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ÅWhy aquaticinterfaces(plant-sediment, sediment-water) are

important in aquaticsystem? 

ÅHowto investigateplant ςsedimentinteractionsin aquaticsystems
- a review of methods

Case study1:  Plant-mediated sediment oxygenation 
Χ    ƛƴ Elymus athericus 
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Importanceof interfacesin aquatic
ecosystems
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Plant-mediated sediment oxygenation release oxygen into the rhizosphere

Koop-Jakobsen and Mueller (2021) Frontiers in plant science

Elymus athericus- Waddensea marshes, Germany 
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Wetlandplant rhizosphere

-5cm

7cm

143 rhizomeswith aerenchymain 
crosssection

~6000 rhizomeswith aerenchyma
per m-2 at -5 cm depth
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20cm

Morphology of Spartina rhizospheres ςstructure
Im

p
o

rta
n

ce
o

f a
q

u
a
tic

in
te

rfa
ce

s

Wetlandrhizospherescan
developa verydense
biomass

Consequently, there is large 
areawith plant-sediment 
interfaces

Someof theseareasfacilitate
exchangeof chemical
compoundsbetweenthe
sedimentand the plant. 

Other areashavebarriers
preventinginteraction
betweenthe sedimentand 
the plant 
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Plant-mediated sediment oxygenation ςHow does it work?

Oxidized sediment

Root and Rhizomes

O2 O2 O2 O2
O2 O2 O2 O2
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Oxidized sediment

Oxic Rhizosphere

Root and Rhizomes
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Plant-mediated sediment oxygenation ςHow does it work?
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Spatiotemporal heterogeneity controls important ecosystem functions

Spartina patch ςWadden sea, Germany 

Vegetated coastal sediment

Unvegetated coastal sediment 

-5cm Oxic/anoxic interfaces

O2

FeS2
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Spatiotemporal heterogeneity control important ecosystem functions

Unvegetated coastal sediment 

Vegetated coastal sediment

-5cm Oxic/anoxic interfaces

O2

FeS2

Diagenetic processes Ecosystem functions

ÅGreen house gas 
release

ÅCarbon turnover 
and sequestration

ÅNutrient 
retention/turnover

Hülseet al Geosci. Model Dev., 11, 2649ς2689, 2018

Im
p

o
rta

n
ce

o
f a

q
u

a
tic

in
te

rfa
ce

s

Photo© Koop-Jakobsen



Plant mediated sediment oxygenation 

Lǘ ƛǎ ŀ ŦƭƻƻŘ ŀŘŀǇǘƛǾŜ ǘǊŀƛǘ Χ 

Χ CŀŎƛƭƛǘŀǘƛƴƎ ƻȄȅƎŜƴ ŦƻǊ aerobrespiration in roots 
Χ LƴŎǊŜŀǎƛƴƎ ƴǳǘǊƛŜƴǘ ǳǇǘŀƪŜ Ǿƛŀ Ǌƻƻǘǎ 
Χ wŜŘǳŎŜ ƛƳǇŀŎǘ ƻŦ ǇƘȅǘƻǘƻȄƛƴ ƛƴ ǘƘŜ ǊƘƛȊƻǎǇƘŜǊŜ

¢Ƙƛǎ ǘǊŀƛǘǎ Χ 

Χ 9ƴŀōƭŜ ǿŜǘƭŀƴŘ Ǉƭŀƴǘ ƛŦ ƭƛǾŜ ƛƴ ǿŀǘŜǊƭƻƎƎŜŘ ǎŜŘƛƳŜƴǘ 
Χ aŀƪŜǎ ǿŜǘƭŀƴŘ Ǉƭŀƴǘǎ ŎƻƳǇŜǘƛǘƛǾŜ ǳƴŘŜǊ ǿŀǘŜǊƭƻƎƎŜŘ ŎƻƴŘƛǘƛƻƴǎ

ςImpact on Ecosystem services ?
мύΧ LƴŎǊŜŀǎŜ aerobdegradation of organics matter affect carbon sequestration  
нύΧ LƴŎǊŜŀǎŜ ƴǳǘǊƛŜƴǘ ǊŜǘŜƴǘƛƻƴκƴƛǘǊƻƎŜƴ ǊŜƳƻǾŀƭ
оύΧ /ƻƴǘǊƻƭ DID release

ςPlant benefits ?

O
2

O2

O2

O2

O2

O2

NO3
-

N2/N2O

Corg

CO2/CH4

Im
p

o
rta

n
ce

o
f a

q
u

a
tic

in
te

rfa
ce

s

Photo© Koop-Jakobsen



How to measureplant ςsediment
interactions- a review of methods



Scholz VV et al (2021) Resolving Chemical Gradients Around Seagrass RootsðA Review of Available Methods. Front. Mar. Sci. 8:771382. doi: 10.3389/fmars.2021.771382

ÅMicrosensors
Space: 1D-profile
Time: Continuous measures 

ÅFiber optodes
Space: Point measures
Time: Continuous measures 

ÅDGT DET-Gels
Space: 2D images
Time: point measurements

ÅPlanar optodes
Space: 2D images
Time: Continuous measures 

Methods for studying root-sediment 
interactions 
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ÅMicrosensors 
Space: 1D-profile
Time: Continuous measures 

ÅFiber optodes
Space: Point measures
Time: Continuous measures 

ÅPlanar optodes
Space: 2D images
Time: Continuous measures 

ÅDGT DET-Gels
Space: 2D images
Time: point measurements

1D-profiling

Koop-Jakobsen K and Gutbrod MS (2019) 

Front. Environ. Sci. 7:137. doi: 

10.3389/fenvs.2019.00137

R
e
vie

w
 o

f m
e

th
o

d
s



Micro-electrodes:

Analytes: O2, H2, H2S, N2O, NO, 
Redox. (pH and temp)

Signal: Electric current (for 
most 

Material: glass (fragile)

Tip-size: >10˃m

Noteworthy: consumes analyte

Micro-Optodes

Analytes: O2, pH and pCO2

Signal: Light

Material: plastic optical fibers 
(less fragile)

Tip-size: >50˃ m

Noteworthy: consumes analyte

2 Kind of measuring principles

ÅMicrosensors 
Space: 1D-profile
Time: Continuous measures 

ÅFiber optodes
Space: Point measures
Time: Continuous measures 

ÅDGT DET-Gels
Space: 2D images
Time: point measurements

ÅPlanar optodes
Space: 2D images
Time: Continuous measures 
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Sediment 

surface

ÅMicrosensors 
Space: 1D-profile
Time: Continuous measures 

ÅFiber optodes
Space: Point measures
Time: Continuous measures 

ÅDGT DET-Gels
Space: 2D images
Time: point measurements

ÅPlanar optodes
Space: 2D images
Time: Continuous measures 
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Short Spartina alterniflora 

Koop-Jakobsen, unpublished
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ÅMicrosensors 
Space: 1D-profile
Time: Continuous measures 

ÅFiber optodes
Space: Point measures
Time: Continuous measures 

ÅDGT DET-Gels
Space: 2D images
Time: point measurements

ÅPlanar optodes
Space: 2D images
Time: Continuous measures 

RhizosphereO2-dynamics studied
with Multi Fiber Optode

100 oxygen optodes inserted in the rhizosphere

Commercially available system ς10 optodes
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ÅMicrosensors 
Space: 1D-profile
Time: Continuous measures 

ÅFiber optodes
Space: Point measures
Time: Continuous measures 

ÅDGT DET-Gels
Space: 2D images
Time: point measurements

ÅPlanar optodes
Space: 2D images
Time: Continuous measures 

Diffusive Gradients in Thin-films (DGT) or Diffusive Equilibration in Thin-Films (DET)

2D imagesof porewaterdissolvedionsand gasses: 
inorganic nutrient (e.g., P, Fe, Mn) 
contaminant (e.g., As, Cd, Pb)
Gases(H2S)

DGT gel: Analyte diffuses into the get and get bound in 
the gel 

DET gel:  Analyte diffuses into the get and reach an 
equilibrium with the pore water

Spatial distribution analysedby as laser ablation 
inductively coupled mass spectrometer (LA-ICP-MS). 
Resolution: 100 ˃m
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Planar optode investigations



Planar optode imaging
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Prepairing rhizobox
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Imaging oxygen distribution
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Ref: Lenzewski, Koop-Jakobsen et al, New phytologist2018



Planar optode imagingis a quantitative technology
- Eachpixel in the optode imageis assignedan [O2]-value
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DarkLight

%O2 atm. sat.

Visualization of the spatial oxygen distribution as 2D image
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Planar optode imagingis a quantitative technology
- Eachpixel in the optode imageis assignedan [O2]-value
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1. Key Feature: Quantification of SpatialVariation 

Profile

Root
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Planar optode imagingis a quantitative technology
- Eachpixel in the optode imageis assignedan [O2]-value
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%O2 atm. sat.

AnoxicSed.

2. Key Feature: Quantification of TemporalVariation 
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CO2

O2

Dynamics of O2, pH and CO2 in marsh rhizospheres

pH

1cm

Koop-Jakobsen et al 2018 Frontiers in Plant science
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Dynamics of O2, pH and CO2 in marsh rhizospheres

Daily variation in O2, pH and CO2 around Spartinaroot. (periods: 12h light/ 12h dark)

https://www.researchgate.net/publication/326033658_Video_following_O2_pH_and_CO2_distribution_around_a_root_of_the_wetland_grass_Spartina_anglica
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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 - WaddenSeastation, Germany
Robert Meier, PreSensPrecision Sensing GmbH, Regensburg, Germany
Peter Müller, Institute of Soil Science, Center for Earth System Research and 

Sustainability, Universität Hamburg, Hamburg, Germany
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Oxygen dynamics in Elymus athericusrhizosphere

Elymus athericus

Characteristics:

Name: Elymus athericus
Distribution: Nativeto Europe 
Habitat: High marsh 
Length: 20-120 cm
Roots: long rhizomes,
Most root biomass in 0-10cm
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