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Motivation and Aims

A Development of a dynamispatially explicit data-based, pore scale modslupplementing and quantifying experimental insights
A Investigating the carbon sources POM and mucilage and their impact on the dynamic rearrangement of soil particles

A Evaluating scenarios to investigate distribution and residence time of carbon
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/Mathematical Model A /Rhizosphere study
Virtual soll Longterm behavior of the arrangement of soll particles
A Computational domain: 508 Yx 500> Ywith a resolution of 2 Y A Comparison of two digital twins @fgriculturetopsoilswith low and
A Digital twin of agriculture soils with differentay silt ard sand content high clay content, with and without mucilage exudation
1. Dynamicstructural reorganization of soil and POM particles
2. Carbonturnover model
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0% Mucilage POM
Mineral particles with reactive Organic matter Organic gluing Memory edge with
surfaces depending on size agent retained surface alteration
after OM decomposition
Highclay content
Moo s 2t . (202}, ool s oy A Relocation process faster due to smaller, more mobile particles
A Two Gsources: POM (slow: weeksonths) and mucilage (fast: days) Low clay content
A Decomposition of OM depending on pore access A Higher stability of structures due to immobility of larger particles
A Production oforganic gluing agenby microbial OM turnover Mucilage exudation
A Enha}{ncement‘of agg[egate formatlorl . , A Fast degradation resulting in large amount of gluing agent,
A2AUK2dzi yS¢ Ay Lldzig 2UF0 KOS NDYa/E T 13N consequently persistent stabilization of the aggregated structures
microbially produced gluing agent (slow: months) No mucilage exudation

3. Rootmodel S | A Pronounced rearrangement of particles into thispore
A Root growth/decay anéxudatior distribution of mucilage

Quantification of local porosity

oo initial state v—v 100 days (root full grown) 4 150 days <+— 500 days —> 1000 days (end of simulation)

a) 33 % clay b) 33 % clay + mucilage
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U Dynamically changing surtace properties leading to local A Compaction(100 d), gap formation (150 d)iopore (500 d, 1000 d)
\_ (de)stabilization of aggregates ) \A Longterm (in)stability indicated by gray area .
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Distribution and residence of carbon Outlook
A Evaluating spatiotemporal carbon turnover (High turnover: hot spot)| | C:Nratio relevant for microbial activity and growth of biomass
| | High "of POM over fime - A Deficit of nitrogen: More respiration and less production of biomass
Cell types: [ ] pore mucilage solid B root POM w
(a) Initial aggregated state (b) State after 10 days | (c) State after 100 days (d) State after 100 days

Combinationof our current modebf spatial rearrangementvith an
extended carbon turnover modehdapting Kaiser et al. (2014)

A Dissolved nitrogen ancarbonas nutrient source

A Growth and deathof microbial biomass

A Nitrogen asadditional required resource for microbial growth
Simulation setting of ahizoboxexperiment

\A HypothesisSpatial gradient carbon turnover (cold and hot spots)

\_ Zoneinfluencedby mucilage )
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