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— Determinants of soil stability
2. Materials and Methods

3. Results and Discussion

— Data from several different measurements

that allow for a conclusion on soil stability
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PR Motivation <<

Factors and processes governing soil stability

Baumgarten 2013, modified
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Motivation S

Factors and processes governing soil stability

What happens as a result of
fertilization?

inner Helmholtz layer
outer Helmholtz layer (Stern layer)<_.. \

clay particle
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O..
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] ‘
BéUmggrten 2013, modified

Processes that have to be considered:

» Attraction/Repulsion === Zeta Potential

» Dispersion/Aggregation ===  Readily Dispersible Clay
e Soil strength ===  Rheometry
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* Topsoil (0-20 cm) samples from two potassium fertilization trials in Germany
* Disturbed and undisturbed soil material
» Standard laboratory analyses according to Blume et al. (2011)

Selected characteristics of the investigated soil material

Fertilization Soil K* content* Texture SOM
[kg K,O halal] [mg K,O kgt] %Sand %Silt %Clay [% w/w]
qE, 0 75 5 72 23 2.6
) 50 160 5 72 23 2.6
= 100 205 5 71 24 2.6
S 150 250 5 72 23 2.6
0 45 86 9 5 5.4
g 70 50 84 9 7 6.3
S 140 90 85 10 5 6.1
210 145 85 9 6 6.1

* Double lactate soluble K*

3 February 2017 P. Heibach Frontiers of Potassium, Rome 3



- CAU

Method 1: Zeta Potential S

inner Helmholtz layer Classification of suspension stability

outer Helmholtz layer (Stern layer)<_
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Measure for attractive and repulsive forces between particles

* Calculated from electrophoretic mobility (movement in an electric field)
* 1 %o w/w soil suspension (10 mg soil, 10 ml ultrapurified water)

* Ultrasonication to ensure thorough dispersion
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Method 2: Readily Dispersible Clay

t Stokes’ Law:
i‘ 15 okes’ Law
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n | U soil + purified water = 125 ml Turbidity is m.easure.d .and dl.splayed in
i 8 Nephelometric Turbidity Units
il * Normalized Turbidity is calculated accounting
P for the dry mass of soil particles in the
suspension

3-5 g field-moist soil
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Method 3: Rheometry S
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shear stress t [Pa]

Shear deformation y [%]

3 February 2017 P. Heibach Frontiers of Potassium, Rome 6



- CAU

Results & Discussion 1: Zeta Potential N

Zeta potential as a function of soil K* content and texture
(Chernozem = silt loam, Podzol = loamy fine sand)
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Results & Discussion 2: Readily Dispersible Clay "\  «™

Readily dispersible clay as a function of soil K* content and
texture (Chernozem = silt loam, Podzol = loamy fine sand)
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Results & Discussion 3: Rheometry

CAU
: Kiel 7
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Shear stress as a function of deformation, soil structure and matric potential for different
soil types and fertilization intensities

shear stress 1 [kPa]
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Chernozem: Silt loam

Podzol: Loamy fine sand
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Results & Discussion 3: Rheometry

Rheological properties of the soil are
affected by properties of the soil solution!
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ClA ‘ Il Results & Discussion 4: Soil solution @

Baumgarten 2013, modified
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Thank you for your
attention!
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Selected characteristics of the investigated soil material

Fertilization Soil K* content* Texture pH SOM
[kg K,0 hatal] [mg K,O kg'] %Sand % Silt % Clay [-] [% w/w]
£ 0 75 5 72 23 7.3 2.6
N 50 160 5 72 23 7.3 2.6
= 100 205 5 71 24 7.3 2.6
S 150 250 5 72 23 7.4 2.6

0 45 86 9 5 4.3 5.4

E 70 50 84 9 7 4.7 6.3
S 140 90 85 10 5 4.4 6.1
210 145 85 9 6 4.3 6.1

* Double lactate soluble K*
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Soil — a viscoelastic substance

storage-, loss modulus
G',G" [Pa]

shear deformation y [%]

shear stress t [Pa]

Shear deformation y [%]

Viscoelastic deformation behaviour
(Mezger 2012, modified)

Exemplary result of an Amplitude Sweep Test
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Appendix

Water content of the samples used for rheometry at their respective
drainage levels

é CAU >
: Kiel 7

Soil K* content hom str
[mg ke-1] -6 kPa -15 kPa -6 kPa -15 kPa
Water content [% w/w]
;E, 75 322+1.1 22.1+£0.3 247+19 23.6+£0.8
P> 160 326%1.9 24.2 +0.2 25.6+1.2 242+1.3
QE, 205 33.0+04 23.3+0.2 25.6+15 244+0.7
o 250 34.2+0.5 255+0.3 264115 249+0.6
45 23.5+0.5 11.8+0.2 19.0+2.0 148+14
g 50 29.2+0.5 15.7 + 0.4 208+2.2 157+2.2
o 90 27.3+0.2 14.5+0.3 185+3.1 16.0+1.7
145 28.1+0.3 15.6 £ 0.2 179+1.0 156%1.6
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60. Kali" S

EG-DUNGEMITTEL
Kaliumchlorid 60
60 % KO, wasserlosliches Kaliumoxid

Version 4.0

Chemische Zusammensetzung: typisch w

» Kaliumchlorid (KCI) 95,4 %

» Nebenbestandteile (NaCl, MgCls, 4.4 %
MgSO4, KQSO4, CaSO4)

» Anhaftende Feuchte 0,2 %
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