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ABSTRACT Wetlands macro-vegetation plays an important role in bio-filtration processes.
Global warming is anticipated to modify many water ecosystems of the Earth. In submerged
plants especially, the photosynthetic rate may be limited by a low availability of dissolved
inorganic carbon. Our study demonstrates one of the first results for stand Net Ecosystem CO,
Exchange (NEE) rates for characteristic European aquatic vegetation types based on in situ
measurements. To measure NEE of aquatic (floating and submerged) associations at stand level
a self-developed, portable, floating open chamber system (d=60cm) was used. Soil fluxes of
methane and nitrous oxide were also determined for different wetland ecosystems represen-
ting a moisture gradient in Bodrogkéz wetlands. As the direction of N,O and methane fluxes
(emission or uptake) depends on the soil water content characteristics bi-directional fluxes were
observed. Our study demonstrated, based on production analyses and NEE measurements, that
from the carbon-dioxide point of view the lakes and streams characterized by significant living
plant biomass can be counted as a carbon sequester on a yearly horizon due to the intensive
carbon sequestration of submerged and floating vegetations. The majority of examined fluxes
and parameters varied considerably among the studied years.

KEY WORDS

wetland
carbon-dioxide
methane

nitrous oxide
measurement, balance

Acta Biol Szeged 52(1):213-216 (2008)

Wetlands are valuable ecosystems that occupy about 6% of
the world’s land surface or a minimum of 12 million km?.
They comprise both land habitats that are strongly influenced
by water and aquatic ecosystems with special characteristics
due to shallowness and proximity to land (Roggeri 1995;
Finlayson et al. 1999).

Two per cent of the total territory of Hungary is wetland.
There is an intensive exchange of greenhouse gases within
the atmosphere and the biosphere including wetlands. Among
them, most important greenhouse gases are the carbon dioxide
(CO,) the methane (CH,) and the nitrous oxide (N,O) (Tuba
2005). Carbon dioxide exchange between Hungarian grass
and forest ecosystems and atmosphere has already been
studied (Czdbel et al. 2005a; Nagy et al. 2007; Németh et al.
2008). Beside carbon dioxide nitrous oxide (N,0O) and meth-
ane (CH,) play also important role in the growing greenhouse
effect. Though atmospheric concentrations of N,O and CH,
are much lower than that of CO,, global warming potential
of N,O and CH, is approximately 298 and 25 times higher,
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respectively, compared to the CO,. Their share in the radiation
forcing are 17 and 5 per cent, respectively (IPCC 2001).

Methane (CH,) is produced in the soils by decomposition
of organics by bacteria under anaerobic conditions. Methane
production is controlled by C-mineralization, reduction of
alternative (to oxygen) terminal electron acceptors and the
dynamics of methanogenic activity (Segers 1998). The main
regulator of soil methane production is the anaerobic carbon
mineralization (Segers and Kengen 1998). Beside the gas dif-
fusion controlled by the structure and wetness of the soil, the
methane decomposition depends also on temperature, organic
N-content and organic matter content (e.g. Crill et al. 1994;
Bodelier and Laanbroek 2004).

Two mechanisms are responsible for nitrous oxide (N,0)
production in soils the nitrification (as an aerobic process) and
dominantly the denitrification (in anaerobic condition; e.g.
Butterbach-Bahl et al. 1997; Knowles 2000). Nitrous oxide
is one of the intermediate gaseous products (NO, N,O, N) of
these processes that can be volatilised from soils. Most impor-
tant parameters controlling the soil production and emission
of N,O are the aeration, the organic N-content and the pH
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Figure 1. Net Ecosystem CO, Exchange of selected submerged, rooted
and floating aquatic plant communities of Fured ox-bow, Hungary
(Tiszafured, 2004 September). Acronyms indicate the dominant plant
species of the communities.

(e.g. Granli and Bgckmann 1994; Vor et al. 2003) and the
temperature. The ratio of different intermediate products (NO,
N,O, N,) varies depending on the soil water content (SWC).
In dry, well aerated soils the production of NO, in soils with
medium-high water content the production of N,O while in
saturated soils the N, production dominates (Davidson 1991).
According to newer findings the soil may also be a sink for
N,O (Chapuis-Lardy et al. 2007).

Our aim was to measure the net fluxes and estimate the
yearly balance of these greenhouse gases above different
wetland ecosystems of Bodrogkoz and Fiired oxbow (for
NEE) in Hungary.

Materials and Methods
Study sites and vegetation description

The first in situ NEE measurements was conducted at a large
dead channel of River Tisza, called Fiired ox-bow (Hungary,
44°38’N, 20°45’E), near Tiszafiired in 7" and 8" of Septem-
ber, 2004. The selected aquatic communities were the fast-
growing Salvinio-Spirodeletum, the macrophytes dominated
Ceratophyllo-Nymphaeetum albae, Nymphoidetum peltatae
and the dense community submerged Ceratophylletum de-
mersi.

Parallel with biomass collection NEE measurements were
episodically also carried out in 8 distinct plant communities
(Salvinio-Spirodeletum, Nymphaeetum albo-luteae, Trapetum
natantis, Lemno-Utricularietum, Ceratophylletum demersii,
Hydrocharitetum morsus-ranae, Stratiotetum aloidis) of the
Hungarian Bodrogkéz (Tuba 1995). The measurements were
conducted in O-Bodrog and Kengyel oxbow and in Torok
channel in 2006 and 2007.
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Soil fluxes of methane and nitrous oxide were determined
for five different plant communities (Senecioni sarracenci-
Populetum albae, Fraxino pannonicae-Ulmetum, Circaeo-
Carpinetum, Typhetum latifoliae, Elatinetum alsinastri) in
Bodrogkoz, Hungary. This paper show the first methane and
N, O flux results measured in 2006.

Applied methods

Stand level CO,-flux measurements were carried out episodi-
cally during the vegetation period using chamber technique
operating in open system and Ciras 2 and LCA2 ADC inf-
rared gas-analysers (See Czdbel et al. 2005b). Percent cover
for each species within the chamber was estimated using the
relevé method (Mueller-Dombois and Ellenberg 1974; Van
Der Maarel 1979). The biomass was removed (in minimum
three replications) at peak biomass after the intensive growing
period in August and October.

Soil N,O and CH, flux samplings were carried out by 5-10
parallel static soil chambers with a constant height of h=5
cm. Samples were taken at t=0 and 30 min. after closure of
the chambers by syringe into evacuated vials. Concentration
changes in chambers in half an hour of samplings after closure
were determined by gas chromatography-mass spectrometry
and gas chromatography-electron capture detector (GC-
ECD), for nitrous oxide and methane, respectively.

Results
Carbon balance and related measurements

The yearly estimated carbon balance of the studied aquatic
vegetation based on mainly biomass data was 109 gC m?
year!, with significant standard deviation (71 gC m? year).
This value based on production data of rooted, submerged and
floating communities. The lowest value of mass and carbon
content of biomass per unit face area was found in submerged
vegetation while the highest of these occurred in rooted
aquatic vegetation. The calculated average value fits to the
range, which were measured in European (including Hungar-
ian) grasslands by eddy covariance technique. However, the
growing season of the Pannonian aquatic vegetation is much
shorter than the Hungarian and temperate grasslands, thus
their significant C-fixation potential is remarkable. Despite
the well known fact, that in contrary with grassland ecosys-
tems the aquatic vegetation were not affected by water deficit
stress our NEE measurements showed that high temperature
stress (35°C<) also decreased the carbon sink activity of float-
ing vegetations. It follows that a part of sequestered carbon
could disappear during heat summer periods similarly to
grasslands.The mean and maximal C-uptake of characterictic
aquatic vegetation patches dominated by different plant taxa
could differ significantly. Under similar and near optimal
circumstances T = <20°C, T, 20 - 30°C) the NEE value of
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Measurement of Greenhouse Gases in wetlands

A talaj CO, fluxusanak atlagos értékei és szdordsa

eltérd texturaju, strukturaju és diverzitasu éldhelyeken
(Bodrogkoz, 2007 majus-junius)
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Figure 2. Soil respiration of different wetland habitats (Bodrogk6z, 2007 May & June).

and Utricularia) ranged between -1 and -2 pmol CO, m?
s': The same parameter ranged between -5 és -15 umol CO,
m? st in floating (Salvinia) and rooted (Nuphar, Nymphaea)
vegetations.

Mainly the reduced ligh conditions resulted the mentioned
difference, which characterizing the submerged taxa. The
measured mean NEE rates show similar values (Fig. 1) than
other mesoscale studies related to wetland CO, flux mea-
surements (Larcher 2001). The Pmax rate of the measured
floating and submerged associations in the same range (Fig.
1) as found in other studies based on other indirect methods
(see e.g. Larcher 2001). The similarity of NEE values and
its range provide further evidence for the reliability of this
technique. There was no significance difference between the
average NEE and production data (per unit) of lower and
higher plants due to the similar leaf area and presumably
the number of pigment-protein complexes. The year to year
variation of NEE in aquatic ecosystem was limited because
of the near similar and stable circumstances.

The average yearly soil CO, respiration was 624 tC
km?year! (standard deviation: 185 tC km™ year'!) in non-
arborescent and 963 tC km? year! (standard deviation 232
tC km year'! ) in forested (including both hard- and soft-
wood associations) vegetations. During the summer drought
the intensity of soil respiration decreased in most vegetation
types (by 28-61%) compared to spring values. Lower soil
respiration average but higher standard deviation character-
ized the waterside herbaceous vegetation compared to woody
communities. The soil respiration values of temporarily oc-
curring Nanocyperetalia community (Elatinetum alsinastri)
was higher than other more stable herbaceous communities

(Glicerietum maximae, Typhetum latifoliae) characterized
by less intensive dynamics, even at smaller SWC. In case
of woody vegetations the average and standard deviation of
soil CO2 respiration of soft-wood community (5,48 — 7,59
umolCO, m™ s') /dominated by Poplars/ were higher in late
spring and summer periods than observed in the more closed
hardwood community (3,47-5,13 umolCO, m* s™) /Fig. 2./.

Estimated yearly N and CH, balance and its
variability

Average soil nitrous oxide emission flux of the examined sites
and for the period of 2006 was 0.8 ug N m™ h'! and varied
between -3 and 5 pg N m? h! in different plant communi-
ties. These weak values indicate that bi-directional nitrous
oxide fluxes can be observed in Hungarian wetland soils.
The average N,O emission of non arborescent associations
characterized by higher seasonal variability slightly exceeded
the forested communities. The highest soil nitrous oxide
emission was observed in the first part of the growing season,
during the early summer period (June-July) in most studied
vegetation type.

Methane flux varies within a wide range of -30 to 40 pg
CH, m? h, thus similarly to N,O bi-directional methane
fluxes was observed in wetland soils of Bodrogkoz. The mag-
nitude and the direction (emission or uptake by soil) strongly
depend on the soil moisture (SWC) and on the temperature.
Data show that wetland soils not just source of methane but
are able to sink it in certain circumstances. Uptake can be
observed at high soil moisture (50%<). Below 5% of SWC the
methane uptake inhibited by the water stress for methanotroph
bacteria. Average soil methane emission flux of the examined
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sites and for the period of 2006 was 2 ug CH, m™ h''. Average
values show weak CH, source activity (4,96 kg C-CH, km™
year') in non-arborescent habitats in contrary with similarly
weak methane sink (-3,11 kg C-CH, km™ year™) in wetland
forests. Both the highest methane flux emission and seasonal
variability was observed in Elatinetum alsinastri community
where after the peak methane emission period (June) the
measured values decreased continuously parallel with the
decreasing soil water content. From September 2006 till the
end of the growing season this area turned to methane sink.
The smallest seasonal variability for methane was found int
he hardwood forests (Circaeo-Carpinetum).
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