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Agenda:

 Why aquatic interfaces (plant-sediment, sediment-water) are

important in aquatic system?
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Importance of interfaces in aquatic
ecosystems




Plant-mediated sediment oxygenation release oxygen into the rhizosphere

Elymus athericus - Wadden sea marshes, Germany
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Wetland plant rhizosphere
- : o ( 'Nv
143 rhizomes with aerenchyma in ‘
cross section

~6000 rhizomes with aerenchyma
per m2at -5 cm depth
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Morphology of Spartina rhizospheres — structure

‘I

Wetland rhizospheres can
develop a very dense
biomass

Consequently, there is large
area with plant-sediment
interfaces
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Plant-mediated sediment oxygenation — How does it work?

Oxidized sediment
— Root and Rhizomes
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Plant-mediated sediment oxygenation — How does it work?

Oxidized sediment
— Root and Rhizomes

—— Oxic Rhizosphere
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Spatiotemporal heterogeneity controls important ecosystem functions

Spartina patch — Wadden sea, Germany Uiiepetatedleoastallsediment

Oxic/anoxic interfaces
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Spatiotemporal heterogeneity control important ecosystem functions

Diagenetic processes

Solute species

¢

Concentration

Unvegetated coastal sediment

Oxic/anoxic interfaces
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Hulse et al Geosci. Model Dev., 11, 2649-2689, 2018

Ecosystem functions

Green house gas
release

Carbon turnover
and sequestration

Nutrient
retention/turnover
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Plant mediated sediment oxygenation
— Plant benefits ?

It is a flood adaptive trait ...

... Facilitating oxygen for aerob respiration in roots
... Increasing nutrient uptake via roots
... Reduce impact of phytotoxin in the rhizosphere
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How to measure plant — sediment
interactions - a review of methods
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Methods for studying root-sediment T | <
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 Microsensors rofiling

Space: 1D-profile
Time: Continuous measures Atmosphere
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2 Kind of measuring principles

* Microsensors
Space: 1D-profile
Time: Continuous measures

Micro-electrodes: Micro-Optodes
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Analytes: O,, H,, H,S, N,O, NO, Analytes: O,, pH and pCO,

Z PreSens
UNISENSE




O2 uM
-50 0 50 100 150 200 250

* Microsensors
Space: 1D-profile 5
Time: Continuous measures
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Rhizosphere O,-dynamics studied
with Multi Fiber Optode

i Photo © PreSens
* Microsensors Commercially available system — 10 optodes oo

Space: 1D-profile
Time: Continuous measures
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Diffusive Gradients in Thin-films (DGT) or Diffusive Equilibration in Thin-Films (DET)

2D images of porewater dissolved ions and gasses:
inorganic nutrient (e.g., P, Fe, Mn)
contaminant (e.g., As, Cd, Pb)

Space: 1D-profile Gases (H2S)
Time: Continuous measures

e Microsensors
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Planar optode investigations



LED growth-light

Planar optode imaging

Plant

Planar optode behind
transparent front plate
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VisiSens TD imaging system

’

- PC+ Software
- Modular imaging modalities
- Data recording and analysis

Sediment

|

Roots  Rhizobox with LED Excitation light - Big area kit ‘/ PreSens
removable front plate




Planar optode technology
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Imaging oxygen distribution
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Ref: Lenzewski, Koop-Jakobsen et al, New phytologist 2018



Planar optode imaging is a quantitative technology §
[ ] [ [ [ ] [ ] m
- Each pixel in the optode image is assigned an [O,]-value s
Visualization of the spatial oxygen distribution as 2D image =
=
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Planar optode imaging is a quantitative technology gl;
- Each pixel in the optode image is assigned an [O,]-value S
1. Key Feature: Quantification of Spatial Variation %
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Planar optode imaging is a quantitative technology ;_fi
- Each pixel in the optode image is assigned an [O,]-value S
2. Key Feature: Quantification of Temporal Variation %
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Dynamics of O,, pH and CO, in marsh rhizospheres
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Koop-Jakobsen et al 2018 Frontiers in Plant science



Dynamics of O,, pH and CO, in marsh rhizospheres

Daily variation in O,, pH and CO, around Spartina root. (periods: 12h light/ 12h dark)

https://www.researchgate.net/publication/326033658 Video following 02 pH and CO2 distribution around a root of the wetland grass Spartina anglica



Plant-mediated sediment oxygenation -
in Elymus athericus




Research example 1
Plant-mediated sediment oxygenation facilitate the
spread of Elymus athericus in European marshes

Ketil Koop-Jakobsen, Alfred-Wegener-Institute - Wadden Sea station, Germany
Robert Meier, PreSens Precision Sensing GmbH, Regensburg, German
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Oxygen dynamics in Elymus athericus rhizosphere

Characteristics:
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Geographical distribution and study area:

Geographical distribution: Study area:
Europe Atlantic coast and Mediterranean coast Wadden sea: Tidal dominated describe

Research Area German Wadden Sea
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Elymus is spreading significantly altering the plant composition

Does Elymus possess traits that enables its spread into waterlogged areas ?
Is Elymus capable of plant-mediated sediment oxygenation?
Are there dlfferences between between the low and high marsh ecotype?
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Plant-mediated sediment oxygenation release oxygen into the rhizosphere

Elymus athericus - Wadden sea marshes, Germany
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Study design

Plant mediated sediment oxygenation in Elymus was investigated using planar
optode, which images oxygen in the rhizopshere.
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Elymus low marsh

Light

Dark

Spatial oxygen distribution in Elymus rhizosphere

Low marsh ecotype

| % 0, Atm. Sat.
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Koop-Jakobsen and Mueller 2021 Frontiers in plant science
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Spatial oxygen distribution in Elymus rhizosphere
High marsh ecotype
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Spatial oxygen distribution in Elymus rhizosphere
Low marsh ecotype

High 32.00

Koop-Jakobsen unpublsihed
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Temporal oxygen distribution in Elymus v
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Spatial oxygen distribution in Elymus v
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Conclusion:

e FElymus athericus is capable of plant-mediated sediment
oxygen

e Plant-mediated Sediment oxygenation can have
significant impact on Elymus’ rhizosphere chemistry via
sediment oxygenation
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https://doi.org/10.3389/fpls.2021.669751

Oxygen dynamics in Elymus athericus
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