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water repellence by authors from Asia, Australia, Europe,

North America, and the Arabian Peninsula. Approaches

encompass field, laboratory, and combined studies and

scales of investigation range from the microbial- to the

catchment-scale. In addition to reporting on key advances

in their research areas, authors focus on the wider impli-

cations of their findings and identify major research gaps

and future research directions in their respective disci-

plines. Of particular value within the scope of this special

issue is also the fact that some of the papers featured

here use a cross-disciplinary approach by, for example,

applying first-order principles from physics, chemistry,

and biology to explain the variable behaviour of water

repellence in field soils. The first series of papers focus

primarily on the origin, fundamental principles, and mea-

surements of soil water repellence, followed by investi-

gations of its occurrence and factors affecting it. The

subsequent papers focus on hydrological effects, with the

final two reporting on advances in irrigation management

for water repellent land.

NEW INSIGHTS

In the first study McHale et al. (2007) apply concepts

from materials science to granular material, such as

presented by a sandy soil. They show how the coupling

of the surface chemistry of a material with the sub-

millimetre topography of a surface can create extreme

water repellence, a condition often referred to as super-

hydrophobicity in materials science (e.g. Marmur, 2004).

The authors report on a range of experiments incorporat-

ing model materials with properties similar to those of

sandy soils and demonstrate, for example, how impor-

tant size, shape, and packing density of particles are in

determining how strongly water will be repelled from

a granular surface consisting of similarly hydrophobic

grains. Knowledge of these, and other related effects,

contributes to the fundamental understanding of why soils

with similar organic matter characteristics can exhibit

very different levels of water repellence and also of what

specific properties are reflected by the commonly used

methods for water repellence determination (Letey et al.,

Figure 1. Water droplets resting on a dry and highly repellent dune sand
surface

2000). In the paper by Czachor (2007) the principles of

the wetting process for water repellent soil are also con-

sidered at the fundamental level. The author derives and

tests an elaborated model of water meniscus dynamics for

tortuous, variable cross-section capillaries that are typical

for soils. The derived wetting angles of model soils are

compared with conventional predictions based on results

from the Washburn theory when applied to ‘soil’ that is

characterized as a porous medium with straight cylindri-

cal capillaries. The results show that such conventionally

derived wetting angles are likely to deviate consider-

ably from more realistic wetting angles that also take

pore tortuosity with variable cross-section into account.

The study by Douglas et al. (2007) focuses on the kinet-

ics and energetics of wetting of water repellent soil by

developing a theoretical framework for, and using data

from, tests commonly applied to soils: the water drop

penetration time (WDPT) method, a kinetic measurement

indicating repellency persistence and the critical surface

tension (CST) test, which is a thermodynamic measure-

ment indicating the initial severity of repellence. The

results suggest that the energy barrier to wetting is given,

to a reasonable approximation, by the difference in cohe-

sive energies of the organic molecular film adsorbed on

the soil grains and that of the wetting solution. An impor-

tant implication of this work is that soil with an adsorbed

organic layer is unlikely to have inherent water repellency

but rather the potential to display a range of repellencies

depending on the kinetically meta-stable state into which

the organic materials adsorbed on its particle surfaces

have been locked by the environmental history of the

soil.

The following three studies were conducted by mem-

bers from the interdisciplinary research group ‘Interur-

ban’ and are based on samples from two contrasting

locations in Berlin that exhibit water repellence, a for-

mer sewage disposal field and an inner-city park. The

study by Diehl and Schaumann (2007) also examines

wetting kinetics of soils, in their case through the pio-

neering use of the time-dependent shape of sessile drop

(TISED) method. This elegant approach enabled the acti-

vation energy for the eventual wetting of a water repellent

soil surface to be determined and allowed the authors

to detect fundamental differences in the nature of water

repellence between the two investigated locations. The

TISED method introduced here has the potential to be

an important tool in future work aiming to advance the

understanding of the processes associated with changes

between hydrophobic and wettable states of soils. The

study by Bayer and Schaumann (2007) shifts the focus

to factors affecting the expression of water repellence

by examining the influence of drying conditions and pH.

Both are frequently mentioned as a potential control on

repellence of soil but, particularly for the latter, little data

exist. In contrast to the expectation that raising the pH

reduces repellence (Karnok et al., 1993; Mataix-Solera

et al., 2007) a maximum in repellence was found above

the original sample pH. The results from drying exper-

iments provide supporting evidence for reports that the
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Introductie

 Waterafstotende bodems worden overal gevonden.

 Het kan waterinfiltratie voorkomen en zorgen voor erosie en

verminderde plantengroei  niet handig van de plant?;

 Afhankelijk van organisch stof, maar welke biomarkers zijn het 

meest belangrijk? 

infiltration

soil water 

repellencywater layer
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Onderzoeksvragen:

1. SWR-markers: hoe meten?

2. Wat zijn de SWR-markers? vegetatie (blad, wortel), microorganismen

3. Van SWR-marker naar SWR-biomarker?

4. Gevolgen voor ecosysteem? 

Soil 

organic 

matter 

(SOM)

SWR-gedeelte

Vrije

lipiden

Plant-wax: Cutin(leaf) 

of Suberin (wortel) 
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Field site

National Park Zuid-Kennemerland

Google Earth
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Transecten

Meidoorn Duindoorn
Algen Moss ' Hypnum Lauconosum’ Helm

Den Eik
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WDPT 

(Water Drop Penetration Time)

Bodemmonsters zijn verzameld op 

verschillende dieptes en afstanden

Transect afstand 16.0m

Diepte

(25.0 

cm)

Time [s]

high

low
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DCM/MeOH (9:1) 

extractionDried soils

Typical lipid extraction method

1: SWR-markers hoe meten? Welke bodem-extracties? 

GC/GC-MS

Na extractie, 
hogere SWR???

Mao et al. Geoderma 2014
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DCM/MeOH insoluble fraction 

(AI)

DCM/MeOH soluble fraction 

(AS)

DCM/MeOH (9:1) 

extraction

IPA/NH3 (7:3) 

extraction

Dried soils

GC/GC-MS

Typical lipid extraction method

Typical SWR removal 

extraction method

1: SWR-markers hoe meten? Welke bodem-extracties? 

DCM/MeOH (9:1) 

extraction

GC/GC-MS

GC/GC-MS

Na extractie, SWR 0!!

Waarom niet 1e keer 
opgelost?

Mao et al. Geoderma 2014
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Water afstotende bodem

Zandkorrels

AS fraction (blocked free lipids)

DCM/MeOH extraction

IPA/NH3 extraction

Micro-scale

Nano-schaal

D fraction (free lipids)

Vrije lipiden

Suberins (wortels)

sterk SWR

Geen SWR 

Bodemdeeltjes

Extreme SWR

AI fraction (suberins)

Licht

Sterk

Geen

SWR klasse

Mao et al. Geoderma 2014
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2: Wat zijn de SWR-biomakers?

Soil water repellency

Water laag

Leaf waxes

(meer aanwezig)

Wortels (Suberins)

(veel sterkere SWR, 

AI=fractie)

Een klein deel van bodem

organisch stof is 

verantwoordelijk voor SWR

NEW !



Copernicus Institute – Stefan Dekker

Meest voorkomende

SWR-markers in bodem

Via GC/GC-MS

3: Van SWR-makers 

naar SWR-biomarker

Mao et al. Soil 2015
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WDPT test in the lab

Duidelijke relatie tussen meest voorkomende SWR-

markers en SWR 

Note: ug/g TOC (10-6 per gram organisch stof)

R=0.89

Mao et al. Stoten 2016
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SWR-markers

Veel terug te vinden in wortels!

Conclusie: Blokkeren waterinfiltratie vooral

in de bodem  voordeel voor vegetatie

Biomarker in vegetatie

Mao et al. Stoten 2016
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4: Gevolgen voor Ecosyteem?
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plant

Soil moisture

growth Wateropname

Negatieve Terugkoppeling 1

SWR biomarkers

Negatieve Terugkoppeling 2

Positieve Terugkoppeling 1
Bij natte bodems  hydrofiel

• Processen: niet of zelfde tijdschaal.
• Locking: als droog dan blijft droog, tot 

ineens natte periode

Siteur et al. Ecosystems, 2016
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Cyclische ontwikkeling: 
Biomassa (B) 
watergehalte (W)

I Groei van Biomassa

II: Hydrofobe droge Bodem

III:Biomassa neemt af

IV: Hydrofiele natte Bodem
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Conclusies

1. SWR-markers: hoe meten?

• Via nieuw extractie-schema

• Hoe met kleiige bodems?

2. Wat zijn de SWR-markers? 

• Meest sterke SWR markers zijn de suberins (wortels)

• Fractie van totale organisch stof

3. Van SWR-marker naar SWR-biomarker?

• SWR-biomarkers in wortels van eik, en vele soorten gras.

4. Gevolgen voor ecosysteem? 

• Mogelijkheid tot cyclische ontwikkeling van biomassa


