University of South Bohemia
Faculty of Science
Department of Ecosystem Biology

Bachelor thesis

Comparing aboveground primary production in areas &
low and high nutrient levels in Mokré Louky, Trebai
Basin Biosphere Reserve

Miroslava Kaplova

Supervisor: Keith R. Edwards, Ph.D.

Ceské Budjovice 2009



Kaplova M. (2009): Comparing aboveground primamydurction in areas of low and high
nutrient levels in Mokré Louky, fEbai Basin Biosphere Reserve. Bc. thesis (in English) —
48p., Faculty of Science, University of South Bohemiaské Budjovice, Czech Republic.

Annotation

Aboveground primary production differs dependingortrient levels. This thesis
compares net annual aboveground production anddssmevels in high and low areas of
Mokré Louky. Aboveground plant biomass was collédtem particular quadrats over two
growing seasons, from April to September 2007 apdl Ao October 2008. Samples were

separated into species, dried and weighed.

Prohlasuji, Ze v souladu s § 47b zakén&11/1998 Sb. v platném &m souhlasim se
zveejrénim sveé bakai&ke prace, a to v nezkracené padelektronickou cestou ve kagné
piistupnéasti databaze STAG provozované diggkou univerzitou Ceskych Budjovicich

na jejich internetovych strankach.

| hereby declare that this thesis has been fullggdeted by myself with use of the cited

references.

Ceské Budjovice 22.12.2008

Miroslava Kaplova
Acknowledgements

First and most of all | would like to thank Keitlil&ards for his constant help, direction,
correcting of the English used in this thesis, patience with me. My further thanks belong
to RNDr. Jan Kyt for providing literature and invaluable advicey Mst but not least whole-
hearted thanks belong to my family, boyfriend ameiids, for their never ending support,
patience and love. This study was funded throughtgnumber 526/06/0276 from the Grant
Agency of the Czech Republic (GR).



Contents

I o o [3Tox 1 o o 1
2. ODJECHVES ... 2
3. LILEIAtUIE FEVIEW ...ceviiiiie e ettt e ettt e e e et e e e e e e e e e e e e e e 2
3.1. Wetlands — General DeSCIPLION ...........uummmmmmeeeeeeeeeeeeiiiiinns e e e e e e eeaeeeseeeeeeeees 2
3.1.1.  Definition of Wetlands...........oooiiiiiiiiii s 3
3.1.2.  Nutrient contents & effects of eutrophication.................cceeiiiiiiiiiieneinnnnn. 4
3.1.3.  SPECIES AIVEISILY ...cceeieeeeeeiiiiiiice e e e e e e et e s s e e e e e e e e e e e e e e eeeseennnneees 4
0 I S (0 To [ [ 1[0 ] [PPSR 5
3.1.4.1.  What iS ProAUCTION .....ciiiiiie it ettt e e e e e e e eeeas 5
3.1.4.2. Examples in relation to other habitats.....ccccee oo, 6
3.2, WEL GraSSIANdS ..........uuuiiiiiiiiiiiiiie s ettt e e e e s 6
3.2.1.  General deSCrPLION . ....uuvieiiiiie e eeeeeees e e eeeee s 6
3.2.2. Phalaris arundinacea: syn. Baldingera arundinacea..............cccccccvvvvvnnns 7
3.2.2.1.  SPECIES AESCHPLION ...eiiieeiiiiiieiieeeet s ettt e e e e e e e e e eeeeas 7
3.2.2.2. Spread and characteristics in wet grasslands.............cccccoevveeeeeeenn. 8
3.3. Study Site — Mokré Louky (Wet MadOoWs) ........cceevrveiuriiiiiiiiieeeeeeeeeeeeeeeeeeeainnnns 10
3.3.1.  Site DESCIIPLION...cii i e e eee ettt e s e e e e e e e e e e e e e e e e eeeeaseeennnnnnne 10
3.3.2.  HiStONCAl DALA .....cceeeeiiiiiiiiiie et 10
3.3.3.  Production @XamPIES .........uuuuuuuuumn s s e e e e e e e e eaeeeeeeeeeennnnn e 13
A, MEENOUS ... 14
S LU0 Y (= PP 14
v Y/ =1 g To T (o] 1o To | V2P RRPPPPPPRTR 17
4.2.1. NAPP (net aboveground plant production).......cccceeeeevveeiiiiiiiieeeeeeeeneene, 17
4.2.2. Belowground production (NBPP) and above-to-belowgrtbratios........... 21
4.2.3.  Nutrient content in PlantS...........oooiiicommmeiiiii e 21
A S W | o N |1 (=T (0l= o KPP 21
5. RESUIES ettt emmmme ettt ettt — e rrae et e e eeeeees 23
5.1, NAPP 2007 ..oeeiiiiiii e eemm e e e et 23
5.2, NAPP 2008 .....coeiieiiieiiiiiieiiiiiittttmemmme e e e e e e e e e e e e e sttt e e e e e aaaaae i nnnrrnnaees 26

5.3. Plant NULHENt CONTENTS = 2007 ... .. oe.e e e e e e e e e e e e e e e eeaaeaaaenaes 29



S [ To TN (=T o =T o] £
B. DISCUSSION ...ceiiiiiiiiiie et e ettt s emme e e e e e e et ettt a e e e e e e eeeebbbn s aaeeeaeeeeaaeennes 39
7. CONCIUSION ... et 42

43

T = =) (=] (=] 0 [61 =1 T T TR



1 Introduction

Natural and semi-natural grasslands representednandnt part of agricultural land in the
Czech Republic after WW II. Their area decreases tine and, in the 1980s, was less than
one fourth of its previous extent (Balatova-Tkiava, 1982). Wet grasslands, with an area of
379 891 ha, account for almost half of the grasklaiies (Klesnil, 1978). These wet
ecosystems perform many important functions andwatiands, are some of the most
important ecosystems on Earth. Wetlands are aiti@msbiotope between aquatic and
terrestrial ecosystems. Wet grasslands are an temgofstability item in the landscape”,
because of the many valuable functions that ocouthese systems. These include: (i)
protecting soil from water erosion, (ii) filterimgutrients and pollution which would endanger
surface and subterranean waters, and (iii) arel@abke gene pool for plants and animals
(Rychnovskéet al, 1985).Moreover, their unique habitats have considerabkhetic and
recreational qualities.

The loss of wet grasslands has been an on-goirigeonofor several decades. In recent
times, especially the 1970s and 1980s, most mamsheésvet grassland ecosystems in the
Czech Republic have undergone rapid changes, Ipeastjy converted into arable land either
directly or due to drainage. The abandonment afiiticmal management regimes (little
fertilization, mowing one to two times per yean) k® the loss of large areas of wet grasslands
in the Czech Republic. Current management is muohenmtensive, with greater use of
fertilizers and increased mowing frequency thathapast. A consequence of eutrophication,
caused by high nutrient inputs from direct ferélibn and manuring, or polluted flood or
ground water from adjacent areas (Prach and Sowta,&902), has been the expansion of
several competitively strong species. This haddea large decrease in biodiversity, together
with perturbations in ecological functioning of nyamet meadows (Bensteatlal, 1999).

This work compared current vegetation compositiod production in a wet grassland,
Mokré Louky near ¥ebai, Czech Republic, to historical records. Histoficathe grassland
area was dominated by sedg&arex gracili9 and grassesA{opecorus pratensjs Due to
intensive management actions and the 2002 flodds,grassland became dominated by
Phalaris arundinaceaCessation of fertilization and mowing, startimg2005, has led to the
re-establishment oE. gracilisin parts of the grassland. These results inditteterestoration

of historical wet grassland areas may be quitedrapce disturbances have been removed.
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2 Objectives

Objective 1:  Determine net annual aboveground production aoehass levels in
high vs low nutrient areas in a wet grassland.

Objective 2:  Compare current aboveground plant biomass artliption levels to
those of 30 years ago to determine the effectiscoéased fertilization
of the wet grasslands over time.

3 Literature review

3.1 Wetlands — General Description

Wetlands are among the most important ecosysterttsedBarth. They are a major feature
of the landscape in almost all parts of the wovltetlands are sometimes described as "the
kidneys of the landscape” for the functions thegfgyen (Mitsch and Gosselink, 1986). They
work as a buffer and filter zone which entraps figautrophicated runoff from surrounding
soils (Zavodska, 1990).

Inland aquatic ecosystems comprise less than 1%heoEarth’s surface, but often are
among the most productive areas (Likens, 1975). diferacter of aquatic systems at the
primary producer level is dependent upon a vawétshanging environmental factors but also
on biological factors, e.g. grazing (Vollenwiedd§69). Many of them have undergone
dramatic changes in recent years as a result oahuautivities. In most cases the change has
been beneficial to short-term human desires andir@gents. These changes have mostly
been detrimental. Nowadays freshwater marsheswaachgs comprise an area of about 2.10
km? (Likens, 1975).



3.1.1 Definition of wetlands

It is quite difficult to define wetlands becauseerth are several types of wetlands,
including swamps, bogs, marshes, mires, fens dref otet ecosystems, found throughout the
world and named differently in different places.vidgheless it is possible to find some
common key characteristics. They all have shalloatew or saturated soil, all accumulate
plant organic materials that decompose slowly, ahdupport a variety of plants and animals
adapted to saturated conditions. Three main commyisrage often included in that definition:
1) wetlands are distinguished by the presence ¢énva) they often have unique soils that
differ from adjacent uplands; and 3) they suppatetation adapted to wet conditions
without flood-intolerant vegetation (Mitsch and Geknk, 1986).

Wetlands have numerous other characteristics thatinguish them from other
ecosystems yet make them less easily definablen (@l Copeland, 1982).The presence of
water is for at least part of the time yet the tegtd duration of flooding varies considerably
from wetland to wetland. Wetlands vary widely izesiand location, from inland to coastal
wetlands and from rural to urban areas. Simildrly degree to which a wetland is influenced
by humans varies from region to region and fromamet to wetland.

Wetland soils, known as hydric soils, are formedemwloxygen is cut off due to the
presence of water, causing reduced conditions. Bneyoth the medium in which many of
the wetland chemical transformations take place Hrel primary storage of available
chemicals for most wetland plants. They can be gdéigeclassified into two types: (i) organic
or peat soil or (i) mineral soil which containssethan 20% to 35% organic matter on a dry
weight basis. Where mineral soils occur in wetlarsidgh as in some freshwater marshes or
riparian forests, they generally have a soil peofitade up of horizons, or layers. The upper
layer of wetland mineral soils is often organic peamposed of partially decayed plant
materials(Mitsch and Gosselink, 200Q)Vetland soils, when submerged, are usually anoxic,
except for a thin surface layatigkovaet al, 1996). They can be high- or low- nutrient.

Wetlands have unique biogeochemical cycles with ynaremical transformations and
chemical transport processes that are not sharedaloy other ecosystems. Storage in water
reservoirs or other types of wetlands may be thetmatural and effective mechanism for
removing nitrogen from water (Simmoesal., 1992).

At the level of the whole ecosystem, wetlands hsaéue to the public for flood
mitigation, aquifer recharge, water quality improwent, and aesthetic qualities (Mitsch and

Gosselink, 1986). Wetlands can provide a diredization for human society through the



“energetic biomass”. Specific production and coneeq processing of harvested mass of
some suitable plants, e.g. willows and some speofegrasses Rhalaris arundinacea,
Phragmites sp.etc.), can be used for fuel production or comsion material. That could be
very important in these days of finding alternats@urces of energfRychterova, 2007).

Their abilities are being used in “root waste-wdteatment systems” too (Vymazal, 2001).

3.1.2 Nutrient contents & effects of eutrophication

Batzeret al (2006)evaluated the most limiting nutrients in wetlan8pecies diversity is
frequently greater in undisturbed wetlands, with ¢jineater diversity being associated with a
somewhat lower nutrient status. These more speicleswvetlands typically have moderate
productivity and standing crop (Bedfoet al, 1999; Ulehlova and Rychnovska, 1982).
Declines in species diversity are associated wittrient increases, especially increases in
nitrogen from atmospheric deposition or agriculttaad urban runoff waters. Numerous
studies have reported changes in species compugstitieclines in overall plant species
diversity, loss of rare and uncommon species, apthcement of native species by exotics
when nutrient enrichment occurs (Bedfetdal, 1999).

In terrestrial ecosystems, plant growth is oftemitéd by low nitrogen availability
(Schlesinger, 1977), partly as a result of limigtdrage in soil and litter. In freshwater
wetlands, where organic matter and nitrogen accatauh the soil, plant growth is often
limited by phosphorus or co-limited by both (ShaviE®98). Nitrogen: phosphorus (N: P)
ratios in plant tissues and soils have been usédetuify thresholds of nutrient limitation in
wetlands. Sites with plant live tissue N: P <14 dremited, sites with N: P > 16 are P limited
and sites with N: P between 14 and 16 are co-lariteN and P (Shaver, 1998).

3.1.3 Species diversity

The number of species in any ecological system rigpeon the particular habitat
conditions. Fewer species are found when the conditare optimal or extreme. Species
diversity is reduced while dominants and co-domisaxceed due to their ability of faster
growth under these conditions and better competitbilities. For example, increasing
nutrient contents due to fertilization can leadrtorphological and functional monospecific

stands. On the contrary, suboptimal habitat commitilead to a rich floristic composition



(Ulehlova and Rychnovska, 1982). Associations witlong dominants seem to have higher
primary productivity than associations with higlsgecies richness. This could be caused by
the ecological dominants being best adapted toh#i®tat and hence their higher biomass
productivity (Slavikova, 1982).

The rate of succession in terms of species turnisvgenerally expected to be positively
related to site fertility (Prackt al, 1993). The higher the level of resources, theatgreis
their consumption by plants. This results in fagiewth and a faster exchange of species
under higher competitive pressure than in nutrudr sites. In less eutrophicated
floodplains, both processes, i.e. degradation astbration, are slower (Bakket al, 2002).
During spontaneous succession, i.e. after abandanragailable light decreases inside a
stand, while nutrients increase due to litter aagation and no export by cutting (Prach,
2007).

3.1.4 Production

3.1.4.1 What is production

Biomass productivity and nutrient content in biompsrtions reflect the fertility of a site
and help to demonstrate the fate of nutrients ineeosystem. Study of these ecosystem
characteristics can provide accurate figures fossjme economic exploitation of the
productive potential of an ecosystem as well agg@ly illustrate ecological functioning of a
system(Smilaueret al, 1996).

Net primary production is that part of total or gggrimary production of photosynthetic
plants that remains after some of this materiaisisd for respiration. The remaining portion,
net production, is available for use by heterotiogtonsumers and reduction by saprobes.
Net primary production provides the energetic arademal basis for the life of all organisms
besides the plants themselves.

Net primary production is most commonly measuredigsorganic matter synthesized
per unit area of the Earth’s surface per unit tiargd is expressed as grams per square meter
per year. Biomass is the dry matter of living oligars present at a given time per unit of the
Earth’'s surface, and may be expressed as gramsograms per square meter (Lieth and
Whittaker, 1975).



3.1.4.2 Examples in relation to other habitats

Net primary production is a key index of ecosystanction. Mean values of primary
production for some ecosystem types are shown leTEA, with swamps and marshes being
the most productive type of habitat (Lieth and Wékier, 1975). Mean values for different
wetland ecosystem types (Table 1B) are usuallpémrange from 600 to 2000 giyr *,
from which inland freshwater marshes are one ofbst productive ecosystems (Mitsch and
Gosselink, 2000).

Table 1. Examples of primary productian different ecosystem typesA (Lieth and
Whittaker, 1975), and among different wetlandety® (Mitsch and Gosselink,

2000).
A B
Ecosystem Prlma[lgy nﬁ)_rzo)(jlru_?]non Wetland type Prlma[lgr]y nﬁ)_rzo)(jlru_?]non

swamp and marsh 3000 | fresh marshes 1980
tropical rain forest 2200 | salt marshes 1950
temperate forest: evergreen 1300 | mangroves 1500
temperate forest: deciduous 1200 | tidal fresh marshes 1370
savanna 900 | riparian forests 1040
boreal forest 800 | swamp forests 870
temperate grassland 600 | northern bogs 560
tundra and alpine 140

desert and semidesert scrub 90

open ocean 125

3.2 Wet Grasslands

3.2.1 General Description

Wet grasslands play a very important role amongands. They are stable habitats,
whose main profit used to be mainly in productidhey are a primary source of fodder and
the basis of livestock production (Mékova, 1993). As a consequence of industrial
expansion also into agriculture, particularly ie tinree decades before the Velvet revolution,
interest in these areas was reduced. Many of tidrare it was possible, were changed into
arable land; others became abandoned without d@agventions. Grassland degradation is a
result of two possible extremes - i) too intensoreii) no management while there is an

enormous input of nutrients into the whole landsc@Prach, 2000). Wet grasslands have



considerably higher primary production with a kes$ energy supply than arable areas. This is
due to the sufficiency of soil moisture supportgdimning surface or ground water, bringing
continually nutrients into the wetlands and sediteémm floods.

The unique importance of grasslands is not justpiaduction but in them being
considered as more ecologically well-balanced aalble landscape, with higher aesthetic and
recreational values (M&kova, 1993). Wet grasslands along streams havabiligy to filter
water, which runs off through soil from neighbougriagriculturally used areas (Rychterova,
2007). Nevertheless, for good-working of this fijte is necessary to mow them at least once
a year, otherwise they will accumulate nutrientsunmeed back to the soil due to
decomposition. Lastly, wet grasslands act as #aigl factors of the local climate.
Hamadejova (2001) showed that £ of air is cooled 1° C by the evaporation of 0,5fg
water in middle and lower positions. Wet grasslamdsspire about 4 liters of water from 1
m? in summer; 0,7 kWh of energy is needed for evajmraf 1 liter of water. As a result of
the consequent cooling, water vapours condensevadprecipitation. The place where the
condensation occurs is being warmed (Larcher, 1988)ough the importance of grasslands
has been studied and mentioned several timesdsexdmple Rychnovska, 1985; Lukavska,

1988), these unique functions of grasslands hatveeen generally appreciated.

3.2.2 Phalaris arundinacea: syn. Baldingera arundin  acea

3.2.2.1 Species description

Phalaris arundinaceas atypical species of lowland river floodplains anadh gaotentially
grow along the whole topographic/ moisture gradigmta floodplain (Prach, 1992).
Nevertheless it grows also in mountainous regidrisgh altitudegKlimeSova andCizkova,
1996). Phalaris arundinaceayrows very quickly in the spring. Its ability tov@rgrow other
species places this plant among the most effigestses. Production of dry biomass varies
between 5 to 11 t . Haand rarely can be 12-13 t . héRychterova, 2007)t can have 4-5
cuts under optimal conditions. Due to intensiveetative propagatior?. arundinaceas a
very persistent plant. But, if it is mown systerpaliy 6-7 times per year, it will disappear
from the herbage (Klapp, 1956)he best areas fd?. arundinaceagrowth are when ground
water is between 30-40 cm (Makova, 1993)due to its requirement for a large amount of
water for aboveground biomass production. On awerageeds about 700-800 liters of water

for 1 kilogram of dry matter. Therefore, it is usedplaces where biological drainage is



needed (Klesniket al, 1973).It is also used successfully in vegetating feritizpeats and
bogs (Hron, 1979).

MatureP. arundinacedlowering culms can be as tall as 3 m. In floodplaabitats,
mature plants benefit from an extensive rhizomeéesysadapted to low oxygen conditions in
the soil (Shipleyet al, 1989). Spring emergence of new shoots occufeatxpense of
reserve carbohydrate stored in the rhizoniéskova- Korgalovaet al, 1992).However, in
dry periods, oxygen is not limiting and specieswdeep rhizomes may be at a competitive
disadvantage to species with a shallow rhizomeesgysbecause their shoots will emerge
earlier in spring (Crawforét al, 1989).

Phalaris arundinaceacaryopses can germinate both in light and darlditioms (Vose,
1962); the latter is an advantage in habitats whedements are deposited. The primary culm
of the seedling remains relatively small compamdtg offspring tillers, which are slightly
thicker and taller. Tillers produce short rhizomdsch bear several thicker and taller culms.
By tillering young clonesP. arundinaceacan cover an area of one square meter and will
consist of 100 tillers by the end of the first gmogvseason. The smallest primary culm is in
the centre of the clone, with culm size increasiogards the periphery of the clone.
Flowering tillers arise from rhizome tips in thecead growing season. Culm growth rates
depend on habitat conditions. In a floodplain,dgample, seedling growth is slower because
of intraspecific competition from mature plants lmy seedling crowding (KlimeSova and
Cizkova, 1996).

3.2.2.2 Spread and characteristics in wet grassland s

Phalaris arundinacedas recently expanded into wet wastelands (PradM&ade, 1992).
The species withstands both trampling and intensieging; on nutrient rich wet localities
with a fluctuating ground water table it may bediss forage and for bedding. The presence
of P. arundinaceacauses increased sedimentation and protects bstrgte against erosion
when growing on sandy deposits in river beds aondgkiver bank§Conchou and Patou,
1987). The ability of P. arundinaceato concentrate large amounts of nutrients in its
aboveground biomass makes it suitable for wastenmegatment systems (Dubois, 1994).

Species diversity in stands dominated By arundinaceais obviously quite low
(Hamadejové, 2001). The occurrenceFofarundinaceacan be restricted by three types of
floodplain habitats: (i) in the driest parts of abaned meadows, (i) on drier parts of
regularly mown meadows, or (iii) in the littoral permanent pool€?halaris arundinacea

dominated meadows should be harvested three tineesygar under optimal nutrient
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conditions (Lawrence and Ashford, 196®rrocks and Washko, 1971). However, if nutrient
inputs do not cover demands, mowing may cause emitrimitations (KlimeSova and
Cizkova, 1996). Replacement Bf arundinaceas caused by its morphology. The plants have
tall leafy culms without rosette leaves. A chargste feature of this species is its inability to
flower after mowing, because of the loss of itscapmeristems. New tillers which emerge
from the bud pool after decapitation do not flower.

Phalaris arundinaceaseedlings weranore frequent in unmown meadows along the
whole topographic/moisture gradient in a floodplaidlimesova andCizkova, 1996).
Seedlings were absent in bare patches created ysicph disturbances of heavy mowing
machinery. The presence Bf arundinaceaeedlings throughout the floodplain suggests that
suitable conditions for emergence occur in all dplain habitats except for the driest parts of
meadows, especially when the plant cover is distlirMature plants d?. arundinaceabccur
mainly in unmown grasslands. In managed mead®vsrundinaceaoccurs mostly in the
wetter parts of the topographic/moisture gradi@mitek et al, 1988) because mowing has
less of an effect on growth when nutrients and wate not limiting growth Alopecurus
pratensiscan replaceP. arundinacean mown meadows of the river floodplain, because
mowing does not affect the vegetative spreadinggemerative reproduction &. pratensis
as much as it does . arundinaceaThereforeA. pratensids more successful in managed
meadows. On the other hand, when a meadow is abaddd. pratensiss outcompeted by
tall leafy tillers of P. arundinacea this species replacement occurs quickly becadse o
increased growth and regeneratiorPofarundinaceaelative toA. pratensigKlimeSova and
Cizkova, 1996).Alopecurus pratensiglso replaces. arundinaceain the drier parts of
regularly mown meadows.

In the littoral of permanent poolB, arundinaceas replaced byCarex gracilis which is
better adapted to the low oxygen conditions assegtiith standing waters and soils with
high organic matter content. Root porosity®fgracilisdecreases, however, when additions
of organic matter are combined with high nitrogepmy (KlimeSova andCizkova, 1996).
Similarly, root porosity was reduced in thi@arexspecies subjected to flooding with diluted
piggery sewage (Kamlovaet al, 1993).

Prach and StraSkrabova (1996) estimated that itllystiakes two decades fde.
arundinaceato overgrow meadows. They also addressed the questi how long the
opposite process takes, if a previously abandornsgtow is started to be cut agdihalaris
arundinaceadominated over most of a meadow which had beenigfiout mowing for ca.

20 years, together witbirtica dioica in the most elevated parts. Restoration of théngut
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regime immediately induced fast changes in vegetatover. Dominant species typical for
abandoned meadows, suchRasarundinaceaand U. dioica dramatically decreased during
the observed time. On the contrary, species tygaalegularly managed meadows in that
area started to increase. Seddearéx sp). increased in their occurrence in the lowest péart
the moisture gradient. After five years of the sddperiod, the species composition was
comparable to that of cut meadows (Prach and Staibéka, 1996).

Significant changes in productivity also occurrading the study period and are well
recognizable by comparing biomass of the mown amdawn treatments. Biomass of the
mown variant was 190% greater than that of the wmmone in the first cut after four years
of cutting. Total productivity was evidently highierthe mown variant as a result of changed
species composition: earlier growth @lopecurus pratensisn comparison with P.
arundinacea(Rychnovska, 1985)Alopecurus pratensiss a more palatable species than
arundinaceabecause it is the most productive species in tea @Prach and Straskrabova,
1996).

3.3 Study Site — Mokré Louky (Wet Meadows)

3.3.1 Site Description

Mokré Louky (Wet Meadows) is an area adjacent tarRmerk fishpond. According to the
Catalogue of Biotopes in the Czech Republic (Chgtral, 2001), this area belongs to class
M1.4 Riverine reed vegetation, while the phytoslmgeal association is Phalaridion

arundinacea. More characteristics of the studiedlity are given in the Methods.

3.3.2 Historical Data

Two main sources of data about Mokré Louky fromsbeond half of the $0century are
Holubickova (1959) for the 1950°s and Prach (1993) forl@0’s.

The first phytosociological description of Mokré uly was made in 1956 (Holuikova,
1959). The vegetation pattern of 1956 still refectthe former traditional management
pattern that had been carried out for centuriess €onsisted of (i) regular mowing, usually
three times a year; (i) maintenance of a soplastit drainage system with numerous open
ditches; and (iii) amelioration of the ancient fesith mineral earth layers (Holutkova,

1959). Only the wettest northernmost part in thieolittoral zone of Rozmberk fishpond was
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virtually untouched by human impact, being leftheitit external mineral input and cut only
once a year (Prach and Soukupova, 2002).

Management of Mokré Louky substantially changedjtm@ng in 1956. In the 1960s, hay
was harvested only once or twice a year, and dalleof litter for bedding near RoZzmberk
Pond ceased completely. The drainage system wasctedy and only the main canals were
occasionally cleaned. At the end of the 1970s, yemgradation of the meadows started.
Drastic amelioration started with excessive appbeaof slurry from a nearby pig farm and a
water-treatment station, and rebuilding of the mres fine channel system into a coarse
system with deep transverse ditches. A part ofntikadows close to the fishpond remained
abandoned, while others were cut three or eventfowgs a year (Prach, 1993). Degradation
seemed to have stopped in the 1990s and some stmwary was expected. However, the
distinct increase of ruderal species between 20@12806 indicates continuing deterioration
of the natural quality of the meadows.

It is evident that the diversified mosaic of senumal vegetation types found in 1956
mostly changed into monospecific stands (PrachSoukupova, 2002). While there were no
ruderal or segetal species in 1956, in 2006 theme\22 species belonging to this category.
The number of meadow and marsh species was rethyaedre than one third (Prach, 2008).

Previous differences in vegetation, as a resultired differences in moisture and soill
conditions, were overwhelmed by uniformly intensiagricultural practices, especially
manuring. Cleaning and deepening of the drainaggesy also contributed to vegetation
changes, together with the fact that the wateretabthe Rozmberk fishpond has been lower
since 1981. Large patches and strips of short sedgenunities of the allianc€aricion
fuscaehave almost disappeared and been replaced bysstdntmore robust plant species,
enhanced by the large nutrient input. Along thelais and channelBhalaris arundinacea
has expanded, because of increased nutrient suppihanical disturbances during cleaning
of ditches, or lack of mowing. The obvious increasehe importance of robust wetland
species, such @halaris arundinacea, Glyceria aquaticand Carex gracilis is probably a
consequence of wet years at the beginning of tbsepit century (Prach, 2008).

Mokré Louky was an example of a peaty sedge meagaviicularly of Carex gracilis
Carex vesicarimndCalamagrostis canescefisukavska, 1988). On the contrary, this site has
recently had a massive increase Rhalaris arundinacea which, in some places, has
repressed those other species and become the durspeeies of the site.

A vegetation and habitat survey of the Rozmberkpisd littoral was conducted mainly

in 1981-83 (Hroudova, 1988). It found that the pre ofPhalaris arundinaceandicated
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soil containing a large portion of mineral partglevhich therefore dries out more readily
than that of surrounding stands@drex gracilis The whole association of this site was very
poor in species; the dominaRhalaris arundinaceas accompanied occasionally by species
of the allianceCaricion gracilisor reed-belt species. Its most common contactcadsmn is
the Caricetum gracilisor, sometimes, th&lyceritetum maximae In some placefhalaris
arundinacedorms mixed stands either wi@arex gracilisor Glyceria maxima

This survey also summarized that vegetation dewvedop is dependent upon a
combination of two groups of factors: natural chesgn habitat factors and human impact.
Progressive land-formation, in addition to changesthe water table, influences the
groundwater level in littoral communities. Accorgito long-term averages, the height of the
water table in littoral stands is dependent up@nrttie of silting of bays and accumulation of
plant detritus, resulting in a stable littoral zboa. Short or medium-term changes in the
water table, brought about by floods or droughty bave a temporary effect both on the
composition and floristic homogeneity of littoradramunities, or can be responsible for the
predominance of several species (Hroudova, 1988).

Another study done by Prach (2007) addressed thestigm concerning rate of
degradation if traditional or restoration managemerstopped or interrupted for any reason.
That study described a successful restoration bfligwed again by degradation, when
restoration management was abolished. A strip 13@ngp and 5 m wide was cut three times,
later only twice a year, for 5 years. Successfatamtion of the meadow was more or less
completed after only four years of the experimeSubsequent degradation took
approximately 7 years to reach the stage that waigas in cover of constituent species and
species number to that before the experiment dtartéery fast changes in species
composition and cover of constituent species websewed following both the re-
establishment of regular mowing and its ceasitttalaris arundinaceathe dominant species
at the beginning of the experiment, slightly ina@ain its dominance after the first season of
cutting, but then decreased very rapidly. Howewadter the cessation of mowingy.
arundinaceawvas able to attain its previous dominance also yergkly (Prach, 2007).

Nowadays, nearly the whole floodplain is left witihananagement, which has resulted in
the rapid expansion &. arundinacealn such conditions?. arundinaceavould be expected
to expand, becoming dominant 5-10 years after #esation of cutting (Guth and Prach,
1996). Then restoration will be less probable tmanw (Zobelet al, 1998). However,
resumption of a more traditional management regsimeuld lead to the almost complete

disappearance dP. arundinacea(Guth and Prach, 1996). Therefore, regular manageme
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should be of interest for both nature conservanoy farmers. The management must be
regular; if interrupted for even a few years, & fdsgradation can be expected again (Prach,
2007). Traditional land use, which consisted usualdlthree cuts a year (Praehal, 1996),

maximizes plant diversity (Bakker, 1989).

3.3.3 Production examples

Aboveground biomass production ranged from 6254800 g.nf and 941 g.f -
1478 g.nt for unmown and mown stands, respectively, in Mdkoéky in the early 1980s
(Kvét, 1983). A few years later (1985-86), Lukavska88pPestimated aboveground primary
production in Mokré Louky at 1676, 2 gnfor a mown stand and 1577,4 ¢frfor an
unmown one in 1985. These values decreased irolloeving year to 1015, 2 g.frand 1498
g.m? for the mown and unmown stands, respectively. floevn stand was dominated by
Carex gracilisandC. vesicaria while the unmown stand was dominated@slamagrostis
canescensKuncova (2007) reported much lower primary prdiug 352 g.nf, in a site
dominated byCarex vesicariaRychterova (2007) estimated aboveground primewgyoction
at 1407,6 g.M and Filipova (2006) at 1459,3 gfin a stand dominated bphalaris

arundinacea
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4 Methods
4.1 Study Site

Trebaisko is an area situated in South Bohemia neaothie of Trebai and is composed
of a cultural landscape in which natural, semi-redfuand anthropogenic ecosystems are
represented. This area is of national and intewnatiimportance. Thereforefdbai was duly
proclaimed as a city reservation in 1976. In additiUNESCO designatedrdbaisko as a
biosphere reservation in 1977 and in 1979 the PtedeLandscape Areaidbaisko was
established (Jenik, 1983).

Wetlands are an important component of this pdeticarea. Our locality, Mokré Louky
(Wet Meadows), is situated on the eastern edgeedidh, in a wide zone from the Zamecké
forest district to RoZzmberk fishpond. Mokré Loulsythe northern part of the wide complex
of peat-bogs in the Zamecky and Cepsky forestidist{Jenik, 1983).

The study site is in the northernmost part of Mokoéky at 14°46° E and 49° 01" N and
427 m a.s.| (Fig.1). The macroclimate aebaisko is suboceanic with moderate winters and
temperate summer maxima (long-term measurements thhe Tebair weather station). The
average temperature is 7, 4 °C with maximum rdiifdhe growing season (Jenik, 1983).

The area is influenced by the fluctuating watetaat the nearby Rozmberk fishpond, the
largest fishpond in the Czech Republic (500ha).aSmally, the wet meadows are flooded.
The meadows in this area are subdivided into neadylar strips of about 500 x 100m in
size, separated by ditches which are perpendi¢alar central canal going to the fishpond
(Prach, 2008).
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Fig.1: Location of the study site, as shown by the rede&irTo the north is RoZzmberk
fishpond and to the south igebai.

Fig.2: Aerial photo of the site, showing the two study areadp# Qutrients) and B (high

nutrients).
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The study site has not been mown since 2005. itdevas dominated bighalaris
arundinaceaat the beginning of the study. Our experimentah aselivided into two parts-
part A and part B (Fig.2) - which have significaifferences in nutrient levels. Site B is
closer to a still fertilized field and probably e2ees more nutrients through run-off (Fig.3).

Lleteorological
| station
Lhtch
Still ! Experimental » 50-60 m
fertilized : field
field
l‘
i
{ ;
i .
§
$
|
(]
i ' T0-T5 m
—Tten
e i el

Fig. 3: Schematic of the experimental area showing paesd B.
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4.2 Methodology
4.2.1 NAPP (net aboveground plant production)

Dry weight was used as the main measure of biomasss study. Biomass was collected
using the direct destructive harvesting metfidgkyjova, 1989). The sampling technique is
based on harvesting the whole aboveground standquadrats for investigating primary
production during the growing season. Direct hamgscan be particularly difficult in
wetlands(Westlakeet al, 1998), partly because of difficulties of acceassither dry land nor
deep enough for diving), but also because populatare subject to several environmental
gradients as well as having clumped distributiovisich give high variances. Therefore, it is
necessary to consider the size of the quadratshensampling pattern very carefully.

The destructive harvesting method allows for trmgaition of plant structure, not only
of the stand but also for individuals and populagiovith minimal technical equipment. For
these reasons, this has become the most populaussetd method for production ecology
(Rychnovska, 1987).

Biomasswill vary with time and the determination shouldrbade at the time of seasonal
maximum biomass, which is often near the time ofvéring (Vollenweider, 1969). It is
necessary to decide which plants to be harvesteat. this study, plants that were rooted
within a 50 x 50 cm quadrat were removed by hamgl4 This has been found to be an ideal
size for wetland vegetation suchRsarundinacegRychnovska, 1987).

Monthly samplings occurred in sites A and B fromrifpntil September during the 2007
growing season. Four quadrats were sampled fraim gi#e in each sampling time. In 2008,
sites A and B were again sampled six times, with@eng again starting in April. However
due to circumstances beyond our control, the sesantpling was conducted in early June
instead of the end of May, while the last samphmgs in October instead of the end of

September. Again, four samples were taken from sieh
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Shoots were cut at ground level. We divided theH.Ipart from the LITTER part into
separate polythene bags (Fig. 5). The plants wexe taken back to the University of South
Bohemia where they were kept in polythene bag®id storage until they were processed. If
this could not be done on the same day; processirnge plant material always occurred

within one week of harvesting.

Fig. 4: A square 50x50 cm frame Fig. 5: A harvested plot with biomass in
polyethylene bags

Biomass was removed from the polythene bags andSTRNDING DEAD part was
separated from the LIVE part. The LIVE fraction wasted into different species (Fig. 6),
except forCarex which was only labeled d&arexspp. Each species was put into a marked
paper bag (Fig. 7). All plant biomass fractionsMEl STANDING DEAD and LITTER)
were put into separately labeled paper bags aed.dfll samples were placed into forced air
ovens (Memmert) and dried at 70° C for at leashd@&s (Fig. 8). The dry matter was then

removed and weighed.
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Fig. 6: Sorting into species

Dry matter content was expressed as grams peresquoeter. Net annual aboveground
production was calculated as grams per square meteyear (Lieth and Whittaker, 1975).
Mean net annual aboveground plant production (NA®PBW * m? * yr) was calculated
from the dried living, standing dead and litter en&tl in each site. Production of live material
was determined as the maximum DW during the growegson. In addition, production of
dead material was determined by adding the stardiagl and litter DWs collected in each
guadrat and calculating the mean dead DW for e#ehBifferences in mean dead DW were
calculated between subsequent sampling dates. diffédyences resulting in positive numbers
were included in estimating NAPP. NAPP for eacle sitas finally calculated by adding
together the total live production (LIVEPROD) witiose positive differences in dead matter
(NAPP = LIVEPROD +X DEADpgsitive-

Statistica 7 was used for data evaluation. Analg§i¥ariance (ANOVA) for repeated
measuresvas used to determine if there were significanfed#inces in biomass production
between sites A and B. Post-hbakey HSD test was done for multippemparisons in the
case of significant differencelloreover, t-tests were run to compare site A te Bitin each
sampling time. The 2008 data were naturally loggethsformed in order to achieve

homogeneity of variance; no such data transformatias needed for the 2007 data.
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Fig. 7: Marked paper bags

Fig. 8: Samples drying in the oven
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4.2.2 Belowground production (NBPP) and above-to-be  lowground
ratios

Net belowground primary production (NBPP) was measwsing the in-growth core bag
method in 2007 (Steen, 198dogt et al, 1998). Three points were selected within eatsh si
for placement of the core bags. Two bags (7 cm éianx 15 cm depth), and filled with soil
from the site, were placed into each sampling pom80 April 2007. They were left in place
until collected on 21 September 2007. Keeping the dags in the soils over most of the
growing season allowed for adequate root growtl ite bags without significant root
mortality (Steingrobeet al, 2000). The removed cores were taken to the #bor where
they were carefully cleaned of soil and the roossndried in a convection oven at’ 70 for
72 hours. The resulting dry weight mass was thegtveel. The ensuing dry weight equals the
net belowground primary production (NBPP) for thevgng period. The dry weights (and
NBPP) were calculated to &asis.

Above-to-belowground production (A: B) ratios weletermined for each site by dividing

mean NAPP by mean NBPP. The results were then sigcaphically.

4.2.3 Nutrient content in plants

Plant samples, after grinding, were analyzed fealt€, N and P by members of the
Department of Ecosystem Biology, JCU. Total C andT®, TN) were analyzed using an
elemental CN analyzer. Total P was determined bgemi-micro modification of the
perchloric acid digestion method (Kajk and Hejzlar, 1995).

4.2.4 Line intercepts

In order to obtain more detailed information abgu&nt species composition and
dominance in our sites, line intercepts were estladt in A site in late August 2007 and in
both sites (A and B) in early September 2008. Tl#@en long transects were established
randomly in each site; the distance between neigidpdransects was 4 m in site A, and 5 m
in B (Fig. 9). Each transect began at a distanc&6om from the side ditch. We noted the
particular species which was dominant or co-dontimathin a 1 m strip on each side of the
transect and for a particular length along theradpt. From those data, frequency Rof
arundinaceawas calculated. This was done by determining tial tdistance along each
transect in whichP. arundinaceavas the dominant or co-dominant species (in tise o co-
dominance, the the length was divided by the nunob&o-dominant species). The percent
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frequency was calculated by dividing the total lenghenP. arundinaceavas dominant by
the total length of the transect, multiplied by 190 Phalaris = (length on each transect where
Phalariswas dominant / total transect length) * 100). Berage cover dPhalaris for each

site was then determined by taking the mean opéneent covers for each transect.

: :
i fres (e
1_- -_
1hteh
Still : Experimental + 80-60 m
fertilized field . =
field : Line intercepts
B3I B2 B A A2 A3
i
‘ 5m 5m 3 4m f4dm sl
' Ao £ PRy P @
‘ | 30m
' i
$
l "
]
AR
i 70-75 m
= Thieh
=

Fig. 9: Schematic showing the location of the line intetsép determine percent cover of
Phalaris arundinace@n a site basis
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5 Results
5.1 NAPP 2007

Aboveground biomass (g DW * fincreased from the start of the growing season in
April to mid-summer, at which time the maximum biass value was found for site A (Fig.
10). There was then a sharp decrease in biomasis liew this site, while the graph for site B
shows that biomass levels remained at this higél lew the rest of the growing season. There
were significant between-site differences in biosna®duction over time in 2007 (repeated
measures ANOVA, p< 0,001; Fig. 10), with site B ingvmore living aboveground biomass
than in site A. Mean biomass levels also differigaificantly in the two sites within each

sampling period (B > A), except for June and July.
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800 T _
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gDW *m™
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. . . . . . A
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B

Time

Fig. 10: Mean biomass levels (bars for each point are 86ffidence intervals) for the two

study areas over the 2007 growing season.
The amount of dead material (litter + standing Jleeas also greater in site B than for A

throughout the 2007 growing season (Fig. 11), alghathe variation was not as large as for

the live material. The amount of dead material thimthe site A plots decreased throughout
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the growing season from its maximum in May. Thsuteed in the small contribution of dead
material to the overall NAPP for this site (Tab)e Phe maximum amount of dead biomass in
site B was found in the August sampling date apdesents a change in stems moving from
the living to the standing dead categories. Deangdsvels of dead material during the

growing season probably represent the amount aénahtost to decompaosition.

—o—Dead A —=—Dead B

1600
1400 -
1200 -
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800
600 -
400 -
200 -
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Time

Fig. 11: Biomass of dead material for the two study areas the 2007 growing
season.

Table 2: NAPP for the two study areas for the 2007 growieassn.

Area Living Proguction Dead Proguction Total Prodzuction
[9/m”] [9/m7] [9/m7]

A 529,20 179,40 708,60

B 782,50 540,65 1323,15
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Overall, NAPP was almost twice as large in site B compaoegite A (Table 2), reflecting
the differences in live aboveground biomass (F&j.dk 0,004).

Belowground production (NBPP) was greater in sitth&n in B (1017, 2 and
730, 4 g * nt* year™, respectively), but these values were not sigmifity different (t =
0.61, p = 0.561). However, aboveground — to — bgtownd production ratio (A: B) was
twice as large in site B compared to site A (F@). This reflects the greater aboveground

biomass, and thus production levels in site B casgéo site A.
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Fig. 12: Box and whiskers plot showing mean and standardtiens (SD) of aboveground
biomass in sites A and B for the Mokré Louky stadea in 2007.
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Fig.13: Above to belowground production ratios for the tstody sites in 2007.

5.2 NAPP 2008

Aboveground biomass in 2008 was higher and withévigariations than in the previous
year. Again, living biomass levels increased frdre beginning of the growing season in
April to the maximum amount in July; unlike in 2QG¥ clear maximum in July was seen in
both sites (Fig. 14). The decreasing biomass ldatds in the growing season were connected
to increasing levels of dead biomass material (standead + litter) in that time (Fig. 15).
Same as the previous year, there were significatvden-site differences in biomass
production over time in 2008 (repeated measures YWAN(o< 0,004; Fig. 14), with site B
having more living aboveground biomass than in AitdVlean biomass levels also differed
significantly in the two sites within each samplipgriod (B > A), except for July and
October. Still, the overall comparison in the diffieces in live aboveground biomass between
sites A and B (Fig. 16) were again significantlgher for site B in 2008.
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Fig. 14: Mean biomass levels (bars for each point are 958tidence intervals) for the two
study areas over the 2008 growing season. Aralysee conducted on natural

log transformations of the data (see text).

Table 3: NAPP for the two study areas for the 2008 growiegsen.

Area Living Pro<2:iuction Dead Proguction Total Prodzuction
[9/m7] [9/m7] [9/m”]
A 461,3 413,2 874,4
B 902,8 786,8 1689,5

The last sampling occurred in October 2008 (ve&eyember in 2007). This resulted in
an increase in dead material (litter + standingljleathe end of growing season (Fig. 15).
This was caused by the senescence of the platitataime.
Similar to 2007, NAPP was significantly greatesite B compared to site A (p<
0,001) in the 2008 growing season, again being stitwace as large (Table 3).
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Fig. 15: Biomass of dead material (standing dead + litier}tie two study areas over the

2008 growing season.
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Fig. 16: Box and whiskers plot showing mean and standardtiens (SD) of aboveground
biomass in sites A and B for the Mokré Louky stadea in 2008.
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5.3 Plant nutrient contents - 2007

Percentage of total phosphorus (TP) per gram ofedround material dP. arundinacea
was greater in plants growing in site B than farsinin site A in the early part of the growing
season (May 2007; Figure 17). However, neitheogén (N) nor carbon (C) levels differed
between the two sites at this time (Figures 18X9)d
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Fig. 17: Box and whiskers plot showing percentagéotdl phosphorus (TP) in sites A
and B in May 2007.
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Fig. 18: Box and whiskers plot showing percentagéotél nitrogen (TN) in sites A and
B in May 2007.
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Fig. 19: Box and whiskers plot showing percentagéotél carbon (TC) in sites A and B
in May 2007.
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Nutrient concentrations were also measured atithe 6f maximum biomass (August
2007). At this time, the percentage of TP was &#myilar in both parts, being slightly higher
in B (Fig. 20). However, both TN and TC percentagese significantly (p< 0,01) higher in

theP. arundinacealants growing in site B (Figures 21 and 22).
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Fig. 20: Box and whiskers plot showing the percentageta phosphorus (TP) in sites
A and B in August 2007.
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Fig. 21: Box and whiskers plot showing the percentagetafl nitrogen (TN) in sites
A and B in August 2007.
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Fig. 22: Box and whiskers plot showing the percentagmta carbon (TC) in sites A
and B in August 2007.
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Nitrogen, carbon, and phosphorus contents (mg ©y R, per ) were calculated in both
May and August 2007. In May 2007, nitrogen conteas slightly but not significantly higher
in site B (Figures 23) while carbon and phosphaarstients were significantly higher in site
B (p= 0,008 for carbon; Fig. 24; p= 0,009 for phosus; Fig. 25). However, all three
nutrient contents were significantly higher in dgten August 2007 (p< 0,01; Fig. 26, 27, and
28).
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Fig. 23 Mean (+ 1 SD) nitrogen content (g N *nin sites A and B for May 2007.
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Fig. 24:Mean (+ 1 SD) carbooontent (g C * rif) in sites A and B for May 2007.
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Fig. 25: Mean (+ 1 SD) phosphorus content (g P *)rin sites A and B for May 2007.

-34 -



45

40

35

30

25

20

Nitrogen [g*m™

15

10

L H

0 0 Mean
A B [] MeantsD
T Mean+1,96*SD

Site

Fig. 26: Mean (+ 1 SD) nitrogen content (g N *nin sites A and B for August 2007.
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Fig. 27:Mean (+ 1 SD) carbon content (g C *3rin sites A and B for August 2007.
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Fig. 28:Mean (+ 1 SD) phosphorusntent (g P * if) in sites A and B for August 2007.

Stoichiometric ratios were counted for both stuigssin both sampling times (Table 4).
CN ratio in the aboveground structure Bf arundinaceawas similar in site A for both
sampling times. However, it decreased from May tgést in site B, reflecting greater uptake

of N by theP. arundinacegplants in this site over the growing season. Mdaleywboth CP

and NP ratios increased in plants growing in badgsdrom May to August.

Table 4: Stoichiometric ratios foPhalaris arundinaceaboveground plant parts in both

study sites from May and August 2007.

Site | Time of sampling C/N C/P N/P
A May 2007 14,85 108,54 7,82
A August 2007 15,63 169,52 11,22
B May 2007 15,28 101,27 6,73
B August 2007 10,63 152,76 14,33
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5.4 Line intercepts

Site A has two co-dominant speciéjalaris arundinaceand Carex spp.while site B is
clearly dominated still byP. arundinaceavisual inspection). The percent cover of the two
co-dominant species in site A was 39,78 % and aboui forP. arundinaceaandCarex spp.
respectively in 2007 (see Tables 5 and 6). Pexg®mrdr ofP. arundinacean site A increased
slightly when measured in August 2008, being ab4bi28 %, while the cover &arex spp.
decreased to about 49, 22 % (Tables 7 and 8).

Table 5: Percent cover dPhalaris arundinacealong three transects in site A. Measurements
were taken in late August 2007
Table 6: Percent cover dfarex sppalong three transects in site A. Measurements were

taken in late August 2007

Line Phalaris [m] % Line Carex [m] %

Al 11,70 39,00 Al 18,10 60,33
A2 10,65 35,50 A2 19,35 64,50
A3 13,45 44,83 A3 16,55 55,17
Mean £ 1 SD 11,93+1,41| 39,78+4,72 Mean + 1 SD 18 +1,40 60 + 4,68

Table 7: Percent cover d?Phalaris arundinacealong three transects in site A. Measurements
were taken in early September 2008.
Table 8: Percent cover aCarexspp. along three transects in site A. Measurenveeits

taken in early Septembert 2008.

Line Phalaris [m] % Line Carex [m] %

Al 14,08 46,93 Al 15,03 50,10
A2 11,92 39,73 A2 16,67 55,57
A3 14,75 49,17 A3 12,60 42,00
Mean +1 SD 13,58 +1,48| 45,28 +4,93 Mean +1 SD 14,77+2,05| 49,22 +6,83

Site B was still mostly dominated . arundinacean 2008, having a percent cover of
about 71,81 %. This value includes the first trahsghere there were large patcheddica
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dioica. Therefore, the frequency &% arundinaceavas lower with high variation (Table 9).

The frequency oUrtica dioicawas about 33, 27% in line B1. If line B1 is remdythen the

percent cover dP. arundinaceancreases to 81, 92 % (Table 10).

Table 9: Percent cover dPhalaris arundinacealong three transects in site B.

Measurements were taken in August 2008.

Table 10: Percent cover dPhalaris arundinacealong three transects in site B without line

B1. Measurements wetaken in August 2008.

Line Phalaris [m] % Line Phalaris [m] %

B1 15,48 51,60 B1 Na Na
B2 23,45 78,17 B2 23,45 78,17
B3 25,70 85,67 B3 25,70 85,67
Mean +1 SD 21,54 +537| 71,81+17,9 Mean +1 SD 24,58 + 1,59 81,92+5,3
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6 Discussion

Net aboveground primary production was significafitigher in site B of the study site
than in site A in both growing seasons. This is entikely due to different nutrient
availability between the sites, probably as a tesiuthe closer proximity of site B to the still-
fertilized field, in comparison to site A. This aduasion is further supported by the significant
differences found between sites A and B in termsabbve - to- belowground (A:B) ratios,
differences in nutrient contents and stoichiomeit@s.

A: B ratios reflect the above- and belowground iparting of carbon. It is expected that,
when there is nutrient limitation, plants will atlste proportionally more resources
belowground for the acquisition of nutrients (Saggfaal, 1997;Bloom et al, 1985). Our A:

B production ratio, which is much higher in site iBdicates an increase in photoassimilate
allocation to shoots due to increased nutrientlabdity in site B.

Furthermore, nutrient contents in the plant reftitferences between site fertility and the
amount of available nutrients. The higher the lewél resources, the greater is their
consumption by plants (Praat al, 1993). Carbon and phosphorus contents (mg ger m
were significantly higher in site B at the begirmiof the growing season in May 2007, while
nitrogen was not significantly greater but stiljher in B. However, all three nutrients were
significantly higher in site B at the time of maxim biomass in August 2007. Percentages of
total carbon, phosphorus, and nitrogen per grambofreground material ¢f. arundinacea
were not significantly different between the sites May 2007, even though percent
phosphorus was greater in B. However, percent cagand nitrogen were significantly higher
in the P. arundinacegplants growing in site B in August 2007, whereasgphorus content
was very similar in both areas. These values ineidhat nutrient levels and nutrient
availability were probably greater in site B. Agaihis likely that continued fertilization of
the adjacent field results in nutrients leaching iour study site.

Stoichiometric ratios serve as an indicator of gstesn behavior and functioning. The
ratio of carbon to nitrogen (C: N ratio), for exdmphas frequently been used as an index of
litter quality, because litter with a low C: N mt{high nitrogen concentration) generally
decomposes faster (Chaph al, 2002). The smaller C: N ratio in site B may méaster
plant decomposition and more rapid nutrient turm@egenmpared to site A. Moreover, the C: N
ratio decreased in site B during the 2007 growieasen, while it remained almost the same
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in site A. This could be evidence of more nitroggriake by plants due to greater nitrogen
availability, which would consequently lead to &stlecomposition of the plants in site B.
Nitrogen: phosphorus (N: P) ratios in plant tissaesl soils have been used to identify
thresholds of nutrient limitation in wetlands (Skgv1998). As with the CN ratio, the N: P
ratios in site A indicate that this area may hagerbnitrogen limited in both sampling times
(May and August 2007). In site B, nitrogen was pidlp limiting in May 2007, but both
nitrogen and phosphorus were co-limiting factorsAugust 2007. Nevertheless, the N: P
ratios increased in both sites during the growiegssn. Carbon to phosphorus (C: P) ratios
increased in both sites, which could mean that phosis was also a limiting nutrient in
August.

The second objective of this study was to compheshiomass and production values
from this study to those of past studies condudtethis area of Mokré Louky. Such a
comparison would be helpful in demonstrating angsae effects of different management
practices and/or changing species composition @setlecosystems. Net aboveground primary
production values in both seasons are in the rgngm by Kwt (1983) for an unmown stand
in Mokré Louky (625 g.if - 1800 g.nf). Estimated aboveground production by Lukavska
(1988) in an unmown stand in 1985 and 1986 (15&m# and 1498 g.Mrespectively) was
similar to those found in site B. Both Eivand Lukavska had quite high production numbers,
but with different species composition. The unmostand studied by Lukavskd was
dominated mostly byCalamagrostis canescensvhile other parts of Mokré Louky were
dominated mostly b arex gracilisand Glyceria maximayhich was mixed in some places
with stands ofPhalaris arundinacegHroudova, 1988)On the contrary, Kuncova (2007)
estimatedthe production of a site dominated b@arex vesicariaat only 352 g.if.
Apparently, production b arex sppmay be lower than for other robust species. Ine@as
cover of Carexin site A, resulting in a more diverse stand,ikelly a main reason why
primary production is lower in this site than inesB, which contains a strong dominant
(Slavikova, 1982).

Site B was dominated mostly B/ arundinaceawith cover values of more than three
guarters (Table 10). The estimated abovegroundgpyimproduction for this site was similar
to production values found recently by Rychtera®@0() and Filipova (2006) in other stands
dominated byPhalaris arundinacean Mokré Louky (1407,6 g.ihby Rychterova and 1459,3
g.m? by Filipova). Also, the amount &frtica dioicaincreased in site B during the time after
the flood in 2002. This can be due to the cessationowing in this site, starting in 2005.
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It seems that site A has been undergoing succesiierto the absence of fertilization
since 2005. The rate of succession in terms ofispdurnover is generally expected to be
positively related to site fertility (Praddt al, 1993). Site A seems to be changing back to its
former species composition, dominated mostlyJayex sppand other wet meadows species.
This fact is supported by results of the line iogmts, which provide a visual inspection in
order to estimate percent species representatian stand. Currently, site A has two co-
dominant specieshalaris arundinaceaand Carex spp.(mostly Carex gracilig. Phalaris
arundinaceawas clearly the dominant species in this site0852 with > 80% cover. Since
then, there has been an increaseCarex spp. cover, while the percent cover Bf
arundinaceahas decreased to half of the 2005 cover value.dlfferences in percent cover
values for these two species in 2007 and 2008 piplbapresent random placement of the
intercept lines. Site B is more monospecific, mopstbminated byP. arundinaceadue to
eutrophication and still continuing input of nutrie via runoff from the neighbouring still
fertilized field. Thus, continued nutrient inputgsulting in the perseverance of eutrophic
conditions, are probably retarding the rate of Egechange in this site.

The Mokré Louky area has been notably changingesli®66 when the first
phytosociological description was made by Hotkbiva (Holubtkova, 1959). The manner in
which site formation has occurred reflects congilkr changes in management and alteration
of site conditions by humans, especially due ternsive agricultural practices (Prach, 2008).
These changes include limitation or cessation ovimg, cessation of collecting litter for
bedding near Rozmberk Pond, and neglect of thealgai system in the 1960°'s; degradation
in soil quality caused by application of slurrybodding of the previous fine channel system
into a coarse system with deep transverse ditahtee &nd of the 1970's; and finally
abandonment of some part of the meadows as wtikeasurrent heterogeneous use of Mokré
Louky. Such changes have led to considerable vegetehange. The formerly diversified
mosaic of seminatural vegetation types mostly cadngto monospecific stands with
increasing numbers of ruderal or segetal speciesliPand Soukupova, 2002).

The presence of a monospecific stan® odrundinaceandicates eutrophicated soll
containing a large portion of mineral particles.dbility to concentrate large amounts of
nutrients in aboveground biomass and quickly ov@ugan area under high nutrient and wet
conditions allows it to outcompete other wet graisdispecies. Mature plantsif
arundinaceaoccur mainly in unmown grasslands but mowing kas bf an effect on growth
when nutrients and water are not limitingt(®k et al, 1988). However, systematic mowing

6-7 times per year can elimind®e arundinacedrom the vegetation (Klapp, 195@)hree
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harvests per year is the suggested optimal managexoion to maintain this plant as the
dominant species in meadows, at least when nutt@rditions are optimal (Lawrence and
Ashford, 1969; Horrock and Washko, 1971).

In order to have a more diverse meadow, it is resrgdo abate soil eutophication and
nutrient input. High nutrient levels helh arundinacealominate an area and also places
other meadow species at a competitive disadvankmgeexample, root porosity was reduced
in Carexspecies when subjected to organic matter inputdbated with high nitrogen levels,
resulting in decreased competitive ability (Klimed@ndCizkovéa, 1996). In addition to
reducing nutrient inputs, regular cutting of marcageeadows result iAlopecorus pratensis
replacingP. arundinaceabecause of the inability &f. arundinacedo flower after mowing
(KlimeSova andizkova, 1996). This is because mowing may resuitiment limitations
when nutrient inputs do not cover demandsPfoalaris re-growth (KlimeSova an@izkova,
1996).

Possible recovery of more diverse but still prodigctvet meadows is conditioned by
substantially reducing manuring and establishiegtéing regime of three cuts a year.
Changing the management regime is generally crémiakcovery of wet meadows unless
abiotic site conditions are drastically altered.ndgement must be regular because any
interruptions for even a few years will cause adaggradation (Prach, 2007). The longer
such degradation continues, the more difficult Wwélany potential restoration of such

meadows.

7 Conclusion

Net annual aboveground production and biomassdevete significantly higher in the
high nutrient area (site B) compared to the lowieat area (site A) in both growing seasons.
As a result of eutrophication and greater nutraerilability, site B is almost a monospecific
stand ofP. arundinaceacomposed of larger plants with higher productizam in site A.
Higher above- to belowground ratio, nutrient cotdeand different stochiometric ratios also
lend support for this conclusion.

The almost monospecific standfarundinacean site B reflects changes in species
diversity since the 1960s as a result of incredseiization and intensive agricultural
practices. On the contrary, the recovery of othetr mweadows species, especid@igrex spp
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in site A may mean that this site is reverting fwrevious stable state due to lower amounts of
available nutrients in the soil. This enables thsgseries to recover to their previous extent
and predominate over the expansive robust spedagsted to eutrophic conditions.

8 References

* Bakker J. P. 1998:Nature management by grazing and cuttimg Okruszko T; E. Maltby;
J. Szatylowicz, D. Swiatek, and W. Kotowski (ed¥etlands: monitoring, modelling and
management, Taylor and Francis LTD, London, URGb-271.

* Bakker J. P., J. A. Elzinga, and Y. de Vries2002:Effects of long-term cutting in
grassland system: perspectives for restorationlaftpcommunities on nutrient — poor soils.
Appl. Veget. Sci. 5: 107-120.

« Balatova-Tulatkova E. 1982:Prirozené a polofirozené travinné porosty ¥SSRIn:
Stspan J.(ed.). 198Racionalni vyuZivani rostlinstva- Acta Ecologicaitae Ac Regionis
1982 Sbhornik referdi pracovniho sjezddeskoslovenské botanické spaesti i CSAV.
Tiskaské zavody n.p. Praha. p.18.

* Batzer D. P. and R. R. Sharitz2006.Ecology of Freshwater and Estuarine Wetlands.
University of California Press. p. 205-208.

* Bedford B. L., M. L. Waldbridge, and A. Aldous. 1999:Patterns in nutrient availability
and plant diversity of temperate North Americanlarets Ecology 80: 2151-69.

* Benstead P. J., P. V. José, C. B. Joyce, and P.Wade. 1999:European Wet Grassland
Guidelines for Management and RestoratiB&PB. Sandy. UK. p. 169.

* Bloom A.J., F. S. Chapin lll Jr., and H.A. Mooney. 1985:Resource limitation in plants-
an economic analogyann Rev Ecol Syst 16: 363- 392.

* Chapin F. S. lll, P. A. Matson, and H. A. Mooney 2002:Principles of Terrestrial
Ecosystem Ecologpringer Science + Business Media, Inc. USAGb. 1

 Chytry M., T. Kuéera, and M. Kogi (eds.).2001:Katalog biotopi Ceské republiky.
AOPK CR Praha. Retis reklama a tisk, s.r.o. Brno. p. 31.

* Conchou A. and G. Patou1987:Model of colonization of an heterogeneous allugiaa

on the edge of the Garone river by Phalaris aruadea L Regulated Riverd.: 37- 48.

-43 -



* Crawford R. M. M., C. Studer, and K. Studer. 1989:Deprivation indifference as a
survival strategy in competition: advantages arshdivantages of anoxia tolerance in
wetland vegetatiorflora. 182: 189-201.

« Cizkova- Kon¢alova H., J. Kwt, and K. Thompson.1992:Carbon starvation: a key to
reed decline in eutrophic lakeaquat. Bot. 43: 105- 113.

* Dubois J. P.1994:Uptake of macroelements by the helophyte Phalatisdginacea L.
Aquat. Sci. 56: 70- 79.

* Dykyjova D. 1989: Metody studia ekosystémAcademia. Praha. p. 304- 309.

« Filipova M. 2006:Uloha vegetaniho pokryvu v kolathu dusiku vybraného migddniho
systémuDiplomova prace Mendelova zédglska a lesnicka univerzita v Bfn
Agronomicka fakulta. Brno. 99 p.

* Guth J. and K. Prach. 1996:Scenarios of possible future floodplain developmiant
Prach K., J.Jenik, and A.R.G Large (eds.). 1886odplain Ecology and Management. The
Luznice River in the/Ebo: Biosphere Reserve, Central EurofB Academic Publishing
bv. Amsterdam. The Netherlands. p. 237- 243.

* Hamadejova L. 2001:Harmonizace produkich a mimoprodukich funkci luk s
Phalaroides arundinaceae (L.) Rausché¢tiisert&ni prace.]. Fakulta ze¥d¢lska,
Jihateska univerzita Ceskych Budjovicich. Ceské Budjovice.

* Holubi¢kova B. 1959:Contribution to studies in mire vegetation I. (TWekré Louky fen
near T'eboi). Sborn. Vys. Sk. Zet. Praha. (In Czech). p. 257-285. In: Prach K. 2008
Vegetation changes in a wet meadow complex dun@gast half-centuryolia
Geobotanica 43: 119-130.

* Horrocks, R. D. and J. B. Washko 1971:Studies of tiller information in reed canarygrass
(Phalaris arundinacea) and climax timothy (Phleuratpnsel..). Crop. Sci. 11: 41-45. In:
Prach K., J.Jenik, and A.R.G Large (eds.). 1886odplain Ecology and Management. The
Luznice River in the/Ebo: Biosphere Reserve, Central EurofB Academic Publishing
bv. Amsterdam. The Netherlands. p. 131-145.

* Hron F. 1979: Rostliny luk, pastvin, vod a bazin. Svobdeéiaha. 422p. In: Hlavkova-
Kumnacka H. 1980Produkce gkterych bylinnych druhmokadnich ekosystéim
Diplomové praceCeské Budjovice. p.9.

* Hroudova Z. (ed.).1988:Littoral Vegetation of the RoZmberk Fishpond asdMineral
Nutrient EconomyStudieCSAV ¢.9. Academia. Praha. 112 p.

- 44 -



* Jenik J. 1983:Mokré Louky u #ebore: modelova lokalita biosférického fonda: Jenik J.,
Kvét J. (ed.)Studie zaplavovanych ekosysiémilirebors. Studi€’'SAV 4/83 Academia.
Praha. p. 9-18.

* Klapp E. 1956:Wiesen und WeideBerlin-Hamburg . p.1-25. In: Hlavkova- Kumnacka H
1980: Produkce #kterych bylinnych druhmokradnich ekosysté@mDiplomova prace.
Ceské Budjovice. p.9.

* Klesnil A. 1978:Travni porosty — louky a pastvingp: Lukavska J. 1988/liv se’e na
produkéni charakteristiky moladnich travinnych porost Ceské Budjovice. 91 p.

* Klesnil A., Regal V., and Prajzler J.1973: Picningstvi |. Praha, vydani prvni. p.172. In:
Lukavska J. 1988Vliv se’e na produkni charakteristiky motadnich travinnych porost
Ceské Budjovice. 91 p.

« Klime3ova J. and H.CiZkova. 1996:Limitations of establishment and growth of Phalaris
arundinacea in the floodplainn: Prach K., J.Jenik, and A.R.G Large (eds.)6199
Floodplain Ecology and Management. The LuznicerRivéhe Trebo: Biosphere Reserve,
Central Europe SPB Academic Publishing bv. Amsterdam. The Nédinels. p. 131-145.

» Koné¢alova H., J. Kwét, J. Pokorny, and V. Hauser.1993:Effect of flooding with sewage
water on three wetland sedg#¥etl. Ecol. Manage. 2: 199- 211.

» Kopacek, J. and J. Hejzlar. 1995:Semi-micro determination of total phosphorus ifssoi
sediments, and organic materials—a simplified pleritracid digestion procedure
Commun Soil Sci Plant Anal 26: 1935-1946.

 Kuncovéa S 2007:Struktura a nadzemni produkce porostu vybranéhosmmmantiho
porostu eutrofni zaplavované louRyplomova prace ZFQU. Ceské Budjovice. 61 p.

* Kvét J. 1983:Nadzemni biomasa travinné vegetace Mokrych lruklenik J., Két J. (ed.):
Studie zaplavovanych ekosystémiTebore. StudieCSAV 4/83, Academia. Praha. p.118-
122.

« Larcher W. 1988:Fyziologicka ekologie rostlifPraha, Academia. In: Kuncova S. 2007:
Struktura a nadzemni produkce porostu vybranéhodmmaantiho porostu eutrofni
zaplavované loukyDiplomové prace ZFQU. Ceské Budjovice. 61 p.

* Lawrence T. and R. Ashford 1969:Effect of stage and height of cutting on the drytema
yield and persistence of intermediate wheatgrassnlegrass and reed canary gra€an.
J. Plant. Sci. 49: 321- 332. In: Prach K., J.Jeauiki A.R.G Large (eds.). 19960odplain
Ecology and Management. The Luznice River in flebd Biosphere Reserve, Central
Europe SPB Academic Publishing bv. Amsterdam. The Nédinels. p. 131-145.

-45 -



e Lieth H. and R. H. Whittaker (eds.). 1975:Primary productivity of the biosphere
Springer-Verlag. New York. p. 4.

* Likens G. E.1975:Primary production of inland aquatic ecosystemns.Lieth H. and R.

H. Whittaker (eds.). 1975. Primary productivitytbé biosphere. Springer-Verlag. New
York. p. 185.

* Lukavské J. 1988:Vliv se’e na produkni charakteristiky motadnich travinnych porost
Ceské Budjovice. 91 p.

» Mel¢akova S.1993:Dynamika obsahu zasobnich latek u chrastice raktisdiplomova
prace Ceské Budjovice.

* Mitsch W. J. and J. G. Gosselink1986:Wetlands Van Nostrand Reinhold Company.
New York. p. 15-399.

* Mitsch W. J. and J. G. Gosselink2000:Wetlands.Third edition. John Wiley & Sons. Inc.
Canada. 920 p.

* Prach K. 1992:Vegetation, microtopography and water table inlth&nice River
floodplain, South Bohemia, Czechoslovakeesia. Praha. 64: 357- 367.

* Prach K. 1993:Vegetation changes in a wet meadow complex, SalitarBia, Czech
Republic Folia Geobot. Phytotax. 28: 1-13.

* Prach K. 2000:Co vypovidaji geobotanické studie a¢mdch a sotasném stavueboiské
krajiny. In: T/eboisko 2000, Ekologie a ekonomik&eboiska po dvaceti letecirebai,
ENKI, o0.p.s., p. 119 - 123.

* Prach K. 2007: Alluvial meadows under changing managememiridegradation and
restoration. In: Okruszko T; E. Maltby; J. Szatylozy D. Swiatek, and W. Kotowski (eds).
Wetlands: monitoring, modelling and management]draand Francis LTD, London, UK,
p. 265-271.

* Prach K. 2008:Vegetation changes in a wet meadow complex duni@gast half-century.
Folia Geobotanica 43: 119-130.

* Prach K. and L. Soukupovéa 2002:Alteration in the wet meadow pattedn: Kvét J., J.
Jenik, and L. Soukupova (eds.). 20B&shwater wetlands and their sustainable future. A
Case Study of the'@bo? Basin Biosphere Reserve, Czech Republan and the Biosphere
Series. Volume 28. The Parthenon Publishing Graaopted. UNESCO. p. 243- 254.

* Prach K. and J. StraSkrabové 1996:Restoration of degraded meadows: an experimental
approach In: Prach K., J.Jenik, and A.R.G Large (eds.961Bloodplain Ecology and
Management. The LuZnice River in theldo: Biosphere Reserve, Central EurogB
Academic Publishing bv. Amsterdam. The Netherlapd8.7-93.

- 46 -



* Prach K. and P. M. Wade 1992:Population characteristics of expansive perenneids.
Preslia. Praha. 64: 45- 51.

* Prach K., J. Jenik, and A. R. G Large (eds.)1996:Floodplain Ecology and
Management. The LuZnice River in theldo: Biosphere Reserve, Central Eurof&B
Academic Publishing bv. Amsterdam. The Netherlapd285.

* Prach K., P. Py3ek, and P. SmilauerL993:0n the rate of successioBikos 66:343 -346.

* Rychnovsk& M. 1985:Metody studia travinnych ekosystémcademia. Praha. 272 p.

* Rychnovska M. 1987:Metody studia travinnych ekosystemAcademia. Praha. p. 56.

 Rychnovska M., E. Balatova-Tul&kova, B. Ulehlova, and J. Pelikan1985:Ekologie
lucnich porost. Academia. Praha.

* Rychterova J.2007:Sezo6nni rozvoj nadzemni biomasy a pokryvnostviisteybraného
monodominantniho porostu eutrofni zaplavované loDiylomova praceCeské
Budgjovice.

* Saggar S., C. Hedley, and A. D. Mackayl997:Partitioning and translocation of
photosynthetically fixetf'C in grazed hill pasture®iol Fertil Soils 25: 152-158.

* Schlesinger W. H.1977:Carbon balance in terrestrial detritusinnual Review of Ecology
and Systematics 8: 51-81.

* Shaver G. R.1998:Biomass and C&flux in wet sedge tundras: Responses to nutrients,
temperature and ligh&cological Monographs 68: 75-97.

* Shipley B., P. A. Keddy, D. R. J. Moore and K. Lemk. 1989:Regeneration and
establishment strategies of emergent macrophytéscol. 77: 1093- 1110.

* Simmons R. C., A. J. Gold, and P. M. Groffman1992:Nitrate dynamics in riparian
forests: groundwater studiedournal of Environmental Quality. 21: 659- 665.

* Slavikova J.1982:Ekologie rostlin.Karlova univerzita, Praha. In: Rychterova J. 2007:
Sezonni rozvoj nadzemni biomasy a pokryvnostviisteybraného monodominantniho
porostu eutrofni zaplavované louliplomovéa praceCeské Budjovice.

» Steen E.1984:Variation of Root Growth in a Grass Ley Studiechv@tMesh Bag
TechniqueSwedish J. agric Res. 14: 93-97.

* Steingrobe B, H. Schmid, and N. Claassen2000:The use of the ingrowth core method
for measuring root production of arable crops -ueihce of soil conditions inside the
ingrowth core on root growth). Plant Nutr. Soil Sci.163. 617-622.

« Smilauer P., K. Prach, and O. Rauch1996:Biomass and nutrient allocation in the main

vegetation typedn: Prach K., J.Jenik, and A.R.G Large (eds.961Bloodplain Ecology

-47 -



and Management. The Luznice River in thebb: Biosphere Reserve, Central Europe
SPB Academic Publishing bv. Amsterdam. The Netheldap.181- 190.

« Sriitek M., V. Bauer et al.1988:Ecology of plants important in agricultural practién the
Luznice river floodplair{in Czech with English summary). Sborn. Vys. SknZe. Praha.
Agron. Fak Ceské Budjovice. 5/2: 105- 118. In: Prach K., J.Jenik, anR.& Large (eds.).
1996.Floodplain Ecology and Management. The LuznicemRivéhe Trebo: Biosphere
Reserve, Central Europ&PB Academic Publishing bv. Amsterdam. The Nédhels. p.
131-145.

« Ulehlovéa B. and M. Rychnovska1982:Travinné ekosystémin: Sgpan J. (ed.). 1982:
Racionalni vyuzivani rostlinstva- Acta EcologicaiNae Ac Regionis 198&bornik
referati pracovniho sjezdGeskoslovenské botanické spaiesti i CSAV. Tiska'ské
zavody n.p., Praha.

* Vogt K. A., D. J. Vogt, and J. Bloomfield 1998:Analysis of some direct and indirect
methods for estimating root biomass and produabibforests at an ecosystem leRlant
and soil 200: 71-89. Kluwer Academic Publishersthddands.

* Vollenweider R. A.1969:A Manual on Methods for Measuring Primary Produntia
Aquatic EnvironmentdBP Handbook No. 12. Burges and son (Abingdan)téd. Great
Britain. p. 2- 28.

* Vose P. D.1962:Delayed germination in reed-canary grass PhalamnsralinaceaAnn.
Bot. 26: 197- 206.

* Vymazal J. (ed.).2001:Transformations of nutrients in Natural and Constad Wetlands
Backhuys Publishers. Leiden, Neetherlands. p. 366.

* Westlake D. F., J. K&t, and A. Szczepaski (eds.).1998 The production ecology of
Wetlands: the IBP synthesfSambridge University Press. UK. p. 78-82.

e Zavodska Z.1990: Primarni produkce chrastice rakosovité wrherniho toku Luznice
Diplomova prace. VSZ AEeské Budjovice.

* Zinn J. A. and C. Copeland 1982:Wetland Managemenfongressional Research
Service. The Library of Congress. Washington, [L42 p. In: Mitsch W. J. and J.G.
Gosselink. 1986WetlandsVan Nostrand Reinhold Company. New York. p. 19-39

» Zobel M., E. van der Maarel, and C. Dupré 1998:Species pool: the concept, its
determination and significance for community reatmm. In: Okruszko T; E. Maltby; J.
Szatylowicz, D. Swiatek, and W. Kotowski (eds). \&etls: monitoring, modelling and

management, Taylor and Francis LTD, London, UKRGb-271.

-48 -



