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FAKTORY OVLIVNUJICI RUST A VYVOJ POPULACI URTICA DIOICA L.

V RICNI NIVE

Studium populaéni ekologie Urtica dioica (kopfivy dvoudomé) bylo zaddno jako soucast
ekosystémového vyzkumu nivy feky LuZnice. Tento komplexni projekt byl zaméfen na
studium struktury a dynamiky vybranych prvki nivy malé feky a probihal v letech
1986-1993. Centrem vyzkumu byla pifthraniéni ¢dst feky LuZnice a jeji niva ("Horni
Luznice") mezi hranici s Rakouskem a obci Suchdol nad Luznici v biosferické reservaci
Tteborisko. Vedle studia ekosysytému Iiéni nivy a mokfadnich spolelenstev, byly
studovédny jednotlivé rostlinné i Zivoiiné organismy a jejich populace (Drbal et Jenik
1988).

Koptiva dvoudomd jako dominantni expanzivné se ${fici druh nemohl byt pfi studiu
organismu opomenut. V soucasné dobé, zejména v poslednich letech chudych na srdzky
a tedy na pravidelné zdplavy se tento druh rychle §iti. Rozsdhlé porosty tvoii zvldsté v
mistech, kde neni niva dlouhodobé kosena (Sritek 1993). Teji expanzivni §ffeni je
podporovdno i znatnym piisunem Zivin pfindSenych fekou a splavovanych do nivy z
okolnich poli.

Doktorandskd price byla zaméfena zejména na studium vlivu vybranych
abiotickych a biotickych faktoril, které byly povazovany z hlediska ristu a vyvoje populact
kopfivy za nejvyznamnéjsi. Jednd se o ndsledujici faktory: 1) abiotické - obsah Zivin v
pidé a hladina podzemni vody, 2) biotické - koseni, vnitrodruhovd konkurence. Mimo
vlivu koseni (experimentdlni data jsou zpracovdvdna) jsou vysledky studia uvedenych
faktord souddsti pfedloZené price. Souddsti je téZ srovndvaci studie o struktufe podzemnich
orgdni Urtica dioica a Phalaris arundinacea (lesknice rdkosovité).

Uvodni kapitola shrnuje znalosti o biologii koptivy a je koncipovana jako literdrni
piehled v&tsiny dostupnych praci. Studie o roziifeni kopfivy v nivé feky LuZnice je
predeviim charakteristikou ruderdlnich rostlinnych spoleéenstev s dominujici kopfivou a
lesknici v pfthraniéni &dsti nivy. Prdce byla jiZ publikovdna (Vegetatio, Dordrecht).

Dal§i dvé studie fe3i problematiku vlivu rizného obsahu Zivin v pudé a riizné

hladiny podzemn{ vody na rist a vyvoj populaci kopfivy. Kapitola 3. je pfijata do tisku
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(Canadian Journal of Botany, Vancouver) a kapitola 4. byla odesldna do redakce ¢asopisu
(Acta Oecologica, Montrouge Cedex)

Studium vnitrodruhové konkurence bylo zaloZeno na velice pfinosné spoluprici s
dr. T. Harou (Tokyo Metropolitan University, Japan), ktery v dané problematice
uzndvanym odbornikem. Prdce je nyni v recenznim fizen{ (Annal of Botany, London).

Studium vertikdlniho rozloZen{ podzemnich orgdnt Phalaris arundinacea a Urtica
dioica bylo iniciovdno spolecnou praci na dominantnich druzich vyskytujicich se v nivé
feky. Dr. J. KlimeSova se v ramci aspirantského studia zabyvala téZ vyzkumem popula¢n{
biologie lesknice rdkosovité (KlimeSovd 1993). Prdce je pfijata do tisku (Preslia, Praha).

Price byla, jako souldst grantu dr. L. PapdCkové "Invazni Sifeni rostlinnych
populaci v disledku eutrofizace", podporovdna Grantovou agenturou CSAV. Spoleény
pokracujici projekt s dr. T. Harou je fina¢né dotovdn japonskou grantovou organizaci

(Japan Society for the Promotion of Science).
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GENERAL INTRODUCTION

The present thesis represents a part of the project Upper LuZnice River carried out by the
Department of Plant Ecology, Institute of Botany, Ttfeboii during 1986-1993. The project
was based on the ecosystem approach and focused upon ecological processes in the small
river and its floodplain (Drbal et Jenik 1988).

The upper part of the LuZnice River flows through the Tfebori Basin, South
Bohemia, Czech Republic. The river section considered by the project was that between
the Czech-Austrian border (14°57° E, 48° 48’ N; near the village of Novd Ves nad
LuZnici) and the town of Suchdol (14°53° E, 48°53’ N), i.e. between 149 and 126 river
kilometers. The area studied is an example of a wetland strongly influenced by humans.
The longer section of the river is relatively undisturbed, with meanders and riparian
woody and scrub vegetation. The short section, near Suchdol, has been channelized. The
floodplain varies in width approximately from 80 to 650 m (Sritek 1993).

Geological substratum of the floodplain consists of two to three Pleistocene terraces
from the Riss and Wiirm periods (C.hébera et al. 1985). Mean annual temperature is 6.6
°C, mean annual sum of precipitation equals 627 mm (50-years average, Tiebof
meteorological station - 433 m a.s.l., Prach et al. 1990).

A diverse set of wetlands has developed in the river floodplain along streams,
canals and fishponds, depending on the dynamics of water table. Those parts which are
being used less intensively harbour various types of natural and seminatural vegetation,
e.g. tall-graminoid marshes (class Phagmiti-Magnocaricetea), fragments of short
graminoid communities (cl. Scheuchzerio-Caricerea fuscae), productive meadows (alliances
Alopecurion and Calthion. The river is fridged by willow scrubs (e.g. all. Salicion
triandrae). Some segments of the floodplain are covered by swamp-alder communities (all.
Alnion glutinosae). Large areas on terraces, originally covered by mixed and deciduous
woodlands, are nowadays used for forest plantations, usually dominated by Pinus sylvestris
(Moravec et al. 1983, Ellenberg 1988, see Prach et al. 1990 for details).

The systematic human colonization of the Tfebori Basin started as late as in the

12th century (Jankovskd 1980). The neighbouring Austrian part of the basin has been

Strongly modified by human impact since about 1,000 A.D. (Ricek 1982). However, great
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changes in meadow and wetland management have taken place in the Czech part of the
Ttebori Basin during the last 30-40 years, and as a part of the area, the floodplain was also
strongly affected (Srtitek 1993).

Extensive areas had been transformed into intensively used permanent grasslands,
with artificially sown grass species playing an important part in the composition of
communities. On the other hand, the wetter parts of the floodplain were abandoned, i.e.
left without any management at all. Consequently, original wetland vegetation of the
abandoned sites had changed into wet ruderal stands, often dominanated by Phalaris
arundinacea and Urtica dioica, i.e. species capable of forming poor monospecific stands.
Particularly, the latter species has been spreading dramatically during the last several
years, its expansion being encouraged by the low frequency of floods (Prach 1992, 1993,
1994). Striking changes in species composition are also evident in intensively manured
(particularly by piggery sewage) regularly mown meadows (Sritek 1993).

The first historical records of Urtica from sites of anthropogenous origin in the
Tfebornt Basin comes in Post-Glacial period from the younger Subatlantic (1,000 A.D.)
(Jankovska 1983) but the spread of the species accelerated remarkably in the several last
decades, and particularly the Luiﬁice River floodplain has been suffering from its

expansion (Sritek 1993).
Research objectives

The present thesis was focused upon the ecology of Urtica dioica, one of the most
common species of the floodplain (Sritek 1993). Being a dominant component of
vegetation in a large part of the study area, the species may be supposed to affect
principally the ecosystem functions of the floodplain.

The study was aimed at recognizing those factors affecting in a decisive way the
growth and development of Urtica populations in the Luznice River floodplain. Both (1)
abiotic (soil nutrients, groundwater table dynamics) and (2) biotic factors (intraspecific
competition) were considered.

The effects of changes in groundwater table levels and those of nutrient conditions
were studied by garden and greenhouse experiments, respectively. The other factors were

analysed in the field using permanents plots. Furthermore, the distribution of Urrica stands
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in selected segment of the LuZnice River floodplain was recorded and their relationship
to landscape management was investigated.

The study was supported by the grant No. 60539 of the Czech Academy of
Sciences "Invasive plant populations in eutrophic habitats" and by the grant of the Japan
Society for the Promotion of Science "Growth dynamics of grassland plant communities

with Urtica, Festuca etc. in Europe".
Outline of ecology of Urtica dioica
Urtica dioica as a study subject

Urtica dioica L. (stinging nettle) is a frequent subject of population ecological studies,
especially in Anglo-Saxon coutries and Germany. The research effort invested into the
species makes it comparable with such frequently investigated species as Trifolium repens,
Ranunculus repens, Glechoma hederacea, Solidago altissima, Agropyron repens, Plantago
lanceolata and Lolium perenne (Harper 1977, Hutchings et Bradbury 1986, Grime et al.
1989, Hendry et Grime 1993). There are about one hundred papers available dealing with

some aspect of autecology and/or population ecology of Urtica dioica s.1.
Distribution

Urtica was recognized already 3,000 years B.C. in neolithic buildings in Switzerland. It
was frequently used as a tissue plant and numerous papers on its cultivation since the 19th
century have been published (Bredemann 1959). However, the first reports about its
practical importance were recognized even earlier. For example, the Russian monk
Nestorius (900 years A.D.) mentioned excellent-quality ship ropes, mainsails and cloth
produced from nettle fibre (Bredemann 1959).

Urtica dioica, native to Euroasia, at present occurs all over the world (Hultén et
Fries 1986) except of tropical regions (Grime et al. 1989). It is widespread and probably
native throughout Europe and Asia from the Mediterranean to the Arctic regions and

naturalized in other temperate regions of the world (India, China, Australia, New Zealand,

N and S Africa and N and S America; e.g., Hashimoto 1982).




—

- 11 -
The species is common on the whole territory of the Czech Republic from lowlands

to mountains, penetrating into subalpine belts. The altitudinal maximum was reported from
the Snézka Mt. at 1603 m a.s.l. (Slavik 1986, Hejny et Slavik 1988).

Taxonomy

The chromosome number 2n = 52 was found in Czech populations of Urtica (Mésicek et
Jarolimovd 1992) but reports on different numbers (2n = 32, 48) do exist as well (Pollard
1981). Urtica is very variable species, particularly in vegetative parameters (branching,
color, shape and size of leaves; Hejny et Slavik 1988, Geltman 1986) and probably
containing a number of subspecies (Tutin et al. 1964). Numerous intraspecific taxa have
been described but their taxonomical value appears to be disputable (Hegi 1957). Pollard
et Briggs (1982, 1984) stressed the importance of phenotypic plasticity in Urfica and
concluded that much of the intraspecific variation is genetically based and therefore
heritable.

Van Damme et Peumans (1987) gave an evidence for phenotypic plasticity among
102 clones of Urtica in Belgium. By analysing agglutinin from Urtica, they found that this
lectin was a complex mixture of isolectins, and at least 11 different isolectins could be

traced.
Phytosociology and species richness

In central Europe, vegetation with Urrica has been a frequent subject of traditional

Braun-Blanquetian classification (Braun-Blanquet et Tiixen 1943, Klika 1955, Passarge

1967, Kopecky 1969, Dierschke 1974, Hadaé 1984, Me@ner 1985, Klotz et Kock 1986,

Bastian 1987, Uhercikovd 1989, 1991 and others). The communities with Urtica are being

classified into the following higher units:

(1)  Natural vegetation with more or less frequent occurrence of Urtica: classes
Salicetea purpureae Moor 1958 (willow communities on floodplains) and Alnetea
glutinosae Br.-Bl. et Tiixen 1943 (alder swamp woods and mire willow scrub),
from class Querco-Fagetea Br.-Bl. et Vlieger in Vlieger 1937 alliances
Alno-Ulmion Br.-Bl. et Tiixen ex Tchou 1948 em. Th. Miiller et Gors 1958 (alder




#

- {8 -
and noble broadleaved woods of floodplains), Tilio-Acerion Klika 1955 (mixed
maple woods and maple-beech woods) and Rubo-Prunion spinosae (Tiixen 1952)
Th. Miiller in Oberdorfer et al. 1967 (blackthorn scrub) (Moravec et al. 1983,
Ellenberg 1988).

) Synanthropic and ruderal vegetation (i.e. that on man-made sites) with Urtica:
class Galio-Urticetea Passarge ex Kopecky 1969 (natural and anthropogenous
communities of perennial herbs on the moist and slightly drying sites) (Hejny et
al. 1979, Ellenberg 1988, Kopecky et Hejny 1992).

In the Luznice River floodplain, the river banks are occupied by willows whereas alder

swamp woods and mire willow scrub (class Alnetea glutinosae) form small woods furthef

from the river flow. The mixtures of various herbaceous and grass species with Urrica as
well as almost monospecific stands of Urtica in unshaded sites can be ranked into the class

Galio-Urticetea. The latter stands have very low species diversity, reflecting the strong

competitive ability of the dominant species. Only a few species are capable of persisting

in such stands, e.g. Ficaria verna, Anemone nemorosa (these two species benefit from the
geophyte life form and prevail in spring), Galium aparine, Glechoma hederacea, Phalaris

arundinacea, Cirsium palustre, Ranunculus repens and Angelica sylvestris. Sriitek (1993)

documented the changes in species richness of Urtica stands in different parts of floodplain

exposed to different management. The nettle stands on the margin of mowed meadows
under the riparian shrubs and trees were richer in species than those in open flooplain.

Species number in 215 vegetation samples ranged from 1 to 23 and depended principally

on Urtica cover.

In an experiment conducted in a former orchard, van der Maarel (1980) found a
rapid increase of Urtica after fertilization, accompanied by a rapid decrease in species

number.
Habitats
Urtica dioica prefers open habitats (floodplains, pastures, meadows) and represents a

species typical of moderately shaded woodlands (Wheeler 1981, Reif et al. 1985). It
occurs on almost all soil types, though absent from waterlogged soils (Greig-Smith 1948).

Floods significantly reduce the survival of young plants. Unless the inundation is long or
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permanent, the effect on older plants is never such strong, resulting only in their lower
biomass (KlimeSovd 1994). Grootjans et al. (1985) emphasized that lowering of the
groundwater table level in wet meadows lead to a sharp increase of nitrophilous grassy
vegetation with ruderal species such as Cirsium arvense, Urtica dioica, Stellaria media,
and Athriscus sylvestris.

Grime et al. (1989) provided a complete overview of habitats occupied by Urtica
and pointed out that on fertile soils, the species persisted under moderate shade whereas
on arable land and in other highly-disturbed habitats it usually occurs as isolated seedlings.
Generally, the species is most successful in fertile, relatively undisturbed sites.
Occasionally, it also occurs as an epiphyte on willow, ash, hornbeam, oak and poplar trees
(Greig-Smith 1948).

Various authors emphasized the man-induced spread of Urtica in Europe
(Rijmenans 1984, Roberts et Boddrel 1984, Ellenberg 1988, Grime et al. 1989), mainly
in ruderal sites (rubbish heaps, construction sites, surroundings of mountain chalets, roads
ditches etc.; Rebele 1992, Sriitek 1993). Schmidt (1981) suggested that Urtica often forms
tall monospecific communities on ruderal sites rich in nutrients and water. Greig-Smith
(1948) called the species "an almost universal follower of man".

In the LuZnice River floodplain, the original occurrence of Urtica was probably
restricted to river banks. However, its present occurrence ranges from several-shoot
patches (often representing a single clone) to the stands covering up from several ares to
hectare. The spontaneous secondary succession in many places of the floodplain thus leads

to the dominance of Urtica stands of which may persist for many years (Sritek 1993).
Mineral nutrition and nutrient dynamics in the tissues of Urtica

In his classical paper, Olsen (1921) pointed out that Urtica requires nitrogen supplied in
the form of nitrate. Nitrates are found particularly in aerial stems, rhizomes, and roots,
but in smaller quantity in leaves as well. He suggested that the nitrifying power of the soil
is the factor controlling the species occurrence (see also Greig-Smith 1948, Ivins 1952,
Walter 1963, Holter 1979 etc.). The species’ high demands for mineral nutrition and its
preference for nitrogen-rich sites was also reported by Rijmenans (1984) and Reif et al.

(1985). Ivins (1952) recorded Urrica in plots originally sown with legume species which
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increase the content of organic nitrogen in the soil. However, Bates (1933), pointed out
that the physical features of the substratum also control the species occurrence.

Pigott et Taylor (1964) suggested that Urtica is limited by the concentration of
phosphate in the soil and not by nitrogen content. Similarly, Pigott (1971) concluded that
Urtica is strongly limited by very low concentration of phosphates in the topsoil of
woodlands. Holter (1979) precised that the phosphate level, though only on some sites
(e.g. wasteland), was so low that it limited the species distribution, whereas in roadsides
it was sufficient and other factors were limiting. Abeyakoon et Pigott (1975) considered
the substratum type and phosphate form as very important for the growth of Urfica. They
planted seedlings of several species, including Urrica, on soil from the upper horizons of
uncultivated rendzina and on brown forest-soil. On both soils, all species responded to the
addition of soluble phosphate. However, there was no response to the addition of apatite
on the rendzina, whereas on the brown forest-soil, the response to apatite was as
remarkable as that to the soluble phosphate. Urrica grew also in sand-culture with
additional soluble phosphate but did not respond to the presence of humus which is rich
in organic phosphate. HruSka (1987) stressed that common nitrophilous species such as
Urtica dioica, Parietaria oﬁ‘icinalis,l Artemisia vulgaris etc. start to develop in response
to the increase of organic substances in the soil. Rorison (1968) pointed out that Urtica
showed very poor growth on nutrient solution with low phosphate concetration.

The growth curves reported by Rorison (1968) confirmed that Urtica and Rumex
acetosa had high relative growth rates which respond markedly to changes in external
phosphorus concentrations. The greatest growth rate for R. acetosa was reach at around
10° M of phosphorus concetration but for Urtica it was above 10° M.

Availability of nutrients, including nitrogen, is affected also by soil moisture and
pH. Reif et al. (1985) and Hempeling et al. (1988) documented that on moist and
nitrogen-rich soils (e.g. in penumbra of deciduous forests) Urtica produced taller shoots
than on dry soils and in sunny sites. This may be presumably explained by water
deficiency and higher allocation of nitrogen into flowers and fruits on the debt of
vegetative tissues. On the same vein, Sritek (1993) demonstrated a close relationship of
Urtica to moist and nutrient-rich habitats. According to Grime et al. (1989) the species has
high frequency and abundance on soils with pH between 5.0 and 8.0.

Hofstra et al. (1985) investigated the nitrogen dynamics in tissues during the
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growth of Urtica plants using two nitrogen assimilating enzymes, nitrate reductase and
glutamine synthetase. Shoot growth was retarded at low nutrient supply but this was not
true for root growth. The comparison with less nitrophilous Plantago lanceolata showed
that at 100 % nutrient supply there was a correlation between nitrate reduction and
glutamine synthetase activity in that part of the plant which exported the reduced nitrogen,
i.e. the root in Plantago lanceolata and shoot in Urtica dioica.

The high nutrient supply was shown to shift assimilate partitioning toward
producing more leaves (even after the maximum leaf area index is reached) and permanent
abscission of leaves occurs due to self-shading, which is a phenomenon observed in Urtica
stands in the wild (Teckelmann 1987). Urtica builds a dense canopy as early as at the
stage of seven green expanded leaves, but plants continue to produce new leaves.
Continual leaf production and abscission lead to the total leaf canopy being replaced about
three times during a growing period. Despite a retranslocation of about 60 % of nitrogen,
the leaf nitrogen pool must be replaced two times from the soil during each growing
season. Given the biomass of Urrica leaves about 0.5 kg.m?, 20 mg.g™ of total nitrogen
are lost in the litter so that almost 30 g.m? of nitrogen are returned to the chain of
decomposers during the growing peﬁod (Schulze et Chapin IIT 1987, Teckelmann 1987).

Rosnitschek-Schimmel (1982) pointed out that shoot/root ratio increased with
increasing nitrogen supply. The lack of nitrogen did not affect the enhanced root growth
which takes place indirectly via the sugar balance of the plant.

The high accumulation of nitrogen-rich amino acids, asparagine and arginine, in
belowground organs (roots and rhizomes) of Urtica is known. This points to possible role
of these free amino acids in the detoxication of abundant NH, and as storage and transport
of nitrogen (Rosnitschek-Schimmel 1983). The highest concentrations of arginin are found
in overwintering roots and rhizomes of Urrica, representing the major nitrogen storage.
In this respect, the high concentration of arginin found in the shoot may be seen in terms
of transport from the leaves to the roots (Rosnitschek-Schimmel 1982).

Gebauer et al. (1988) documented the contents of nitrate and organic nitrogen as
well as the nitrate reductase activity in individual organs of many European plants. Urtica
had the highest content of nitrate in shoot axis, including petioles. The organic nitrogen
was highest in leaves or reproductive organs, depending on a site. The nitrate reductase

activity was highest in leaves. Rosnitschek-Schimmel (1983) noted that Urtica belongs to
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those plants reducing nitrates only in leaves and found thus about 98 % of the total nitrate
reductase activity in these tissues (see also Al Gharbi et Hipkin 1984).

Urtica is able to accumulate heavy metals in plant tissues. For example, Otte et
Wwijte (1993) reported that the high metal concentrations in roots of Urtica in the pure reed
habitat coincide with NaOAc (Cd, Cu, Zn), NH,OAc (Cu, Cd) and H,O (Zn) extractable
metal fractions, and the same is true for low metal concentrations in grasslands which

were investigated.
Phenology

The young shoots of Urtica are produced both in autumn and in spring. The autumnal
shoots may overwinter but some are killed. The spring (April) and autumn (October)
density of shoots was 400-700 and 100-200 per sqm, respectively, which means that the
shoot mortality during the growing period is rather high (65-80 %; Sriitek, unpublished
data). The peak in biomass production occurs at the end of July (Al-Mufti et al. 1977).
Flowers period is from June to July and seeds are shed from August onwards (Grime et
al. 1989). |

Floral and fruit morphology and biology

Urtica dioica is wind-pollinated. When the anthers are mature the stamens straighten
explosively, scattering the pollen. Insect pollination may also occur occasionally.
Inflorescences sometimes bear a few hermaphroditic flowers or those of the opposite sex
(Greig-Smith 1948).

Flowering is strongly inhibited by drought. The process of drought hardening has
been described and coincides with growth reduction and delay in flower production. This
represents the mechanism of survival and possible reproduction known for long-lived
species capable of exploiting productive, relatively undisturbed habitats (Boot et al. 1986).

Fruits are single-seeded. Both the fruits and other parts of reproductive organs may

adhere to clothes by persistent perianth, dropping off as they become dry (Greig-Smith

1948). The seed is oval-shaped achene, 1.3 x 1.0 mm in size and 0.19 mg in weight
(Hejny et Slavik 1988, Grime et al. 1989).
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The growth of perianth (calyx and corolla) and its differentiation is finished during

the last stages of fruit ripening and drying off, after the development of the other covers
of fruit and seed has been completed. Seed cover morphology differs among Urtica species
in the form and dimensions of perforation. Species differences also exist in the distribution

of pigments in the cover of fruit and seed (Kravtsova 1993).
Seed ecology, seedling establishment and vegetative propagation

Only a limited information is available on seed production in Urtica. To my knowledge,
the only figures are those by Bassett et al. (1977) who assessed the fecundity of U. dioica.
subsp. gracilis from Canada, and found 10-20,000 seeds per shoot in open areas and have
500-5,000 in shaded habitats. Habitat differences in seed production were also found by
others (Al-Mufti et al. 1977, Wheeler 1981).

As to the seed bank, Wheeler (1981) reported on 88-1,664 viable seeds per sqm
in woodlands, and 1,754-9,090 in pastures.

Large persistent seed bank in a semi-natural grassland was found by Milberg (1992)
who investigated the number of Urtica seedlings in sand soils as well. The values ranged
between 0.64 and 59.6 per sqm depending on the type of management (mowing,
fertilization).

Hutchings et Russell (1989) studied the seed bank in an emerged salt marsh. Urtica
seeds contributed substantially to the total number of seeds recovered in all experimental
sites but the cause of the sudden and sustained appearance of seeds in the seed bank was
unknown,

Relatively rapid decrease in the soil seed bank of several weeds of arable land
(including Urrica) following set-aside management (i.e. sowing of grasses in previously
intensively managed field) was documented by Lawson et al. (1992).

The seeds of Urtica can remain viable for long (&dum 1978). In the greenhouse,
the seeds may germinate after 10 year storage (Bassett et al. (1977). In contrary, Roberts
et Boddrell (1984) found the seeds of Urtica in cultivated soil being relatively short-lived,
and of the 3% of seeds which on average remained viable after 5 years.

Ripe seeds are being shed approximately from the end of August and often remain

on the plant until frost (Bassett et al. 1977), Water is the most common dispersal agent
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in Urrica in riparian habitats, although occassional endozoochory was also reported by Pijl
(1982) who found the seeds.in the faeces of cattle, fallow deer and magpie. The seeds
survive ingestion by a variety of animals and may be carried to a long distance
(Greig-Smith 1948). Ectozoochory and anthropochory are also common ways of dispersal.
Seeds and rhizome pieces are also transported with soil and, for this reason, the species
is highly mobile despite of the lack of a well-defined dispersal mechanism (Grime et al.
1989).

Seed dormancy is up to 3-5 months and under the light/20 °C temperature regime,
germination starts after about ten days. In the year following the seed collection, 50-70
% germination was found from March to September, decreasing to 10 % in October. An
increase in germination rate followed in February of the following year (Nikolaeva et al.
1985). The seeds do not require vernalization (Bassett et al. 1977).

The species has epigeal germination. Half of the seed set germinated in 22-35 °C
(representing upper and lower limits of the temperature range in the wild) during six days
following the inbibition of air-dried seeds. Germination is inhibited by darkness and
stimulated by light and fluctuating temperature, occuring thus mainly on open and
disturbed ground. The sites with dense vegetation cover are unfavourable for the
regenaration by seed (Grime et al. 1989).

Pigott (1971) showed a small percentage of seeds still germinate at 0.01 % daily
irradiance and concluded that light induction is through a phytochrome mediated system.

Seeds collected directly from U. dioica subsp. gracilis plants germinated in 5-10
days (Bassett et al. 1977).

On pastureland, the germination starts in early January and the peak is reached in
March, at the mean temperature of 13-15 °C and daily fluctuations of 5 °C. It was
restricted to bare ground where the favourable spectral composition of light and
temperature fluctuation trigger the germination of seeds deposited on the soil surface. In
woodlands, the onset of germination was in the first half of March, coinciding with the
peak of breakdown of the leaf litter (Wheeler (1981).

According to KlimeSova (1995), the germination and seedling establishment of
Urtica in the floodplain are limited by the lack of light mainly in dry period. The suitable

sites for seedling establishment were erosion rills, newly sedimented sand or detritus drifts

emerged. Also mowing, as a regular disturbance, encouraged the germination and seedling
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establishment in the floodplain. She emphasized that the youngest seedlings of Urtica
survived the spring flood, and their post-flooding mortality might have been caused by
post-anoxic injury (KlimeSovd 1994).

Roshitschek-Schimmel (1983) pointed out that seeds are of no importance for the
propagation of Urtica but emphasized their importance for the colonization of new sites.
Once the plant is established, it can rapidly develop a large and dense population by
rhizome growth (see also KlimeSovd 1995).

Urtica seedlings usually fail to establish due to the shading from the herb layer. On
pastureland, seedlings may gain some establishment success as a result of late summer
germination. Seedling establishment in woodlands could only take place unless the
nutrients were not limiting and shading from the surrounding vegetation was not too high
(Wheeler 1981). The results of Roberts et Boddrell (1984) supported the oppinion
Greig-Smith (1948) that although occasional seedlings may be found in autumn, the main
bulk is produced in the spring.

Plants established from seed mostly initiate vegetative spread as early as in the first
growing period. Rhizomes produced in the late summer can reach up to 2.5 m in diameter
by the following year (for U. dioicé subsp. gracilis; Basset et al. 1977). Large patches
resulting from rhizome growth may increase by 35-45 cm per year (Greig-Smith 1948).
Even faster spread may be, however, assumed in fertile sites. The broken pieces of
rhizome readily re-root to form new colonies and dense stands (Bredemann 1959, Grime
et al. 1989). The clones studied by Bassett et al. (1977) were at least 50 years old.

Architecture of shoots and rhizome system

Urtica dioica is a clonal rhizomatous, polycarpic perennial, with a chamaephyte life form
(sometimes considered as a hemicryptophyte; Hejny et Slavik 1988). The plants form an
extensive sympodial system of rhizomes and stolons. The stem (shoot) is usually erect, up
to >2 m tall, and bears opposite, decussate leaves which differ in shape according to the
position on the stem: the lower leaves are ovate, + cordate, the upper ones + lanceolate.
The mean area of the leaf is <4,000 mm?. Numerous vegetative lateral shoots (branches)

growing from stipules at the base of stem leaves are often produced in late summer and

autumn. Stem and leaves are more or less densely covered with hairs and stinging hairs,
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the latter being absent from the inflorescence. The species is dioecious, with four axillary
inflorescences in each node (Olsen 1921; Greig-Smith 1948; Grime et al. 1989).

New rhizomes (reddish in colour) are mainly produced in late summer or autumn
either from older rhizomes or from stem bases. These rhizomes bear stinging hairs and
scale leaves with small rudimentary lamina and large stipules. Roots develop immediately
above the stipules (four per node). The roots branches profusely and forms numerous
laterals. Older rhizomes and roots are covered with yellow cork layer. (Greig-Smith
1948). Roots usually lack mycorrhizas (Grime et al. 1989).

Most shoots develop from new horizontal rhizomes in the autumn. They may
overwinter, though some of them decay, and resume growth during the following spring.
Approximately one-third of the maximum shoot biomass is maintained over the winter
(Al-Mufti et al. 1977).

The allometric relations are affected by nutrient supply and fluctuation of
groundwater table (Sritek 1995, Sritek, submitted).

Competixitive ability

Grime et al. (1989, p. 24) designated Urtica dioica as a strong competitor. Schmidt (1981,
1986) investigated competitive relationships in replacement experiments with Solidago
canadensis and Urtica dioica. Whereas in monocultures the growth of both species showed
was increased under favourable nutrient and soil conditions, Urtica displaced Solidago
completely from the mixture on the loam rich in nitrogen. Solidago was more successful
on the nitrogen-poor sand, but even then did not outcompeted Urtica totally.

Winsor (1983) compared germination behaviour and seedling emergence and
growth of annual Impatiens capensis with those of two perennials, Urtica dioica and
Eupatorium maculatum, in order to find out whether or not the Urrica plants could
establish in Impatiens stands. The capability of Urrica seedlings to survive until the end
of the first growing period may permit them to become established provided that the
continuity of Impatiens canopy is broken by lodging or trampling. However, Urtica grown
from rhizome pieces penetrated into the Impatiens stand, and in a few cases overtopped

its canopy.

Hara et Sritek (1995) found that Urtica exhibits negatively size-dependent shoot
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mortality and density-dependent shoot self-thinning from the beginning of the growing
season, but competition was almost absent among living shoots. It is hypothesized that the
resources of smaller shoots subjected to self-thinning are absorbed by larger living shoots,
resulting in the support of growth of the latter and hence reducing the shoot competition.

Urtica is capable of suppressing the growth of other herbaceous plants which,
together with the impact of relatively persistent stem litter, often leads to the species
forming monospecific stands (Al-Mufti et al. 1977, Grime et al. 1989, Sritek 1993). The
leaf dehiscence starts as early as in the summer so that there is a dense litter layer which
rapidly decays on the soil surface (Schmidt 1983). The decomposition of Urtica matter is
faster in deciduous hardwood forests than in grasslands (Zucker et Zech 1987). Smazik
(1982) documented the allelopatic effects of extracts from Urtica aboveground biomass on
germination of several ruderal species (e.g. Marricaria maritima, Arctium tomentosum,
Artemisia vulgaris).

Debilitation of competitive ability (e.g. premature decline in shoot dry weight,
reduction in flowering etc.) occurs in forest understory due to shading, and coincides with
the full expansion of tree canopy (Al-Mufti et al. 1977). Competitive ability of Urtica may
be also reduced by grasses (Bassett et al. 1977) or on infertile soils, where it was
associated with a marked decrease in growth rate (Rorison 1967).

Of a few species capable of persisting in almost monospecific Urtica stands, a
winter annual Galium aparine is the most successful competitor of Urtica. As a climber,
Galium can maintain growth and cause physical destruction of the Urfica canopy by its
weight resting on the host stems (Schulze et Chapin III 1987). The physical support,
resembling Urtica stems, affects performance and mortality of Galium, especially at the

highest density (Puntieri et PySek 1993).
Growth characteristics

Urtica dioica, being a plant of fertile habitats, has higher relative growth rate (2.0-2.4
week™) than species associated with infertile habitats. It belongs to the group of plants in
which the high yield is associated rather with exceptionally high maximum potential
relative growth rate R, than with high seed weight (Grime et Hunt 1975).

The specific leaf area increases in response to shading (Wheeler 1981). On the
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other hand, as a shade-intolerant species, Urtica exhibits poor flowering and truncated
shoot phenology in woodland habitats (Al-Mufti et al. 1977). Wheeler (1981) concluded
that, when assessed on the basis of extension growth and leaf area ratio (LAR), seedlings
show a great inter-clonal variation in their response to shading. Significant differences in
extension growth were found both within and between woodland and pastureland clones.

Corré (1983a) found no differences between plants of sunny and shaded habitats
in adaption of either leaf area ratio (LAR) or net productivity (NAR) to light intensity.
The same holds for relative growth rate (RGR). In Urtica, however, he documented an
adaptation of shade plants to low light intensities. Compared to Galinsoga parviflora,
Urtica plants exhibited lower RGR under all light intensities but a very low one. This
makes it possible for the species to adjust its growth by minor adaptations to the light
conditions without necessity for redistribution of dry matter (Corré 1983b).

Kvét (1978) gives several growth-analytical characteristics for Urtica and found
different values in two contrasting habitats, represented by woodland and clearing (Table
1). He emphasized that individual variation among shoots appears to be due to an
interference between the environmental and internal factors such as apical dominance of

the terminal rhizome buds in plants of a different age.

Table 1. Growth-analytical characteristics for Urtica dioica (from Kvét 1978). A - leaf area, W1 - dry weight
of leaves, Ws - dry weight of stems + petioles, W - total shoot dry weight, LAR - leaf area ratio, SLA -
specific leaf area, LWR - leaf weight ratio. Mean values are given (n = 10 for dry weight, n = 5 for leaf
area). Flowering shoots were sampled.

Characteristics A Wil Ws W LAR SLA LWR

(dm? | (g () (g) | (dm.g") | (dm.gh) [ (%)
Woodland 8.88 2.12 5.23 7.36 1.32 4.52 29.2
Clearing 3.71 1.97 6.39 8.31 0.47 2.05 24.6
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Effects of cutting

Urtica dioica is very sensitive to regular and frequent cutting (van der Maarel 1980,
Sritek et al. 1988). For example, the stands of tall forbs and grasses with dominant Uryjcq
in abandoned former orchards developed to grassland vegetation with dominapt
Arrhenatherum elatius after the mowing was applied (van der Maarel 1984). Similarly,
regular cutting proved satisfactory for reducing dominant tall vegetation with Urticg

dioica, Cirsium arvense, Arctium minus, etc. (Worrall et Palmer 1988).
Herbivory

Living shoots of Urtica are rather unpalatable for livestock (Kuliev et al. 1986) because
of stinging hairs covering densely the surface of above-ground parts of the plant (Thurston
et Lersten 1969). Fresh and old leaves were, however, found palatable for some snails
(Grime et al. 1968, Grime et Blythe 1969). Urtica may be grazed by animals and intense
grazing may contribute to seed dispersal. Haeggstrém (1990) found that sheep droppings
contained numerous germinable Urtica seeds. In addition, selective grazing by sheep and
cattle favoured some species, Urrica among them (see also Kuliev et al. 1986).

Pollard et Briggs (1984) investigated the effects of sheep and rabbit grazing on the
density of stinging hairs of Urtica. They concluded that both herbivores preferred plants
with lower stinging hair densities. Tt was suggested by herbivore behaviour that stinging
hairs act to deter consumption of significant amounts of plant matter. The variability in
the number of stinging hairs has a genetic basis.

Pullin et Gilbert (1989) found that the grazing pressure leads to higher trichome
densities in grazed compared to ungrazed areas as a results of selection for more heavily
defended plants and/or because the trichome density on regenerated parts of grazed plants
was increased.

Pullin (1987) tested hypothesis that the interruption of normal plant phenology may
Provide opportunities for insect herbivores to escape from nutritional constraints. He used
Urtica as a test food-plant and caterpillars of a nymphalid butterfly Aglais urticae as its
herbivore specialist. Plants subjected to cut showed increased water content and nitrogen

levels in leaves compared to the control, and the herbivore exhibited improved feeding

I —
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efficiency, faster development, greater weight at pupation, and possibly increased
fecundity (Pullin 1986 a, b). Aglais urticae normally completes two generations a year,
but the third generation occurred during the experiment. Pullin (1987) suggested that this

extra generation was a response to increased availability of good-quality food.
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Abstract

The effects of different management practices (mainly mowing, grazing, nutrient enrichment) on flood-
plain vegetation were compared between the: Austrian and Czech part of the LuZnice River floodplain
using nitrophilous vegetation with Urtica dioica. The vegetation samples situated on crosswise transects
(40 in total) were used for the analysis of vegetation. Correlations between the floodplain width on these
transects and the proportions (expressed as percentage of the total floodplain width) of selected char-
acteristics (Urtica dioica and Phalaris arundinacea stands and managed areas) were not statistically
significant. Differences in the proportions of selected characteristics between the two parts of the
floodplain were not significant either, except differences in the proportion of ‘managed areas’ and ‘species
richness’ (higher species richness and proportion of managed areas are in the Austrian part of the
floodplain). The different environmental variables were used in ordinations (DCA and CCA) of vege-
tation samples. In the DCA, four groups of samples were interpreted. In the CCA changes the mois-
ture gradient was the most important one. The transect distance (from the first transect in Austria) and
the soil moisture had the closest relationship to the species data.

Nomenclature: follows Ehrendorfer, F. 1973. Liste der Gefisspflanzen Mitteleuropas. Gustav Fischer,
Stuttgart; Holub, J., Hejny, S., Moravec. J. & Neuhdusl, R. 1967. Ubersicht der hoheren Vegetation-
seinheiten der Tschechoslowakei. Rozpr. Cs. Akad. Véd, fada matemat. pfirod. véd 77: 1-76.

Introduction

Wetlands, an estimated 6% of the world land
surface, belong to the most investigated and also
to the most endangered world ecosystems. Three
main factors are considered to be critical for wet-
land ecosystems: water level, nutrient status, and
the natural disturbance. Modification of any of
the factors, through human activity, can lead to

wetland alteration, either directly or indirectly
(Mitsch & Gosselink 1986).

The Tiebori Basin area provides an example of
complex human impact on wetlands in Czecho-
slovakia. Great attention has been paid to wet-
land ecosystems for a long time (Dykyjova &
Kvét 1978; Hejny etal. 1986). Recently, the
LuZnice River floodplain is in the focus of atten-
tion (Prach eral 1990). The upper part of the
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Aoodplain is divided between Austria and Czech-
oslovakia, two countries differing (in the past) in
their social regime. Those differences are reflected
also in landscape management.

As a result, the species diversity of the flood-
plain vegetation decreases in the direction from
Austria to Czechoslovakia (see below) and spe-
cies with strong competitive ability (e.g. Rumex
obtusifolius, Urtica dioica and Phalaris arundina-
cea) prevail especially in many areas of the Czech
part of the floodplain. Nitrophilous vegetation
with dominant Urtica dioica provides a good ex-
ample of change of the species structure.

The present paper concerns stands of Urtica
dioica in the floodplain along the upper part of the
LuzZnice River. Phalaris arundinacea is used as a
comparative species in many cases because its
stands are also very common in the LuZnice River
floodplain (Fig. 1).

The paper aims at answering the following
questions:

(1) Arethe proportions (widths expressed as per-
centage of the total floodplain widths) of the
managed areas (pastures, - mowed meadows
and fields) and the proportions of the Urtica
and Phalaris stands, which were measured on

the regularly placed crosswise belt transects, -

correlated with the total floodplain widths on
those transects?

(2) Do the proportions of Urtica stands on the
transects differ between the Austrian and the
Czech part of the LuZnice River floodplain?

(3) Are there differences in species richness of
Urtica stands between the Austrian and the
Czech part of the floodplain? What invasive
species are present?

(4) What are the environmental determinants of
the species composition of floodplain com-
munities?

Study area

The study area involves the LuzZnice River flood-
Plain between the Austrian village of Fischbach
(14° 16’ E, 48°38' N) and the RoZmberk Fish-
pond in CSFR (South Bohemia; 14°01' E,
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49° 46’ N; near the town of Tiebod) e.g., from
the 190th to the 96th river kilometer (Fig. 1). The
landscape topography varies from upland to low-
land. The altitude of the flocdplain bottom varies
from 656 m-to 428 m a.s.L

The geological substratum is formed mostly
from granodiorite and paragneiss in the Austrian
hilly part of the floodplain; the South Bohemian
part of floodplain is composed of two to three
Pleistocene terraces of ‘Riss and Wilrm period
(Chabera et al. 1985). The observed floodplain
width varies approximately from 20 to 800 m (Ta-
ble 4).

The climatic characteristics taken from two
stations (Weitra, Austria, 580 m a.s.l. and Tfe-
born, CSFR, 433 m a.s.].) are: mean annual tem-
perature 6.6 °C and 7.8 °C, and precipitation
695 mm and 627 mm, respectively (Prach et al.
1990).

The Austrian and the Czech parts of the fiood-
plain differ in agricultural management. The dif-
ferences in land use are also reflected in species
diversity of the vegetation (Prach er al. 1990). The
LuZnice River floodplain has been extensively
used for centuries by farmers from estates scat-
tered along the river. Small farms have been pre-
served only in the Austrian part of the floodplain,
where the species diversity of meadows and pas-
tures outlived owing to regular moving and ab-
sence of over-fertilization.

Great changes in meadow and wetland man-
agement have taken place during the last 30 to
40 years in the Czech part of the floodplain. Large
areas in this Czech part have been changed into
intensively used permanent grass stands with ar-
tificially sown grasses while the wetter parts of the
floodplain have ceased to be used at all. Conse-
quently, original wetland vegetation of the aban-
doned sites has changed into wet ruderal stands
often with prevailing Phalaris arundinacea and Ur-
tica dioica (both species also create poor mono-
specific stands). Considerable changes in species
composition are also observed in the intensively
manured (by piggery sewage), regularly mown
meadows (2 to 3 times a year).

From the point of view of the Zirich-
Montpellier classification system the investigated

s
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Fig. 1. Distribution off crosswise transects in the upper part of the LuZnice River floodplain in Austria (A) and Czechoslovakia
(CS). Transect numbers correspond with diagram numbers 1 to 40. Description of diagram: A — floodplain width, B — width of
managed and other man-affected areas (pastures, mowed meadows, fields, old fields, dumps, roads etc.), C — width of Urica dioica
stands, D — width of Phalaris arundinacea stands, E — width of stands, in which the cover of both species is in relation 1:1.
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stands with Urtica dioica can be ranked into the
following higher phytosociological units: class 4/-
netea glutinosae Br.-Bl. et Tiixen 1943 (woods with
Alnus glutinosa along the river), class Galio-
Urticetea Passarge ex Kopecky 1969 (unshaded
stands with Urtica dioica in floodplain), class
Phragmiti-Magnocaricetea Klika in Klika et
Novak 1941 (unshaded stands with prevailing
Phalaris arundinacea; Holub et al. 1967).

Material and methods

Vegetation samples of the same size (2 by 4 m)
were taken on regularly placed belt transects (in
vegetation seasons 1988 and 1989) crossing the
youngest terraces of the floodplain. The transects
were about 2 km apart (Fig. 1). The widths of the
Urtica (and Phalaris) stands (stands with any oc-
currence of Urtica and Phalaris shoots) were mea-
sured. Samples were taken from the centre of all
Urtica and Phalaris stands on the transects.
However, if the size of a clone (Urtica or Phalaris)
was smaller than the shorter side of a sample
(2 m), the clone was placed in the centre of the
sample. The total number of the obtained sam-

ples from the observed stands was 215 (66 in the

Austrian part, 149 in the Czech part).

The species cover was estimated with 59, ac-
curacy. For rare species the following levels of the
Braun-Blanquet's scale were used: r, +, 1
(Braun-Blanquet 1964). For mathematical pro-
cessing these levels were replaced by values 0.02,
0.1, and 2.5, respectively (van der Maarel 1979).
‘The widths of stands with Urtica dioica, of other
vegetation types (Phalaris stands; managed areas
~ mowed meadows, pastures, fields and tempo-
rarily abandoned fields; shrubs, small woods, for-
ests etc.), of roads, ways and the whole floodplain
in the position of each transect were measured by
pacing followed by recalculation into metres (Ta-
ble 4). These characteristics were expressed as
Percentage of the total floodplain width. The per-
Centage values were subjected to the arcsine
transformation (Zar 1974).

Correlations between floodplain width and
proportion of some above-mentioned character-
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istics were evaluated by Pearson’s correlation co-
efficient (Zar 1974; Table 4).

The differences between the Austrian and the
Czech parts of floodplain (transects No. 1 to 21
and 22 to 40, respectively) were evaluated by
Mann-Whitney test (Zar 1974) applied to the fol-
lowing characteristics: the width of managed
areas, the width of all Urtica and Phalaris stands
separately as well as the width of unshaded stands
of those species separately. The same kind of test
was used for evaluating the differences in species
number in the samples (only for Urtica stands)
between the two groups of transects.

Two types of ordination analyses were per-
formed (DCA - detrended correspondence anal-
ysis, CCA - cancnical correspondence analysis;
Ter Braak 1987a, 1987b):

In the DCA the following environmental vari-
ables were used (letters correspond with those in
Fig. 2):

1) Quantitative (and semi-quantitative) varia-
bles:

— the floodplain width in the position of each
transect (A),

— the distance of each transect from the starting
point (i.e. from the first transect in Austria, B),

— the distance of the vegetation sample from the
river bank (C);

— cover of the tree, shrub and herb layers, re-
spectively (E,E,,E;);

— cover of Urtica divica (E,);

2) Nominal variables:

~ the stand character (non-managed areas in the
open floodplain, river banks (0 to 10m in
width) without trees, dumps, small woods in
the open floodplain, river banks with trees
and/or shrubs; F,,F,,F;,F,,Fs),

— thetype of agricultural management (unmoved
meadows; mowed meadows; non-managed
stands on the river banks with scattered trees
and/or smallnon-managed woods; G,,G,,G;).

Two first quantitative variable characterizes
transects (each samples in particular transects
has the same value of these variables). The rest of
variables characterize samples.

In the CCA (Fig. 5), the species were charac-
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Fig. 2. DCA ordination of the samples. For interpretation of groups 1 to 4 see text and Table 3. The environmental variables are:
1) Quantitative (and semi-quantitative) variables: A — floodplain width in the position of each transect; B - distance of each transect
from starting point (i.e., from the first transect in Austria, see Fig. 1); C — distance of vegetation sample from the river bank;
E,,E;,E; — cover of the tree, shrub and herb layers, respectively; E, — cover of Urtica dicica; 2) Nominal variables: F|,F,,F;,F,,F;5
- stand character (non-managed areas in open floodplain; river banks (0 to 10 m in width) without trees; dumps; small woods
of the open floodplain; river banks with trees and/or shrubs, respectively; G,,G,,G; — type of agricultural management (unmowed
meadows; mowed meadows; non-managed stands on the river banks with scattered trees and/or small non-managed woods,
respectively). The group 2 contains Ursica stands with highest values of cover of Urtica dioica (Table 3). Important environmental
variables tend to be represented by longer arrows than less important environmental variables. The position of the 2 particular
arrows (variables) to each other reflects the degree of their weighted correlation, The nearest arrows, variables, have the stron-

gest weighted correlation.

terized by three semi-quantitative Ellenberg’s spe-
cies indicator values (soil moisture, soil reaction
and nitrogen content in the soil; Ellenberg 1974;
Persson 1981; Klime§ 1987).

The Monte Carlo permutation test was used
for testing statistically whether the species com-

position is related to supplied environmental var-
lables (Ter Braak 1987a).

Results

The evaluation of Urtica dominance and of the pro-

portion of the managed habitats in the fleodplain of
the Luznice River

The applied method of data sampling enables to
Correlate the parameter ‘floodplain width’ with

_

other measured characteristics (see Material and
methods; Table 4, Fig. 1).

When evaluating data the following hypothesis
was tested: values of the selected characteristics
linearly depend on floodplain width. This hypo-
thesis can be rejected because the linear correla-
tion was not significant in any case (see Table 1).
The r-value is very closed to critical value only in
the case of all Urtica stands in the Czech part of
the floodplain.

The following hypothesis was used for evalu-
ating differences in selected characteristics be-
tween the Austrian and the Czech part of the
floodplain: values (proportions) of measured
characteristics (see Material and methods) are
approximately the same in both floodplain parts.
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Table 1. Results of the correlation (values of Pearson’s correlation coefficients) of the parameter ‘floodplain width® with other
measured characteristics: proportion of Urtica (and Phalaris) stands and proportion of managed areas (mowed meadows, pas-
wres, fields and temporarily abandoned fields). Number of transects: n = 21 for the Austrian part of floodplain, n = 19 for the Czech

part.

Characteristics Total Austrian . Czech Significance
(proportion of ...) floodplain part part level
Managed areas -0.143 0.201 -0.039 ns

All Urtica stands -0.191 -0.109 -0.420 ns
Unshaded Urtica stands 0.132 0.351 -0.053 ns

All Phalaris stands 0.204 -0.153 0.260 ns
Unshaded Phalaris stands 0.267 -0.020 0.283 ns

ns = not significant, P <0.05.

The hypothesis was rejected in the case of the Ordinations

managed areas and species richness because the
U values were lower than the critical values of U
distribution (Tables 2 and 4). It means that there
are significantly higher proportions (values) of the
managed areas and species richness in the Aus-
trian part of the floodplain than in the Czech part.

The species-richest stands with Urtica were
found in the Austrian part of the floodplain in the
area with regularly mowed meadows. A lot of
species from these rich meadows have been found
even in river bank stands with Urtica and Phalaris.

The occurrence of some invasive species

spreading along the river is interesting: Epilobium
adenocaulon, Impatiens glandulifera, Rudbekia
laciniata, and Spiraea salicifolia.

»

DCA ordination

In the DCA ordination (Fig. 2) eigenvalues of the
first four axes (l,...1;) were 0.56, 0.50, 0.39 and
0.33, respectively. Values over 0.5 often denote a
good separation of the species along the axis. As
1, and 1, are small compared to I, and |, the third
and the fourth ordination axes can be ignored and
the first two ordination axes can be expected to
display the biologically relevant information
(Jongman er al. 1987).

Identifiable groups of samples are not strictly
separated in the ordination space (Fig. 2; impor-
tant environmental variables tend to be repre-

Table 2. Results of the Mann—Whitney test (U values for Austrian and Czech part of floodplain) evaluating differences in selected
characteristics between the Austrian and Czech part of the floodplain. Number of transects: n=21 for the Austrian part of
floodplain, n = 19 for the Czech part. Number of samples (only from Urtica stands) for species richness evaluation: n = 55 for the
Austrian part, n = 111 for the Czech part. The basic characteristics of species richness are: for the Austrian part, range of spe-
cies number is 2 to 23 (mean 8.2, standard deviation 5.5, coefficient of variance 67.1); for the Czech part, 1 to 19 (mean 5.1, SD
3.2, coef. var. 62.7); for the whole observed floodplain, 1 to 23 (mean 6.1, SD 4.3, coef. var. 70.5).

Characteristics Austrian Czech Significance
{proportions of ...) part part level
Managed area (see Table 1) 76 340 *

All Urtica stands 270 130 ns
Unshaded Urtica stands 299 282 ns

All Phalaris stands 276 155 ns
Unshaded Phalaris stands 297 186 ns

Species richness 103 74 *

N5 =not significant, * P <0.05, ** P <0.01.
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sented by longer arrows than less important en-
vironmental variables, Ter Braak 1986; the
pQSition of the particular arrows, variables, to
each other shows their weighted correlation; the
nearest arrows, variables, have the strongest
weighted correlation). This indicates a transition
petween different types of Urtica stands from the
point of view of species composition. Spatial and
species heterogeneity of Urtica stands is large: it
ranges from stands with different degree of tree
and shrub shading to completely open areas, from
rare occurrence of Urtica to stands dominated by
this species, from weeded forest edges to natural
vegetation of river banks with shrubs and trees,
from irregularly mowed meadows to entirely non-
managed areas etc.

The interpretation of groups can be roughly
completed in the following way (Fig. 2, Table 3):
a) group | represents riparian stands of willows
(and poplars) in the tree and/or shrub layer and
groups of shrubby willows in the open floodplain
(8. fragilis is dominant in the tree layer, S. cinerea
is in the shrub layer); Glechoma hederacea, Ae-
gopodium podagraria, Galium aparine and Lamium
maculatum are the most frequent species in the
herb layer; b) group 2 represents non-managed
open floodplain and/or river bank stands with
rare occurrence of trees and shrubs (Salix fragilis
is the most frequent); Galium aparine, Symphytum
officinale, Angelica sylvestris and Filipendula ul-
maria are the most frequent species; c) group 3
contains samples of the similar habitats as group 2

4
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(Alnus glutinosa and Salix fragilis dominate the
tree and the shrub layer, respectively); a high
dominance of Phalaris is common in the herb
layer (a higher species richness is evident in these
stands); Galium aparine, Symphytum officinale,
Filipendula ulmaria, Galeopsis pubescens and
Carex brizoides are frequent; d) group 4 represents
mostly stands of frequently disturbed small woods
with a high species richness and species-rich Ur-
tica stands of the river bank of the Austrian part
of the floodplain (in comparison with previous
groups); stands on the margins of waste places
and on the drier bases of terraces occur in this
group too; the cover of Urtica and Phalaris is low,
Aegopodium podagraria, Lamium maculatum and
Carex brizoides are the most frequent species; the
meadow species are more common in herb layer
of the Austrian stands (e.g. Trisetum flavescens,
Stellaria media, Linaria vulgaris, Alopecurus prat-
ensis, Ranunculus acer).

The abundance or probability of occurrence of
a species tends to decrease with its distance from
the centre of the diagram (Fig. 3; compare Ter
Braak 1986; Ter Braak & Prentice 1988). Species
near the centre of the diagram are frequently ubig-
uitous (e.g. Urtica dioica, Symphytum officinale,
Filipendula ulmaria, Cirsium oleraceum, Ranuncu-
lus repens, Aegopodium podagraria, Stellaria nem-
orum, Dactylis glomerata, Phalaris arundinacea,
Lamium maculatum) in our data sets. The species
points on the edge of the ordination diagram are
often rare species in the data sets (e.g. Calama-

Table 3. The main characteristics of 4 distinguished groups of vepetation samples in DCA ordination space (Fig. 2).

Main characteristics Group number

1 2 3 4
mean cover of layers and species/
range of values (%)
= tree layer 25/0-70 1.5/0-20 2.5/0-40 30/0-75
= shrub layer 30/0-70 2/0-30 0.5/0-15 13/0-70
~ herb layer 60/25-50 90/70-100 95/50-100 70/30-100
= Urtica 40/10-90 70/5-95 10/1-40 30/5-60
~ Phalaris 10/0-40 15/0-65 70/0-100 9/1-40
Average species richness/
Tange of values 7.4/3-17 5.5/2-13 6.7/2-19 10.9/3-23

—
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Fig. 3. DCA diagram of species. Ach mil = Achillea millefolium, Aeg pod = Aegopodium podagraria, Agr rep — Agropyron repens,
Agrten = Agrostis tenuis, Aln glu — Alnus glutinosa (tree), Alo pra = Alopecurus pratensis, Ang syl = Angelica sylvestris, Arr ela
= Arrhenatherum elatius, Att vul = Artemisia vulgaris, Ant syl = Anthriscus sylvestris, Bar str = Barbarea stricta, Cal can =
Calamagrostis canescens, Car ama = Cardamine amara, Car pra = Cardamine pratensis, Car hal = Cardaminopsis halleri, Car bri
= Carex brizoides, Car gra = Carex gracilis, Cha hir = Chaerophyllum hirsutum, Cir ole = Cirsium olearceum, Dac glo = Dactylis
glemerata, Des cae = Deschampsia caespitosa, Epi ade = Epilobium adenocaulon, Fes gig = Festuca gigantea, Fil ulm = Fifipendula
ultnaria, Gal pub = Galeopsis pubescens, Gal apa = Galium aparine, Geum urb = Geum urbanum, Gle hed = Glechoma hederacea,
Gly max = Glyceria maxima, Hol lan = Holcus lanatus, Iris pse = Iris pseudacorus, Imp gla = Impatiens glandulifera, Imp n-t
= Impatiens noli-tangere, Jun efl = Juncus effusus, Lam mac = Lamium maculatum, Lin vul = Linaria vuigaris, Lyc eur = Lycopus
eurgpaeus, Lys vul = Lysimachia vulgaris, Myo pal = Myosotis palustris agg., Oxa ace = Oxalis acetosella, Pha aru = Phalaris
arundinacea, Pic abi = Picea abies (tree), Poa ann = Poag annua, Poa nem = Poa nemoralis, Poa pal = Poa palustris, Poa tri =
Poa trivialis, Pol hyd = Polygonum hydropiper, Pop spp = Populus sp., Que rob = Quercus robur (tree), Ran rep = Ranunculus
repens, Rub ida = Rubus idaeus, Rud lac = Rudbekia laciniata, Rum obt = Rumex obtusifolius, Sal fri = Salix fragilis (tree), Sal
12 = Salix fragilis (schrub), Sal cin = Salix cinerea (shrub), Sal tri = Salix trigndra (shrub),Sci syl = Scirpus sylvaticus, Scr
nod = Scrophularia nodosa, Sen fuc = Senecio fuchsii, Sen vis = Senecio viscosus, Sta syl = Srachys sylvatica, Ste als = Stellaria
alsine, Ste nem = Stellaria nemorum, Tti rep = Trifolium repens, Urt dio = Urtica dioica, Vic sep = Vicia sepium.
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grostis epigeios, Selinum carvifolia, Oxalis aceto-
sella, Linaria vulgaris, Senecio fuchsii). Optima of
occurrence of these rare species are usually out of
investigated coenoses.

The distance of particular transects from the
first transect (see Fig. 1) is more closely corre-
lated with the ordination axes than other varia-
bles, and so more closely related to the pattern of
community variation (compare Ter Braak 1987b).
This characteristic represents the complex gradi-
ent of geological substratum, altitude and geo-
morphology in the flocdplain and the gradient of
agricultural management. The species points can
be projected on the axis of this environmental
variable (Fig. 2, 3). For example Senecio fuchsii,
Oxalis acetosella, Impatiens noli-tangere, Trisetum
flavescens, Leucanthemum vulgare, Prunella vul-
garis and Lamium maculatum are more frequent
species in the narrow Austrian part of the flood-
plain. Species as Urtica dioica, Phalaris arundina-
cea, Rumex obtusifolius and Barbarea stricta can
be found more often in the wider Czech part of
the floodplain.

The occurrence and dominance of the selected
species in the samples are shown in Fig. 4.

The statistical significance of the effects of en-
vironmental variables (except the cover of shrub
and tree layers) was tested by a Monte Carlo
permutation test (99 unrestricted permutations).
The influence of ‘the agricultural management’
was not significant (P =0.12); the influence of
other variables was significant (P = 0.02),

Selected environmental variables explain a fair
amount of variability in the data set. The varia-
ble ‘transect distance from the first transect’ has
the strongest relation to the species data.

CCA ordination

Ellenberg’s indicator values were used as envi-
ronmental variables (Ellenberg 1979) in this case.

No evident groups of samples can be recog-
nized in the ordination space (Fig. 5). Changing
character of Urtica stands along the moisture gra-
dient is the most evident, and also a well inter-
Pretable result. The abundance and dominance of
Urtica decrease with increasing moisture. The

IR
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distribution of Phalaris on this gradient changes
in the opposite direction. This means that differ-
ent types of stands with a medium to high cover
of Urtica (30-100%, ; river bank stands with trees
and shrubs, stands of the open floodplain without
trees and shrubs etc.) are in the lower right quad-
rant of the ordination diagram. Areas with a
higher soil moisture (with a higher cover a
Phalaris, 20-1007; ) are in the upper left quadrant
(Fig. 5). )

The gradient of soil nitrogen is less evident. Its
direction approximately corresponds to the sec-
ond ordination axis (Fig. 5). The occurrence of
nitrophilous Urtica is again a sufficient criterion.
The samples in the upper half of the diagram have
a lower cover of Urtica (<5 to 65%,) than have
samples in the lower half (as much as 100%).
However, changes in the Urtica cover are not
continuous in the direction of axis 2.

On the other hand, the gradient of soil moisture
is well documented also by the exchange of fur-
ther species with different demands to soil mois-
ture (Fig. 6).

Ellenberg’s indicator values were also subjected
to the Monte Carlo permutation test (99 unre-
stricted permutations), leading, in this case, to a
P-value 0.01 for all three variables. Soil moisture
explains the greatest part of the variability, soil
reaction the smallest one.

Discussion

Urtica dioica is a plant of open habitats and mod-
erately shaded woodland areas (Wheeler 1981;
Reif et al. 1985). In the Ttebori Basin its occur-
rence was probably restricted to river banks in the
past. The first occurrence of Urtica divica of an-
thropogenous origin was noted in the subrecent
(Jankovska 1983). However, the greatest human
colonization of the Tieboil Basin did not start
until the 12th century. The Austrian section of the
LuZnice River floodplain has been strongly mod-
ified by human impact since about 1000 A.D.
(Ricek 1982).

The man-induced spreading of Urtica divica is
common in Central Europe at present (Ellenberg
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Fig. 5. CCA ordination of samples. The environmental variables are: M — soil moisture, N — nitrogen content in soil, R — soil

reaction (pH).

1988). It is mainly concentrated in ruderal sites
(e.g. rubbish heaps, construction sites, areas
around mountain cottages, along roads etc.) and
in river floodplains. The expansion of Urtica dio-
ica is most progressive particularly along rivers
and streams and/or in other_types of wetlands
(Hlavacek & Pysek 1988; Sritek etal 1988;
Prach er al. 1990).

Many of the autecological features of Urtica
dioica support the rapid spreading of this species
(Grime er al. 1988; Wheeler 1981). On the other
hand, it is very sensitive to regular and frequent
Cutting, which affects it considerably (van der
Maarel 1980).

The answers to the introductory questions are
the following:

(1) The correlations between the floodplain
width and the selected quantitative characteris-
tics (proportions Urtica and Phalaris stands and
managed areas in crosswise transects) were not
statistically significant in either floodplain part
(the Austrian and the Czech one), nor they were
along the whole observed part of the floodplain
(Table 1).

(2) The comparison between the Austrian and
the Czech parts of the LuZnice River floodplain
of the Waldviertel and the Tfobofi Basin areas
was useful for the evaluation of proportions of
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Fig. 6. CCA ordination of species. Ace pse = Acer pseudoplatanus (tree), Ach mill = Achillea millefolium, Ach pta = Achillea
Plarmica Aeg pod = Aegopodium podagraria, Aln glu = Alnus glutinosa (tree), Alo pra = Alopecurus pratensis, Art vul = Arte-
misia vulgaris, Bet off = Betonica officinalis, Cal can = Calamagrostis canescens, Cal sep = Calystegia sepium, Car bri = Carex
brizaides, Car gra = Carex gracilis, Che alb = Chenopodium album s.1., Cir Pal = Cirsium palustre, Fes gig = Festuca gigantea,
Fraaln = Frangula alnus, Gal pal = Galium palustre, Gly max = Glyceria maxima, Jun eff = Juncus effusus, Lin vul = Linaria
vilgaris, Lys vul = Lysimachia vulgaris, Oxa ace = Oxalis acetosefla, Poa nem = Poa nemoralis, Poa pal = Poa palustris, Pol
bis = Polygonum bistoria, Pol hyd = Polygonum hydropiper, Pru pad = Prunus padus (shrub), Que rob = Quercus robur, Sal cin
= Salix cinerea (tree), Sal tri = Salix triandra (shrub), Sci syl = Scirpus sylvaticus, Sal car = Selinum carvifolia, Sen vis = Senecio
viscosus, Sol dul = Solanum dulcamara, Ste als = Stellaria alsine, Ste med = Stellaria media, Ste nem = Stellaria nemorum, Urt
dio = Urtica dioica, Val off = Valeriana officinalis. The environmental variables are: M — soil moisture, N — nitrogen content in
soil, R — soil reaction. Inferred ranking (sensu Ter Braak 1987b) of the selected species along the moisture gradient is designed.

Urtica stands (and other selected characteristics) confirmed statistically. Significant differences

in crosswise transects (Table 2, 4; Fig. 1). How-
ever, differences in the distribution of Urtica
Stands between two parts of floodplain were not

were found only in the characteristic of the ‘man-
aged areas’.
(3) The differences in the number of species (in

—



the samples) between the Austrian and the Czech

arts of floodplain were statistically significant
(Table 2). The higher number of species was
present in the Urtica stands on the margins of
mowed meadows in the narrower Austrian part
of the floodplain. Bobbink et al. (1987, 1988) ob-
tained similar results in connection with different
regimes of cutting and manuring. Epilobium ade-
nocaulon, Impatiens glandulifera, Rudbekia lacini-
ata, and Spiraea salicifolia are invasive species
(sensu Bazzaz 1986), also spreading along the
LuZnice River.

Rejmanek (1989) says in this connection that
river banks are very rich in invasive species.

(4) Identifiable clusters of samples were diffi-
cult to separate in the DCA ordination space
(Fig. 2). In spite of this fact, a rough interpreta-
tion of four groups of samples was carried out
(Table 3). It is possible to separate the ubiquitous
and rare species in the DCA biplot of species
(compare Ter Braak 1986). The relationships of
some species to the selected environmental vari-
ables was evident (e.g. a decreasing of the some
species along LuZnice River from the spring area
to RoZzmberk fish pond, Figs. 1-and 3).

The large portion of variability in the data set
can be explained by ‘the distance of particular
transects from the first transect’ (i.e., from the
beginning in Austria; Fig. 1).

The moisture gradient was the most important
one in the case of the CCA ordination (Fig. 5 and
6; compare Persson 1981). The changes in dom-
inance of Urtica and Phalaris characterize appro-
priately this gradient. The results of ordination
confirm that Urtica dioica prefers moist, nitrogen-
rich soils (Reif et al. 1985; Hempeling et al. 1988;
Teckelmann 1987 etc.).

The largest portion of variability in the data set
can be explained by ‘moisture’ and the smallest
one by ‘reaction’.

Prediction of the dynamics of the stands with Urtica
dioica

The growth, development and distribution of Ur-
lica stands are mainly dependent on a high nu-
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trient availibility, on the ground water table, and
on land management practices (Teckelmann
1987; van der Maarel 1980; Grime et al. 1988;
Srtitek et al. 1988; Prach er al. 1990). However,
the management regime plays the dominant role
in this respect. In our case, this is well docu-
mented by the vegetation of the Austrian part of
the river floodplain, mainly of the spring area of
the river, where meadows are regularly mowed.
The occurrence of Urtica dioica is limited only to
the river bank (Fig. 1). These places have the
species-richest Urtica stands (see Table 3,
group 4).

Urtica is a dominant species in the abandoned
non-mowed open parts of the floodplain (Table 4,
e.g. transect 21).

Urtica patches or clones occupy especially the
elevated places or shallow depressions. Phalaris
arundinacea, Carex gracilis, Glyceria maxima are
dominant species in the deeper and moister de-
pressions. On the other hand, Urtica seedlings are
apparently not so closely influenced by the posi-
tion of ground water table and by the type of
management (§rﬁtek et al. 1988). Moreover, the
high seed production (Bassett er al. 1977) and the
seed spreading by regular floods enable this spe-
cies to occupy the most of places in the aban-
doned non-managed parts of the floodplain.

It is seems that the natural secondary succes-
sion leads to the dominance of Urtica dicica in
many places of the floodplain. The water table of
these places does usually not stay above the soil
surface for long periods of time.

Shrubs and trees (mainly various species of
Salix, and Alnus glutinosa) can expand on non-
mowed sites, but their establishment is often re-
tarded by a dense cover of the highly competitive
and productive herbaceous species such as Urtica
dioica and Phalaris arundinacea (Dykyjova & Kvét
1978). The less robust and the less competitive
grasses and herbaceous species are excluded by
the strong plant competitors. Greater disturbance
of the dense Urtica or Phalaris stands (e.g. by
flood water) is a prerequisite for a permanent es-
tablishment of shrubs and trees and a continua-
tion of succession.




Table 4. The basic characteristics of obtained data on the crosswise transects Nos. 1 to 40. Symbols: A - floodplain width,
B - managed areas (pastures, mowed meadows, fields), C — all Urtica dioica stands, D - all Phalaris arundinacea stands; a — width
(m), b~ proportion (%;). The transect numbers among Urtica and among Phalaris stands.

Transect Austrian part of floodplain Transect Czech part of floodplain
number number

A B C D A B C D

(m) a b a b a b (m) a b a b a b
1 123.0 118.0 95.9 50 41 00 00 22 239.0 00 0.0 .990 414 1190 498
2 820 77.0 939 50 61 50 61 23 328.0 0.0 00 2360 720 320 9.8
3 1340 1300 97.0 20 15 00 00 24 673.5 500 7.4 B850 12,6 447.0 664
4 60.0 0.0 0.0 9.0 150 11.0 183 25 3170 97.0 306 1320 416 740 233
5 62.0 570 919 30 48 20 32 26 550.0 3510 638 110 2.0 350 64
6 500 45.0 90.0 50 140 00 00 27 426.0 246.0 57.7 350 82 230 354
7 166.0 156.0 94.0 40 24 60 36 28 626.0 338.0 540 1095 175 13.0 2.1
B 28.0 230 821 30 107 20 71 29 1720 87.0 506 410 238 0.0 0.0
9 335 18.0 53.7 50 149 20 60 30 224.0 0.0 0.0 1530 683 540 241
10 315 230 73.0 50 159 20 63 31 85.0 53.0 624 4.0 47 200 2335
11 318.5 249.0 90.7 130 41 80 25 32 3740 1810 484 240 64 102.0 27.3
12 311.0 3020 97.1 950 29 00 00 33 283.0 2350 83.0 0.0 0.0 300 106
13 146.0 1240 849 1.0 75 2.0 14 34 544.0 00 00 540 9.9 1860 342
14 592.0 5640 953 180 3.0 00 0.0 35 240.0 211.0 879 140 5.8 0.0 0.0
15 4925 4695 953 13.0 2.6 110 22 36 1140 %0.0 789 17.0 149 0.0 0.0
16 291.0 2665 916 140 48 85 29 37 16.0 0.0 0.0 160 1000 0.0 0.0
17 168.0 105.0 625 220 13.1 41.0 244 38 123.0 0.0 00 420 341 505 4Ll
18 180.0 87.0 483 43.0 239 420 233 139 61.0 49.0 B0.3 5.0 8.2 20 33
19 218.0 1420 65.1 20 09 750 344 40 792.0 248.0 31.3 7.0 09 570 72
20 164.0 142.0 86.6 90 55 50 3.1
21 437.0 150.0 343 198.0 453 58.0 13.3
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Abstract

1. This study examines the effects of nutrient supply (three N,P,K treatments: 75, 225 and
375 kg.ha'; 12.5 % N, 8.5 % P, 16 % K) on growth, allometry and architecture of
Urtica dioica L., an expansive clonal plant found throughout Central Europe.

2. Biomass allocation was significantly affected by nutrient supply: higher nutrient doses
resulted in less biomass allocation to below-ground organs while the period of intensive
production of above-ground biomass was prolonged.

3. Shoot height increases with nutrient supply. The height ratios were constant over time.
Within each treatment and each harvest, inflorescence biomass was positively correlated
with shoot height. Branching of the main shoots (number of lateral branches) was
positively correlated with plant height and changed with time. The number of new
rhizomes was affected by both treatment and harvest, especially in older plants.

4. The results suggest that high nutrient supply increased the allocation of biomass both

to reproductive organs and to vegetative organs.

Key-words: allometry, biomass allocation, clonal plant, nutrients, plant architecture,

Urtica dioica.



Introduction

Clonal growth of plants and animals has been intensively investigated in the last ten years
(i.e. Jackson er al. 1985; Harper er al. 1986; van Groenendael and de Kroon 1990;
Callaghan et al. 1992). However, despite the fact that 69 out of 163 families of vascular
plants include species able to proliferate vegetatively (Tiffney and Nicklas 1985) only a
few species (e.g. Trifolium repens, Solidago altissima, Ranunculus repens and Glechoma
hederacea) have become the subject of intensive investigation of clonal growth (Hutchings
and Bradbury 1986).

Urtica dioica L. has been the object of plant population and ecological studies (see
references in Grime er al. 1989). Physiological aspects of nutrient economy and allocation
in relation to soil nutrient content have been also investigated (Pigott and Taylor 1964;
Rorison 1968; Holter 1979; Hofstra et al. 1985; Rosnitschek-Schimmel 1985; Teckelmann
1987; Gebauer er al. 1988), but the reproductive effort of this plant in relation to nutrient
supply has been largely neglected (Pollard and Briggs 1982; Teckelmann 1987). The term
of reproductive effort used in this paper follows the article of Reekie and Bazzaz (1987a).

Urtica dioica is a widely distributed and frequently dominant species in Central
Europe (Ellenberg 1986). It is expansive especially on waste-disposal- and unmanaged
sites with a high supply of nitrogen and phosphorus (Pigott and Taylor 1964; Reif et al.
1985; Prach er al. 1990; Bobbink et al. 1992; Sratek 1993). Factors affecting the
spreading of this species, the relation to different nutrient supply and life strategy (e.g.
cost of seed production versus rhizome production) are important questions,

This paper examines the effect of different levels of nutrient supply on the
production and patterns of biomass allocation within Urtica plants during the first growing
season after germination. The following questions were addressed:

(1) What is the influence of various levels of nutrient supply on biomass allocation
within the plants?

(2)  What are the consequences of nutrient supply on plant architecture and allometry
of various organs?

(3)  Are there any changes in the ratio of cost of seed production versus rhizome

production at various levels of nutrient supply?

—
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Material and methods

Architecture of shoots and rhizome system

Urtica dioica L. (stinging nettle) is a clonal rhizomatous tall herb (height to 2 m and
higher)

Fig. 1. Two different phenological phases of the shoot of Urtica dioica shoot (A - late spring, B - late
auntumn): i - inflorescence (infrutescence); s - stipule; Is - lateral shoot (branch); or - old rhizome; nr - new
rhizome; r - roots (after Greig-Smith 1948 and Hejny & Slavik 1988, modified).
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with an extensive sympodial system of rhizomes and stolons. The stem (shoot) is usually
erect with opposite and decussate pairs of leaves, the lower ovate more or less cordate,
the uppermore or less lanceolate. In late summer and in autumn there often takes place an
abundant formation of vegetative lateral shoots (branches) which grow from stipules in the
bases of stem leaves (Fig. 1). The species is a dioecious plant with axillary inflorescences,
four per node.

New rhizomes (reddish in color) are mainly produced in late summer or autumn
either from older rhizomes or from the stem bases. These rhizomes bear scale leaves with
a small rudimentary lamina and large stipules. Roots develop immediately above the
stipules (four per node). The roots branch and form numerous laterals. Older rhizomes and
roots have a yellow cork layer. Vegetative spread occurs via rhizomes.

Most shoots develop from new horizontal rhizomes in the autumn. They may
overwinter (some of them decay) and resume growth during the following spring.

The stems (shoots), leaves and new rhizomes are more or less densely covered with
hairs and stinging hairs.

The short information presented has been extracted from various references (Olsen

1921; Greig-Smith 1948; Grime et al. 1989).
Experimental design

Seeds of Urtica from unmanaged floodplain meadows were used to set up a greenhouse
experiment. The meadows are situated in the LuZnice River floodplain near the border
with Austria, in the Tiebon Biosphere Reserve, South Bohemia, Czech Republic (Prach
et al. 1990; Sritek 1993).

Urtica plants were grown from seeds in PVC pots (size 20 by 20 by 20 cm; 70
pots per treatment for all harvests; 210 for the whole experiment) in a plastic greenhouse
without artificial air-conditioning. Consequently, the light and temperature regimes roughly
follow the outside conditions (it is the natural regime in the area). Three treatments with
a combined NPK fertilizer (12.5 % N, 8.5 % P, 16 % K) were compared: (1) 75 kg.ha’,
(2) 225 kg.ha', (3) 375 kg.ha'. The fertilizer was applied in aqueous solution before
sowing and repeatedly after each harvest to all remaining pots. Pots were watered two

times a day to achieve a constant soil moisture. During the growing season samples were

—
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taken at approximately monthly intervals starting from June 6 - six weeks after sowing -
to December 5, 1990 (June 6th, July 9th, August 6th, September 8th, October 10th,
November 5th, December 5th). Ten plants per treatment and harvest (except for the first
harvest, where numerous seedlings - more than ten - per pot) were taken at random. From
the pots remaining after the first harvest, all seedlings except the tallest one in each pot
were removed.

During the experiment the following were measured: shoot height, basal shoot
diameter, length and width of the largest leaf of each plant. In addition, the following
parameters were measured after each harvest: number of leaves on the main shoot, number
of stipules together with branches (branches arise from stipules), length of the longest
branch, number of new rhizomes, length of the longest new rhizome, leaf area of each
plant (including leaf area of leaves on the main shoot, stipules and branch leaves and
young rhizome leaves). Each sampled plant was divided into its organs. All samples were
oven-dried at 85 °C to constant weight. Leaf area of each individual plant was measured
with a ScanJet Plus Scanner (Hewlett Packard Company).

In the following text lateral shoots are referred to as branches, inflorescence and
infructescence grouped together as inflorescence and new rhizome together with their
apical above-ground parts, which form new shoots in the following spring, described as
rhizome. New rhizomes are defined as rhizomes created during the observed growing
season (see "Architecture of shoot and rhizome system" and Fig. 1). Both new and old
rhizomes can be found in older plants (Fig. 1), but in our plants grown from seeds during

a single season, only new rhizomes were present.
Data analysis

The following analyses were used for different characteristics and relations: two-way
ANOVA with interactions to test effects of harvests and treatments. Where appropriate,
log-transformation was applied to the primary data to achieve normality (Tables 1 and 2).
The effect of harvest (i.e. time) lead usually to the trivial conclusion that some variable
changes over time. Nevertheless, the significance of treatment and of interaction of
treatment x harvest was of interest. The significant interaction term reveals that the

differences among treatment change over time. If the interaction term is not significant,
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then the differences among treatments could be considered constant over time. Note that
in the case of log-transformed data this means, that the ratios of original values are

constatnt over time.
The influence of various nutrient levels on the allometric relationships and plant

architecture were tested within the framework of general linear models (Zar 1984). The

SYSTAT package was used for all analyses (Wilkinson 1990).

Results
Biomass allocation

All the observed parameters showed pronounced seasonal fluctuation and differed between

nutrient treatments (Table 1, Fig. 2). The biomass allocation was significantly affected by
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Fig. 2. Changes in biomass partitioning (g) in individual plants with different nutrient supply (1 - 75 kg NPK,
2 - 225 kg, 3 - 375 kg.ha') over time (June to December).

nutrient supply: with increasing nutrient supply, relatively less biomass was allocated to

below-ground parts (Fig. 2), so that the R/S (root/shoot) ratio is also affected (Table 1-No.

4, Fig. 3).




R O

-54 -
Table 1. Results of two-way ANOVA with interactions
Response Log-tranfor- Source Harvest DF F-ratio P
(dependent mation of of number
variable) primary data variation
"1. total dry + harvest 1 to 7 6 800.22 <<0.01
weight treatment 2 52.79 <<0.01
harvest x
treatment 12 2.25 <0.01
2. above-ground + h 1 to 7 6 492,20 <<0.01
dry weight t 2 69.83 <<0.01
hxt 12 3.71 <<0.01
3. below-ground + h 1 to 7 6 785.43 <<0.01
dry weight t 2 27.44 <<0.01
hxt 12 1.76 NS
4. R/S ratio - h 1 to 7 6 15.91 <<0.01
t 2 6.86 <<0.01
hxt 12 2.42 <0.01
5. shoot dry + h 1 to 7 6 685.40 <<(.01
weight t 2 78.43 <<0,01
hxt 12 4.85 <<0.01
6. leaf dry + h 1 to 7 6 256.82 <<0.01
weight t 2 46.77 <<0.01
h x t 12 3.76 <<0.01
7. leaf area + h 1 to 7 6 214.75 <<0.01
T 2 31.43 <<0.01
hxt 12 3.63 <<0.01
8. inflorescence + h 1 to?7 6 20.49 <<0.01
dry weight t 2 24.27 <<0.01
hxt 12 7.80 <<0.01
9. new rhizome + h 1to 7 6 40.25 <<0.01
dry weight t 2 24.62 <<0.01
hxt 12 6.55 <<0.01
10. inflorescence + h 3to 5 2 15.95 <<0.01
dry weight/ t 2 3.72 <0.05
new rhizome hxt 4 1.83 NS
dry weight
ratio
11. plant height - h 1 to 7 6 78.89 <<0.01
t 2 35.23 <<0.01
hxt 12 3.89 <<0.01
12, plant height H h 1 to 7 6 592.08 <<0.01
i 2 31.70 <<0.01
hxt 12 1.71 <0.1
13. number of - h 2 to 7 5 62.74 <<0.01
new rhizomes t 2 8.41 <<0.01
hxt 10 2.17 <0.05
14. length of - h 3 to 7 4 7.14 <<0.01
longest new t 2 5.86 <0.01
rhizome hxt 8 1.25 NS
NS...not significant, + transformed, - non-transformed.

—
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Fig. 3. Changes in R/S ratio with different nutrient supply of the first five harvests (June to October).

Both above- and below-ground biomass increased regularly up to the fifth harvest
(October 10). Thereafter the above-ground biomass decreased, whereas the increase of
below-ground biomass continued (Fig. 2).

The dynamics of above-ground biomass production was also affected: the higher
the nutrient supply, the longer an intensive production of above-ground biomass lasted.
This is reflected by a statistically significant interaction term in the majority of ANOVAs
(Table 1-No. 2). As log-transformation was used, these results reveal that the ratios
between the biomass values in individual treatments are not constant. In contrast, the ratios
of below-ground biomass seem to be constant.

Similarly, for inflorescences, increasing nutrient supply increased their maximum
weight and delayed their appearance (the higher the maximum weight and the later they

appear; Fig. 2 and 4).
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Changes of the architecture of individual plants and allometry of plant organs
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Plant height was affected by the treatments
(Fig. 4), the more nutrients, the higher
plants. When log-transformation was applied
to the data, the interaction term between time
and treatment was not significant (Table
1-No. 12). This means that the ratios of plant
heights in particular treatments are
statistically constant over the time. Plant
height was not affected by sex (Table 2-No.
2).

Inflorescence weight was positively
correlated with plant height also within
treatments and harvests (partial correlation
0.365, p<<0.01). The
nutrient enrichment (treatment) affected the

height and

coefficient =

relationship between plant
inflorescence biomass; the slope of the
regression of log inflorescence biomass on
log plant height increases with nutrient
enrichment. This means that the plants grown
with higher nutrient addition are not only
higher, but at the same height, they have
higher inflorescence biomass (Fig. 4). A
similar relationship was not significant for
plant height and rhizome biomass (partial

correlation coef, = 0.094, NS).

Fig. 4. Relationship between inflorescence biomass and plant height under various treatments at three
harvests SymboIs o —— treatment 1 (75 kg.ha');4+ ------ treatment 2 (225 kg.ha);
E TR - treatment 3 (375 kg.ha™').
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Table 2. Results of three-way ANOVA without interactions
Response Log-tranfor- Source Harvest DF F-ratio p
(dependent mation of of number
variable) primary daty variation
1. number of - treatment 3 to 6 2 3.35 <D.05
branches on harvest 3 6.85 <<0.01
sex of shoots sex 1 0.08 NS
2. plant height - treatment 3 to 6 2 10.98 <<0.01
on sex harvest 3 4,04 <0.01
Sex 1 3.69 <0.1
NS...not significant, + transformed, - non-transformed.

Branching of the main shoots (number of lateral branches) was correlated with
plant height and changes with time (Fig. 4). Nevertheless, with constant plant height and
harvest time, the differences in the number of branches among treatments were not
significant (in general linear models analysis, corresponding F = 1.20, p>0.05). This
means that nutrient supply supports mainly growth in height while the number of branches
corresponds to plant height and harvest time; there is no additional effect of nutrients. The
number of branches was not affected by sex.

Number of new rhizomes was affected by both treatment and harvest, especially
in older plants. No rhizomes were present at the first and the second harvests (Fig. 4).
Differences among young plants were negligible in comparison with differences among
mature plants (Table 1-No. 13). The length of the longest new rhizome changes with time
and differs between treatments and harvests, especially so at the last three harvests (Table
1-No. 14, Fig. 4). Both the number of new rhizomes and length of the longest new

rhizome increased with higher fertilization (Fig. 4).
Reproductive allocation versus clonal growth
The ratio of inflorescence biomass to new rhizome biomass is taken as measure of

allocation to generative-vegetative reproduction. As the ratio is difficult to treat statisticaly

(it is highly skewed, ranges from O to infinity) we used the transformation:

L. O
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inflorescence - new rhizomes biomass

inflorescence + new rhizomes biomass,

which is a simple transformation of the ratio of inflorescence to new rhizome biomass: ((1
- ratio)/(1 + ratio)), ranges from 1 (allocation to generative reproduction only) to -1
(allocation to vegetative reproduction only), and is symmetric. The ratio changes with time
(harvest) and also with treatment. Nevertheless, the differences are constatnt over time
(note the non-significant interaction).

The relationship between inflorescence biomass and total above-ground vegetative
biomass is positive and is affected both by both treatment and harvest.

Positive effect of nutrient enrichment on inflorescence and new rhizome production

was proved (see "Biomass allocation").
Discussion

The present study deals with Urrica dioica plants from unmanaged meadows of the
Luznice River floodplain. Urtica is generally sensitive to regular and frequent mowing
(van der Maarel 1980), as only in unmown places a fast spread is observed (Prach et al.
1990; Sriitek 1993). Its seedlings are frequently found also in mown floodplain meadows
(KlimeSovd, in press) and have high potential for spread in unmanaged meadows. High
soil nutrient content and sufficient soil moisture support strong competitive ability and
expansion of Urfica (Grime et al. 1989). The pronounced increase in biomass with
nutrient additions is typical of this species (Table 1, Fig. 2). Rorison (1968) has also found
an almost linear positive response of Urtica to phosphate supply. Under fertile conditions
high production of above-ground biomass and, therefore, high density of herbaceous litter
also enable this species to compete successfully with most other herbaceous species
(Al-Mufti er al. 1977).

The biomass allocation to above- and below-ground parts and to individual organs
differed between treatments. (Table 1, Fig. 2). The highest R/S ratio was found with low
nutrient supply (Fig. 3), as expected (Fitter and Hay 1991). In most cases the differences

between treatments increase with plant age (Table 1).
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Fig. 5. Variation of the selected characteristics of growth and development of individual plants with different

nutrient supply over time (June to December).
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The biomass allocation to above- and below-ground parts and to individual organs
differed between treatments. (Table 1, Fig. 2). The highest R/S ratio was found with low
nutrient supply (Fig. 3), as expected (Fitter and Hay 1991). In most cases the differences
between treatments increase with plant age (Table 1).

The formation of organs serving either vegetative propagation and reproductive
allocation is strongly enhanced under conditions of high soil fertility (Table 1, Fig. 5).
Production of new rhizomes increased in the autumn (Fig. 5). This is a mechanism for
rapid early spreading of Urfica in the spring because many of its autumnal rhizomes
resume their growth to produce new shoots very quickly (Greig-Smith 1948). The apices
of these autumnal rhizomes frequently form terminal rosettes of leaves already in the
autumn. Under more fertile conditions the number of new rhizomes and the length of the
longest new rhizome are higher than with lower amount of nutrients (Table 1, Fig. 5).
This result does not support the prediction of Schmid and Bazzaz (1992) that rhizomatous
perennials should have a higher rhizome number but shorter rhizomes in fertile than in
unfertile soil. Their prediction is supported by Aster lanceolatus, a species with spreading
genet architecture ("guerrilla" growth form, sensu Lovett Doust 1981). Urtica also seems
to follow "guerrilla" strategy. The growth pattern of its new rhizome is affected not only
by soil fertility but also by competition. For example (Sritek, unpublished data), a young
sparse clone establishing itself within a dense stand of Calamagrostis canescens (in wet
meadows) spreads relatively fast by numerous long rhizomes. In this case Calamagrostis
is probably not as strong competitor as Urtica and Urtica scaterred shoots may avoid
intraspecific competition. Moreover, most of the rhizomes are successful in the formation
of mature shoots in the next year after the establishment of the clone. In this case longer
rhizomes can probably also evade the resource-depletion zone (compare Sutherland 1987).
A similar situation is found at the edge of large old clones. However, within the larger
clone the formation of short rhizomes does not prevail. Numerous new shoots are formed
from short rhizomes in spring, but many of them die because of intraspecific competition
(i.e. the density in April and October is 400-700 and 100-200 shoots per m?, respectively;
Sritek, unpublished data).

Under fertile conditions production of reproductive organs flowers and fruits)
increased (Table 1, Fig. 2, 4). Urtica produces as many as 10,000 to 20,000 seeds per
individual (Bassett et al. 1977; for U. d. L. ssp. gracilis (Ait.)Selander) with long-term
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viability in the soil (@dum 1978) and mean germination rate of seeds of different
populations from 50 to 70 %. The germination is negatively affected by flooding (Wheeler
1981).

The relationship between inflorescence biomass and total biomass is significantly
positive. This result partly seem to correspond with Reekie and Bazzaz (1987b) who found
that reproduction did not reduce the overall growth of Agropyron repens. Both direct
photosynthesis by the reproductive organs and reproductive enhancement of leaf
photosynthesis contributed to enhanced growth (Reekie and Bazzaz 1987a). However,
photosynthetically active floral organs may not accurately reflect the cost of sexual
reproduction of the plant (Weaver and Cavers 1980).

The positive correlation of generative reproduction with plant size, which was
documented by the experiment, corresponds with earlier findings (Weaver and Cavers
1980; Hartnett 1990). The plants of the same height devote more to reproduction if grown
in nutrient rich soil in the experiment.

Some structural relations do not follow known facts. The plant height and number
of branches did not differ between male and female plants (Table 2). Generally, size
differences between female and male individuals are documented within many species
(Gross and Soule 1981; Lovett Doust and Lovett Doust 1987). Females are usually larger
and form greater number of ramets than males. Lovett Doust and Lovett Doust (1987)
found for Rumex acetosella that a female plant is able to retain leaves on existing ramets
and to make more ramets, hence more leaves that live longer. Greater branching of female
than male individuals has been reported for Spinacia oleracea plants by Onyekwelu and
Harper (1979).

However, in the present investigation, branching (number of lateral branches) was
correlated only with plant height and plant age but not with sex. High fertility did not
affect the number of branches directly (Table 2, Fig 4). Plant height was affected by
fertilizer-treatment and with harvest (Table 2). With regard to branching the overall plant
size, but not the architecture was affected by fertilization. The increased number of lateral
branches is important especially in late summer and autumn, when leaves of the branches
live longer and hence may produce reserve assimilates. Likewise the leaf rosettes of
autumnal new rhizomes may also produce extra reserves.

It may be concluded that nutrient enrichment supports the competitive ability of the
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life strategy of Urtica dioica (compare Grime er al. 1989). High nutrient uptake from the
soil increases especially the allocation of biomass to reproductive organs and those
vegetative organs which are important for vegetative spreading of established Urtica clones
and for the growth of seedlings colonizing mainly disturbed places.
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Abstract

The study examined the effect of various levels of water table depth (WTD) on
production, biomass allocation, allometric relationships and transpiration rate in Urtica
dioica during one growing season. The water table depths were as follows: 60, 50, 40,
30, 20, and 10 cm under the soil surface. There were established by the six different
heights of substrate in laminate containers: 80, 70, 60, 50, 40, 30 cm. The height of the
constant WTD was 20 cm. Urtica dioica individuals were established from apical parts of
young rhizomes and planted in a regular grid 15 cm apart, 5 by 6 saplings per container.
The height of all individuals and the length and width of the biggest leaf blade of each
individual were measured in three times; transpiration rate was measured in two times
during the experiment. Above-ground biomass of all individuals was harvested at 24th
July. It was divided to individual organs; different biometric parameters were measured.

All the biometric characteristics were highly dependent on WTD. With the water
table comming closer to the soil surface, biomass was lower, the plants were lower, had
less branches and rhizomes, and the rhizomes were shorter. Most allometric relationships
were affected by water level (particularly those between plant height and other
characteristics such as basal diameter, length of longest branch and rhizome); the
biometric parameters were highly dependent on the plant height. Transpiration of plants

strongly decreased with decreasing WTD.
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Introduction

The wetland habitats in cultivated landscape have been significantly altered by human
activities, particularly by agricultural practices (e.g. wetland drainage, canalization of
streams and rivers, bank stabilization, livestock grazing, utilization of fertilizers and
pesticides) and but also by management exclusion, particularly cutting (Mathias & Moyle,
1992).

In both cases the altered wetlands are the favourable areas for fast spread of highly
competitive native plants or/and invasive plants. Phalaris arundinacea, Calamagrostis
canescens, Filipendula ulmaria, Urtica dioica, Glyceria maxima are examples of these
expansive native plants for the Central European wet meadows (Hlavdcek & Pysek, 1988;
Prach et al., 1990; Prach, 1992; Sriitek, 1993); Impatiens glandulifera, Rudbekia
laciniata, Spiraea salicifolia represent invasive plants (Sritek, 1993; Py¥ek & Prach,
1994). '

Urtica dioica, a native plant of the river or stream banks, frequently forms large
patches or stands in higher parts of microtopography and/or shallow depressions within
floodplains (Prach, 1992; Sritek, 1993). Its spread in wet meadows is also affected by
frequency and length of inundation (KlimeSovd, 1994). This species has no special
adaptation to anoxic conditions in the flooded soils (Grime et al., 1989). Therefore, its fast
spread in the flooded areas usually occurs during a climatically dry period. Not only fast
vegetative growth of older clones of Urtica but also a great amount of seeds in the area
(hight seed production and soil seed bank) enables the successful occupation of disturbed
parts of wetlands (KlimeSovd, 1995). Floods significantly reduce the survival of young
plants of Urrica. The effect of floods on the older plants is not so strong, resulting only
in their lower biomass (Klime$ovd, 1994).

This study examines the effect of various levels of water table depth on the
production and pattern of biomass allocation within Urtica plants during one growing
season. The following questions were addressed:

@)) What is the influence of various levels of water table depth on biomass allocation
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within the plants?
(2)  What are the consequences of different water table depth on plant architecture and
allometry of various organs?
(3)  Are there any changes in transpiration of plants under different soil-moisture

conditions?
Material and methods
Experimental design

The Urtica dioica individuals were planted in the laminate containers (200 x 100 x 40 cm)
which were filled with sandy loam (loam:sand = 3:1) and located in the institute’s garden
in the spring, 1990.

The regular shape of each experimental plot in a container was arranged by wooden
walls of the same height as substrate height. The six levels of water table depth (WTD)
was established by six different height of substrate, i.e. 80, 70, 60, 50, 40, 30 cm. The
height of the constant WTD was 20 cm. It was kept by the simple overflow and barrel
with water in each container, The substrate was homogenously irrigated by the system of
the regularly arranged pipes on the container bottom.

The combined NPK fertilizer (12.5 % N, 8.5 % P, 16 % K) was applied in the
dose of 28 g of fertilizer per m’ of substrate applied as a water solution three times during
the experiment (28th May, 20th June and 13th July).

The terminal parts of a new rhizomes (10 to 15 cm in length, with 2 to 4 nodes and
terminal green rose of young leaves) for establishment of plant individuals were collected
on March 23th from one natural clone of Urtica found within unmanaged floodplain
meadows. These meadows are situated in the LuZnice River floodplain near the border
with Austria, in the Ttebori Biosphere Reserve, South Bohemia, Czech Republic (Prach
et al., 1990; Sritek, 1993).

Rhizome pieces were arranged in a regular grid 15 cm apart on May 8th. Thirty
individuals were planted in each container (5 by 6 plants).

The above-ground edge effect was removed by one row of plants allocated around

the rectangular plot in each container. This row was separated in the soil from the plot by
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PVC sheet.

The height of all individuals in each container was measured three times during the
experiment on the following dates: 13th June, 29th June, 24th July. The length and width
of the biggest leaf of each individual were measured at the same time.

The transpiration rate of randomly selected ten individuals for each WTD was
measured two times during the experiment (on 27th June, and 23th July) using steady-state
porometer (LI-1600 for measurement of direct readout of transpiration rate and stomatal
conductance; LI-COR, Lincoln, Nebrasca). The third or fourth couple of leaves from the
top of shoot was selected for measurement.

The following parameters were measured after harvest at 24th July: plant height,
basal diameter of shoot, number of leaves on the main shoot, number of stipules together
with branches (branches growing from stipules), number of branches, length of the longest
branch, number of rhizomes, length of the longest rhizome. Each sampled plant was
divided into its organs. All samples were oven-dried at 85 °C to constant weight.

In the following text lateral shoots are referred to as branches, inflorescence and
infrutescence grouped together as inflorescence and new rhizome together with their apical
above-ground parts, which form new shoots in the following spring, described as rhizome.
New rhizomes are defined as rhizomes created during the observed growing season. Both
new and old rhizomes can be found in older plants (at least two years old). In our case,
only new rhizomes were present, as well as the rests of rhizome pieces used for

establisment of plant individuals.

Data analysis

Simple linear regression was used to reveal the dependence of particular biometric and
biomass characteristics on the WTD (Zar, 1984).

The influence of WTD on allometric relationships was tested using multiple linear
regression. If the WTD significantly influences the allometric relationship between X and
Y (i.e., Y=a + bX), then the partial regression coefficient b, in the equation Y=a + 5 X
+ b, WTD s significantly different from zero. Note that because the allometric
relationship usually takes the form of a power curve, X and Y are biometric characteristics

subjected to log-transformation (Zar, 1984).
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Transpiration was measured twice on the same plants. The length and width of
leaves and plant height were measured three times. Consequently, repeated measurement
analysis was applied in these cases.

Where appropriate, log-transformation (log(x+1) when data contained zeros) was
applied to the primary data to achieve normality.

The SYSTAT and STATGRAPHICS packages were used for analyses (Wilkinson
1990).

Results
Dependence of biomass allocation and biometric parameters on the water table depth
All the biometric characteristics were highly dependent on the WTD; the plants were
lower, had less branches and rhizomes, the rhizomes were shorter and the biomass was

lower with the water table coming closer to the soil surface. Generally, the statistical

relationships were very significant (Table 1, Fig. 1).
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Fig. 1. Biomass partitioning (g) in individual plants in different water table depth (from 60 to 10 cm under
soil surface) at the end of experiment.
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Table 1. Results of linear regression between water table depth (cm belowground) and selected parameters.
All the regressions were statistically highly significant (P <0.01).

Resource Log-trans- Inter- Slope R?
(dependent formation cept
variable) of dependent

variable
total + 0.062 0.185 0.652
aboveground
biomass
shoot biomass + -0.259 0.204 0.668
(including branches)
leaf biomass + -0.279 0.139 0.584
branch biomass + -0.743 0.188 0.368
inflorescence + -0.031 0.077 0.42
biomass
rhizome + -0.068 0.056 0.315
biomass
plant height + , 1.629 0.088 0.63
basal + 0.606 0.052 0.53
diameter
number of - 6.35 0.684 0.259

leaves on
main shoot

number of - 10.808 0.75 0.177
branches

number of - 0.229 0.309 0.205
rhizomes

length of + 0.283 0.227 0.391
longest
branch

length of + 0.284 0.219 0.437
longest
rhizome
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In particular, a decrease in shoot biomass was dramatical. It is most pronounced

at a WID of 30 cm under the soil surface. Leaf biomass decreased continuously with

higher groundwater table (Fig. 1). Within treatments variability among individual shoots

was relatively low in the all above-mentioned characteristics. Inflorescence biomass did

not respond so rapidly at deeper groundwater table (60, 50 and 40 cm under the soil

surface; Fig. 1). Even if the water table was 50 and 40 cm deep, the inflorescence mean

dry weight was rather higher than in 60 cm. Variability among shoots was high. Branch
and rhizome biomass responded in the similar way.

As expected, the characteristics measured on three dates (plant height, length and

width of leaves) changed with time, differed between variants and the differences increased

with time (repeated measurement analysis, P< <0.01 in all the parameters).
Relationships between various parameters affected by water table depth

Allometric relationships were mostly affected by water level (particularly those between
plant height and other characteristics: Fig. 2, Table 2), and obviously, the biometric
parameters were highly dependent on the plant height. Generally, where the plant height
was treated as the first independent variable, the &, coefficient (partial regression
coefficient for WTD) -was positive, indicating that biometric characteristics (basal
diameter, length of the longest branch and rhizome, inflorescence biomass etc.) increased
with depth water level for the same plant height (Fig. 2, Table 2). The relatioship between
plant height and shoot branching (number of branches) was not affected by WTID, but
branch biomass was increased under drier conditions for the same plant height. The
number of rhizomes was related to the total above-ground biomass but not to plant height;
rhizome biomass was positively correlated with plant height and increased with WTD.

Relationship between reproduction (inflorescence biomass) and vegetative spread
(rhizome biomass) was significant.

Plant height was related to leaf shape (expessed by leaf length/leaf width ratio) only
in young plants at the first measurement (13th June). The ratio increased with plant height,
but the relationship was independent of WTD. At the other two measurements, this

relationship was not significant.

e —— e ———————
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Table 2. Partial regression coefficients for water table depth (WTD) in the equation ¥ = ¢ + bX + b,WTD
and their significance.

Dependent Independent Log-trans- Partial SE Signifi-
variable variable formation regression of cance
() (X) of primary coefficient b, level of
data for VID by
(b5)
basal plant height + 0.026 0.011 0.0144
diameter
length of plant height + 0.334 0.078 0.0000
longest
branch
length of plant height + 0.189 0.076 0.0135
longest
rhizome
number of plant height - 0.233 0.445 0.6036
branches
number of plant height - 0.334 0.173 0.0545
rhizomes
number of total above- - 0.428 0.146 0.0038
rhizomes ground biomass
number of +total above- = - 0.736 0.383 0.0558
branches ground biomass
total plant height + 0.105 0.024 0.0000
above- '
ground
biomass
leaf plant height + 0.122 0.028 0.0000
biomass
branch plant height + 0.237 0.067 0.0006
biomass
inflore- plant height + -0.01 0.019 0.6003
scence
biomass
rhizome plant height + 0.063 0.023 0.0060
biomass
rhizome total above- + 0.226 0.120 0.0614
biomass ground biomass
inflore- rhizome + 0.129 0.018 0.0000
scence biomass
biomass

I
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Fi 1g 2. Relatlonshlp between plant height and above-ground biomass on the three water table depth (WTD):
4 e - 60 cm, ¥ ----=-- 30 cm,& 10 cm under soil surface.

Transpiration under different water table depth

Transpiration of plants was strongly affected by water level at both the measurements;

traspiration rate decreased with the decreasing WTD (Fig. 3).
Discussion

The wetlands and particularly floodplains are one of the most important habitats for Urtica
dioica in Central Europe (Ellenberg, 1988). Although Urtica has probably no important
anatomical and morphological adaptations to conditions of permanent inundation (Grime
et al., 1989; Koncalovd, 1990; Crawford, 1992), it is able to occupy large areas of
unmanaged wetlands. As other terrestrial plants in wet habitats, Urrica prefers elevated
places and shallow depressions (Sriitek, 1993). Voesenek et al. (1993) described a similar
distribution of Rumex acetosa in the floodplain of the Rhine delta. Urrica seedlings tolerate

short-term flooding in spring and summer but its rapid spread is supported by a drier
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Fig. 3. Transpiration rate (mM.m?>.s") of individual plants in different water table depth (from 60 to 10 cm
under soil surface) in the two measurement during the experiment

growing season (KlimeSovd, 1994). Generally, the consequences of flooding for plants
depend on the stage of their ontogenetical development, e.g. stem height, formation of
root system, storage of nutrients and carbon (Ernst, 1990). Furthemore, common
characteristics of species well adapted to flooding are increases in root porosity and
associated decreases in specific gravity and activation of anaerobic metabolism (Carter &
Grace, 1990). Probably, only spatial arrangement of the rhizome and root layer (it forms
10-15 cm thick well aerated layer of intertwined rhizomes and roots in the topsoil with big
volume of litter and detritus)(Sritek, unpublished field observation) and accumulated
storage material in rhizomes and roots of mature plants enable Urfica to survive several
weeks under water. However, Urrica plants, particularly seedlings, are severely injured
(KlimeSovd, 1994). Urtica seedlings respond in a different way to spring and summer
flooding. In summer, seedlings show degradation of roots, ceassation of dry mass
accumulation and growth, shedding of leaves and inflorescences and growth of
adventitious roots on submerged stem parts, which substitute a deep rooting system
(Klime3ov4, 1994; Ernst, 1990). The youngest seedlings survive the spring flood, but
post-anoxic injury affects their mortality (KlimeSovd, 1994). Frequently, seedlings of

terestrial plants show no growth under anoxia. For example, Fagerstedt & Crawford
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(1987) refered anoxic (by ethanol production) and post-anoxic injury (by acetaldehyd
production) of Hordeum vulgare seedlings under flooding conditions.

The present study evaluted responses of above-ground organs of Urtica dioica to
different water table depths (WTD) (60, 50, 40, 30, 20 and 10 c¢cm under ground). The
answers to the introductory questions are the following:

(1) Standing crop of above-ground parts (i.e. total biomass, shoot, leaf, branch,
inflorescence and rhizome biomass) was strongly affected by changes in WTD (Fig. 1,
Table 1). Van der Sman er al. (1988) documented similar results for Chenopodium
rubrum, biomass of which was severely reduced in response to waterlogging.

Therefore, the competitive ability of Urtica decresed with increasing WTD. It is
characterized by the effect of low WTD on the features important for the competitive
ability (Grime et al., 1989). For example, a consequence of a decrease in above-ground
biomass, particularly the shoot biomass (Fig. 1, Table 1), is a low production of litter,
which is important for competitive exclusion of weak species (Al-Mufti et al. , 1977). In
our case, those could be e.g. Ficaria verna, Anemone nemorosa, spring geophytes
common in rather monospecific stands of Urtica.

Similar effect of flooding on biomass production were described by Salo (1989) on
Trifolium pratense and T. hybridum. These species gave the lowest relative yield after
flooding compared to the investigated grasses such as Phalaris arundinacea, Alopecurus
Dratensis, Festuca pratensis etc. Waldren er al. (1988) showed a reduction of total dry
weight and dry weight of individual organs of Geum urbanum by flooding. Orchard &
Jessop (1984) showed that waterlogging periods of only three days can result in marked
reductions in leaf area and yield of Helianthus annuus and Sorghum bicolor.

Reproductive effort (biomass of male and female inflorescences) was also
suppressed by low WTD (Fig. 1). However, this negative response was negligible at the
low groundwater table (60, 50, 40 cm under ground). A severe decrease in inflorescence
mass was observed in a water level of 30 cm under ground. Therefore, the success of
generative reproduction of Urtica in frequently flooded areas decreases by low seed
production but also probably by short viability of seeds under wet conditions. Hook (1984)
reported that the majority of land plant seeds lose their viability if submerged for
prolonged periods.

(2) Urtica decreased shoot height with higher soil moisture (Table 1), as well as

D
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length of the longest branch and rhizome, and also the number of branches and rhizomes
decreased with lower WTD. .

In the field, higher number of Urrica branches will probably result in prolongation
of period of assimilate storage; in autumn, shoots fall down and shoot branches become
erect, forming additional shoots able to continue photosynthesis. Therefore, further
assimilates can be produced and transported to below-ground organs. These shoots
frequently take root. On the contrary, in many aquatic and semi-aquatic plants, rapid shoot
elongation in response to flooding was observed (Jackson & Drew, 1984; Van der Sman
et al., 1993). Van der Sman et al. (1991) observed in Rumex maritimus a shift from
extension of petioles to extension of internodes and a decrese of the rapid elongation
response upon flooding in the course of the development of flowering plants.

The WTD affected allometric relations between different organs (Fig. 2, Table 2).
Obviously, the basal diameter, length of the longest branches and rhizomes, total
above-ground biomass etc. were positively correlated with plant height. Nevertheless, the
partial regression coefficients have shown that even if the plant height is kept constant,
more robust plants showing a frequent shoot branching and a strong ability of rapid
vegetative spread were observed in drier sites of the moisture scale (when water table was
60 cm under ground, in our case). Reproduction appeared to be even more influenced than
biomass by waterlogging (Van der Sman et al., 1988). Van der Sman er al. (1991, 1992,
1993) reported that seed output of Rumex maritimus was positively correlated with the
number of stems and total stem length under drained conditions.

The inflorescence biomass and rhizome biomass were positively corelated, even
within a level of WTD. In robust vigorous plants, a high production of seeds can be
followed by successful vegetative spread of the same plant. Usually, only decrease in
flower creation, flower and fruit abscission and fruit production is documented as plant
responses to flooding (Hook, 1984; Crawley, 1986). Hutchings & Bradbury (1986)
suggested that rhizome and stolon extension may not necessary constrain growth and
development elsewhere in the plant. Reekie (1991) suggested the following general
premise in relationship between seed production and vegetative propagation: plants
minimize the overall cost of propagation by preferentially allocating resources to the mode
of propagation that minimizes the detrimental effects of propagation upon growth.

The relationship between plant height and leaf shape (leaf length/leaf width ratio)
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is rather complicated. Young higher plants showed a tendency to form narrower leaves.
The relationship was not affected by water level. This tendency was not observed in older
plants. The relationship between leaf morphology and water availability is documented
more frequently than effects of WTD on relationship between plant height (size) and leaf
morphology. For example, change in leaf size is related to climatic zones (water
availability); the largest leaves are found in tropical rain forest and small leaves in deserts,
tundra or heathland communities (Crawley, 1986).

(3) Transpiration was negatively correlated with the level of groundwater table. The
stressed plants under wettest conditions were lowest in transpiration rate, as usual (Fitter
& Hay, 1991). Transpiration gradually increased with increasing of the WTD. This
corresponds to the suggestion that stomatal closure and reduced leaf growth in herbaceous
species may be the most rapid external plant response to flooding (Hook, 1984).
Kozlowski (1984) suggested that stomatal closure is a consequence of reduction in soil
oxygen.

Another response of Urtica plants to higher soil moisture during the experiment
was chlorosis of leaves, observed visually (Sritek, personal observation). Usually,
chlorosis is related to growth reduction of the above-ground parts and root system. Leaf
senescence and absission follow (Jackson & Drew, 1984; Kozlowski, 1984). Van der
Sman er al. (1988) suggested that especially in young plants with limited reserves,
nitrogen deficiency is an early consequence of waterlogging and causes premature leaf
senescence while mobile nutrients are reallocated from older leaves into younger ones.

In spite of a decré%ed competitive ability of Urtica dioica in regularly flooded
wetlands, this species is able to persist in unmown wetlands for many years and form
almost pure large stands. The main reasons are as follows: (1) preference and occupation
of dried elevated places and shallow depressions, (2) competitive exclusion of the most of
other species both mechanically (rhizomes show progressive vegetative spread and

penetrating also through compact tussocks of wetland grasses) and chemically (allelopathic

effects are documented), (3) high seed production, and (4) tolerance to short-term
flooding.
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Abstract

The growth and mortality patterns of the clonal forb Urtica dioica were investigated at the
level of the individual shoot in two growing seasons, 1991 and 1992. Shoot height and
diameter at ground level of each shoot tagged in spring were measured repeatedly five
times during the growing season. Dry weights of these repeatedly measured shoots were
estimated using an allometric relationship between dry weight, height and diameter of
harvested shoots. A great decrease in shoot density occurred with stand development from
the beginning of the grbwing season in both the years (shoot survival rate was about 30
% at the end of the growing season): (1) shoot mortality rate per 10x10 cm subplot
between censuses was positively dependent on shoot density per subplot; (2) the mortality
rate of individual shoots was negatively dependent on shoot size (height, diameter and
weight) as a consequence of asymmetric competition between living and dying shoots; (3)
shoot size (height, diameter and weight) variability in terms of the coefficient of variation
and skewness decreased in accordance with shoot mortality. Regression analysis

based on a model for individual shoot growth considering both one-sided and symmetric
competition showed that competition between living shoots was almost absent. The
mortality pattern of Urtica dioica indicates that shoot self-thinning occurred from the early
growing stage as in non-clonal crowded monospecific stands, and contrasts with many
clonal plants where shoot self-thinning rarely occurs or, if any, is confined only to later

growing stages. The pattern of growth and competition between living shoots of Urtica
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dioica contrasts with non-clonal crowded plants undergoing intense competition (usually
asymmetric) between individuals, but is a common feature of many clonal plants where
shoot competition is supposed to be reduced by "physiological integration" between shoots.
These form a new pattern not reported yet for clonal plants. A wide spectrum of the
growth, competition and mortality patterns of shoots of clonal plants is pointed out. Some

possible mechanisms for the pattern of Urtica dioica are discussed.

Keywords: Diffusion model, individual shoot growth, shoot competition, shoot

self-thinning, shoot size variability, Urtica dioica L.
Introduction

The clonal dioecious forb Urtica dioica L. is native throughout Europe and Asia from the
Mediterranean to the Arctic regions (predominantly in Europe; Greig-Smith, 1948). In
Central Europe, Urtica dioica forms large stands, especially in open areas of river
floodplains (Ellenberg, 1988). High soil moisture and nutrient content in the soil enable
Urtica dioica to spread quickly. Mdreover, many floodplain meadows abandoned in the
past, particularly in Central and Eastern European countries, have supported the spread
of Urtica dioica (Sritek, 1993). Urtica dioica suppresses many other plants and forms
almost pure stands with low biomasses of other species under its canopy (Al-Mufti et al.,
1977; Grime et al., 1989; Sritek,1993).

The present paper focuses on the seasonal shoot dynamics of Urtica dioica by
investigating the processes of growth and mortality of individual shoots and the mode of
shoot competition. The growth and mortality dynamics of non-clonal plants, especially
artificial crowded monospecific stands, have extensively been studied at the level of the
individual plant [for example, reveiws of Benjamin and Hardwick (1986), Weiner and
Thomas (1986), Hara (1988) and Weiner (1990)]. However, the study of clonal plant
dynamics at the level of the shoot and at the level of the clone is still in its infancy and
controversial [De Kroon, Hara and Kwant, 1992; see also reviews of De Kroon (1993) and
Hara (1994)], especially concerning the effect of "physiological integration” between
shoots (Hutchings, 1979) on shoot growth and mortality. Physiological integration is

defined as "the exchange of resources and growth substances between shoots of a single
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clone" [De Kroon and Kwant 1991; reviews of Pitelka and Ashmun (1985) and Hutchings
and Slade (1988a, b)]. According to the hypothesis of physiological integration, smaller
shoots (or shoots in the dark) are supported by the transport of resources from larger
shoots (or shoots in the light), especially early in the growing season, resulting in the
delay or absence of density-dependent shoot self-thinning, little competition between shoots
and the decrease in shoot size variability (for example, Hutchings, 1979, 1983; Bradbury,
1981; Cain, 1990; Hara, van der Toorn and Mook, 1993). De Kroon and Kwant (1991)
and De Kroon et al. (1992), however, did not find any effects of physiological integration
at the level of the entire clone of Brachypodium pinnatum and Carex flacca. De Kroon
(1993) and De Kroon and Kalliola (1994) suggest the occurrence of density-dependent
shoot self-thinning over years in the clonal giant grass Gynerium sagittatum. Hutchings
and Price (1993) refuted the commonly-quoted view that physiological integration between
shoots of clonal herbs evens out the effects of variation in environmental quality, and
promotes equitable shoot performance. This paper reports on a new pattern of shoot
dynamics of Urtica dioica not reported yet for clonal plants, and points to a wide spectrum
of the growth, competition and mortality patterns of shoots of clonal plants in comparison

with those of non-clonals.
Materials and methods
Study site

This study was carried out in a Urfica dioica stand in the LuZnice River floodplain, 25 km
SSE of the town of Tfeboii, Czech Republic. The geomorphological description of the
floodplain and the characteristics of past human activities in this area have been given by
Prach, Kudera and KlimeSovd (1990) and Sritek (1993). The mean annual temperature and
precipitation from 1988 to 1993 at the meteorological station of the Institute of Botany
(situated about 400 m from the study site, 460 m a.s.l.) were 7.7 C and 606 mm. The
study site was in the abandoned part of the floodplain near Haldmky village and 30 m
from the river bank. The floodplain meadows have not been mown for about 20 years.
The study plots were situated in a dense and almost pure stand of Urtica dioica. The

biomass of species other than Urrica dioica (in the understorey of Urtica dioica: Ficaria
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verna, Anemone nemorosa, Galium aparine, Glechoma hederacea, Phalaris arundinacea,
Cirsium palustre, Ranunculus repens, Angelica sylvestris and Alopecurus pratensis) was
almost negligible (usually between 0~5 % of the total biomass), and only the growth and
mortality of Urtica dioica are analysed here.

Measurements

Four 1x1 m permanent plots were set up in April 1991, and each plot was divided into
100 10x10 cm subplots (400 subplots in total). 91 subplots were selected randomly from
the total of 400 subplots (using a random number table) and all the shoots in the 91
subplots were tagged in April 1991. Shoot' height and diameter at ground level of the
tagged shoots were measured repeatedly on 11 April (census 1), 16 May (census 2), 12
June (census 3), 23 July (census 4) and 4 September (census 5) 1991. Shoots which
emerged after census 1 in the 91 subplots were also tagged and measured. The number of
shoots in all the 400 subplots were counted on these census dates. At the same time (or
+1-2 days), five 25x100 cm plots were harvested from five transects (one harvest plot
from one transect) located near the i)ermanent plots. The number of shoots was counted
and the total dry biomass (85 °C for two days) was weighed for each harvested plot.
Moreover, about 35 shoots were randomly selected in each harvested plot (about 175
shoots in total) and measured for shoot height, shoot diameter at ground level, leaf area,
stem, leaf and inflorescence (or infructescence) dry weights. In addition to the harvests
made on the same days (or +1-2 days) of the repeated measurements in the permanent
plots, harvests and sample measurements were also made on 28 April, 27 May, 30 June,
13 August, 6 October 1991.

The same method was applied to the same four permanent plots also in 1992. All
shoots in the 91 subplots were tagged again in April 1992 (note that shoots of Urtica
dioica die back in winter) and measured repeatedly for shoot height and diameter at
ground level on 8 April (census 1), 13 May (census 2), 1 July (census 3), 23 July (census
4) and 1 October (census 5) 1992. The same sample measurements as in 1991 were made

for five 25x100 cm harvested plots on the same days (or +1-2 days) of the repeated

measurements. In addition to these dates, a harvest and sample measurements were also

made on 18 March 1992.
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Diffusion model and the mode of competition

Hara (1984) proposed a size-structured stochastic model for the growth and size-structure
dynamics of a single-species plant population ("diffusion model"):

S =T D) f0)] - o (G S 0] - M) S0, (D

where f{z,x) is the size distribution function of size x at time ¢, G(¢,x), D(,x) and M(z,x)
are the mean of absolute growth rates, the variance of absolute growth rates and the
mortality rate of individuals of size x at time ¢. The G(t,x) and M(z,x) functions represent
the averaged size-dependent characteristics of species, whilst the D(#,x) function represents
variations in the species characteristics caused by environmental heterogeneity, genetic
variation, variation in the neighbourhood competition effect due to spatial distribution
pattern of individuals, etc. If the function forms of G(¢,x), D(t,x) and M(¢,x) are known,
the dynamics of size structure can be described mathematically.

Allometric relationships between shoot dry weight, w, [(stem weight)+(leaf
weight) +(inflorescence weight)], shoot height, #, and shoot diameter at ground level, d,
were obtained from the harvested shoots (about 150-175 shoots in total) at each time of

repeated measurement i_n the permanent plots:
logow = a + blog,h + clog,d, 2)

where a, b and c¢ are time-specific parameters. Applying eqn (2), dry weights of
repeatedly measured shoots in the permanent plots were estimated at each census in a
growing season.

The C(t,w) function was introduced to express the suppressive effects of other
shoots in a neighbourhood on a focal shoot of weight w at census # (Yokozawa and Hara,
1992). The C(z,w) function in this paper is defined as the total dry weight of shoots greater
than w per 10x10 cm subplot at census ¢. The absolute growth rate of an individual shoot

of dry weight w, Aw, was given as follows according to Yokozawa and Hara (1992):

Aw = w {aﬂ- G C(I,W) -G C(rtwmin)}: (3)

_
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where wy,;, is the minimum shoot weight in the stand, ay, ¢, and c;are constants. The mean
of Aw for each w at census ¢ gives G(¢,w) [x=w in eqn (1)]. The ratio c¢,/c, in egn (3)
defines the mode of competition for any size w such that wy;, <w<w,,, (maximum shoot
weight) as follows (Yokozawa and Hara, 1992): if ¢,=0 and c,>0, competition is
two-sided and symmetric, where relative growth rate (RGR) of every shoot is equally
suppressed by others (i.e. both larger and smaller shoots) due to stand crowdedness in
terms of stand biomass C(t,W,,); as ¢, (>0) decreases towards O (or c,/c, increases
towards infinity) with ¢, >0, competition becomes more asymmetric (but still two-sided)
and completely one-sided (i.e. suppression only by larger shoots) when ¢, >0 and ¢,=0
or ¢;/c;>+ oo (one-sided competition is an extreme case of asymmetric competition); if
¢,=c,=0, competition is absent. Because the average number of shoots per 10x10 cm
subplot was less than 2 at censuses 4 and 5 due to high shoot mortality, eqn (3) was
applied only to the early growing stages, censuses 1-3, in both the years. The term "-
aw™" (al and m are constant parameters) introduced by Yokozawa and Hara (1992) for
age effect was omitted in eqn (3). Forward stepwise (independent variables are entered or
removed stepwise one at a time) multiple linear regression analysis was conducted for Aw
as the dependent variable and w, wC'(i, w) and wC(¢,w,;,) as the independent variables. The
values of F-statistic to enter and to remove an independent variable were both set at 2. The
remaining variation, which was not accounted for by egn (3), is attributable to the D(t,w)
function in eqn (1) where x=w. In terms of the regression analysis, the G(¢,x) and D(z,x)
functions represent the predicted value and variance of residuals, respectively.

The M(¢,w) functions for estimated shoot dry weight w in the permanent plots were
estimated at each census 7 in 1991 and 1992 as follows. First, shoot weight was classified
into about ten size classes with almost equal intervals so that each size class should contain
at least ten shoots. Then, mortality rate (the proportion of dead shoots to the initial
number of live shoots) until the next census was calculated for each size class. This value

represents the M(¢,w) function for w as a mid-point value of each size class at census f.
Results

The R? of the allometric relationship described by eqn (2) was generally high in both the

years, ranging from 0.774 to 0.971: seven cases out of ten were > 0.9, two cases were




-89 -

g 8
:

Shoot biomaes (g d.wt m""’)
8

10 *
100 2 1000
Shoot density {m™)

Fig. 1. The relationship between shoot density p (m?) and shoot biomass y (g d.wt. m?) of Urtica dioica
on log-log scale during a growing season in 1991 (A,0O) and 1992 (4,®). Triangles represent the
sample-number-weighted mean of five 25x100 cm harvested plots, and circles the sample-number-weighted
mean of four 1x1 m permanent plots [each shoot weight was estimated using eqn (2)]. The self-thinning line
given as log,,y + (1/2)log,,p = K (constant) is presented for K=3.5, 4.0 and 4.3.

> 0.8, and one case was 0.774. Shoot emergence occurred until census 2 in both the
years: 19 and 86 shoots emerged between census 1 and 2 in 1991 and 1992, respectively.
High mortality of Urtica dioica shoots occurred from the beginning of the growing

season both in 1991 and 1992 (Figs 1 and 2). The biomass-density relationship of Urtica

Shact densky (m™2)
8
T

a I ] 1 1 1 1
Apr May Jun ki Aug Sep Oct

Fig. 2. Changes in shoot density (m?) of Urtica dioica during a growing season in 1991 (O) and 1992 (@).
Each symbol represents the mean of four 1x1 m permanent plots together with SE bars.
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dioica shoots fits in a band given by the two self-thinning lines described as log;, y +
(172)log,p = K (y, biomass [g d.wt. m-2]; p, density [m™]; K, constant) with K=3.5 and
4.3 (Fig. 1), which have been reported for many non-clonal self-thinning plants (Yoda et
al., 1963; Westoby, 1984; White 1985; Weller 1989). The relationship between shoot
density per 10x10 cm subplot at census 1 (X) and the number of dead shoots per subplot
between census 1 and 3 (¥) in the four 1x1 m permanent plots in 1991 was:
=-0.569(10.117SE)+0.589(+0.018SE)X, n=363 (empty subplots excluded), R=0.863
(linear regression analysis). Shoot mortality rate per subplot given as Y/X was thus
positively dependent on shoot density per subplot because the intercept was significantly
negative and the slope was significantly positive. The same result was obtained between
census 1 and 5 and also for 1992, Although the initial shoot density in April was different
between the years, shoot density converged to almost the same value towards the end of
the growing season (Fig. 2).
Urtica dioica shoots grew vigorously in shoot height, diameter and weight in a

growing season (Figs 3-5). There was little difference in the pattern of size-structure

Table 1. The results of multiple linear regression analysis based on eqn (3) for the shoot weight growth of
Urtica dioica in 1991 and 1992. All the tagged shoots in 91 10x10 cm subplots randomly selected from the
four 1x1 m permanent plots were used for calculation. Because the shoot number per 10x10 cm subplot was
not enough at census 4 and 5, regression analysis was not conducted between census 3 and 5. The forward
stepwise method was used and the step number each independent variable was entered into the regression
is given in parentheses (no variables were removed). The blank means that the variable was not entered. The
R*-values for the final model is d.f.-adjusted. See text ("Materials and methods") for the census dates of each

year,
Year 1991 Year 1992
P-value Rz-value P-value Rz—value
census 1-2 (n=403) (n=429)
ag 0.000 (1) 0.449 0.000 (1) 0.243
c
c% 0.008 (2) 0.460
final model 0.000 0.457 0.000 0.241
census 2-3 (n=198) (n=171)
ag 0.000 (1) 0.367 0.000 (1) 0.543
- ;
c; 0.078 (2) 0.377 0.045 (2) 0.554
final model 0.000 0.371 0.000 0.549
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Table 2. Mortality and competition patterns of clonal plants in comparison with those of non-clonals in
crowded monospecific stands

T . » .

plants density-dependent shoot competition between
self-thinning living shoots

‘many clonals none, almost none or none, almost none or
only in later growing stages symmetric

Brachypodiuml none asymmetric

pinnatum )
Carex flaccal) almost none asymmetric
Urtica dioicaz) from the early growing stage almost none

each year

Gynerium 3 OCCurs over years asymmetric
sagittatum )
non-clonals from the early growing stage mostly, asymmetric

1) from De Kroon and Kwant (1991) and De Kroon, Hara and Kwant (1992);
2) this study; 3) from De Kroon (1993) and De Kroon and Kalliola
(1994) . For references for "many clonals" and "non-clonals", see text.

dynamics between the two years (Figs 3-5). In accordance with the great decrease in shoot
density, size variability in terms of the coefficient of variation (CV) and skewness
decreased from the second census onwards in shoot height, diameter and weight (Figs
3-5). Mortality rate of individual shoots, M(t,w), was negatively size-dependent from the
beginning of the growing season (Fig. 6). Mortality rates based on shoot height and
diameter showed the same results as for shoot weight in Fig. 6. The Kolmogorov-Smirnov
two sample and Mann-Whitney U-tests reveaied that the C(z,w) values at census 2 of
shoots that died during census 2 and 3, where shoot mortality was greatest (Fig. 2), were
significantly (P <0.01) greater than those of living shoots, whilst there was no significant
difference (P>0.1) in the C(¢,w,,) values between the living and dying shoots. These
results indicate that shoot mortality was caused by asymmetric competition between living
and dying shoots. There was little difference in the growth and mortality patterns of shoots
between 1991 and 1992.

For the multiple linear regression analysis based on eqn (3), homogeneity of
variances of residuals (homoscedasticity) was checked with residual-predicted value
scatterplots. Since the residuals had constant variances in all the cases in Table 1 [i.e. the

D(t,w) function was size-independent as pointed out by Hara et al (1993) as a common
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feature of many clonal plants], transformation was not made for Aw. Normality of
residuals and outliers were checked with normal plots and residual-deleted residual plots,
respectively, and no serious discrepancies were found. The Durbin-Watson statistic was
between 1.9 ~ 2.0 and serial correlation between residuals was between -0.1 ~ 0.1 in
all the cases in Table 1, implying little autocorrelation between residuals. Therefore, none
of these residual analyses indicates inadequacy of the regression model, eqn (3).
Multicollinearity was not found between the independent variables in eqn (3) since
correlations between C(r,w) and C(t,w,;,) were all less than 0.5. Symmetric competition
between living shoots was detected (P <0.1) at census 1-2, 2-3 in 1991 and at census 2-3
in 1992, However, increases in the R*>-values were relatively low (ca. 1 %; Table 1) even
when the competition variable, wC(,w,,), was entered. The intercept for eqn (3) was not

significantly different from 0 (P>0.1) in all the four cases in Table 2.

Discussion

It has been demonstrated extensively that in non-clonal crowded monospecific plant tands
(mostly artificial ones) intense density-dependent self-thinning (sensu Yoda t al., 1963),
which is brought about by negatively size-dependent mortality, occurs rom the early
growing stage and that competition between individuals is suggested to be "asymmetric"
(or "one-sided") [reviews by Weiner and Thomas (1986), Hara (1988) and Weiner (1990);
note that the precise definition of "asymmetric" (or "one-sided") competition differs
amongst authors, but the common view of "asymmetric competition" many authors,
including us, have used is the one described verbally by Weiner (1990)]. In clonal plants,
however, physiological integration between shoots [Hutchings, 1979; for example, see
reviews of Pitelka and Ashmun (1985) and Hutchings and Slade (1988a, b)] brings about
the support of smaller shoots (or shoots in the dark) by the transport of resources from
larger shoots (or shoots in the light), especially early in the growing season, resulting in
the delay or absence of density-dependent shoot self-thinning, little (or symmetric)
competition between shoots and the decrease in shoot size variability (for example,
Hutchings, 1979, 1983; Bradbury, 1981; Cain, 1990; Hara et al., 1993). These growth
and mortality patterns of shoots are brought about also by the utilization of remobilized
resources in rhizomes (Bradbury, 1981; Cain, 1990; Hara et al., 1993), which can also




- 93 -

160

8

Mean shoot height {cm)
3 8
] 1

0.8

CV of shoot helght
e o
Y (o]
I 1

=)
[\M]
T

o
(=] [s,]

Skewness of shoot height
&
[4;]

Apr May Jun Jul Aug Sep Ocl

Fig. 3. Changes in mean (A), CV (coefficient of variation) (B) and skewness (C) of shoot height of Urtica
dioica during a growing season in 1991 (O) and 1992 (@®). Each symbol represents the mean of four 1x1
m permanent plots together with SE bars.
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Fig. 4. Changes in mean (A), CV (coefficient of variation) (B) and skewness (C) of shoot diameter at ground
level of Urtica dioica during a growing season in 1991 (O) and 1992 (@), Each symbol represents the mean
of four 1x1 m permanent plots together with SE bars.
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Fig. 5. Changes in mean (A), CV (coefficient of variation) (B) and skewness (C) of estimated shoot weight
of Urtica dioica during a growing season in 1991 (O) and 1992 (@®). Each symbol represents the mean of
four 1 x 1 m permanent plots together with SE bars.
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Fig. 6. The M(z,w) functions [mortality rate in eqn(1)] of estimated shoot weight of Urtica dioica at census
1-2 (A), cencus 2-3 (B) and census 3-4 (C) in 1991 (O) and 1992 (@®). All the tagged shoots in 91 10 x 10
cm subplots randomly selected from the four 1 x 1 m permanent plots were used for calculation. See text
("Materials and methods") for the census dates in each year.
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be regarded as physiological integration in a broad sense.

Due to physiological integration between shoots, the growth, competition and
mortality patterns of clonal plants are supposed to be different from those of non-clonal
plants. The degree of physiological integration, however, differs amongst clonal plant
species (Kirby, 1980; Bradbury, 1981; Ashmun, Thomas and Pitelka, 1982; Hartnett and
Bazzaz, 1983; Noble and Marshall, 1983; Pitelka and Ashmun, 1985; Schmid and Bazzaz,
1987; Magda, Warembourg and Labeyrie, 1988; Tissue and Nobel, 1990; Hutchings and

Price, 1993), including the case of absence of physiological integration (De Kroon and
Kwant, 1991; De Kroon et al., 1992; De Kroon, 1993). Therefore, the growth,

competition and mortality patterns of shoots must also differ amongst clonal plant species

‘ (for example, Hara et al., 1993; Hara 1994). In Brachypodium pinnatum and Carex flacca,
| shoot competition was inferred to be asymmetric, clone competition was inferred to be
symmetric and there was little indication for density-dependent shoot self-thinning (De
Kroon and Kwant, 1991; De Kroon et al., 1992). In the clonal forb Polygonum
cuspidatum, shoot competition was suggested to be symmetric and shoot mortality did not
[ occur (Suzuki, 1994a, b). In Phragmites australis, shoot self-thinning was confined only
to the later growing stages and little shoot competition was inferred even under crowded

conditions (Van der Toorn and Mook, 1982; Hara et al., 1993). In the clonal grass

| Festuca rubra, shoot mortality occurred size-independently during a growing season and
| shoot competition was suggested to be either symmetric or absent (Hara and Herben,
unpublished results). In these studies, the mode of shoot/clone competition was assessed
(or inferred) based on shoot/clone weight growth.

Against the hypothesis of physiological integration, De Kroon (1993) and De Kroon

and Kalliola (1994) argue that the reason why shoot self-thinning rarely occurs in many
! clonal plants is that the maximum size the shoot reaches at the final stage in a growing
season is relatively small in many clonal species, and hence the duration of shoot
self-thinning is relatively short in a growing season of clonal plants (Westoby, 1984). De
Kroon (1993) and De Kroon and Kalliola (1994) argue that density-dependent shoot
self-thinning must occur if this condition is relaxed as in the clonal giant grass Gynerium
sagittatum, which grows up to 8-15 m after several years of growth without dying back
each year in tropical South America. Their assertion was supported by their harvested data

of Gynerium sagittatum: shoot density”@stem volume (per unit ground area) relathinship

P! ‘
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was negative on log-log scale and mean stem volume (per shoot)—Gini coefficient
relationship was also negative [but note that De Kroon (1993) and De Kroon and Kalliola
(1994) did not follow the time course of shoot self-thinning].

The great decrease in shoot density (survival rate at the end of a growing season
was about 30 %), density-dependent shoot self-thinning and negatively size-dependent
shoot mortality of Urtica dioica were remarkable from the beginning of the growing
season in both the years (Figs 1 and 2). It was also shown that shoot mortality of Urtica
dioica occurred as a consequence of asymmetric competition between living and dying
shoots. This type of shoot mortality, i.e. shoot self-thinning as in non-clonal crowded
monospecific stands, has not been reported yet for clonal plants except the suggestion by
De Kroon (1993) and De Kroon and Kalliola (1994) for Gynerium sagittatum. However,
it should be noted that intensive shoot self-thinning of Urtica dioica occurred in one
growing season (from April to October in a year), whilst shoot self-thinning of Gynerium
sagittatum was suggested to occur over years. Solidago canadensis (Bradbury, 1981),
Mercurialis perennis (Hutchings, 1983) and Solidago altissima (Cain, 1990) showed a
decrease in shoot density during a growing season. However, the survival rate at the end
of the growing season was above 50 % and these authors suggested that the decrease in
shoot density was not due to density-dependent self-thinning.

Table 1 indicates that there was no evidence for one-sided or asymmetric
competition in the weight growth of living shoots of Urtica dioica. Moreover, the degree
of detected symmetric shoot competition was very low, because increases in the R%-values
were almost negligible (ca. 1 %; Table 1) when the symmetric competition variable,
wC(¢,w™™), was entered into the regression. In conclusion, competition between living
shoots of Urtica dioica was almost absent, although intense shoot self-thinning was
brought about by asymmetric competition between
living and dying shoots from the beginning of the growing season. Cain (1990) also
suggested that intraclonal competition in Solidago altissima was negligible. However, Cain
(1990) calculated only correlations between the height of the focal shoot (not growth rate
or shoot weight) and that of all the neighbours (thus only symmetric competition was
considered). The use of only shoot height for the mode of competition may be misleading
(Hara et al., 1991), especially when shoots grow also in diameter as in Urtica dioica of

this study. The use of a model only for symmetric competition may also be misleading
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(Thomas and Weiner, 1989; Hara and Wyszomirski, 1994), because it cannot detect the
degree of competitive asymmetry.

The growth, competition and mortality patterns of the clone may be different from
those of the shoot (cf. De Kroon et al., 1992). In this study, however, it was impossible
to distinguish between clones in the field (for example, which and how many shoots
belonged to a single clone and how many clones were in the study plots). If there were
many clones in the study plots and clone competition (competition between shoots
belonging to different clones) was intense, this must be reflected in the results of Table
1. Table 1, however, gives no evidence for intense clone competition in the field (evidence
for any competition was tenuous), suggesting that either (1) there were only a few clones
or (2) many clones in the study plots rarely competed. The former case (1) is most likely
because forbs as Urtica dioica are considered to show asymmetric intense competition if
the stand is crowded with many clones (Hara, 1986; Hara and Yokozawa, 1994).

In summary, intensive density-dependent shoot self-thinning, which was brought
about by asymmetric competition between living and dying shoots, occurred in Urrica
dioica as in non-clonal crowded monospecific stands (but not as in most clonal plants), but
competition between living shoots was almost absent as in many clonal plants (but not as
in many crowded non-clonal plants). Therefore, the growth and mortality patterns of
Urtica dioica shoots are conspicuous in comparison with other clonal plants. These shoot
dynamics of Urtica dioica form a new pattern not reported yet for clonal plants. The
mortality pattern of Urtica dioica is as that of non-clonal crowded plants, but the growth
and competition pattern of living shoots is as that of clonal plants. The former may be
explained by the "maximum shoot size" hypothesis of De Kroon (1993) and De Kroon and
Kalliola (1994); the latter may be a result of physiological integration as in many clonal
plants (resources of dying shoots may also be absorbed by living shoots in a single clone).
Otherwise, there may simply be a control of shoot-size-dependent physiological integration
that smaller shoots most likely to die are not supported by larger growing shoots and the
sharing of resources occurs only amongst growing shoots. There must be a wide spectrum
of the growth, competition and mortality patterns of shoots of clonal plants. Urtica dioica
is in between the two extremes of the generally accepted "clonal” and "non-clonal” plants
(Table 2). It should be important to recognize the growth, competition and mortality

patterns in this spectrum for the study of life-history evolution of clonal plants.
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chapter 6

VERTICAL DISTRIBUTION OF UNDERGROUND
ORGANS OF PHALARIS ARUNDINACEA L.
AND URTICA DIOICA L. IN A FLOODPLAIN:
COMPARISON OF TWO METHODS
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Vertikdlni distribuce podzemnich orgdnd Phalaris arundinacea a Urtica dioica

v Fiéni nivé: srovndni dvou metod

Vertical distribution of underground organs of Phalaris arundinacea and

Urtica dioica in a floodplain: a comparison of two methods
Jitka Klimeovéd a Miroslav Sritek
Botanicky vistav AV CR, Usek ekologie rostlin, 379 82 Trebor, Ceskd republika
Preslia, v tisku

KlimeZovi J. et Sriitek M. (199.): Vertical distribution of underground organs of Phalaris
arundinacea and Urtica dioica in a floodplain: a comparison of two methods. - Preslia,
Praha, 00:000-000.

Keywords: Floodplain, method of soil monolits, rhizomes, profile wall method, roots

Vertical distribution of underground organs was studied in monospecific stands of Urtica
dioica and Phalaris arundinacea and in mixed stand of the two species in the floodplain
of the LuZnice River (South Bohemia, Czech Republic). The method of soil monolits and
the profile wall method were used; both gave the same results for root distribution in
deeper soil horizonts. Roots of both species were found in the whole soil profile down to
the groundwater table. By the method of soil monolits, the rhizomes of P. arundinacea
were found deeper than by the profile wall method. Both methods revealed a higher
concentration of roots in the topsoil in the stand of U. dioica stand than in that of P.
arundinacea. In the shallowest soil layer, fewer roots were found by the profile wall
method than by the method of soil monolits, probably because the finest roots were not

recorded by the former. The profile wall method was less time-consuming and less

demanding for special equipment than the method of soil monolits.
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Uvod
Podzemni orgdny rostlin nejsou rozloZeny v pidnim profilu rovnomémé, aZ 80 %
kofenové biomasy je soustfedéno ve svrchnich 10 c¢cm pidy (Fiala 1987). Aktudlni
distribuce kofeni je modifikovdna mnoha faktory, z nichZ kolisdn{ hladiny podzemni vody
je urlujici pro vertikdln{ distribuci kofeni druhii odolnych i citlivjch k zaplaveni
rostoucich v moktadech (Jackson et Drew 1984).

U. dioica a P. arundinacea maji odli¥nou vnimavost k nedostatku kysliku v padg.
Zaplaveny kofenovy systém U. dioica prestdvd rist a odumird; nové kofeny rostou pouze
na ponofenych ¢dstech nadzemnich vyhond. P. arundinacea ve stejnych podminkdch
pokrauje v ristu (KlimeSovd 1994a). V nivé feky LuZnice v JiZnich Cechéch se viak U.
dioica §iti v suchych letech do porostd P. arundinacea a lze zde nalést mozaiku &istych
i smi%enych porostdi obou druhli. Z uvedeného 1ze soudit, Ze kaZdy z druhd m4 jinou
vertikdlni distribuci podzemnich orgdnd vzhledem k hloubce piidy, tj. vzriistajicimu
nebezped{ zaplaveni.

Vyzkum rozloZeni podzemnich orgdni rostlin postihne - v zdvislosti na pouZité
metodé - vidy jen néktery z aspektd distribuce podzemnich orgdnt (Bohm 1979,
Schuurman et Goedewaagen 1965). ‘Hluboké plidy bez skeletu a jedno- &i dvou-druhovy
porost na zkoumané ploe nim umoznily, pro svou podobnost s polnimi kulturami, vyuZit
dvou metod nejéastéji pouZivanych v zemédélském vyzkumu. Jsou to:

(1) metoda monolitii. Standardn{, nejéastéji doporutovand i pouZivand metoda (Béhm
1979, Fiala 1987). Principem metody je odbér sloupcti piidy o malém ob&mu specidlnim
vrtdkem, extrakce kofenil a pfepolitdn{ jejich hmotnosti na vét${ objem piidy;

(2) metoda pidniho profilu. Metoda spodivé v zdkresu kofenti pfeseknutych sténou ptdni
sondy (Jenik 1954) a Ize ji kvantifikovat (B6hm 1979, Schuurman et Goedewaagen 1965).

Cflem studia byla odpovéd na tyto otdzky:
a) Li3{ se porost U. dioica, P. arundinacea a smi%eny porost obou druhf rozloZzenim

kofenti a oddenki v plidnim profilu?

b) Ddvaji poZité metody studia vertikdlni distribuce podzemnich orgdnii rostlin stejné
vysledky?
c) Kterd metoda je pro dany tcel studia vyhodn&;jsi?
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Materidl a metody

Terénni prdce jsme provddéli 11. aZ 18. srpna (zakreslovéni kofenovych map na plidnim
profilu) a 20. z4f{ 1988 (odbér pidnich monolitl ruénim vrtikem) v nivé feky LuZnice
nedaleko obce Haldmky v JiZnich Cechdch. RozloZeni podzemnich orgdntli jsme zkoumali
v mozaikovitém porostu P. arundinacea a U. dioica na plochdch li$icich se pokryvnosti
obou druhil a hloubkou podzemni vody:

Plocha 1 (UD)- porost U. dioica (odhadnutd pokryvnost nadzemnich vyhond U. dioica 95
%, P. arundinacea 5 %) mél hloubku hladiny podzemni vody 110 cm. Velikost
mapovaného pilidniho profilu byla 100 x 100 cm a hloubka odb&ru plidnich monoliti 100
cm.

Plocha 2 (UD+PA) - smiSeny porost U. dioica a P. arundinacea (pokryvnost U. dioica
50 %, P. arundinacea 50 %) mél hladinu podzemni vody v hloubce 100 cm. Velikost
mapovaného pldniho profilu byla 120 x 100 cm a hloubka odbéru piidnich monoliti 80
cm.

Plocha 3 (PA) - porost P. arundinacea (pokryvnost P. arundinacea 100 %) s hladinou
podzemni vody v hloubce 70 cm. Velikost mapovaného pidniho profilu byla 100 x 70 cm
a hloubka odbéru piidnich monoliti 70 cm. Substritem byla ve vSech piipadech

hlinitopiscitd oglejend nivn{ pida.
Metoda monolini

Pidni monolity byly odebrdny po 20 cm hloubky ruénim vrtdkem o priiméru 70 mm ve
vzddlenosti asi 1 m od st€ny pidniho profilu, ktery byl mapovidn. Vzorky byly promyty
na 2 mm sité; kofeny a oddenky byly ruéné piebrany od pfimési, usuleny pfi 90 °C a
zvdZzeny. Rozlidili jsme pouze oddenky obou druhi, kofeny se ndm odliit nepodafilo
(popis metody viz Fiala 1987). V hloubce vétii neZ 60 cm byly vzorky ze viech opakovén{
sloufeny pro malé mnoZstvi kofenit a soubory nebyly proto mezi sebou statisticky

porovndvany.




-

- 107 -
Metoda ptidnitho profilu

Na zkoumanych plochdch byla ruén& vykopédna ptdni sonda a¥ k hladin& podzemni vody.
Jedna st€na byla zarovndna a pomoci provdzku a hiebikl na ni byla ud&ldna sif 10 x 10
cm. Kazdé pole sit€ bylo vidlitkou zbaveno asi 0.5 cm vrstvy zeminy a souasn& byly
takto odhalené kofeny a oddenky mapovény na milimetrovy papir pfi zachovani pozice a
délky segmentii. Oddenky a kofeny obou druhdt se nepodafilo rozliit. Soudasn& byly
zakresleny zdkladni vlastnosti piidniho profilu. Vyslednd mapa byla rozdélena na obdélniky
10 em (3itka) x 20 cm (hloubka) a na nich byl spoditin polet kofenti a oddenki
pieseknutych piidnim profilem (popis metody viz Bshm 1972).

K hodnoceni vysledki byla poﬁiita Jednofaktorovd analyza variance a

mnohondsobné srovndvani pomoci konfidenénich intervalti (napf. Zar 1974).
Vysledky

Oddenky U. dioica jsme zaznamenali do hloubky 20 cm, ale oddenky P. arundinacea i
ve vrstvé pidy z hloubky 40 az 60 cm (tab.1). Kofenii do hloubky ubyvalo, ale byly
nalezeny aZ po hladinu spodni vody. Prikazné rozdily v mnoZstvi kofent mezi
jednotlivjmi porosty jsme zaznamenali jen v hloubce 20 aZ 40 cm, kde mély nejvétif
hmotnost kofeny v porostu P. arundinacea (tab.1). MnoZstvi kofent ve smiseném porostu
U. dioica a P. arundinacea bylo stejné jako v porostu U. dioica. Nejvétsi celkovou
hmotnost podzemnich organil jsme zjistili v porostu P. arundinacea (tab.1).

U v8ech tff porostii jsme metodou pidniho profilu zjistili pfitomnost oddenki do
hloubky 20 cm, pfiCemZ oddenky U. dioica a P. arundinacea nebyly od sebe ve smi¥eném
porostu odliSeny. V hloubce asi 40 cm zaéinal u viech typli porosti piidn{ horizont nesouct
zndmky redukéniho (bezkyslikatého) prostfedi. Koteni ubyvalo s hloubkou piidy, ale ve
viech pfipadech byl prokofenény cely ptdni profil aZ po sougasnou hladinu spodni vody.
Studované porosty se liSily mnoZstvim kofeni a oddenkd do hloubky 40 cm (tab.2). Do
hloubky 20 cm bylo nejvice kofenii i oddenki v porostu U. dioica a nejméné ve smieném

porostu U. dioica a P. arundinacea. Ve vrstvé plidy z hloubky 20 az 40 cm mél nejvice

kofenti porost P. arundinacea a nejméné porost U. dioica.
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Tab.2 - Prim&my poZet kofenil a oddenki preseknutych pidnim profilem v porostu Urtica dioica (UD),
Phalaris arundinacea (PA) a smiSeného porostu obou druhii (UD+PA) na vyseku pidniho profilu o
rozmérech 10 x 20 cm. V zdvorkdch jsou uvedeny smérodatné odchylky; priiméry na té%e fddce oznatené
ruznymi pismeny jsou rozdilné na hlading vyznamnosti 5% - hodnoty pro kofeny a oddenky testovdny
oddélené (jednorozmém4 analyza variance, mnohondsobné srovndvdni pomoci konfidennich intervali);
n - poCet opakovani; # - hloubka pidniho profilu jen 70 cm; - oddenky nezaznamendny; K - kofeny; O -
oddenky.

Table 2 - Average number of root and rhizome segments recorded in 10 x 20 cm fields of a soil-profile wall
in stands of Urtica dioica (UD), Phalaris arundinacea (PA) and in their mixed stand (UD +PA) The means
bearing the same letter rowwise were not statistically different at P< 0.05 - means for roots and rhizomes
tested separately (one-way ANOVA, confidence intervals); standard deviations are given in parentheses; n
- number of replicates; # - soil profile not deeper than 0.7 m; - rhizomes not found; XK - roots; O - rhizomes.

hloubka UD UD+PA PA

pidy n=10 n=12 n=10

[em] " K 0 | K 0 " K 0

0-20 89.6° 18.98 67.6* 10.44 74.4%° 17.3®
(11.9) (3.54) (14.62) | (3.92) (17.42) | (6.04)

20-40 29.9° - 39.1%® - 497" -
(6.33) (6.32) (15.99)

40-60 15.8° - “ff 20.9° - 16.3" -
(6.53) (7.14) (6.04)

60-80 8.5 - 11.5 - 1.3 #
(3.50) (7.61) (0.82)

80-100 2.9 - 3.9 - # #
(2.28) (2.75)

Metodou monolitd jsme u vSech tf{ porostli zaznamenali ve svrchnim horizontu
plidy v&tsi akumulace kofent neZ metodou plidniho profilu (obr.1). Pomoci obou metod
jsme nalezli nejvice kofenil v hloubce 20 aZz 40 ¢cm v porostu P. arundinacea.

Na studium provddéné metodou monoliti bylo zapotfebi 6 pracovnich dni dvou
pracovnikil a specidlni vybaveni (kofenovy vrtdk, lopatka, metr, igelitové pytliky,
promyvaci sita, zdroj vody, suSdrny, vihy). Metoda piidniho profilu si vyZ4dala &étyfi

pracovni dny dvou pracovniki a jednoduché vybaveni (ry¢, lopatka, metr, vidlicka,

hiebiky, provaz, tuzka a milimetrovy papir).
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Obr.1 - Vertikiln{ distribuce kofenil [ %] po 20 cm hloubky pidy ve tfech typech porostii zjisténé metodou
pidnich monolitl (vlevo) a metodou piidniho profilu (vpravo). UD - Urtica dioica; UD+PA - smiSeny
porost Urtica dioica a Phalaris arundinacea; PA. - Phalaris arundinacea.

Fig.1 - Vertical distribution of roots [%] in three types of stands shown for 20 cm horizontal soil layers,.
UD - Urtica dioica; UD+PA - mixed stand of Urtica dioica and Phalaris arundunacea; PA - Phalaris
arundinacea. The results obtained by the method of soil monolits are compared with those provided by the
profile wall method.

Diskuse

Pouzitymi metodami studia vertikdln{ distribuce podzemnich orgdnt rostlin jsme u obou
druhi zaznamenali prokofenéni celého piidniho profilu aZ po soutasnou hladinu podzemni
vody. Toto zjidténi souvisi s tim, Ze od posledni dubnové zdplavy do doby naSeho
vyzkumu v srpnu a zdii roku 1988 nedoslo k vyznaméjiimu kolisdni hladiny podzemni
vody, ani zaplaveni, protoZe byly priitoky vody v fece LuZnici nizké (KlimeSovd 1994b).
Obéma metodami jsme zjistili stejné rozdily v mnoZstvi kofeni mezi zkoumanymi
porosty ve viech vrstvich pidy krom& 0 aZ 20 cm. Zatimco pomoci metody plidntho
profilu bylo zjidt€no pfi povrchu pldy nejvice kofenti v porostu U. dioica, metodou
monolith nebyly diky velké variabilit¢ a malému poltu opakovan{ nalezeny v této vrstvé
statisticky priikazné rozdily. Podobné Fiala (Fiala 1973, 1976) uvadi korelaci mezi potem
rhizomi pfeseknutych piidnim profilem a jejich biomasou aZ v hloubce 30 az 70 cm.
Metodou piidniho profilu jsme zjistili ve svrchnim horizontu piidy mensi akumulace
kofenil ve srovnén{ s horizonty hlubSimi nez metodou monolitii. Diivodem by mohlo byt

prehlédnuti nejjemné&jsich kofinki, které mohly byt navzdjem slepeny (cf. Bohm et al.
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1977) nebo rizny smér ristu koten v rizné hloubce (u vertikdIng rostoucich kofent je
men3{ pravd€podobnost pfeseknuti sténou plidniho profilu).

Rozdilné vysledky poskytly metody pfi hodnoceni vertikélni distribuce oddenki v
pidé: metodou plidniho profilu jsme zaznamenali oddenky jen ve svrchnich 20 cm pidy,
ale metodou monolit jsme nalezli oddenky P. arundinacea jeit& v hloubce kolem 50 cm.
Padédni oddenki do piidni sondy pfi odbéru pidnich monolitd je povaZovdno za b&Zné
tskali metody (Schuurman et Goedewaagen 1965). Pfes pozornost, kterou jsme vénovali
odbéru nemiizeme vyloudit, Ze odbérovy vrtdk vmackl oddenky do hlubsich vrstev vlhké,
hlinitopis¢ité nivni pidy. Pfi malé hustoté oddenki a riizném sméru jejich riistu mizeme
vSak olekdvat ve&tsi pravdépodobnost zachyceni jejich vyskytu metodou monolitii, kterd
neni zdvisld na sméru ristu podzemnich orgdni.

Vertikdlni distribuce kofenli ve smifeném porostu U. dicica a P. arundinacea
zjifovand metodou monolitd se podobala vertikdln{ distribuci porostu U. dioica, aviak
byla-li zjisfovand metodou pidniho profilu bylo rozloeni kofeni podobné porostu P.
arundinacea nebo intermedielni. Ve smifeném porostu byly nalezeny metodou monolith
oddenky lesknice hloubé&ji neZ v porostu P. arundinacea, ale vzhledem k hladiné podzemni

vody, kterd byla ve smiSeném porostu ve vét$i hloubce, nenf rozdil vyznamny.
Zivér

1) Druhy U. dioica i P. arundinacea kofenily v celém pidnim profilu aZ po
soucasnou hladinu podzemni vody bez ohledu na oglejeni pidy, ale kofeny U.
dioica byly soustfedény do svrchnich horizontd pidy vice neZz kofeny P.
arundinacea. Oddenky P. arundinacea byly rovnéZ zaznamendny ve v&t3{ hloubce
nez oddenky U. dioica. U. dioica se tak vyhne zaplaveni kofenového systému pfi
mirmném kolisdni hladiny podzemni vody.

2) Obéma pouZitymi metodami se ndm podafilo nalézt stejné rozdily ve vertikdlni
distribuci podzemnich orgdnt P. arundinacea a U. dioica v nivé feky LuZnice v
hlub3ich vrstvich piidy. SmiSeny porost se viak podobal vidy vice jednomu z
jednodruhovych porostli v zdvislosti na pouZité metodé.

3) Kazdd z metod md svoje iskali: pfi zjisfovani vertikdln{ distribuce podzemnich

organi metodou monoliti muiZe dojit k paddni ¢i vmackdvani oddenkii nebo vétsich

e e —————
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kofent do hlubsich vrstev pidy pti odebirdn{ vzorki; metoda je ndroénd na &as i
technické vybaveni. Vyhodou naopak je snadné&j§i determinace oddenkt riznych
druhii a nezdvislost na sméru ristu podzemniho orgdnu. Metoda pidniho profilu
naopak podhodnocuje mnoZstvi jemnych, mnohdy slepenych ko¥ent: ve svrchnich
horizontech piidy a nepfesné vysledky 1ze olekdvat u druhd jejichZ kofeny rostou
v rizné hloubce riznym smérem; touto metodou se ndm nepodafilo rozligit
oddenky obou druhii ve smifeném porostu. Vyhodou této metody je, Ze lze pH
mapovani kofenil sou¢asné sledovat také makroskopické vlastnosti pudy. Pfedeviim
pro svou nendro¢nost na &as a technické vybaveni je metoda piidniho profilu
vhodnd pro rozsdhlej3f studie jednodruhovych porosti robustnich rostlin s ne prili§

jemnymi kofeny,
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