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Preface

At present, constructed wetlands for wastewater treatment are a widely used
technology for treatment of various types of wastewaters. The International Water
Association (then International Association on Water Pollution Research and
Control) recognized wetlands as useful tools for wastewater treatment and estab-
lished the series of biennial conferences on the use of wetland systems for water
pollution control in 1988. In about 1993, we decided to organize a workshop on
nutrient cycling in natural and constructed wetlands with the major idea to bring
together researchers working on constructed and also natural wetlands. It was not
our intention to compete with IWA conferences, but the workshop should rather
complement the series on treatment wetlands by IWA. We believed that the
exchange of information obtained from natural and constructed wetlands would be
beneficial for all participants. And the time showed that we were correct.

The first workshop took place in 1995 at Tfebon in South Bohemia and most of
the papers dealt with constructed wetlands. Over the years we extended the topics
on natural wetlands (such as role of wetlands in the landscape or wetland restoration
and creation) and during the 6th workshop held at Tteboii from May 30 to June 3,
2006, nearly half of 38 papers presented during the workshop dealt with natural
wetlands. This workshop was attended by 39 participants from 19 countries from
Europe, Asia, North and South Americas and Australia. The volume contains 29
peer-reviewed papers out of 38 papers which were presented during the workshop.

The organization of the workshop was partially supported by grants No.
206/06/0058 “Monitoring of Heavy Metals and Selected Risk Elements during
Wastewater Treatment in Constructed Wetlands” from the Czech Science Foundation
and Grant. No. 2B06023 “Development of Mass and Energy Flows Evaluation in
Selected Ecosystems” from the Ministry of Education, Youth and Sport of the
Czech Republic.

Praha Jan Vymazal
August 2007
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Mag. Olga

Olga Urbanc-Ber¢ic¢ (1951-2007)

Olga Urbanc-Berci¢ was a biologist in the real sense of the word. She regarded her
profession as a vocation which influenced her whole life. In 1975, after her diploma
she got a post on the National Institute of Biology in Ljubljana in the laboratory for
electronic microscopy. Some years later she joined the group researching fresh-
water and terrestrial ecosystems in the same institution. In 1988 she finished her
Master’s with a thesis titled “The use of Eichhornia crassipes and Lemna minor for
wastewater treatment”. In 2003 she successfully defended her Ph.D. thesis titled
“The availability of nutrients in the rhizosphere of reed stands (Phragmites austra-
lis) in relation to water regime in the intermittent Lake Cerknica”. Her service to
her professional interests was totally unselfish. She was involved in many different
projects, but most of all she liked the research dedicated to wetlands and aquatic
plants. We were a perfect team for many years. I will never forget the fruitful time
we spent in the field sampling and researching. The results of her research are
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summarised in numerous scientific and professional publications. Her studies of
the role of water-level fluctuations in nutrient cycling led to a wider understanding
of wetland functions. Her work additionally clarified the importance of macro-
phytes in aquatic systems. She was active in different non-governmental organisa-
tions, being the president of the Slovenian Ecological Society for many years. As a
warm-hearted, generous, enthusiastic and positively oriented person she was a link
among people and an efficient advocate of nature. On a cold, grey Wednesday in
February, we accompanied her to her last home. Her death was a great loss for fam-
ily, friends, colleagues and the community. We will miss her, but her work and her
spirit will live with us forever.
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Chapter 1
Reed Stand Conditions at Selected Wetlands

in Slovenia and Hungary

Miria Dinka!, Edit Agoston-Szabé!, Olga Urbanc-Ber¢ic?, Mateja Germ?,
Nina Sraj-KrZic¢?, and Alenka Gaberscik?(5+)

Abstract We determined the characteristics of reed stands at an intermittent lake
in Slovenia and degraded and vital reed stands in Hungary. The disturbance in reed
performance was measured through growth analysis, amino acid analysis in basal
culm internodes, and photochemical efficiency of photosystem II (PSII) in leaves.
Morphological parameters indicated higher disturbance in the development of
degraded and intermittent reed stands in comparison to vital reed stands. Similarly,
total free amino acid contents in basal culm internodes reflected temporary stress
response in degraded and intermittent reed stands. On the other hand, potential photo-
chemical efficiency showed undisturbed energy harvesting of all reed stands, even
though actual photochemical efficiency revealed temporary disturbance of PSII. The
most unfavourable condition for reed development seems to be degraded reed stand
of Kis-Balaton wetland and littoral reed stand of intermittent Lake Cerknica.

Keywords Free amino acids, reed biometry, photochemical efficiency of PSII,
Phragmites australis

1.1 Introduction

Phragmites australis (Cav.) Trin. ex Steud. (common reed) is the most widely dis-
tributed angiosperm, characteristic species of the ecotone between terrestrial and
aquatic environments in freshwater to brackish ecosystems (van der Putten, 1997,
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Cronk & Fennessy, 2001; Mauchamp & Méthy, 2004). P. australis may be temporarily
exposed to complete submersion or to drought ranging from few days to several
months (Mauchamp & Méthy, 2004). It acclimatises to deep water and water deficit
with phenotypic plasticity (Vretare et al., 2001; Pagter et al., 2005). Deep water
may affect the performance of P. australis by constraining oxygen supply to the
below-ground parts of the plant (White & Ganf, 2002). Under such conditions, reed
allocates more assimilates to stem weight, and produces fewer but taller stems,
maintaining positive carbon balance (Dinka & Szeglet, 1999) and effective gas
exchange between emerged and below-ground parts (Vretare et al., 2001).

Despite high functional plasticity of P. australis, reed stands throughout Europe
experienced severe decline in last decades (Ostendorp, 1989). Previous studies have
shown that different environmental factors may contribute to the decreasing vitality
of the reed stands (Ostendorp, 1989; van der Putten, 1997): changes in water level
(Dienst et al., 2004), reduced oxygen supply to roots and rhizomes (Armstrong &
Armstrong, 1990; Brix et al., 1992), internal eutrophication (e.g. high ammonium
concentration), etc. These stress factors affect metabolic pool of whole plant, which
may be reflected by changes in amino acid patterns in basal culm internodes
(Haldemann & Brindle, 1988; Kohl et al., 1998; Rolletschek et al., 1999; Koppitz,
2004). Plants subjected to stress often show accumulation of specific free amino
acids and/or reduced protein synthesis (Marschner, 1995; Rabe, 1990; Smolders e al.,
2000; Koppitz, 2004), and decreased photochemical efficiency of PSII due to photo-
inhibition (Schrieber et al., 1995).

The aim of this study was to determine the characteristics of selected reed stands
in Slovenia and Hungary. Localities differ in vitality of reed stands and to a great
extent in water regimes. We hypothesised that different reed stands will experience
different levels of disturbance, as measured through growth analysis, amino acid
analysis, and photochemical efficiency. We assumed that reed stands of the inter-
mittent lake in Slovenia and degraded reed stands in Hungary will be more disturbed
in comparison to vital reed stands in Hungary.

1.2 Methods

1.2.1 Area Description

The survey of reed stand conditions was performed at selected wetlands of Slovenia
(Lake Cerknica) and Hungary (Lake Fertd and Kis-Balaton wetland of Lake
Balaton) in growth periods 2004 and 2005.

Lake Cerknica is locus typicus for intermittent lakes, appearing at the bottom of
the karstic valley of CerkniSko polje (38 km?). Due to floods in spring and autumn,
the valley changes into a lake (20-25km?). Floods last on average 260 days a year
and the dry period usually starts in late spring (Krajnc, 2002). The lake was
designated for the Ramsar List in 2006.
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Table 1.1 Reed stands characteristics at Lake Cerknica (Slovenia), and Lake Fert§ and Kis-
Balaton wetland (Hungary), surveyed in 2004 and 2005

Lake Location Characteristics

Cerknica, SLO Zadnji Kraj 1 CE 1 [Littoral reed stands, nutrient-poor, variable
water regime (0—-2.5m throughout a
year)

45°45'N, 14°20'E Zadnji Kraj 2 CE2

Gorenje jezero CE 3 Ecotonal reed, variable water regime, but

efficient water supply

Fert§, HU Fert6rakos FE 1 Homogeneous, vital reed stand in shallow
water (0-0.3m)

(Neusiedler See) Nadas 3 FE 3 Clumped distribution, loose, degraded reed
stand (0.3-0.5m)

47°42'N, 16°46'E Herlakni 5 FE 5 Homogeneous, loose, vital reed stand in
deep water (0.8-1.2m)

Kis-Balaton, HU Ingéi berek 1 KB 1 Vital reed stand in deep water (0.5-0.8 m)

46°50'N 17°44'E Ingéi berek 2 KB 2 Degraded reed stand in shallow water
(0.3-0.5m)

Lake Fert6 (Neusiedler See) is the largest sodic lake in Europe (309km?),
declared as a biosphere reserve by UNESCO in 1977/79. It is a eutrophic steppe
lake, situated on the Hungarian—Austrian border (Loffler, 1979). The water is per-
manent, but extremely shallow (mean depth 1.1 m, maximal depth 1.8 m), with reg-
ulated outflow. As a consequence of shallowness, 54% of the whole lake and 85%
of the Hungarian part is covered by reed.

Kis-Balaton is 81km? large wetland, located SW of Lake Balaton (594 km?).
Large parts were drained due to agriculture in the beginning of the 20th century.
Later the re-establishment of the Kis-Balaton wetland was implemented. The
extended area was given the classification of Landscape Protected Area, and was
designated for the Ramsar List in 1989.

All three wetlands are dominated by reed stands. Different sampling sites were
selected with respect to nutrient conditions, water regime, and reed vitality (Table 1.1).
Hungarian locations were nutrient-rich and with permanent water (Dinka, 1993;
Pomogyi, 1993; Tatrai et al., 2000; Dinka et al., 2004), while Slovenian locations
were nutrient-poor and with variable water regime (Sraj-KrZi¢ et al., 2006). Growth
seasons 2004 and 2005 differed with regard to precipitation pattern and conse-
quently water regime (Fig. 1.1).

1.2.2 Growth Analyses

Shoot density was measured within four squares (0.25m?). Randomly harvested
shoots (n = 8-12) were used for measurements of shoot height, shoot diameter,
shoot dry mass, and specific leaf area (Dykyjova et al., 1973; Kvét, 1971). The dry
weight of samples was estimated after 24 h of drying at 105°C (Sterimatic ST-11,
Instrumentaria, Zagreb). The leaf area was measured using area meter (Delta-T
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Fig. 1.1 Water level fluctuations at Lake Cerknica, Lake Fertd, and Kis-Balaton wetland in 2004
(—) and 2005 (—). Asterisks indicate sampling time in 2004 (*) and 2005 (*)

Devices Ltd., Cambridge, England). Specific leaf area was calculated as the ratio
between leaf area and leaf dry weight (cm? g7').

1.2.3 Analysis of Amino Acids

For the analysis of amino acids in basal culm internodes of randomly harvested
primary culms (n = 3—6) we followed the method of Koppitz (2004). Samples were
frozen in liquid N, transferred to the laboratory, stored (-=20°C), pulverised under
liquid N,, and divided into two subsamples. Powdered samples (250mg) were
extracted three times with 3 ml of ethanol (80% v/v) at room temperature. Combined
fractions were sonicated in an ultrasound bath (10 min), evaporated under liquid N,
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and the remaining moisture eliminated by freeze-drying. Dry samples were dis-
solved in 1 ml of ethanol (80% v/v). Amino acids were derivatised with 9-fluorenyl-
methoxycarbonyl chloride/1-aminoadamantane (FMOC/ADAM), detected using
high performance liquid chromatography (HPLC) (thermo Separation P200 as
pump, gradient elution, GromSil 250 x 4 mm column) and UV 150 detector at 263
nm, and separated with Na-acetate buffer and acetonitrile/water. Standard mixture
of 20 amino acids was used for identification and quantification of samples. The
contents of amino acids were calculated per dry weight (Lmol/g).

1.2.4 Measurements of Photochemical Efficiency

Chlorophyll a (Chl a) fluorescence of PSII is an indicator of photosynthetic electron
transport in intact leaves and therefore reflects changes in primary processes of pho-
tosynthesis (Schrieber et al., 1995). To estimate the disturbance to the light harvesting
of PSII we monitored Chl a fluorescence (modulated fluorometer OS-500, OPTI-
SCIENCES, Tyngsboro, MA, USA). Measurements were carried out on fully devel-
oped leaves (n = 5-12) on clear days at noontime, when photosynthetic photon flux
density (PPFD) exceeded 1,200 umol m= s~!. The potential photochemical efficiency
(F/F,) was determined after dark-acclimation (15min) using saturating pulses of
white light (PPFD =~ 8,000 umol m s7!, duration 0.8s). Actual photochemical effi-
ciency (Y) was measured under ambient light using saturating pulses of white light
(PPFD = 9,000umol m™ s7!, duration 0.8s). It gives the information on energy
conversion in PSII (Bjorkman & Demmig-Adams, 1995; Schrieber et al., 1995).

1.2.5 Statistical Analyses

The significance of differences between sampling sites and sampling times was
tested using the analysis of variance (one-way ANOVA) for parametrical data, and
Mann—Whitney U test for non-parametrical data. Relationships between two
parameters were tested using Spearman’s rank-order correlation. Statistical analyses
were preformed using SPSS for Windows 13.0.

1.3 Results

1.3.1 Growth Parameters

Low reed density was determined at Lake Cerknica (in average 60 reeds m™),
degraded reed stand FE3 and deepwater, vital reed stand of FE5 at Lake Fert§
(in average 20 and 85 shoots m~2, respectively). Temporal changes in reed density
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were not determined. On the contrary, high density of vital reed stand FE1 declined
significantly from 110 shoots m= in 2004 to 51 shoots m= in 2005. The density of
degraded reed stand KB2 (ranging from 35 to 90 shoots m) differed significantly
from vital reed stand KB1 at Kis-Balaton wetland (ranging from 150 to 200 shoots
m~). Reed stands of Lake Cerknica and degraded reed stands FE3 and KB2 had the
lowest basal diameter (ranging from 3 to 7mm), followed by Lake Fertd and
Kis-Balaton vital reed stands (ranging from 7 to 11 mm).

Table 1.2 shows shoot height and dry mass and specific leaf area of reeds from
Lake Cerknica, Lake Fert§, and Kis-Balaton wetland, measured in June and
September 2005. Significantly smaller reeds with lower dry mass were character-
istic of degraded reed stands of FE3 and KB2 compared to vital reed stands of

Table 1.2 Shoot height and dry mass and specific leaf area of reed stands at Lake Cerknica, Lake
Fertd, and Kis-Balaton wetland, measured in 2005. Data represent arithmetic mean + SD, n = 8—
12. One-way ANOVA; letters indicate differences between sampling sites (p < 0.05), and asterisks
indicate differences between sampling time

June 2005 September 2005
Height (cm)
CE1 196 + 15 b 194 + 33 b ns
CE2 224 + 14 a 238 + 51 a ns
CE3 179 + 8 c 195 + 10 b *
FE1 238 + 15 a 270 + 27 a ok
FE3 152 + 15 b 159 + 11 b ns
FES 256 + 39 a 235 + 25 a ns
KB1 335 + 48 a 228 + 26 a otk
KB2 137 + 23 b 158 + 20 b ns
Shoot dry mass (g)
CEl 12 + 4 B 10 + 5 b ns
CE2 19 + 6 A 18 + 6 a ns
CE3 13 + 2 B 13 + 3 a ns
FE1L 30 + 7 A 51 + 15 a sokk
FE3 8 + 2 C 11 + 2 c ok
FES 22 + 7 B 23 + 8 b ns
KBl 63 + 23 A 16 + 8 a ok
KB2 9 + 4 B 11 + 4 b ns
Specific leaf area (cm? g™)
CEl 615 + 42 A 1,056 + 137 a ok
CE2 508 + 64 B 1,007 + 109 a ook
CE3 409 + 33 C 767 + 55 b ok
FE1 72 + 7 B 85 + 12 b wE
FE3 75 + 9 B 111 + 7 a o
FES 108 + 10 a 77 + 14 b ik
KB1 107 + 5 112 + 24 ns
KB2 121 + 21 104 + 16 ns

ns ‘not significant’, * p <0.05, ** p < 0.01, *** p <0.001
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Lake Fert§ and Kis-Balaton wetland. Reeds from Lake Cerknica were of intermedi-
ate height and dry mass, which did not differ significantly between June and
September. Specific leaf area of reeds from Lake Cerknica and Lake Fertd increased
in time significantly.

1.3.2 Free Amino Acid Content

The highest content of total amino acids in basal culm internodes (Fig. 1.2) was
detected at CE1 and degraded reed stand KB2 (17-22umol g!), followed by other
sampling sites (3.5-12umol g™'). Principal amino acids at all sampling sites were
alanine (Ala), arginine (Arg), asparagine (Asn), y-amino-butyric acid (Gaba),
glutamine (Gln), and serine (Ser). The remaining 14 amino acids were presented as
“other amino acids”. The accumulation of Ala+Gaba+Ser ranged between 22% and
47% in reeds of Lake Cerknica and Lake FertS. The percentage increased signifi-
cantly from June to September in reeds of Kis-Balaton wetland (increase from 14%
to 38%) and Lake Cerknica (increase from 31% to 43%). Additionally, high accu-
mulation of Arg+Asn+Gln was detected at all sampling sites. The percentage
declined significantly from spring to autumn in reeds of Lake Cerknica (decline
from 25-50% to 12-27%) and Kis-Balaton wetland (decline from 57% to 25%),
while relatively constant values were characteristic of reed stands at Lake Fert§
(23-50%).

a B Glutamine
Asparagine
}' @ Arginine

o
S
o

M Serine

0O GABA

O Alanine

B Other amino acid:

5]
(=}

—_
(==}

Free amino acid content (umol/g)

(==}
]

]
m
=

Fig. 1.2 Free amino acids in basal culm internodes in reeds at Lake Cerknica (CE), Lake Fertd
(FE), and Kis-Balaton wetland (KB), sampled in 2004 and 2005. Data represent arithmetic
mean += SD, n = 3-6. Mann—Whitney U test; letters indicate differences between sampling sites
(p £0.05)
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1.3.3 Photochemical Efficiency

The potential (F /F ) and actual (¥) photochemical efficiency of PSII of reed stands
of Lake Cerknica, Lake Fertd, and Kis-Balaton wetland are presented in Fig. 1.3.
F JF_ was close to the value 0.8 in reeds of all the lakes. Significant changes in F/F
in time were calculated (p < 0.05), with the highest values in June 2005. Y ranged
between 0.3 and 0.5 throughout both seasons 2004 and 2005. There were no major
differences between locations in the Lake Fertd, while locations at Lake Cerknica
and Kis-Balaton wetland differed significantly. Reed stands of Lake Cerknica and
degraded reed stands FE3 and KB2 showed notable decline in Y from June to
September (p < 0.05). Spearman’s rank-order correlation did not show significant
relationship between photochemical efficiency and total amino acid content.
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Fig. 1.3 Potential (F /F ) and actual photochemical efficiency of photosystem II (Y) of reeds at
Lake Cerknica (CE), Lake Fert6 (FE), and Kis-Balaton wetland (KB), measured in 2004 and 2005.
Data represent arithmetic mean = SD, n = 5-12. One-way ANOVA; letters indicate differences
between sampling sites (p < 0.05)
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1.4 Discussion

Our study revealed some characteristics of vital and degraded reed stands of
wetlands with permanent water regime (Hungary) and reed stands of intermittent wet-
lands (Slovenia).

Reed stands differed in morphological characteristics (Table 1.2), which might
be attributed to the differences in environmental conditions (Dienst et al., 2004,
Brix et al., 1992). Vital reed stands of Lake Fert§ (FE1) and Kis-Balaton wetland
(KB1) were denser, with better developed shoots than degraded, as already reported
in the case of reeds from Lake Fert§ (Dinka & Szeglet, 2001). The density of reed
stands at Lake Fert§ was decreasing, as also evident from the long-term database
(Dinka, 2006). At vital reed stands of Lake Fertd, shoots were well developed,
while at the degraded site shoot height, dry mass, and basal diameter revealed
weaker reeds. We presume that plants were affected by low water level due to
increased dissolved solids (conductivity up to 4,000uS cm™). Reed stands from
intermittent Lake Cerknica showed intermediate growth characteristics. Despite
low density, shoots were relatively well developed, which reveals great functional
plasticity of P. australis under variable water regime (Vretare et al., 2001; White &
Ganf, 2002; GaberscCik et al., 2003).

Similarly the analysis of free amino acids in basal culm internodes (Fig. 1.2)
revealed the presence of disturbance in some reed stands (CE1 and KB2). It is
widely accepted that stress induces the production of free amino acids (Gzik, 1996;
gircelj et al., 1999; Hartzendorf & Rolletschek, 2001; Koppitz, 2004), which reflect
the conditions during the growth period. In the intermittent Lake Cerknica the
growth period in 2005 was outstanding, since water level was relatively high during
the whole summer. Consequently, plants revealed significantly higher total amino
acid content, which could be the result of the oxygen shortage in the soil (Koppitz,
2004). In basal culm internodes at littoral reed CE1 we determined the highest con-
tent of total free amino acids due to large fractions of Ala+Gaba+Ser, which were
also recorded at other sampling sites. Ala, Gaba, and Ser are reported as indicators
of hypoxia and anaerobic metabolism (Haldemann & Brindle, 1988; Kohl et al.,
1998; Rolletschek er al., 1999; Sanchez et al., 1998; Koppitz et al., 2004). In reeds
of all sampling sites also relatively high fractions of Arg+Asn+Gln were detected,
which indicated high NH,* concentration in the environment, resulting in inhibition
of protein synthesis (Smolders et al., 2000). Asn is the main storage and transport
compound of the intermediate N metabolism in P. australis. Therefore, the synthesis
of specific N-efficient soluble amino acids like Asn and Arg prevents the accumula-
tion of toxic free ammonium in the cells (Haldemann & Brindle, 1988; Rolletschek
et al., 1999).

Besides the content of free amino acids in basal culm internodes, the photo-
chemical efficiency of PSII in leaves also gives an insight in plant performance
under stress. The potential photochemical efficiency of PSII (¥ /F, ) of unstressed
leaves of many species and ecotypes ranges from 0.80 to 0.83 (Schrieber et al.,
1995). The measurements of F,/Fof reed showed that the majority of plants exhib-
ited normal energy harvesting, with F/F_close to the optimal value. That indicated
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good physiological status of the reeds, which was also found by Mészaros et al.
(2003). Decreases in F /F_in intermittent Lake Cerknica in October 2005 indicated
that PSII reaction centres had been damaged. This could be due to high water level
through the season which suppresses oxidative processes in the reed roots (White
& Ganf, 2002), or late season, when the senescence starts. Mauchamp & Méthy
(2004) reported that F' /F_ of reed was affected by submergence and exhibited vary-
ing recovery levels depending on duration and degree of submergence. Actual pho-
tochemical efficiency of PSII (Y) was generally lower than F'/F_, which was due to
temporary stress during the midday depression. The effects of short-term photoin-
hibition were found to be reversible (Mauchamp & Méthy, 2004; Sraj-Krzi¢ &
Gaberscik, 2005). FV/Fm and Y of degraded reed stands of Lake Fert§ and Kis-
Balaton wetland declined significantly from June to September, which reflected the
temporary disturbance in the functioning of PSII. Similarly, Mészaros et al. (2003)
reported decline in F/F_ in degraded reed stands of Lake Fertd.

1.5 Conclusions

This study revealed some functional characteristics of different reed stands (Lake
Cerknica, Lake Fertd, and Kis-Balaton wetland). Biometric parameters indicated
that degraded (FE1 and KB2) and intermittent reed stands (CE) were more dis-
turbed in their development than vital reed stands. Similarly, total free amino acid
contents reflected temporary stress response in some sampling sites (CE1 and
KB2). Photochemical efficiency showed normal energy harvesting of all reed
stands throughout the season. The most unfavourable condition for reed develop-
ment seems to be reed stands of intermittent Lake Cerknica (littoral reed stand
CEl) and Kis-Balaton wetland (degraded reed stand KB2).
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