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Spatiotemporal heterogeneity controls important ecosystem functions

Spartina patchg Wadden sea, Germany




Plantmediated sediment oxygenation release oxygen into the rhizosphere

Elymusathericus- Waddensea marshes, Germany

KoopJakobsen and Mueller (in review) Frontiers in plant science



Spatiotemporal heterogeneity control important ecosystem functions
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Nitrogen retension
IN Salt marsh rhizosphere



A Salt marshes are important for coastal nitrogen retentiol
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A Plantmediated sediment oxygenation plays a key role ft
the nitrogen turnover

A The impact of plantediated sediment oxygenation was
under-studied

A The role of rhizosphere denitrification was not quantified

A Measuring rhizosphere processes without disturbing
biomass and sediment conditions is a challenge




Measuring denitrification in a salt marsh rhizosphere

- Combining Push Pull and isotope pairing techniques

Denitrification 1) Extract porewater (pull)
) 2) Add™NQ, tracer +Ar(Q)
Roots and Rhizomes 3) inject it into the sediment (push)

——Rhizosphere denitrification 4) Incubate in situ 6h
Q:L 5) Retract porewater (pull)

6) Measure28293N,(g) andAr(g)
7) Calculate ambient rate of denitrification
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KoopJakobsen and Giblin (20009)imnology and OceanograpiWethods
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Coupled nitrification -denitrification in PIE marsh rhizospheres

Rhizosphere denitrification was quantified in the PIE marshes in B Denit Surface
fertilized and unfertilized marshes of the TIDE project.
[] Denit Rhizosphere
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Denitrification was measured down to 20cm -
Low N-load
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KoopJakobsen and Giblin (201d)imnology and Oceanography vol.55(2), pp382



Spatialheterogeneity: Blomass structure



The Europeai®partinastory

Spartina alternifloravas unintentionally introduced to England,
probably by ballast water from North Atlantic transport around 185

Spartina alterniflorahybridized with the European native cordgrass
Spartinamaritima(small cordgrass) forming the naturally derived a
sterile hybridSpartinax townsendiiaround 1870.

The fertile Spartinanglicaevolved by chromosome doubling out of
Spartinax townsendiiand was observed 25 years after the first

ssewolg :Alusuabolarayjeneds

appearance of this hybrid. Spartinaalterniflora Spartinamaritima

50

Spartina alterniflora

Sparting maritima
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Spartina x townsendii
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_Genome T
duplication

Spartina anglica
(2n=12x)

dodecaploid



he Europeai®partinastory

Spartinaanglicawasdeliberately planted out alongthe Waddenseafor coastalprotection
However Spartinadid not do establishedaswell asexpecteduntil the last coupleof decades
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Average annual temperature (°C)
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The Europeaspartinastory

Spartinaanglicais spreadingin response
to increasedemperatures
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The Europeag Spartinastory

SinceS.anglicawas introduced by humans and it is now considered an alien invasive species.
In the highly protected area of thé&/addenSea, which is a national park and UNESCO heritage site, Spartina is no
welcome.
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Sructural heterogeneity: Biomass
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Wetlandplantrhizosphere
' s T
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Spatial heterogeneity in European marshBsemass structur
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Granse Titschlack Ainouche Jensen and KooVl | 2 oS@ibSuyffacé
aeration of tidal wetland soils: roofsystem structure and aerenchyma
connectivity in Spartinaoacea® I review STOTEN 2021
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Spartinarhizosphere; biomassstructure

In the Waddensea Salt marshes there are two types of Spartina hybrids:

A Spartinatownsendii (hexaploid)
A Spartinaanglica(dodecaploid

Chromosome doubling during the hybridization process is known to result
structural changes in particular large aerenchyma formation.

Aerenchymaformation is often associated with high gasansport capability.
High connectivity of the aerenchym the prerequisite
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Plantmediated sediment oxygenation




\“Tidal creek
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Granse KoopJakobsen (in review) STOTEN



Belowgroundoiomassvolumeandaerenchymavolume
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Granse KoopJakobsen et al in review STOTEN 2021
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Connectivity Analysis

Fragmentation and connectivity

Rhizome systemRhizome system
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Root systems structure and gas transport

Oxygen translocation from aboveground
sources to roots and rhizomes require an
unbroken aerenchyma compartment from the
stems to roots.

CTFscanning was used to detect rhizome
connectivity targetindgarger rhizomes with a
minimum diameter of 1.4 mm and 70 mm in
length.
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Fragmentation and connectivity

90 mm 90 mm
S. x townsendii S. x townsendii
(tidal flat) (pioneer marsh)

— 9%0mm ~ 90omm
S. anglica S. anglica
(tidal creek) (pioneer marsh)
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Spatiotemporal heterogenelty:
Plantmediated sedimentoxygenation
Spartinaanglica



LED growth-light

Planaroptode imaging

Plant

Planar optode behind
transparent front plate

VisiSens TD imaging system
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- PC+ Software
- Modular imaging modalities
- Data recording and analysis

Sediment T

Roots Rhizobox with LED Excitation light - Big area kit ‘/ Presens
removable front plate
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Rhizosphere @dynamics studied by Planar Optode
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Rhizobox with S. anglica roots _
Koop-Jakobsen et al 2015 Estuaries and coa:s



Dynamics of O,, pH and CO, in marsh rhizospheres
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Koop-Jakobsen et al 2018 Frontiers in Plant scien



