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Structural and physico-chemical properties 

of macropore coatings control mass transfer

Soil Horizons

Rain Rain

High mass exchange

Macropore wall

Low mass exchangeFocus: Biopores

→ Preferential flow paths

→ Adsorption sites

→ >70% by volume,

50-60% by pore wall 

surface area (Pagenkemper et 

al., 2013)

Foto: Timo Kautz
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Hypotheses:

- Heterogeneously distributed physico-chemical and physical soil properties in 

coatings control macropore-matrix mass transfer of water and solutes. 

- Fluorescence imaging with Na-Fluorescein as fluorescent dye can be used to           

determine dissolved and adsorbed masses of dye, after calibration.

Objectives:

- Visualization and quantification of hydraulic transport, and sorption 

characteristics of earthworm-, root- and shrinkage-induced interfaces.

Problems:

- Limited size, small-scaled heterogeneity, accessibility of adsorption sites

Hypotheses, Problems and Objectives
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Sampling site and macropore matrix 

interfaces: 

Samples from Bt horizon located in Holzendorf, Germany,

23.7 % Clay, 23.3 % Silt, 53.0 % Sand, 2.4 g kg-1 SOC.

Foto: Martin Leue

Plant root channel 

Earthworm burrow

Shrinkage crack

Interfaces with 

differences in 

micro-aggregation

(Haas and Horn, 2018).
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Calibration I

Uv/vis spectrometer to excited the 

samples with λex: 420 nm and to 

determine FPI. See Haas et al. (2020).

Soil mixed with aqueous solutions used 

for calibration
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Calibration II

3. Sorption characteristics

Soil pastes with defined c (mg/L)

0 25 100

Darkhood for Fluorescence 

imaging
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Experimental set-up for tracer application 

Plan-view Photo

Sprayed Front

Earthworm burrow

T2
T3

T4

T1

Plan-view 

photo

Tracer application:

3.24 g water hour-1

with 100 mg Na-

Fluorescein L-1

Slicing and Fluorescence imaging after one 

(T1), two (T2), and three hours (T3) of tracer 

application as described in Haas et al. (2020).
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Soil 

Matrix

Root channel

Interface

Fig.: Exemplary photos (A) with Fluorescence images (B). 

Soil 

Matrix

Earthworm burrow 

burrow

B)

B)

B)

A)

A)

A)

Fluorescence imaging: Some impressions
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Data processing and mass distribution 

maps

Exemplary Fluorescence image after three hours of dye application to 

the vertical crack surface (left-hand side), with B) Na-Fluorescein 

concentration in soil solution (ceq) as calculated from grayscale values 

and C) the same image but aligned to the crack surface.
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Shrinkage Crack - Na-Fluorescein in soil 

solution
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Earthworm burrow - Na-Fluorescein in 

soil solution
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Plant root channel - Na-Fluorescein in 

soil solution
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Na-Fluorescein Mass distributions

Root channelShrinkage Crack Earthworm burrow
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• The method allows visualization of flow paths, and mapping of small-

scaled distributions of dye masses

• Mass transfer depends on the type of macropore-matrix interface

Limitations

• Soil pH, SOC and other fluorescent compounds, Water content 

distributions

Discussion and Conclusions
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