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» Some general remarks about Soils

» A few examples of soil sciences research
approaches

» Insights in urgently needed soil research
topics

» Conclusions



Some general statements about soils

Soils serve a variety of functions:-

» Biomass production — agriculture, fibre, (only 11 % arable soils are
without limitations), and wood based resources

» Environmental interactions — regulating the flow and filtering of
substances from water, emitting and removing atmospheric gases

» A key component in the Carbon Cycle and global change but they are
endangered by an intense degradation

» Source and sink for bioenergy and biowaste — soil and environment
degradation due to deformation and following erosion

Y

Support of habitat and biodiversity

Y

Protection of cultural heritage and archaeology

Y

Providing raw materials



Sorls are reactors
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Soils are essential for food

production

9 Billion people 2050

>1 Billion people are starving
already today

+70 % food /2050

2,6 Bill. people live directly from
agriculture, but 52% on
degraded land

+ 300 km?/ day are irreversibly
lost worldwide

Vienna city is gone within 1,5
days!

Sustainable development goals
(SDG’s) for soils must be
reached in time in order to
perhaps maintain soil functions
and adjust the management
based on soil resilience
demands.

» Soil regeneration requires
decades to centuries



| Soils are heterogenous (examples from Europe)
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Although we know negative and often irreversible
Impacts of continuous human activities on soil
properties and functions.....

We must define the relevance and consequences under various climatic,
hydraulic conditions and for various landuse systems to avoid further
degradation but maintain soil performance and resilience

0 Diffuse Input of contaminants as m )
77 / particulates ] Acids
= Sewage sludge,

Persistent substances Pesticides & //dlgestates

herbicides,

Gravel
o gxtraction
o\ €100
Gradual \a\'\ds
: N disappearance . .
L , of farms Compaction g_ontam_manon Release of toxic
Zal : ISPErSIOn. » sypstances
| Decayldecline = igification = #rMMg |
Sealing I I of humus, | |
Blocking of soil I Gradual I'soil functions| Contamination of soils and groundwater with applied | Destruction of soil
functions important to destruction of | _ I agrochemicals, atmospheric pollutants and nutrients—I Soil sealing, water
the ecology of the | soils | Changesinthe | eutrophication balance changes
landscape I structure and I
Reduction in functions of Changes in soil composition and soil structure, |
Destruction of soil I soil fertility I soils o I hydrophobicity, soil sealing and dispersion, soil
Re.ductl_o_n In erosion, gas emission, climate change
soil fertility, Adverse impacts on living organisms in the soil

filter, buffer




A few examples of soil sciences
research approaches.



We have to quantify soil functions on local and global scale

based on existing soil map information

The potential of sustainable intensification of food production in Europe based on the
natural resilience and performance of soils

CONTIENTAL SCALE- EU 25 @KU

| Arable land not considered

m Very low soil resilience
and performance

0 Low soil resilience and
performance

Medium soil resilience
and performance

o High soil resilience and
performance

Limiting indicators on analyzed land:

200 -

150 -

100 -

50 - I I

. A0

slope depth cIay+5|lt

Analysed arable land: 671,672 km2

Arable land (x1.000 km?3)

Schiefer et al. 2018



Soil Processes are always coupled at all scales—the link

between physical, chemical and biological processes

Soil mechanical processes

h undrained Mechanics
> elasto-plastic, hysteretic
non-linear
water suction dependent
< viscoelastic
(" Hydraulic ) | (" Mechanical
components components
rigidity of pore systems B *‘ crit. state soil mechanics
pore pressure effective stress
Particle size . TEXTURE Particle shape Swe”in 3 Shrinka e
1 : — | \ 9 g Y, \ total stress
Physico- Y
chemical Water fluxes
processes water, suspension, heat
non-linear, hysteretic
pore water pressure (pwp), <
hydraulic potential
Hydrology
physicochemical properties,
viscosity, surface tension

Marshland Pedogenesis Tidal flat R i C h a rd S et a. I 2 O O O



We know and need to react: Development of the mechanical

stress input in agriculture and forestry - anthropogenic effects

Increased area requires
more powerful machinery

Il

Enhanced stress intake
and depth distribution

today future?

about 1960

¥
§

around 1900



We see what happens when internal soil strength is
exceeded: Physical soil degradatian processes

Changes of physica — : s
soil functions 4 T supsoil

TR

44
S0
&0
Stress propagation
in the subsoil Consequences for structure
deterioration

ecological properties

» reduced Infiltration * root growth - erosion/t.and *Yield

- prevented aeration -Water- , gas- and Slr:slt?g/n ilcl)::;ng Uncertainty
- water storage *Nutrient uptake . water/ ai luti Climate
-ponding *microbial activity waterl air pofiution Change

«Gas emission



Oxygen distribution under wheel tracks

standard tyres 40 cm (center of vehicle)

T
IANARNN

100
-200

wide tyres 80 cm

-200 144 64 (cm) +64 +144 +200
Eo 140 '150 160 '17.0 '180 '19.0 ' 20.0 deformed soil

soil-air oxygen (vol.%)
(Schack-Kirchner, Hildebrand, v.Wilpert 1993)



Effect of landuse on the tensorial function of the saturated

hydraulic conductivity in Schleswig Holstein

Grassland topsoils

4 <12% 212 %clay
3 L
s | i l ‘ Dvertical
E 1L ) D horizontal
o
gop |1 ]
17 Arable subsoils £ 60 cm depth
" Grassland subsoils Weichselian glacial area
4. <12% 212%clay g4_0 - O0<12%clay ®>12% clay
3 L
S E 5
1} X S <
= 1 2
S ot = 1.0 -
| S
1t =
» 0.0
2L X
m-10 T = I ' ' ' I
=574 profil o
n=574 profiles 1982 1987 1993 1998 2004 2009 2014
Year of sampling

Horn et al. 2018 sL



Soil degradation due to increasing soil deformation

Heavy machinery
compacts arable, forest, Consequences for plant production

and pasture soils

Effects on the environment

Reduced growth,
higher uncertainty

*' blv Dust emission increased less yield
After rain storm N20 (CH4)gas &5 Increased fungi || =

. . deseases,
Rapid water table emission

increase in rivers and
lakes

more weeds

Erosion

- reduced pore

volume,

- reduced aeration
v v

Water infiltration reduce

soils remain longer w
and cold,

more slaking problem
reduced water storage

AConsequences ofcll'ima‘t»e change: tvlopsoilwd'rought, red'uced“ *
yield and carbon storage!




New anthropogenic impact: Electricity cable patterns in Germany from the North to the South (Bavaria) (7500 km)
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Thermal interactions with soil water storage due to double cable installation
(wheat growth)

0.4 -6DPbb Temperature increase +2°C
—GoK-30 cm —GoK-30 cm REF (30 cm depth)

C")A <
£ .
0.35 » 1|—30-60cm —30-60 cm REF |- |
Fs ‘ nFK reduction up to - 10%

0.3 II-I ] ; +—‘F

Due to higher soil temperatures up to 70°C is the amount of plant available water reduced if the soils are too dry, less dense and
not site specific reestablished etc. — However, the soil shrinkage phenomena is still excluded in these models but it will affect the

Temperature increase 60 cm

+6-10°C

ﬂ nFK reduction in 60 cm
up to - 20 vol%

Unpublished data

Loamy stagnic Cambisol



Environmental significance of landfills — how to guarantee lon

Impermeability but also possible mineralisation

Water balance of
the ,Rastorf landfill”

* Multibarrier concept: ML S LI —
o Minimizing the infiltration of precipitation — Groundwater protection ] s . mddepan
o Prevention of landfill gas emissions — Protection of the atmosphere E | Chemiaal T —— 1., Bottom part
Em conversion :5:; Storage Ty "
I_ d f.u * l;?,c;::ewn il :’ - o iConsolidation
] ) al ry rise eachate outflow
Particle drift Precipitation andmit gas g e ——
(Pore migration)
Gaseous reaction products Gaseous degradation products
e Tred
Surface sealing system Re-Infiltration
Surface runoff/ g sy N\ f78eenber | ghineSehruminan
volatile Nach mehreren :
A A Load < ! Ohne Schrumpfung Tagen mit .gerlngere
tmosphere p=-gh(dz + 6 py,) o chem. biochem. Niederschligen Versickerungsraten
g .
Soil Ll reacting | degradable und lateraler
water soluble _ Abﬂuss‘
v (Dichtungsschicht!)
Bottom sealing system L 1\\ LU RARA UL
Water soluble \ /' It it Schrumpfung ;KH !
Leachate degradation products {7 t'!'lvlvl-"lvﬁli Wlm lll l’lﬂh% llk ]
PITTTTT l e .
Temperature gradient Vapour flow Water flow Hydraulic gradient el l illllt lll]lﬂfl'z:h ) mit Schrumpfung
AT _ ey Ay Ay K ;
" ]_K(E“) DODHR B ‘ ﬁ /.I\(EIfT lateral;rl
L — P uss menr:
Aqu”cer' VV V FIieBgeschwindigkeit)

Groundwater flow 0 0,05
— e M/

Which management strategies must be executed to counteract leakage due to climate

change processes —topic of long-term safety



In short: we work also on anthropogenic influences
like:

- physically: Sealing, land slides, erosion, compaction,
desertification, improvement of water storage SWRT,
waste deposit sealing systems, earth cable installation
problems etc.

- chemically: (de-)salinization, pollution by
organic and inorganic compounds, decline in organic
matter, fertilizer application, liming etc.

- biologically: decline in biodiversity and
biological activity.



Discussion of Soil Protection & Sustainable Land Management

always depends on our advanced knowledge, but also the link to the
public, organisations and politicians




Soil life
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We know the relevant values for a sustainable landuse
management -

we can apply our knowledge to maintain

chemical, physical and biological soil properties
an approach to formulate an European soil protection law

hange of soil irreversibly

S and functions degrated

Actual Precaution Action
value value value

‘v Cadmium (mg/kg dry matter)

> soil » exposure pathway
(according to soil texture) soil - human
Action value:
Precaution value: « garden: 2
clay: 1,5 » Playground for children:
loam/silt: 1 10
(at pH<6, precaution value like ||* housing area: 20
sand) « park: 50
sand: 0,4 * industrial area: 60




Values for a sustainable landuse planning!

We can prepare recommendations to formulate laws
e.g. avoidance of soil deformation

Modified according to the German Soil Protection Law (1998)

- >

In order to sustain soil properties and functions, a more site

related land use and soil management strategy is needed!
We must intensify these approaches!!!

Actual value

' Acti lue (AV
(Reference) precaution value(PV) ction value (AV)
AC <8 Vol.% AC <5 Vol.%, O2 availability
Soil properties
et ks <20 cm/d ks <10 cm/d
No problems Labile soils : Loamy Sensitive soils: e.g. Kolluvisol, stagnic
e.g. Cambisol, Alfisols E, (Bt), Cv Luvisols, Gleysol, derived from glacial
Inceptisol, Spodosol till or loam, Vertisols,

(sandy material)

Actual values depend on: parent material texture, structure, bulk density, Corg. etc.



Soil is the Central Dogma, Soil Governance requires
an intense and continuous support in the 21st
Century

“Politics,
N G O ’S Picture taken from Jae Yang



1.

2.

Conclusions

IUSS is able to promote:

Continuous development of new insights in processes in and
reactions of soils under various land use, climatic and
anthropogenic inputs.

- Development of site specific management strategies
Including the structure rigidity as boundary condition.

We know, that landuse and soil protection are not
conflicting each other, if the boundary conditions are
considered — soil degradation must and can be prevented
because it can not be reameliorated worldwide quickly!

. IUSS has the potential to deliver the

essential information for a more
sustainable future land management



Quelle: KIEL.SAILING CITY Foto: Peters



