms » Time

> Climate > Water

» Humans

Proceess of soil formation:

» Translocation

» Transformation

Soil forming factors

!

Soil forming processes

Soil functions:

» Habitat » Regulation
» Cultivation » Archiv

!

Soil horizons

!

Soil types/soil orders
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