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Outline
• Growth forms of aquatic plants
•  Aquatic plants regulate greenhouse gas fluxes in wetlands
• Fluxes exhibit large variability
• Oxygen links aquatic plants and greenhouse gas
• The aerenchyma, a conduit to contrast oxygen limitation
• Floating plants dominance as a stable state  
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Types of wetland plants
Wetland vascular plants are generally categorised based on their growth 
form. This scheme is independent of phylogenetic relationships; it is based 
solely on the way in which the plants grow in physical relationship to the 
water and the sediment. Wetland plants can be grouped in 4 categories:  

1) Emergent plants

2) Submerged plants

3) Floating-leaved plants

4) Floating plants
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1) Emergent plants 

Emergent plants are rooted in the sediment 
with basal portions that typically grow 
beneath the surface of the water, but whose 
leaves, stems (photosynthetic parts), and 
reproductive organs are aerial. Among the 
types of wetland plants they are the most 
similar to terrestrial species, relying on 
aerial  reproduct ion and sediments as 
source of nutrients.

They directly connect the sediments to the 
atmosphere, and vice-versa
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2) Submerged plants 
With the possible exception of f lowering, 
submerged plants typically spend their entire life 
cycle beneath the surface of water and are 
distributed in coastal, estuarine and freshwater 
habitats. Nearly all are rooted in the substrate, 
although there are several rootless species that 
float free in the water column. In submerged 
species, all photosynthetic tissues are normally 
underwater (Cook, 1996).

Submersed plants oxygenate bottom water and 
surface sediments
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3) Floating-leaved plants 
The leaves of floating-leaved species float on 
the water ’s surface while their roots are 
anchored in the substrate. Petioles or a 
combination of petioles and stems connect 
the leaves to the bottom. Most floating-leaved 
species have circular, oval, or cordate leaves 
with entire margins that reduce tearing, and a 
though leathery texture that prevents both 
herbivory and wetting (Guntenspergen et al., 
1989).

They shade the water column, limit water 
reareation and connect the sediments to the 

atmosphere
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4) Floating plants 
The leaves and stems of floating plants float 
on the water’s surface. Roots hang free in the 
water and are not anchored in the sediments, 
Floating plants move on the water’s surface 
with winds and water currents.
Besides the roots’ role in absorbing nutrients, 
they a lso serve as a weigh that  helps 
stabilise the plant on the water. Floating 
wetland plants commonly exhibit extensive 
vegetative growth.
They characterize eutrophic ecosystems and 

can turn the water anoxic
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from Bodmer et al. ,  2021. Methane fluxes of 
vegetated areas in natural freshwater ecosystems: 
assessments and global significance. EarthArXiv 
(2021), 10.31223/X5ND0F

-Emergent, floating, and submerged vegetation affects 
CO2, CH4 and N2O dynamics, including production, 
consumption, oxidation, and transport.
-Plant-mediated effects on GHG production include the 
provision of organic carbon or oxygen through roots. 
-Plant-mediated effects on GHG transport include direct 
connec t ion  be tween anox ic  sed iment  and  the 
atmosphere, retention of bubbles and alteration of 
diffusive water-atmosphere gas exchange.

Aquatic vegetation plays an 
important role as regulator of 

greenhouse gas flux in wetlands
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Trapa natans affects CO2 and CH4 fluxes
Water-atmosphere fluxes of carbon dioxide and methane  in spots with 
free water surface (C) and in the presence of the common water 
chestnut (T) are significantly different. 
The macrophytes reduces the daily emission of CO2 and increases the 
emission of CH4. 

Control (C)

Trapa natans (T)

From Bolpagni et al., 2007. Diurnal 
exchanges of CO2 and CH2 across 
the water–atmosphere interface in 
a water chestnut meadow (Trapa 
natans L.). Aquatic botany, 87(1), 
pp.43-48.
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from Dacey, 1980. Internal Winds 
in Water Lilies: An Adaptation for 
Life in Anaerobic Sediments. 
Science (1980)

Nuphar lutea (L.) reverses CO2 
fluxes and enhances CH4 
emissions

from Ribaudo et al., 2012. CO2 
and CH2 fluxes across a Nuphar 
lutea (L.) Sm. stand. Journal of 
Limnology, 71(1).
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Duckweeds also reverse CO2 efflux and stimulate CH4 emission

from Rabaey and Cotner, 2022. Pond 
greenhouse gas emissions controlled by 
duckweed coverage. Frontiers in Environmental 
Science 10 (2022): 889289.

Source

Sink

Ponds have disproportionate greenhouse gas 
emissions relative to their size. 
A study on 26 ponds in Minnesota (USA) revealed 
that they are all CH4 sources and CO2 sinks, 
depending on duckweed coverage.
Duckweed ponds had a mean emission rate in 
CO2 equivalents of 31 g C m−2 d −1 compared to 
11.0 g Cm −2 d−2 in non-duckweed ponds.
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Lakes vegetated areas contribute major fractions of C emission

from Desrosiers et al., 2022. Disproportionate 
contribution of vegetated habitats to the CH4 and CO2 
budgets of a boreal lake. Ecosystems (2022): 1-20.

26%

80%
66%

Typha 
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Brasenia
schreberi
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Approximately 50% of the net primary production by P. australis is
respired to CO2 and CH4 and released via convective gas flow 
within plants. CH4 release is about 4% of photosynthetic CO2 
fixation and 9% of the net C fixation in the wetland. 
On the basis of current GWP values for CH4 relative to CO2 and the 
molar ratios, P. australis wetland can be viewed as net sources of 
greenhouse gas over timescales <60 years, but net sinks over 
longer time scales.

Annual CO2 and CH4 budget in Phragmites australis

from Brix et al., 2001. Are 
Phragmites-dominated 
wetlands a net source or 
net sink of greenhouse 
gases? Aquatic botany 69, 
no. 2-4 (2001): 313-324.
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from Aben et al., 2022. Impact of plant species and intense nutrient loading on CH4 and N2O fluxes from 
small inland waters: an experimental approach. Aquatic Botany, 180, p.103527.

Nutrient loads (specifically nitrate loads) regulate N2O fluxes more than macrophytes in laboratory 
experiments 

The regulation of N2O fluxes by aquatic plants is comparatively understudied
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Large heterogeneity among 
different plants

from Laanbroek, 2010. Methane emission 
from natural wetlands: interplay between 
emergent macrophytes and soil microbial 
processes. A mini-review. Annals of 
botany, 105(1), pp.141-153.
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Importance of local conditions (e.g. trophic level)

from Kosten et al., 2016. Fate of methane in aquatic systems dominated by free-floating 
plants. Water Research 104 (2016): 200-207.
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Invasive floating plants reduce CH4 emission?

from Kosten et al., 2016. Fate of methane in aquatic systems dominated by free-
floating plants. Water Research 104 (2016): 200-207.



Terrestrial and aquatic access to oxygen (O2)

-The earth atmosphere contains an incredible amount of 
oxygen (21%). At sea level such amount corresponds to 
nearly 300 mg O2 per litre of air
-Atmospheric oxygen concentration does not vary across 
seasons or between night and day hours and in the last 
decades it did not undergo measurable changes
-Terrestrial organisms are never oxygen limited. In 
unsaturated soil air (and oxygen!) can penetrate by meters
-What about aquatic ecosystems?
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At 20°C, the theoretical oxygen 
concentration in a freshwater 
wetland is nearly 9 mg O2 per 
litre, around 30 times less than 
the atmospheric concentration (!)

Solubility increases at lower 
temperatures but decrease at 
higher temperatures, coinciding 
with high metabolic activity and 
the vegetative phase



20



21

What about oxygen availability in sediments?

Oxygen microsensors allow
to explore the penetration of 
oxygen in sediments.

In most organic sediments that 
characterize wetlands oxygen 
penetration is limited to the 
upper 1-3 mm, due to high 
heterotrophic microbial activity 
and slow diffusion.

Sediments are mostly 
anaerobic environments
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Hard life for rooted aquatic plants
-Aquatic plants are aerobic organisms with 
roots made of cells that need oxygen to 
respire

-Such roots are growing in a medium (the 
sediment) which is anoxic and sometimes 
rich of toxic compounds

-To survive in sediments aquatic plants 
have developed the aerenchyma, an airy 
tissue which allows exchange of gas 
between the shoots and the roots
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Biogeochemical processes at the 
sediment/rhyzosphere interface

O2O2

Aerenchyma

R.O.L.=radial oxygen loss
creates an oxic microlayer
 often <<1mm
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Daily oxygen variation 
m e a s u r e d  w i t h  a 
planar optode.

Radial oxygen loss in the rhyzosphere of V. spiralis
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Methane fluxes in vegetated and 
bioturbated sediments

Sparganophilus tamesis 
loves roots
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The plant and the worm reduce CH4 ebullition by up to 95%

SOV: -95%

SV: -60%
SO: -90%

from Benelli and Bartoli, 2021. 
Worms and submersed 
macrophytes reduce methane 
release and increase nutrient 
removal in organic sediments. 
Limnology and Oceanography 
Letters, 6(6), pp.329-338.

(Sediment alone)
(Sediment+Oligochaete)
(Sediment+Vallisneria)
(Sediment+Oligochaete+Vallisneria)
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Floating plants dominance as stable state due 
to interacting eutrophication, climate change 

and invasions? 
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Climate warming will favour the dominance of algae 
and free-floating plants over submerged plants, and 
the shift among these functional types will affect GHG 
emissions.
Aben et al. (2022) have tested the interacting effects 
of plant type and warming on GHG fluxes and 
demonstrated that the response to experimental 
warming (i.e., increased ebullition rates) was strongest 
for free-floating and lowest for submerged plant-
dominated systems. 
Management strategies should favour submerged 

plant dominance to mitigate GHG emissions.

Interacting climate and macrophyte changes increase GHG emissions?

From Aben et al., 2022. Temperature response of aquatic greenhouse 
gas emissions differs between dominant plant types. Water Research, 
226, p.119251.
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