Bayreuth Center of Ecology
3 and Environmental Research pan
" Deutsche JL UNIVERSITAT
U/F-Z) gfrh:ﬂngnzwonwm:al Research MARTIN-LUTH ER-U NIVERSITAT DFG F()Lrlsti“n:'.uqugel‘.'l(?Iﬂichdﬁ B aycee R BAY R E UTH

HALLE-WITTENBERG S L u

Quantifying temporal dynamics of soll structure using
X-ray CT scanning

Frederic Leuther (frederic.leuther@uni-bayreuth.de)

driver — plant — mesofauna - macrofauna

cocoon root




UNIVERSITAT
BAYREUTH

N

Bayreuth Center of Ecolo gy
g M”"«\. .- and Environmen tal Researc
RAE BER MARTIN-LUTHER-UNIVERSITAT g JIF@ 7250 J L BayceeR

UED ggﬁ:ﬁgﬁiwnmwm Research ; ; 0
e GELY HALLE-WITTENBERG S Lu

Quantifying temporal dynamics of soil structure using
X- ray CT scannlng

m What is soil structure?
m Soil structure and soil functions — a case study: biological activity
m Soil structure development due to abiotic and biotic drivers

m Soil structure turnover
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What is soll structure? — Aggregate perspective
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Aggregate perspective is helpful to diagnose structure stability and its (a) (b) (c) (d)
influencing factors, such as organic carbon, cations, pre-compression Reprinted from Weil and Brady (2017)
stress, etc. | 3
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What is soll structure? — Pore perspective
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Fig. 2. Comparison of the sample sizes and pore sizes investigated with the different
methods to characterize soil pore space. Both axes are represented with a logarithmic
scale,

Reprinted from Vogel et al. (2022).
Reprinted from Rabot et al. (2021).

Pore perspective is helpful to describe matter fluxes and
habitats (..., water storage, aeration, rootability)
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What Is soll structure?

Competing views

HOLISTIC VIEW ON
SOIL FUNCTION & ARCHITECTURE
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Reprinted from Rabot et al. (2021). Reprinted from Vogel et al. (2022).
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Soll structure — a dynamic soll property which effects
multiple soll functions

solvent & habitat

Organisms - = Water
Plant growth uptake & redistribution Storage
Biodiversity Transport

stability
chemical
interfaces

<+

Matter
interactions Carbon storage
soil functions Matter turnover

Adapted from Schluter & Kostel, Reference Module in Earth Systems and Environmental Sciences: Soil Structure. Elsevier (2022). | 6
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Feedbacks with biological activity — a case study

Can we link soil structural indicators to differences
In biological activity?

12 years of contrasting land management practices
creates different soil structures and thus affect the
mineralisation of glucose addition.

reduced tillage
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Soll structure Iindicators

= pore surface density

= pore connectivity
= mean matrix grey value = POM volume
: R } g soil matrix

particulate organic matter

-

pore

= mean pore size [mm] = matrix-pore distance [mm] = POM-pore distance [mm]
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Soll structure Is not static, but changing over time

. solvent & habitat inti i inti :
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Seasonal dynamics: Freezing-thawing and wetting-drying
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F. Leuther and S. Schluter, Impact of freeze-thaw cycles on soil structure and soil hydraulic properties. Soil. 7, 179-191 (2021).
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Changes In soll structure due to abiotic drivers

Seasonal dynamics: Freezing-thawing and wetting-drying
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Changes In soll structure due to abiotic drivers

Seasonal dynamics: Freezing-thawing and wetting-drying
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Changes in soll structure due to abiotic drivers

Seasonal dynamics: Freezing-thawing and wetting-drying

J. Diel et al., Impact of wetting-drying cycles on soil structure dynamics. Geoderma. 345, 63-71 (2019).
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Long-term effects: FYM input and organic carbon
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F. Leuther et al., Response of subsoil organic matter contents and physical properties to long-term, high-rate farmyard manure application. | 16
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Changes in soll structure due to biotic drivers

Long-term effects: FYM input stimulates root growth

FYM rate
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Soll structure and soll functions

solvent & habitat

Organisms = Water
Plant growth uptake & redistribution Storage
Biodiversity Transport
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Time?
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Adapted from Schliiter & Kostel, Reference Module in Earth Systems and Environmental
Sciences: Soil Structure. Elsevier (2022).
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Particle randomization as an indicator for turnover
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Mesocosms

A B ;
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0.00- b .
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m Chernozem:

0.0032 mm3 mm-3 year?
—> turnover time 316 years

m Luvisol:

0.0067 mm3 mm-3 year?
—> turnover time 149 years

bioturbation rate [vol.=% year™]
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Soll structure development
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Meurer et. al. A framework for modelling soil structure dynamics induced by biological activity.
Glob. Change Biol., 26, 5382-5403 (2020).
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driver — plant — mesofauna - macrofauna
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Soll structure and organic matter turnover
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m Abiotic drivers cause seasonal fluctuations of soil structure

particulate organic matter

< m Biological activity, in contrast, induced irreversible solil structure
turnover

cycles of

exposure
and

occlusion

m Turnover time was 16 years under moist conditions (Luvisol)
and 33 years under dry climate (Chernozem)

B T m Long dry spells likely reduced bioturbation in Chernozem
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Soll structure Is dynamic!
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Adapted from Schluter & Kostel, Reference Module in Earth Systems and Environmental
Sciences: Soil Structure. Elsevier (2022).
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Quantifying temporal dynamics of soll structure using
X-ray CT scanning
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