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Soil Protection & Soil Management
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Phosphorus use efficiency

� Phosphorus resource decline (peak P)

� Increased prices

Land Use Changes

" The Blue Marble" photograph of Earth, taken from Apollo 17

Earth´s surface:     510 Mio. km2

Land     (29.2 %):    149 Mio. km2

Water    (70.8 %):    361 Mio. km2

http://en.wikipedia.org/wiki/Earth
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Global Changes

Land Use Changes

Foley et al (2005)
Science 309: 570-574

NATURAL VEGETATION

CROPLANDS

PASTURES & RANGELANDS
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Global Changes

Land Use Changes
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Global changes will continue

Increasing Land Demand

Source: TIMAC AGRO
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Total land area required for food production

� Nutritional habits (meat consumption)

� Population growth

Increasing Land Demand

Global East Asia
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Datenquelle: Kastner et al. (2012)
PNAS, www.pnas.org/cgi/doi/10.1073/pnas.1117054109

Animal products

Cereals
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Sources of growth of production

Increasing Land Demand

Source: TIMAC AGRO
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Allocation of cropland to different uses in 2000

Increasing Land Demand

Foley et al. (2011)
Nature 476:337-342

Direct

� Direct food production 62%
� Other crop uses

� Anmial feed 35%
� Bioenergy crops, seeds,     

other industrial products 3%

Global allocation of cropland area:
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Increasing Land Demand

Foley et al. (2011)
Nature 476:337-342

Meeting goals of food security & environmental

sustainability
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Closing global yield gaps of 16 major crops

Increasing Land Demand

Foley et al. (2011)
Nature 476:337-342

� Bringing the world´s yields to within 
95% of their potential for 16 
important food and feed crops

� by improving nurtient & water 
supplies in low-yielding regions

� adds 2.3 billion tonnes (5x1015 kcal)
� = 58% increase
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Increasing Land Demand

Foley et al. (2011)
Nature 476:337-342

� Could add over a billion tonnes to 
global food production

� Representing a 28% increase for 
those 16 crops

� Equivalent of 3x1015 kcal more food 
to global diet (49% increase in food 
calories delivered)

Closing the “diet gap” by shifting 16 major crops to

100% human food - away from current mixes of

uses
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Ever increasing agglomeration in urban areas

� Proportion of people living in urban areas (global)

Urbanisation

Ajmone-Marsan & Biasioli (2008)
Water, Air Soil Pollution 213:121-143 
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http://www.zum.de/Faecher/G/BW/
Landeskunde/rhein/ma/ma_stad3.
htm
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Ever increasing agglomeration in urban areas

� Land consumption in % of permanent settlement space
(Lower Austria)

Urbanisation

1.60 – 10.0

10.1 – 15.0

15.1 – 20.0

20.1 – 25.0

25.1 – 50.0

50.1 – 100.0

Roder / UBA (2003)
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Ever increasing agglomeration in urban areas

� Projected population changes in Lower Austria until 2050

Urbanisation

Statistik Austria (2010)

Change since 2009 (%):
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Urbanisation

Wenzel et al. (2012)

Chernozem / Phaeozem

Leptosols (>75% carbonate)

Leptosols (0.5-75% carbonate)

Leptosols (<0.5% carbonate)

Phaeozem                            

Cambisol

Luvisol                  

Podzol    

Entic Podzol    

Cambisol (>75% carbonate) 

Colluvic Regosol 

Regosol (eroded)   

Stagnosol   

Fluvisol

Gleysol, Histosol 

Gleyic Chernozem 

Other soils  

Unmapped area   

Including Leptosols

Ever increasing agglomeration in urban areas

� Soil map of Lower Austria
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Urbanisation

Wenzel et al. (2012)

Chernozem / Phaeozem

Leptosols (>75% carbonate)

Leptosols (0.5-75% carbonate)

Leptosols (<0.5% carbonate)

Phaeozem                            

Cambisol

Luvisol                  

Podzol    

Entic Podzol    

Cambisol (>75% carbonate) 

Colluvic Regosol 

Regosol (eroded)   

Stagnosol   

Fluvisol

Gleysol, Histosol 

Gleyic Chernoze,m 

Other soils  

Unmapped area   

Including Leptosols

The most fertile soils 
overlap with the largest 
projected increases of 

population

Ever increasing agglomeration in urban areas

� Soil map of Lower Austria
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Soil compaction

Photo: W.W. Wenzel 2006

Photo: W.W. Wenzel 2006

Photo: W.W. Wenzel 2006



University of Natural Resources

and Life Sciences

Department of Forest and Soil Sciences

Institute of Soil Research    I    www.rhizo.at    I    W.W. Wenzel

Soil Erosion

Mid-Bedfordshire (U.K.), autumn 2000. 
(Photo John Quinton, Cranfield 
University)

Deep erosion at an olive plantation near Alicante (Spain).

Grimm et al. (2002): Soil erosion risk in Europe. 
JRC Ispra.

Kirkby et al. (2004): Pan-European soil 
erosion risk assessment.

Special Publication Ispra No. 73 (S.P.I.04.73).
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Soil Erosion

Winderosionsereignis in Norddeutschland.

Jones et al. (2003): EU Soil thematic Strategy, 
TWG Soil Erosion WP2: Nature and extent of soil 

erosion in Europe. Annex 1.
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P resources at risk?

� Decline of P resources (peak P)

� P fertiliser prices increase

Phosphorus

Global phosphate production Global phosphate production versus 
population growth
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Quelle: http://www.energybulletin.net/node/33164

http://www.tomatl.net/

Quelle: http://phosphorusfutures.net/why-phosphorus
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P status of soils

� P availability in soils of various production regions of Austria

Phosphorus

AGES (2011)
Bodenschutz durch 

umweltgerechte 
Landwirtschaft. AGES, 

Wien
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Phosphorus
P losses and eutrophication

� Soil erosion

� Water pollution

Photo: E. König

Photo: E. König
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P resources at risk?

� Modelled P fluxes in Switzerland (main system)

Phosphorus

http://www.tomatl.net/

Binder et al. (2009)
Phosphorflüsse der Schweiz. 
Bundesamt für Umwelt, Bern.
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P resources at risk?

� Scenario “recycling of sewage sludge P”

Phosphorus

http://www.tomatl.net/

Binder et al. (2009)
Phosphorflüsse der Schweiz. 
Bundesamt für Umwelt, Bern.
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Plant & Soil.  
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Phosphorus use efficiency

� High resolution mapping of total P in teh rhizosphere

Phosphorus

Jungk (1996): In Plant roots. The hidden half.

27
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P use efficiency

� Rhizotron experiment

� Diffusive gradients in thin films (DGT)

� Laser ablation ICP-MS

New 

wave  UP-

193

Elan DRC-e

Phosphorus

28

Santner et al.  (2012)
Environ. Exper. Bot. 77:219-226 
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Phosphorus

B. napus cv. CR 1886

B. napus cv. Caracas

29

P cDGT (mmol L-1)

5 mm

Santner et al.  (2012)
Environ. Exper. Bot. 77:219-226 

P use efficiency

� High-resolution mapping of P
availability in the rhizosphere
based on DGT flux measurement

� Variability among rape cultivars

� Phenotyping of cultivars
regarding P use efficiency

� Further developments: DGT gels
forr P, Fe, Al, Ca, planar optodes
for pH
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Anthropogenic versus geogenic material fluxes

� Global fluxes

Soil Pollution

Sen & Peucker-Ehrenbrinck (2012)
Environ. Sci. Technol.  46:8601-8609 

1 Pg = 1015 g = 1 Billion t

1 Gg = 109 g = 1000 t

1 Tg = 1012 g = 1 Mio. t
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Anthropogenic versus geogenic element fluxes

� Anthropogenic proportion on total fluxes

Soil Pollution

Sen & Peucker-Ehrenbrinck (2012)
Environ. Sci. Technol.  46:8601-8609 
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Wenzel (2012)
In: Alloway, Heavy Metals in Soils.

Global arsenic fluxes

Soil Pollution
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Soil monitoring

� Dürnrohr (Tullner Feld)

� Soil samplings 1998 und 2003

PF 01

PF 02PF 03

PF 04

PF 26

PF 27

PF 28

PF 19

PF 20

PF 23

PF 22

PF 21
PF 24

PF 05

PF 31
PF 06

PF 07

PF 08

PF 09

PF 10

Bodendauerbeobachtungsfläche

Garten oder Kinderspielplatz

PF 14

PF 15

PF 16

PF 17

PF 30

PF 12

PF 13

G 23

G 25

G 21

G 20G 22

G 24

Metals & Metalloids
Wenzel & 
Wieshammer (2006)

Area average

2003 1998

As
MW 11,4 8,34

SE 2,91 2,08

Cd
MW 0,235 0,457

SE 0,048 0,239

mg kg-1

 

64 Einstichstellen mit 

Maße in 

4 

4 

28 

28 

Tschernosem, Zwentendorf (Quelle: Land NÖ)
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Element depositions in the Tullner Feld 1987-2009

Metals & Metalloids

Austrian Fuel Regulation 1992
(Pb in fuel prohibited)

� Environmental Monitoring Dürnrohr (Tullner Feld)

Wenzel (2011)
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Monthly means of Cd deposition at site EVN

Metals & Metalloids

� Environmental Monitoring Dürnrohr (Tullner Feld)

� Peaks of deposition owing to resuspension of soil dust
Wenzel (2011)
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Lead accumulation in soils

Metals & Metalloids

� Isotopic ratio for tracing of sources,
ICP-MS measurements

� 206Pb derives from leaded antiknock
additives to fuel

� Pb sources: mainly from Australian
mines with narrow 206Pb/207Pb ratios

BvCv; pH=4.0

206Pb/207Pb            

Pb-total (µg kg-1)            

1

1000

AE; pH=3.0

Bhs; pH=3.5

Bv1 pH=4.1

Bv2 pH=4.1

10

100

D
ep

th
 (c

m
) Pb-total206Pb/207Pb

Prohaska et al. (2000)
J. Anal. Atom. Spectrom. 15: 365-369.
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Changes of Pb concentrations in urban soils (Vienna)

Wiener Bodenbericht 2003

Metals & Metalloids

Fuel regulatioin 1992
(Pb in fuel banned)

BW I (Eikmann/Kloke)

BW II (Eikmann/Kloke)
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Kreiner (2003)
Wiener Bodenbericht 2003
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Platinum in urban soils (Vienna)

Wiener Bodenberichte 2000 und 2003

Metals & Metalloids

Pt < 0.03 mg kg-10.28

0.16

0.19
0.19

0.12

0.18

0.16
0.04

0.06
0.22

Sampling 2000

Sampling 2003

Kreiner (2003)
Wiener Bodenbericht 2003

Kreiner (2000)
Wiener Bodenbericht 2000
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Platinum group elements in polluted topsoils

ggggg

Metalls & Metalloids

0 20 40 60 80 100

Sao Paulo -
Oberböden (Ribeiro

et al. 2012)

Sao Paulo -
Straßenrandböden

(Morcelli et al. 2005)

Deutschland -
Autobahnrandböden
(Zereini et al. 2007)

Australien -
Straßenrandb.

(Whiteley & Murray
2003)

England -
Straßenrandböden
(Hooda et al., 2007)

Mexico City -
Straßenrandböden
(Morton et al. 2001)

Hongkong (Pan et
al. 2009)

Österreich -
Autobahnrandb.

(Fritsche & Meisel
2004)

Wien - Stadtböden
(Kreiner 2003)

Rhodium (µg kg-1)

0 100 200 300 400 500

Sao Paulo -
Oberböden (Ribeiro

et al. 2012)

Sao Paulo -
Straßenrandböden

(Morcelli et al. 2005)

Deutschland -
Autobahnrandböden
(Zereini et al. 2007)

Australien -
Straßenrandb.

(Whiteley & Murray
2003)

England -
Straßenrandböden
(Hooda et al., 2007)

Mexico City -
Straßenrandböden
(Morton et al. 2001)

Hongkong (Pan et
al. 2009)

Österreich -
Autobahnrandb.

(Fritsche & Meisel
2004)

Wien - Stadtböden
(Kreiner 2003)

Palladium (µg kg-1)

0 100 200 300 400 500

Sao Paulo -
Oberböden (Ribeiro

et al. 2012)

Sao Paulo -
Straßenrandböden

(Morcelli et al. 2005)

Deutschland -
Autobahnrandböden
(Zereini et al. 2007)

Australien -
Straßenrandb.

(Whiteley & Murray
2003)

England -
Straßenrandböden
(Hooda et al., 2007)

Mexico City -
Straßenrandböden
(Morton et al. 2001)

Hongkong (Pan et
al. 2009)

Österreich -
Autobahnrandb.

(Fritsche & Meisel
2004)

Wien - Stadtböden
(Kreiner 2003)

Platin (µg kg-1)

Minimum

Maximum

Background values 
for continental 
crust, in µg kg-1

(Wedepohl, 1995):

Pt: 0.4
Pd: 0.4
Rh: 0.06
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Platinum group elements (Pt, Pd, Rh) – soil

Sorption, Cambisol from Gmunden

Metalls & Metalloids

Platinum

Rhodium

Palladium

pH (H20) 6.3

pH (0.01M 

CaCl2)
5.6

OC (g kg-1) 52.5

Texture (g kg-1)

Sand: 275

Silt: 725

Clay: 0

DOM complexes ?

H

L

S

Herincs et al. (2013)
J. Anal. Atom. Spectr. 28:354-363.

J. Anal. At. Spectr
28, 354



University of Natural Resources

and Life Sciences

Department of Forest and Soil Sciences

Institute of Soil Research    I    www.rhizo.at    I    W.W. Wenzel22.04.2013 41

Platinum group elements (Pt, Pd, Rh) - ecotoxicity

Hydroponic experiment with canola (Brassica napus L. cv. California)

Metalle & Metalloide

FWF Project P 20838 N17

Hernincs et al. (2013)
In preparation



University of Natural Resources

and Life Sciences

Department of Forest and Soil Sciences

Institute of Soil Research    I    www.rhizo.at    I    W.W. Wenzel22.04.2013 42

Control Rhodium

1                               5  mg L-1

Platinum group elements (Pt, Pd, Rh) - ecotoxicity

Rhodium negatively affects root development at bei pH=7

Metalls & Metalloids

Hernincs et al. (2013)
In preparation
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Historical concepts and emerging understanding of

carbon sequestration in soils

Increased importance of texture, structure, rhizosphere, subsoil...

Carbon Sequestration

Schmidt et al. (2010)
Nature 478: 49-56. 



University of Natural Resources

and Life Sciences

Department of Forest and Soil Sciences

Institute of Soil Research    I    www.rhizo.at    I    W.W. Wenzel22.04.2013 44

Model of carbon stability in soil

Carbon Sequestration

Six et al. (2002)
Plant & Soil 241: 155-176. 

Unprotected
Unprotected soil C

Microaggregate
associated

Silt & clay associated

Non-hydrolisable

Physically protected soil C

Biochemically protected soil C

Aggregate turnover Ad-/Desorption

Litter quality

CO2

CO2
CO2

CO2

Condensation, complexation

ca. 85% of 
total C

Angers et al. (2011)
Soil Use & Management 
27: 448-452.
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Correlation between textural fraction <20µm (=T,

fU+mU) carbon bound to this fraction in uncultivated

and grassland soils

Carbon Sequestration

Hassink (1997)
Plant & Soil 191: 77-87. 
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Calculation of fraction <20µm from silt content

Data sources: Heft 63 ÖBG, Jandl (1987), BZI Salzburg

Carbon Sequestration

Silt concent = fraction<63 µm (%)
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Humus contents in Lower Austrian soils

Soil sampling 1990/91 (BZI)

Carbon Sequestration

Bundesamt für Bodenwirtschaft Wien (1994)
Lower Austrian Soil Inventory. GIS map: Monika Humer

x 0.85 = SSOC
Stable organic carbon

Angers et al. (2011)
Soil Use & Management 

27: 448-452.

Organic matter
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Partitioning into regions

Carbon Sequestration
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Saturation potentials & stable C in Lower Austrian

topsoils

Medians for Lower Austria (lines) und regions (bars); soil depth 0-20 cm

Data source: BZI NÖ (sampling 1990/91)

Carbon Sequestration
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Increase of Corg (Median) in arable soils between

1991/95 and 2006/2009 in three main production

areas

Carbon sequestration

Mühl- & Waldviertel

Alpenvorland

• Initially higher C saturation
• Shorter growth periods for 

cover crops

• Initially larger C 
saturation deficit 
owing to intense 
cropping and lower C 
input

• Effect of mulching 
(cover crops)

Nordöstliches Flach- & 
Hügelland & Marchfeld

AGES (2010)
ÖPUL-Evaluierung. 
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Saturation potentials and stable C in Lower Austrian

arable topsoils

Medians for Lower Austria (lines) and regions (bars); soil depth 0-20 cm

Data source: BZI NÖ (sampling 1990/91)

Carbon Sequestration
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C increase 1991/95-2006/09
(source: AGES, 2010)



University of Natural Resources

and Life Sciences

Department of Forest and Soil Sciences

Institute of Soil Research    I    www.rhizo.at    I    W.W. Wenzel22.04.2013 52

Carbon sequestration potentials in Lower Austrian

topsoils under arable and grassland regime

Comparison with anthropogenic C emissions (without
LULUCF) & C sequestration by LULUCF 2007 in Austria

Carbon Sequestration

Organic carbon (Mt)

Agrarstrukturerhebung 2010:
Arable land Ö:   1,371.428 ha
Arable land NÖ:    692.121 ha

(ca. 50%)

United Nations Framework 
Convention on Climate Change 

(2009):
National greenhouse gas inventory 

data for the period 1990-2007.
ÖSTAT (2012):

Agrarstrukturerhebung 2010.
BZI NÖ

Gerzabek et al. (2005), Canad. J. Soil 
Sci. 85: 491-498.

Ö
Ö

Expected change
After 20 years accoording 
to Janssens (2003)

Estimated redutction in
NÖ by ÖPUL since 1991

C losses from arable soils in Lower Austria by soil erosion in 20 years: ca. 1-1.5 Mt 

Potential by harvest residues
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Saturation deficit in various soil types

Carbon Sequestration 
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Summary

RESSOURCE INPUT (P, Energy,…)

OUTPUT (Food, 
Fibres, Energy)

SOIL EROSION

CLIMATE CHANGE
(Drought stress, 

loss of coastal areas…)

CROPPING INTENSITY

SEALING
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Zusammenfassung

WETTING / SALANIZATION

FALLING DRY

RESSOURCE INPUT (P, Energy,…)

OUTPUT (Food, 
Fibres, Energy)

SOIL EROSION

CLIMATE CHANGE
(Drought stress, 

loss of coastal areas…)

CROPPING INTENSITY

SEALING
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“Super Fund Sites” (Altlastenstandorte)

Management of Contaminated Soils
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Management of Contaminated Soils

Austria 1.500 80.000 1.500     300 priority areas
Germany n.n. 240.000 5.200
Belgium 8.020 14.000 6.900 Total costs
Italy 1.250 8.870 510 1250 priority areas
The Netherlands n.n. 115.000 up to 46.000 Total costs
France 9000 175.000 n.n. -
Denmark 14.000 40.000 1.138 Total costs

Country Altlasten      Suspected sites Costs Kommentar zu

(Mill. €) Kosten

Polluted sites in Europe

European Environment Agency (2000)
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Management of Contaminated Soils

Puschenreiter et al. (2008):
SUMATECS. Final Research Report.

Gentle remediation technologies
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Management of Contaminated Sites

Puschenreiter et al. (2008):
SUMATECS. Final Research Report.

Phytoextraction

Wood Oil seeds Maize Wheat

Optimised biomass, uptake & phytoextraction efficiency

Annual harvest

Plants SeedsBiennuel harvest

Incineration

Heat Ash

Incineration

Heat Ash
Synth. 

Gas
Biogas + 
compost

Biofuel

Gasifcation Anaeroberic
digestion

Oil

Options for energetic use of phytoremediation crops
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Management of Contaminated Soils

Iqbal et al. (2012)
Environmental Pollution 170: 222-231 

Extraction of about 2% of total soil Cd after 160 days
Enhanced to 3% upon elemental sulfur application

Soil management using mobilising (sulfur) und

immobilisating (red mud & gravel sludge) soil

additives

� Contaminated soil (Pribram), willow (Salix smithiana)

Salix x smithiana Willd.
(S. caprea x S. viminalis)

Red mud accident in Ajka, Ungarn
(Photo: C. Mikovits)

+Schwefel (S)

+Rot- + Kiesschlamm (A)

Boden Arnoldstein B

Fo
lia

r 
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d 
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ow
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Iqbal et al. (2012)
Environmental Pollution 170: 222-231 

Soil management by elemental sulfur addition

� Rhizosphere effect

Management of Contaminated Soils

22.04.2013

Rhizosphere effect

+S
Weide
Weide + S
-
S

Soil Pribram

Cd2+, Zn2+ Uptake in willow

pH ↓ Cd2+, Zn2+

O2: Planar Optods
Metals: DGT
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Höfer et al. (2013)
In preparation

Soil management by elemental sulfur addition

� Rhizosphere effect

Management of Contaminated Soils

22.04.2013(1) start of rhizobox experiment, (2) soil solution sampling procedure during experiment 3mL per 
compartment, (3) plant compartments after harvest (C4 – Control, HS1 – 0.51g sulphur, S4 – 1.02g sulphur)

11 22

33
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Höfer et al. (2013)
In preparation

Soil management

by elemental

sulfur addition

� Rhizosphere effect

Management of Contaminated Soils

22.04.2013

soil solution pH (25°C)
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Höfer et al. (2013)
In preparation

Soil management by elemental sulfur addition

� Rhizosphere effect

Management of Contaminated Soils

22.04.2013
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Per-capita Provision of Food

Increasing Land Demand

Global East Asia

Fo
od

 ü
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)

Datenquelle: Kastner et al. (2012)
PNAS, www.pnas.org/cgi/doi/10.1073/pnas.1117054109

Animal products

Cereals
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Increasing Land Demand
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Global East Asia

Datenquelle: Kastner et al. (2012)
PNAS, www.pnas.org/cgi/doi/10.1073/pnas.1117054109

Animal products

Cereals

Pro-capita land requirement for food production

� Progress in land use technology

� Shift in diet towards more meat (emerging economies)

shift in diet
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Soil Pollution
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Carbon Sequestration
Six et al. (2002)
Plant & Soil 241: 155-176. 
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Fine pores Middle pores Coarse pores, cracks, worm & root channels

Unprotected (POM in coarse fraction)

Biochemically protected

Protected in microaggregates

Protected by association with clay & silt
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Carbon input

Saturation level

Protected level

Protection capacity ca. 85% of 
total C

Angers et al. (2011)
Soil Use & Management 
27: 448-452.
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