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Soil Physics

Soil physics deals with the dynamics of physical soil components and their phases as solid, liquids, 
and gases. Lal and Shukla (2004)



Soil Physical Properties Analysis 
Focus on Soil and Water Relationship

Solid Phase Liquid Phase

Parent Material Water Quantity
Compound Water-Soil Interactions
Soil Structure Porous Media Flow
Soil Texture



Soil Physical Properties Analysis 
Focus on Soil and Water Relationship

Lab Field



Soil Physical Properties – Common Lab Analysis 

Solid Phase
• Parent Material

Spectrum 
Gravimetric 

• Compound
Gravimetric
Mechanical/geotechnical tests 

• Soil Structure
Aggregate size distribution
Aggregate stability

• Soil Texture
Particles



Soil Physical Properties – Common Lab Analysis 

Liquid Phase
• Water Quantity

Gravimetric
Volumetric

• Water-Soil Interactions
Gravimetric
Inducing a gradient

• Porous Media Flow 
Gravimetric
Inducing a gradient



Soil Physical Properties – Common Lab Analysis 

Solid Phase



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Parent material
X-Ray fluorescence

• Rock powder
• Wavelength dispersive spectrometer
• Typical peak of minerals



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Parent material
X-Ray fluorescence



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Parent material
Particle density (g cm-3) Pycnometer

𝑚𝑠𝑜𝑖𝑙𝑑

𝑉𝑠𝑜𝑖𝑙𝑑



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Parent material
Pycnometer test

• Defined volume glassware
• Adding dry soil (mass known)
• Addind water – complete glassware fill
• Measuring mass (water + soil)
• Calculating water volume (temperature)
• Calculating soil volume



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Parent material
Pycnometer test



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Compound
Bulk density (g cm-3)

𝑚𝑠𝑜𝑖𝑙𝑑

𝑉𝑠𝑎𝑚𝑝𝑙𝑒



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Compound
Bulk density (g cm-3)



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Compound
Porosity (%)
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Soil Physical Properties – Common Lab Analysis – Solid Phase  

Compound
Elasticity and shear stress (N mm2)



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Soil structure
Aggregate stability (%)

𝑚𝑠𝑡𝑎𝑏𝑙𝑒𝐴𝑔𝑔

𝑚𝑡𝑜𝑡𝑆𝑎𝑚𝑝𝑙𝑒



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Soil structure
Aggregate stability (%)

𝑚𝑠𝑡𝑎𝑏𝑙𝑒𝐴𝑔𝑔
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Soil Physical Properties – Common Lab Analysis – Solid Phase  

Soil structure
Aggregate stability (%)
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Soil Physical Properties – Common Lab Analysis – Solid Phase  

Soil texture



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Soil texture



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Soil texture



Soil Physical Properties – Common Lab Analysis – Solid Phase  

Soil texture



Soil Physical Properties – Common Lab Analysis 

Liquid Phase



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water quantity
Soil moisture content

Gravimetric (%)

Volumetric (%) -> mm per soil ‚profile‘
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Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water-Soil Interactions
Retention curve



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water-Soil Interactions
Retention curve



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water-Soil Interactions
Retention curve

• Capillary meter <- up to (theoretically 1 bar)
• Pressure chamber <- larger 1 bar



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water-Soil Interactions
Capillary meter



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water-Soil Interactions
Pressure chamber



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water-Soil Interactions
Pressure chamber



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water-Soil Interactions
Retention curve

Pressure plate
water column



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Porous Media Flow Characteristics
Saturated hydraulic conductivity (m s-1)

𝑞 = 𝐾 𝛻 𝐻



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Porous Media Flow Characteristics
Saturated hydraulic conductivity (m s-1)

𝑞 = 𝐾 𝛻 𝐻



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Porous Media Flow Characteristics
Unsaturated hydraulic conductivity



Common Field Analysis 



Soil Physical Properties – Common Field Analysis 

Solid Phase
• Parent Material

Field survey
Mechanical/chemical tests

• Compound
Mechanical tests
Volume and mass

• Soil Structure
Visual
By hand 

• Soil Texture
By hand



Soil Physical Properties – Common Field Analysis 

Liquid Phase
• Water Quantity

Gravimetric (direct)
Indirect

• Water-Soil Interactions
Direct
Indirect

• Porous Media Flow Characteristics
Direct
Indirect



Soil Physical Properties – Common Field Analysis 

Solid Phase



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Parent Material
Soil and geological maps and field survey

• Available information: soil and geological maps
• Online sources (e.g. FAO soil map)
• Construction sites and boreholes

• Landscape unsteadiness – bank breaks
• Landscape pattern (glacial, alluvial, …)
• Vegetation cover



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Parent Material
Soil and geological maps and field survey



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Parent Material
Mechanical tests



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Parent Material
Chemical tests



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Parent Material
Rock density



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Compound mechanical tests
Shear stress and pressure



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Compound mechanical tests
Shear stress and pressure



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Compound mechanical tests
Shear stress and pressure



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Compound 
Mechanical tests
Shear stress and pressure



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Compound
Volume and mass

Cohesive soil
• Clod of soil
• Cover with Saran (thin plastic surface)
• Weight the clod
• Volume through water dipping



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Compound
Volume and mass

Non-cohesive soil
• Level soil surface and place a frame
• Excavate certain (undefined) volume of soil within the frame
• Weigh the excavated soil
• Cover the excavated ditch with a plastic foil
• Fill the plastic soil to the frame (measure the water volume)



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Soil structure Visual / by hand



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Soil structure 
Visual / by hand



Soil Physical Properties – Common Lab Analysis – Soild Phase  

Soil texture 
Visual / by hand



Soil Physical Properties – Common Field Analysis 

Liquid Phase



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water quantity
Gravimetric (direct)

• Roasting/burning the soil
• Spiritus
• Burns also organic matter and high adhesive water fraction!



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water quantity
Carbid method (indirect)



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water quantity
Indirect - electric signal / neutrons

TDR
Time Domain Reflectrometry – measures the time delay of electric wave signal
Two or three parallel waveguides where pulse travels along

FDR
Frequency Domain Reflectrometry – measures dielectric permittivity
Send the signal through the soil

Neutronprobe
Contains Americium-241 and Berryllium – measures the colliosion of fast neutrons
Fast neutrons collide with hydrogen



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water quantity
Indirect - electric signal / neutrons

TDR FDR Neutron Probe



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water quantity
Indirect - electric signal



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water quantity
Indirect - electric signal



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water soil interaction
Soil matric potential

Tensiometer

Up to 1 bar (practically appr. 0.7 bar)!



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water soil interaction
Soil matric potential

Tensiometer



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Water soil interaction
Soil matric potential 

Gypsum block
Ceramic block

Indirect measurement!



Soil Water Movement



Soil Water Movement

Gravitation potential



Soil Water Movement

Total potential



Soil Water Movement
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Soil Water Availability – Process over time



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Prorous media flow
Saturated conditions

Double ring method
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Prorous media flow
Saturated conditions

Double ring method
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Prorous media flow
Saturated conditions

Double ring method
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Prorous media flow
Saturated conditions

Double ring method



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Prorous media flow
Saturated conditions

Borehole technique / Guelph permeameter



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Prorous media flow
Saturated conditions

Borehole technique / Guelph permeameter

+  ‚Matric potential flux‘



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Prorous media flow
Unsaturated conditions

Tension - Infiltrometer
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Prorous media flow
Unsaturated conditions

Tension – Infiltrometer

Boyle-Mariott‘s princip



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Prorous media flow
Unsaturated conditions

Tension - Infiltrometer



Soil Physical Properties – Common Lab Analysis – Liquid Phase  

Prorous media flow
Unsaturated conditions

Mini-Disc



Thank you for your attention


