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Abstract 

Rumex alpinus L. (R. alpinus) is a nonnative and invasive plant in the Krkonoše Mountains 

and other mountain ranges of the Czech Republic. Given the importance of understanding 

not only the behavior but also the ecology of invasive plants and their genetic variability, it 

was decided to focus on this topic in the doctoral thesis. The information obtained can then 

contribute to the establishment of effective management strategies in combating this invasive 

species. The ecology, or the nutrient requirements and accumulation of micro and macro 

elements in the organs of R. alpinus in relation to its habitat conditions, has not been 

described thus far. Given that R. alpinus is predominantly found in eutrophicated soils, it is 

crucial to understand its precise nutrient requirements and how to manage them (Paper 1: 

Jungová et al. 2023, Journal of Soil Science and Plant Nutrition volume 23, 469–484).  The 

results showed the contents of total and plant available macroelements in the soils refected 

high variability with localities. There was a significant effect of locality and plant organs on 

the element contents, indicating differences in nutrition. R. alpinus exhibited higher N and 

P contents in emerging and mature leaves than in the senescent compared to Ca and Mg. The 

N:P and N:K ratios in the mature leaves were within the normal range but were indicative of 

comparatively higher demand for P. The mean resorption efficiency for N, P, and K in 

mature leaves was 52, 50, and 22%, respectively, lower than values for most terrestrial plants 

(62, 65, and 70%). The relatively high availability of macroelements in soils and plant organs 

with low N, P, and K resorption efficiency indicates a high N, P, and especially K-demanding 

species of R. alpinus. 

Considering that R. alpinus is a plant-primarily occurring on anthropogenically influenced 

soils, which can be contaminated with risk elements even in mountainous areas, it is 

important to know whether this plant accumulates them. This is particularly relevant as R. 

alpinus is still utilized as a vegetable or fodder in the Balkan Peninsula and the Carpathians 

(Paper 2: Jungová et al. 2022, Plant and Soil 477, 553–575). The results showed the level 

of elements accumulation by R. alpinus was considerably different, depending on local 

geological substrates and environmental conditions. R. alpinus has considerable tolerance to 

Zn, Cu, As, Cr, Ni, with an easy accumulation strategy. High Al and Cd content in 

belowground biomass (rhizome) indicates a defensive mechanism for them. Although the 

aboveground biomass (emerging, senescent, mature leaves, petiole) has some degree of 

accumulation of risk elements, the results showed that R. alpinus is an excluder. R. alpinus 

does not accumulate risk elements in organs (leaf and petiole) that are consumed based on 
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the permissible limit according to World Health Organization (2001) and can therefore be 

used without concern. 

Furthermore, historical literature suggests that R. alpinus was likely introduced to the Czech 

mountains by colonists from the Alps in the 16th century. At the same time, it is considered 

a native species in the Polish Krkonoše Mountains. Therefore, we also raise the question of 

how R. alpinus made its way to the Krkonoše Mountains - from the Alps or from Poland 

(Paper 3: Jungová et al. 2023, Ecology and Evolution, 13:e10145).The results of AMOVA 

showed a high 60% variation within populations, 27% variation among groups (mountains), 

and 13% among the population within groups (mountains). The overall unbiased gene 

diversity was high (̂ĥ = 0.55). The higher level of genetic differentiation among populations 

(FST = 0.35; p < 0.01) indicated restricted gene flow between populations. Compared to 

native populations, limited genetic variability was observed in the nonnative populations. It 

was concluded that local adaptation, low gene exchange, and genetic drift affected the 

genetic diversity of nonnative R. alpinus. The results support a genetic link between the 

Alpine and Czech genotypes of R. alpinus, while the Carpathians genotypes corresponded 

to the Balkan genotype. 
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Abstrakt  

Rumex alpinus L. (R. alpinus) představuje nepůvodní a invazní rostlinu v Krkonoších 

a v dalších pohořích České republiky. Vzhledem k důležitosti porozumění nejen chování, 

ale i ekologii invazních rostlin a jejich genetické variability, bylo rozhodnuto zaměřit se 

v disertační práci právě na toto téma. Získané informace pak mohou přispět ke stanovení 

účinných strategií managementu v boji proti tomuto invaznímu druhu. 

Dosud nebyla podrobně popsána ekologie R. alpinus, včetně resorpce a využití živin, 

akumulace mikro a makroprvků v rostlinných orgánech, a to vše v souvislosti s místními 

podmínkami výskytu. Vzhledem k tomu, že se R. alpinus převážně vyskytuje na eutrofních 

půdách, je důležité porozumět jeho přesným nutričním požadavkům a způsobům jejich 

využití (Výsledek 1: Jungová et al. 2023, Journal of Soil Science and Plant Nutrition volume 

23, 469–484). Výsledky ukázaly vysokou variabilitu obsahu totálních a rostlinami 

přístupných makroprvků v půdách a mezi lokalitami. Byl pozorován významný vliv lokalit 

na obsah makroprvků v různých orgánech R. alpinus, což naznačuje rozdíly ve výživě. 

R. alpinus vykazoval vyšší obsah N a P v mladých a dospělých listech než v senescentních, 

ve srovnání s Ca a Mg. Poměry N:P a N:K v mladých listech se pohybovaly v normálním 

rozmezí, ale naznačovaly relativně vyšší poptávku po fosforu. Průměrná účinnost resorpce 

N, P a K byla u mladých listů 52 %, 50 % a 22 %, což je nižší než u většiny suchozemských 

rostlin (62 %, 65 % a 70 %). Relativně vysoká dostupnost makroelementů v půdě a nízká 

účinnost resorpce N, P a K naznačuje, že R. alpinus je druh s vysokou poptávkou po N, P a 

zejména pak po K. 

Vzhledem k tomu, že se R. alpinus vyskytuje převážně na antropogenně ovlivněných 

půdách, které mohou být kontaminovány rizikovými prvky i v horských oblastech, bylo 

důležité zjistit, zda tato rostlina tyto prvky akumuluje. To je zvláště relevantní v souvislosti 

s tím, že se R. alpinus stále využívá jako zelenina či krmivo na Balkánském poloostrově a 

v Karpatech (Výsledek 2: Jungová et al. 2022, Plant and Soil 477, 553–575). Výsledky 

ukázaly, že úroveň akumulace rizikových prvků u R. alpinus byla výrazně odlišná v 

závislosti na místním geologickém podloží a environmentálních podmínkách. R. alpinus 

projevoval vysokou toleranci vůči Zn, Cu, As, Cr a Ni a snadnou akumulační strategii. 

Vysoký obsah Al a Cd v podzemní biomase (oddenky) naznačuje obranný mechanismus pro 

tyto prvky. Přestože nadzemní biomasa (vzcházející, zralé, senescentní listy a řapíky) 

vykazuje určitou míru akumulace rizikových prvků, výsledky ukázaly, že R. alpinus je 

druhem s excluder strategií. R. alpinus neakumuluje rizikové prvky v orgánech (vzcházející, 
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zralé listy a řapíky), které se konzumují v souladu s přípustným limitem stanoveným 

Světovou zdravotnickou organizací (WHO 2001) a tyto orgány tedy mohou být používány 

bez obav. 

Historická literatura uvádí, že R. alpinus byl pravděpodobně introdukován do Krkonoš v 16. 

století kolonisty z Alp. Na druhou stranu je tato rostlina považována za domácí druh v 

polských Krkonoších. Byla položena hypotéza, odkud se tedy R. alpinus do Krkonoš dostal 

- z Alp nebo z Polska (Výsledek 3: Jungová et al. 2023, Ecology and Evolution, 

13:e10145).Výsledky analýzy molekulární variance (AMOVA) ukázaly vysokou variabilitu 

(60 %) uvnitř populací, 27 % variabilitu mezi skupinami (horami) a 13 % mezi populacemi 

uvnitř skupin (hor). Celková genetická rozmanitost byla vysoká (̂ĥ = 0,55). Vyšší úroveň 

genetické diferenciace mezi populacemi (FST = 0.35; p < 0,01) naznačovala omezený 

genetický tok mezi populacemi. V porovnání s původními populacemi byla pozorována 

omezená genetická variabilita v nepůvodních populacích R. alpinus. Bylo závěrem 

konstatováno, že místní adaptace, nízká genová výměna a bottleneck efekt ovlivnily 

genetickou rozmanitost nepůvodního druhu R. alpinus. Výsledky dále podporují genetickou 

spojitost mezi alpskými a českými genotypy R. alpinus, zatímco genotypy z Karpat 

odpovídaly balkánskému genotypu. 
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1. GENERAL INTRODUCTION 

 

INTRODUCTION IN ENGLISH 

The Polygonaceae family's Alpine dock (Rumex alpinus L.) is native to Western, Central, 

and Eastern European high mountains, including the Iberian and Apennine Peninsula, the 

Alps, the Carpathians, and the Balkan Peninsula. In the Krkonoše (Giant) mountains of the 

Czech Republic, the introduction of R. alpinus was associated with German-speaking 

colonists from the Alps in the sixteenth century AD, used for the treatment of different 

diseases, such as diarrhea, dysentery, stomach problems, and kidney disorders.  It has also 

been cooked as a vegetable, such as salad, spinach, rhubarb, or as a forage crops. Today, R. 

alpinus is considered a troublesome weedy species which infests abandoned grasslands, 

roads margins, and nutrient-rich sites: typically livestock resting areas, surroundings of 

mountain farms, and downslope of mountain chalets grasslands, with deposits of animal 

feces, and nutrient-rich wastewater. 

As part of this doctoral thesis, it has been decided to study the ecology of the invasive plant 

R. alpinus in the Krkonoše Mountains. Since R. alpinus is an invasive species, all available 

information about this plant and its behavior can be very useful for proposing measures for 

its eradication or proper utilization. R. alpinus is a plant associated with human settlements 

and areas influenced by human activities. Considering that it occurs in mountainous areas, 

which are often protected as nature reserves or national parks, it is important to determine if 

its spread could become more significant than it has been so far. R. alpinus also grows on 

mountain meadows that have been historically used for grazing or are still influenced by 

grazing. Due to its expansive spread, there are concerns that it may significantly reduce the 

biological variability of habitats and, especially, biodiversity. We were interested in whether 

it can expand to habitats with lower nutrient availability, as many rare mountain plant species 

occur specifically in these oligotrophic soils. This led us to the question of how R. alpinus 

processes macroelements (N, P, K, Ca, and Mg), how it manages them, and whether it stores 

them or wastes them unnecessarily. For these reasons, an article titled "Distribution and 

Resorption Efficiency of Macroelements (N, P, K, Ca, and Mg) in Organs of Rumex 

alpinus L. in the Alps and the Giant (Krkonoše) Mountains" (Jungová et al. 2023, 

Journal of Soil Science and Plant Nutrition volume 23, 469–484) was created, which 

provided us with answers to these questions. We were also interested in whether R. alpinus, 

growing on soils influenced by human activities that may be contaminated with hazardous 
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elements, accumulates these microelements in its organs. This question is particularly 

relevant because it is still consumed in the Balkans and Carpathians. The possibility of using 

R. alpinus as a phytoremediation plant has also been considered, considering its biomass size 

if it accumulates risk elements. Based on these questions, a second article titled 

"Distribution of Micro (Fe, Zn, Cu, and Mn) and Risk (Al, As, Cr, Ni, Pb, and Cd) 

Elements in the Organs of Rumex alpinus L. in the Alps and Krkonoše Mountains" 

(Jungová et al. 2022, Plant and Soil 477, 553–575) was created. After two articles focusing 

mainly on the micro and macroelements contained in the organs of R. alpinus, it was also 

decided to explore the genetic aspect of this plant. Information obtained through molecular 

methods, such as genetic variability, which reflects, among other things, the plant's 

reproductive modes, can be useful in determining suitable management strategies. We were 

particularly interested in whether R. alpinus originates from the Alps and how it spread to 

the Krkonoše Mountains. Historical literature suggests that settlers from the Alps arrived in 

the Krkonoše Mountains in the 16th century and brought R. alpinus as a vegetable plant. 

Since the plant spread throughout Europe mainly through human intervention, the question 

arose whether it could have reached the Czech side of the Krkonoše Mountains through the 

Polish side. In Poland, where the Krkonoše Mountains and the Carpathians are located, R. 

alpinus is considered a native plant. Therefore, it was decided to use SSR markers to 

determine this species' true origin and genetic variability. The result of these considerations 

was a third article titled "Origin and Genetic Variability of Populations of the Invasive 

Plant Rumex alpinus L. in the Giant (Krkonoše) Mountains" (Jungová et al. 2023, 

Ecology and Evolution, 13:e10145).  

 

ÚVOD V ČESKÉM JAZYCE 

Šťovík alpský (Rumex alpinus L.) z čeledi Polygonaceae, má původ ve vysokých horách 

západní, střední a východní Evropy, včetně Pyrenejského a Apeninského poloostrova, Alp, 

Karpat a Balkánského poloostrova. Do Krkonoš v České republice byl zavlečen německy 

mluvícími kolonisty z Alp v 16. století a používal se k léčbě různých onemocnění, jako jsou 

onemocnění ledvin, střevní a žaludeční potíže. Byl též připravován jako zelenina, například 

ve formě salátu, špenátu, či jako náhražka rebarbory do koláčů. Dále byl využíván jako 

krmivo pro dobytek v sušené formě. V současnosti je R. alpinus považován za obtížný 

plevel, který expanduje na opuštěných loukách, okrajích cest a místech bohatých na živiny, 
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jako jsou odpočívadla dobytka, okolí horských pastvin a horských chat se zbytky zvířecího 

trusu a odpadní vodou. 

V rámci této disertační práce bylo rozhodnuto zkoumat ekologii invazní rostliny R. alpinus 

v Krkonoších. Vzhledem k tomu, že R. alpinus je invazní druh, veškeré dostupné informace 

o této rostlině a jejím chování mohou být velmi užitečné při navrhování opatření k její 

likvidaci nebo k jinému využití. R. alpinus je rostlinou spojenou s lidským osídlením a 

oblastmi ovlivněnými lidskou činností. Vzhledem k tomu, že se vyskytuje v horských 

oblastech, které jsou často chráněny jako přírodní rezervace nebo národní parky, je důležité 

zjistit, zda se jeho šíření může stát významnějším, než bylo doposud. Šťovík alpský roste na 

horských loukách, které byly historicky využívány k pastvě dobytka nebo jsou stále 

ovlivňovány pastvou. Kvůli svému expanzivnímu šíření existují obavy, že může významně 

omezit biologickou rozmanitost stanovišť a zejména biodiverzitu. Zajímalo nás, zda může 

proniknout na lokality s nižší dostupností živin, protože v těchto oligotrofních půdách se 

vyskytuje mnoho vzácných horských druhů rostlin. To nás následně přivedlo k otázce, jak 

R. alpinus zpracovává živiny (N, P, K, Ca a Mg), jak s nimi nakládá a zda je ukládá nebo s 

nimi plýtvá. Z těchto důvodů byl sepsán článek s názvem "Distribution and Resorption 

Efficiency of Macroelements (N, P, K, Ca, and Mg) in Organs of Rumex alpinus L. in 

the Alps and the Giant (Krkonoše) Mountains" (Jungová et al. 2023, Journal of Soil 

Science and Plant Nutrition, svazek 23, 469–484), který nám poskytl odpovědi na tyto 

otázky. Zajímali jsme se také o to, zda R. alpinus, když roste na půdách ovlivněných lidskou 

činností, které mohou být kontaminovány rizikovými prvky, akumuluje tyto mikroprvky v 

orgánech. Tato otázka je zvláště relevantní, protože je jako zelenina stále konzumován na 

Balkáně a v Karpatech. Byla také zvažována možnost využití R. alpinus jako rostliny pro 

fytoremediaci, s ohledem na velikost její biomasy a pokud je akumulátorem rizikových 

prvků. Na základě těchto otázek vznikl druhý článek s názvem "Distribution of Micro (Fe, 

Zn, Cu, and Mn) and Risk (Al, As, Cr, Ni, Pb, and Cd) Elements in the Organs of 

Rumex alpinus L. in the Alps and Krkonoše Mountains" (Jungová et al. 2022, Plant and 

Soil 477, 553–575). 

Po dvou článcích se zaměřením především na mikro a makroprvky obsažené v orgánech R. 

alpinus bylo také rozhodnuto prozkoumat genetický aspekt této rostliny. Informace získané 

prostřednictvím molekulárních metod, jako je genetická variabilita, která odráží mimo jiné i 

reprodukční způsoby rostlin, mohou být užitečné při určování vhodných strategií 

managementu. Zvláště nás zajímalo, zda skutečně R. alpinus pochází z Alp a zda se z nich 
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dostal do Krkonoš. Historická literatura naznačuje, že kolonisté z Alp dorazili do Krkonoš 

v 16. století a přinesli si R. alpinus jako užitkovou rostlinu. Avšak, vzhledem k tomu, že se 

rostlina šířila po celé Evropě především prostřednictvím lidské činnosti, vznikla otázka, zda 

se nemohla dostat na českou stranu Krkonoš z Polska. V Polsku, je totiž R. alpinus 

považován za původní rostlinu. Přesněji je to dáno tím, že v Polsku se vyskytují též Karpaty, 

kde je šťovík alpský původní, a proto by mohlo být možné, že se do Krkonoš dostal z Karpat. 

Bylo rozhodnuto, prostřednictvím dostupných molekulárních markerů, určit skutečný původ 

a genetickou variabilitu této rostliny. Výsledkem těchto úvah byl třetí článek s názvem " 

Origin and Genetic Variability of Populations of the Invasive Plant Rumex alpinus L. 

in the Giant (Krkonoše) Mountains " (Jungová et al. 2023, Ecology and Evolution, 

13:e10145). 
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2. AIMS OF THE THESIS 

The dissertation's primary focus is investigating the ecology of the invasive plant species 

R. alpinus, known for being a problematic weed. The objective is to enhance our 

understanding of the species' ecological behavior in permanent grasslands and other areas 

where it is found. Additionally, the dissertation aims to contribute new knowledge regarding 

the accumulation of risk elements in R. alpinus organs across various mountainous regions 

in Europe. Furthermore, it seeks to explore the utilization of macro-elements by the species 

in nutrient-rich mountain habitats, providing valuable insights in this regard. It also focuses 

on determining its origin in the Czech Republic and the genetic variability in European 

mountains. 

Paper 1  Distribution and Resorption Efficiency of Macroelements (N, P, K, Ca, 

and Mg) in Organs of Rumex alpinus L. in the Alps and the Giant (Krkonoše) 

Mountains 

This paper focuses on the distribution and resorption of nutrients (N, P, K, Ca, and Mg) by 

R. alpinus in its different organs and at different mountain sites in Europe and answers the 

following research questions. 

Q1 How can the variability of soil chemical properties affect R. alpinus stand from different 

localities? 

Q2 How different are the contents of N, P, K, Ca, and Mg and the N:P, N:K, and P:K ratios 

in various organs of R. alpinus in different localities?  

Q3 How intensive is the resorption of N, P, K, Ca, and Mg from senescent to young leaves 

in R. alpinus? 

 

Paper 2  Distribution of Micro (Fe, Zn, Cu, and Mn) and Risk (Al, As, Cr, Ni, Pb, 

and Cd) Elements in the Organs of Rumex alpinus L. in the Alps and Krkonoše 

Mountains 

 

This paper investigated the safety of consuming R. alpinus from the Krkonoše Mountains 

(Czech Republic), and the Alps (Austria and Italy).  Because in the Carpathians and Balkan 

Mountains, some organs of this species have been and recently are used as vegetables, 

addressed the following research questions. 

Q1 To what extent can accumulate micro-and risk elements? 

Q2 Which organs of R. alpinus are accumulators of micro-and risk elements? 
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Paper 3  Origin and Genetic Variability of Populations of the Invasive Plant 

Rumex alpinus L. in the Giant (Krkonoše) Mountains 

 

This paper main aim was to verify whether R. alpinus was introduced into the Krkonoše 

Mountains by alpine colonists or whether it was anthropogenically introduced from the 

Polish Carpathians Mountains. Furthermore, the genetic structure of native and introduced 

populations of R. alpinus was determined and answered the following research questions. 

Q1 R. alpinus, whose European distribution is determined by human activity, was introduced 

into the Czech part of the Krkonoše Mountains via the Polish part of the Krkonoše Mountains 

(Karkonosze Mountains) from the Carpathians or the Austrian regions of Alp?  

Q2 Do differences in genetic diversity exist within native and nonnative habitats?  

Q3 Does population structure reflect geographic distances? 

 

OTÁZKY V ČESKÉM JAZYCE 

Primárním zaměřením disertační práce je zkoumání ekologie invazního druhu R. alpinus v 

Krkonoších, což je současně v Evropě problematický plevel. Cílem této práce je zlepšit naše 

chápání ekologického chování tohoto druhu v trvalých travních porostech a na dalších 

místech, kde se vyskytuje. Disertační práce si rovněž klade za cíl přinést nové poznatky 

týkající se například akumulace rizikových prvků v orgánech R. alpinus na různých horských 

lokalitách v Evropě. Kromě toho zkoumá využití makroprvků (N, P, K, Ca a Mg) tímto 

druhem na horských lokalitách s bohatými zdroji živin a přináší cenné poznatky v tomto 

ohledu. Dalším zaměřením práce je určení genetického původu R. alpinus v České republice 

a analýza jeho genetické variability v horách Evropy. 

 

Článek 1  Distribution and Resorption Efficiency of Macroelements (N, P, K, Ca, 

and Mg) in Organs of Rumex alpinus L. in the Alps and the Giant (Krkonoše) 

Mountains 

Tento článek se zaměřuje na distribuci a resorpci živin (N, P, K, Ca a Mg) R. alpinus v jeho 

různých orgánech a na různých horských lokalitách v Evropě a odpovídá na následující 

výzkumné otázky. 
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Q1 Jak může variabilita půdních chemických vlastností ovlivnit obsah prvků v rostlinných 

orgánech R. alpinus z různých lokalit? 

Q2 Jak se liší obsahy N, P, K, Ca a Mg a poměry N:P, N:K a P:K v různých orgánech R. 

alpinus a z různých lokalit? 

Q3 Jak intenzivní je resorpce N, P, K, Ca a Mg ze senescentních a mladých listů u R. alpinus? 

 

Článek 2  Distribution of Micro (Fe, Zn, Cu, and Mn) and Risk (Al, As, Cr, Ni, Pb, 

and Cd) Elements in the Organs of Rumex alpinus L. in the Alps and Krkonoše 

Mountains 

Tato práce zkoumala bezpečnost konzumace R. alpinus z Krkonoš (Česká republika) a Alp 

(Rakousko a Itálie). Vzhledem k tomu, že na karpatských a balkánských lokalitách některé 

orgány tohoto druhu byly a neustále jsou využívány jako zelenina, byly položeny následující 

výzkumné otázky. 

Q1 Do jaké míry se mohou akumulovat mikro- a rizikové prvky? 

Q2 Které orgány R. alpinus jsou akumulátory mikro- a rizikových prvků? 

 

Článek 3  Origin and Genetic Variability of Populations of the Invasive Plant 

Rumex alpinus L. in the Giant (Krkonoše) Mountains 

Hlavním cílem této práce bylo ověřit, zda byl R. alpinus zavlečen do Krkonoš alpskými 

kolonisty nebo zda byl zavlečen antropogenně z polských Karpat. Dále byla stanovena 

genetická struktura původních a introdukovaných populací R. alpinus a zodpovězeny 

následující výzkumné otázky. 

 

Q1 R. alpinus, jehož evropské rozšíření je dáno lidskou činností, byl do české části Krkonoš 

zavlečen přes polskou část Krkonoš (Karkonosze) z Karpat nebo z rakouských oblastí Alp? 

Q2 Existují rozdíly v genetické rozmanitosti v původních a nepůvodních populacích? 

Q3 Odráží struktura populace geografické vzdálenosti? 
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3. LITERATURE REVIEW 

 

Rumex alpinus L. (Polygonaceae) is a perennial species consisting of a horizontal rhizome, 

aboveground vegetative shoots with three to five large leaves, and fertile stems bearing 

smaller leaves with several thousand flowers and fruits (Klimeš 1992; Šťastná et al. 2010). 

It grows along riverbanks, on nutrient-rich soil, and in moderately moist abandoned pastures 

and meadows. The plant is native to the mountains of Central and Southern Europe, and its 

spread to other regions has been partly influenced by its historical use as a utility plant and 

medicinal herb (Maude and Moe 2005; Šťastná et al. 2010). 

 

3.1. Taxonomy 

Rumex alpinus L., Sp. Pl.: 334. 1753. 

Syn.: Lapathum alpinum (L.) Lam., Fl. Franc-. 3: 7. 1779. – Acetosa alpina (L.) Moench, 

Menth. Pl. 357. 1794. – Rumex pseudoalpinus Hofft, Catal. Pl. Kursko: 26. 1826. 

Names in other languages: 

German: Alpen-Ampfer, Mönchs-Rhabarber 

English: Monk's Rhubarb, Alpine dock 

French: Rumex des Alpes, Rhubarbe des moines, Rhapontique des moines 

Italian: Rabarbaro alpino 

Spanish: Ruibarbo de monjes, Rapontico 

Polish: Szczaw alpejski 

Czech: Šťovík alpský 

 

Kingdom: Plantae - plants 

Subkingdom: Tracheobionta - vascular plants 

Division: Magnoliophyta - flowering plants 

Class: Rosopsida - higher dicotyledons 

Order: Caryophyllales - carnation-like 
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Family: Polygonaceae – smartweed-buckwheat family 

Genus: Rumex L. - dock 

Species: Rumex alpinus L. - alpine dock, šťovík alpský 

 

3.2. Rhizome 

Monopodial branching rhizomes are dark brown and consist of basal parts of shoots, from 

which rootlets anchor into the ground. The rhizomes typically grow at a depth of 5 cm 

(Rudyshin and Tsarik 1982; Klimeš 1992), occasionally up to 10 (-12) cm (Kliment 1988). 

The average depth is less than 20 cm, as R. alpinus struggles to regenerate when located 

below 20 cm (Klimeš et al. 1993). The rhizomes are evenly segmented and have a dark 

orange, oval, and flattened cross-section in the horizontal plane. Each segment corresponds 

to one vegetative season (Figure 1), which is also reflected in annual growth increments 

(Šmarda 1963; Klimeš 1992). This 

enables a straightforward estimation of 

the precise age of individual senesced 

rhizome segments. However, this 

applies only to plants that originate 

from seeds and have the oldest part of 

the rhizome containing the primary 

taproot preserved (Klimeš 1992).        

  

Figure1: Individual rhizome segments (Klimeš, 1992) 

Most of these segments develop in the middle of the growing season (summer), while the 

tapered parts are formed in spring and autumn (Šmarda 1963). The length of rhizome 

segments is approximately 4 cm, and the width is 2-3 cm (Klimeš 1992). Up to six large 

lateral buds form on each rhizome segment, but only one to two produce leaves in the current 

year. In the following year, these buds either remain dormant or continue their growth, giving 

rise to lateral branches bearing leaves or flowers. If the apical meristem of the rhizome is 

damaged, one or several lateral buds, typically the youngest ones located next to the former 

apical meristem, become activated (Klimeš 1992). 
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Rhizome branching typically occurs from the second year of plant life, more intensively at 

the edge rather than within dense stands of R. alpinus (Klimeš 1992). The branching angle 

is usually right-angled (Šmarda 1963). In the case of a branched rhizome, the gradual decay 

of the oldest parts leads to fragmentation into physically independent ramets and the 

formation of clonal fragments (Figure 2). 

Individual rhizome segments are horizontally marked by leaf scars. As the rhizomes initiate 

petiole attachment, leaf scars with remnants of vascular bundles are preserved around the 

rhizome segments, forming 

distinctly visible rings. The widest 

leaf scars are found in the 

strongest part of the rhizome 

segment, gradually narrowing 

towards the segment's tapered 

ends. Each segment bears a 

specific number of scars, 

corresponding to the number of 

leaves initiated within a particular 

year (Klimeš 1992). 

              

            Figure 2: Spatial distribution of rhizomes of R. alpinus according to Klimeš (1992). 

Remnants of leaf bases are usually preserved for several weeks to months (Šmarda 1963). If 

the rhizomes overlap each other, their internodes can elongate by several centimeters 

(Klimeš et al. 1993). Scars indicating the previous positions of flowering and fruiting shoots 

are preserved on the side of the rhizome throughout its life. According to Klimeš (1992), this 

"recorded" information on the rhizome can be used for retrospective studies of plant 

populations. Based on data from the Krkonoše Mountains, Low Tatras, and the Alps, 

segments persist in the soil for an average of 13 years (Grabherr and Mucina 1993). An 

exception was recorded by Šmarda (1963) from the High Tatras, which reported an average 

rhizome age of only eight years. The maximum persistence of a segment Klimeš (1992) 

observed in the Krkonoše Mountains was 20 years. 

Šťastná et al. (2012) reported finding a 35-year-old rhizome in the Low Tatras (at the highest 

location - 1900 m above sea level). Longer persistence of segments in the soil is generally 
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observed at higher elevations. The length of the rhizome depends on the plant's age and local 

conditions. Šmarda (1963) recorded an average length of living rhizomes of about 45 cm 

and nearly 20 cm for preserved dead rhizome parts. The length of a 35-year-old rhizome 

from the Low Tatras was approximately 120 cm (Šťastná et al. 2010). 

 

3.3. Roots 

The primary root, which has a diameter of 0.15-0.25 mm in seedlings, loses its dominant 

role in the second year of plant life but often remains preserved for more than ten years. 

Adventitious roots develop in the upper third of the rhizome segment in a given year, with 

a density of 5-6 (7) per 1 cm. At the branching point, up to 15 or more rhizomes, each 1 cm 

long, may grow, but only some survive the following year. The roots of adult plants mostly 

emerge from the lateral and lower parts of the rhizomes, with a diameter of approximately 

10 mm (Kutschera and Lichtenegger 1992). The total reported length of roots by Rudyshin 

and Tsarik (1982) is up to 100 cm, while according to Kutschera and Lichtenegger (1992), 

it can reach up to 300 cm. The highest underground biomass is typically found at a depth of 

20-40 cm (Šmarda 1963). The width of the root system was reported to be up to 229 cm in 

a plant from the Karawanken region (Kutschera and Lichtenegger 1992). 

The roots are fleshy and tough, ranging in color from creamy white (young) to medium 

brown, sometimes slightly reddish at the base (Kubát 1990). Young roots are among the 

main nutrient absorbers (Klimešová and Klimeš 1997). 

 

3.4. Leaves 

Basal leaves are round-heart-shaped with wavy margins, reaching up to 50 cm in length and 

20 cm in width, with 70-80 cm long petioles (Šťastná et al. 2010). The leaf apex is rounded, 

and the margin is flat or slightly wavy, with a broad and deeply ovate base and rounded basal 

lobes. Leaves also occur on flowering shoots but remain alive only during the flowering 

period, and later, during seed maturation, they wither. These leaves vary in size and shape: 

the leaves from the basal part of the flowering shoot are similar to those arising from the 

apical meristem on the rhizome, the leaves from the middle part are smaller and rounded at 

the base, and the leaves in the upper part are wedge-shaped and reduced to a few centimeters 

(Kubát 1990; Šťastná et al. 2010). The youngest leaves have a transparent intricate, and 

mossy membrane to which the base of the previous leaf adheres. The membrane remains 
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attached to the leaf until it grows to about 20 cm (Šmarda 1963) or less, depending on the 

final size of the leaf. Leaf bases protect the apical rhizome bud, and axillary buds occur in 

the axils of supporting leaves (Šťastná et al. 2010). 

 

3.5. Reproductive Organs 

 

3.5.1. Flowers 

Flowering shoots arise from lateral branches (dicyclic shoots) in the previous year, and their 

apical meristem changes from vegetative to flowering in autumn (Šťastná et al. 2010). 

Usually, one or two, occasionally four, flowering shoots grow from the rhizome segment. 

The flowering shoots are robust, leafy but without a basal rosette, longitudinally ribbed, 

approximately 30-200 cm tall, erect, shortly papillose to glabrous. The inflorescence arising 

at the stem tips is a vigorous, leafless, densely branched spike about half the length of the 

stem. The flowers with filiform stalks occur in numerous clusters. Usually, the flowers are 

hermaphroditic, but some plants are polygamous, with male sterile flowers developing at the 

base of the inflorescence and female sterile flowers at the top (Šťastná et al. 2010). 

According to Klimeš (1994), functional polygamous flowers, andromonoecy, gynomonoecy, 

and even dioecy can strongly prevail in some inflorescences. The flowers near the base of 

the inflorescence bloom first, while the flowers at the top develop last (Šťastná et al. 2010). 

The size of the flower ranges from 4 to 5.5 mm, the petals are green and without a callus, 

and the outer perianth is elongated, adjacent to the inner perianth (Šťastná et al. 2010). The 

flowers are wind-pollinated, and for cross-pollination with foreign pollen, the stigmas 

mature two to three days earlier than the anthers. Three outer tepals wither, and three inner 

ones transform into heart-shaped, pointed, entire, or slightly toothed along the edges, about 

5 mm long and 4 mm wide nectaries, mostly without papillae. They contain seeds that are 

3 mm long, dark ochre-colored achenes. The fruit stalks beneath the nectaries are inflated 

like a bulb. The plants start flowering in June and fruiting in July. According to Bucharová 

(2003), a robust plant can produce 3.200 seeds, while Handlová (2003) reported 6.000-

18.000 seeds, and Malinowskij et al. (1982) mention 11.500 seeds (in the Ukrainian 

Carpathians), gradually falling off the stems. 
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3.5.2. Seeds 

R. alpinus seeds do not have primary dormancy and can germinate at different times with 

sufficient light (Šťastná et al. 2010). Seeds of species that thrive in highly humid 

environments often demand 

a higher germination 

temperature. However, an 

experiment conducted by 

Jungová contradicted this 

notion, as R. alpinus seeds 

exhibited a 90% 

germination rate even at 

lower temperatures 

(Jungová, unpublished data, 

Figure 3).  

Figure 3: Germination of R. alpinus at different temperatures 

According to Klimeš (1992), seed germination of R. alpinus is significantly promoted by 

grazing domestic animals, primarily cattle, whose hooves disturb the cover and whose 

excrement creates an ideal space for germination. Young seedlings of R. alpinus are rarely 

found in dense grassland communities, likely due to low shade tolerance (Klimeš 1992) and 

interspecific competition with grass species (Červenková and Münzbergová 2009). 

Furthermore, the results of Červenková and Münzbergová (2009) revealed that R. alpinus 

seeds have a pronounced dispersal potential. They observed a significant increase in new 

R. alpinus plants along streams, and their invasion progresses up to 100 m each year, 

facilitated by the downstream spread. Moreover, the study by Červenková and Münzbergová 

(2009) showed that new seedlings are more commonly found along stream banks rather than 

in meadows. Demographic measurements of R. alpinus populations demonstrated a higher 

generative growth rate for plants along streams, as seeds along streams germinate better due 

to moisture and less competition from surrounding vegetation (Červenková and 

Münzbergová 2009). Seed dispersal in the Krkonoše Mountains occurs up to a distance of 

20 m from watercourses. Nathan (2006) defined the boundary of long-distance dispersal as 

the absolute distance within which plants can spread based on their anatomical and 

morphological characteristics. Similar results (26 m) were obtained from seed release 

experiments in the field, simulating the spread of docks under altered conditions (Bucharová 
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2003). However, based on these results, it cannot be universally concluded that dock seeds 

disperse up to approximately 25 m and no further. This is contradicted by the findings of 

Kubátová's (1994) thesis, where the related species Rumex longifolius was found up to 50 m 

away from the source in Kopecký's ramparts.  

 

3.6. Distribution of Rumex alpinus 

3.6.1. Worldwide 

3.6.1.1. Indigenous Occurrence 

R. alpinus is distributed in high mountains of Western, Central, and Eastern Europe, 

including the Apennine Peninsula, Balkan Peninsula, the Caucasus, Armenia, and northern 

Anatolia (Figure 4). In Slovakia, it occurs in the Krivánska Malá Fatra, Veľká Fatra, Nízké 

Tatry, Západné Tatry, Vysoké Tatry, Oravská Magura, Oravské Beskydy, and Bukovské 

vrchy  (Šťastná et al. 2010). 

 

Figure 4: Distribution of R. alpinus (Šťastná et al. 2010) 

3.6.1.2 Allochthonous occurrence (invasion) 

Tutin et al. (1993) stated that R. alpinus was introduced to Great Britain (Scotland) from 

lowlands up to 375 m above sea level during the Middle Ages. It is also found in the USA 
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(Vermont and Maine) from lowlands up to 1500 m above sea level. Additionally, it occurs 

in Canada (Nova Scotia since 1921). Isolated introduced populations of R. alpinus have been 

present in Finland since 1923, where it was introduced from Central and Southern Europe 

as a medicinal plant (Piirainen 1996). Furthermore, Dickson and Dickson (2000) introduced 

it to Sweden in 1997 and to Norway (Tromsø) as an escapee from a botanical garden. 

3.6.2. Occurrence in the Czech Republic 

R. alpinus is not an indigenous plant in the mountainous areas of the Czech Republic 

(Krkonoše, Jizerské Hory, Orlické hory), where it was introduced in the second half of the 

16th century (Kopecký 1973; Kubát 1990; Šťastná et al. 2010). Its current distribution 

(Figure 5) largely coincides with the distribution of past and present settlements in many 

areas (Kopecký 1973). R. alpinus is a strongly nitrophilous species that grows in moist soil 

and is most commonly found where there is manure and waste from domestic animals near 

farm buildings, roads, and human-disturbed areas. It can also be considered a pasture weed 

that dominates pastures with its biomass, thus limiting the chances of rare species to spread. 

 

Figure 5: Distribution of R. alpinus in the Czech Republic (source: AOPK) 

Ellenberg et al. (1992) and Pott (1996) report records of R. alpinus occurrence in 

mountainous, subalpine, and alpine zones (Bernina Alps: up to 2640 m). According to 

Rechinger (1957), it can descend along streams in the Alps to lower elevations (600 m). 

Localities with the lowest altitudes (except for Northern Europe) have been reported from 

the Czech Republic, where it was found at an elevation of 230 m near Mnichovo Hradiště 

(Kubát 1990), which is contrary to our observation (Jungová 2017-2023). The altitudinal 

gradient of R. alpinus extends over an area exceeding 1000 m (900 to 1900 m above sea 
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level), indicating that the species is capable of adapting to large differences in the length of 

the growing season and temperature. Although the plants originally inhabited wet sections 

along streams, the strongest growth was observed in secondary deforested areas within the 

forest zone (Šťastná et al. 2012). Its peak distribution is (880) - 1300-2400 m in Spain, (800) 

- 1600-2300 m in Italy, 1500-2450 m in Macedonia, 1400-2200 m in Bulgaria, and 1600-

2250 m in Greece; (750) - 950-1610 m in Slovakia (Jarolímek and Kliment 2004; Šťastná et 

al. 2010). 

 

3.7 Uses of R. alpinus 

3.7.1. Food 

Currently, R. alpinus is considered one of the most widespread weeds (Bohner 2005; Šťastná 

et al. 2010; Delimat and Kiełtyk 2019). However, historically, it has been recognized as 

a valuable plant cultivated in special gardens, Figure 6 (Maude and Moe, 2005; Vasas et al. 

2015). Although animals do not consume R. alpinus in its fresh state, probably due to its 

laxative effects (Hejcman, oral 

discussion), it has been used as fodder 

for domestic animals in the past, 

according to Roth et al. (1994). Maude 

and Moe (2005) have the same opinion 

and mention that the leaves were 

harvested and dried on a large scale 

(Graubünden) and mainly used as feed 

for pigs and goats.  

 

Figure 6: Farmer growing R. alpinus (Maude and Moe 2005). 

At the same time, R. alpinus has been utilized by humans as a vegetable, where the stalks 

are peeled and used as rhubarb in pies (Ali-Shtayeh et al. 2008; Misra et al. 2008; Dreon and 

Paoletti 2009) or consumed raw (Łuczaj 2010). The leaves of R. alpinus have been eaten as 

a spinach substitute or prepared as sauerkraut (Dickson and Dickson 2000). In alpine regions, 

a special dish called "Farchon" is known, which is made from plant species, including 

Chenopodium bonus-henricus, Urtica dioica, and R. alpinus. The leaves were also used for 

wrapping fresh butter to facilitate transportation and preservation (Maude and Moe 2005). 
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The leaves of R. alpinus were occasionally used for making sauces and soups (Guerra et al. 

2008). They could also be eaten raw, drizzled with olive oil (Łuczaj et al. 2013), and 

sometimes mixed with boiled potatoes (Dénes et al. 2013). In the eastern part of Turkey, 

young leaves of Rumex species were used as a vegetable or used to stuff meat and in the 

preparation of herbal cheese as a preservative and aromatic source (Ozturk et al. 2000).  

3.7.2. Medicinal plant 

In Turkey, where R. alpinus is native, it has been widely used in traditional medicine to treat 

various disorders such as constipation, diarrhea, and eczema (Ulukanli et al. 2005). Many 

compounds present in the plant have antimicrobial, antioxidant, antifungal, and antibacterial 

properties. For centuries, plants have been used in herbal medicine to treat various ailments. 

The plant's aerial parts, leaves, and roots were used in traditional medicine to treat several 

health disorders, including infections, diarrhea, constipation, edema, jaundice, and being an 

antihypertensive diuretic and analgesic. 

Flowers, stems, leaves, and roots are typically prepared and consumed to treat various 

illnesses, including pain, edema, digestive problems, arthritis, cold and flu, fevers, and 

irritability (Baytop 1996; Beuchat and Golden 1989). They are also used for kidney and liver 

diseases, gallbladder inflammation, swelling, ulcers, rashes, skin diseases, and wound 

healing (Alvarez-Castellanos et al. 2001; Tepe et al. 2005; Dénes et al. 2013). R. alpinus has 

also been utilized as a laxative, diuretic, antipyretic, and antiinflammatory wound healing 

agent (Baytop 1996; Suleyman et al. 1999). In traditional Austrian medicine, the leaves and 

roots of R. alpinus were used internally to treat viral infections (Bogl et al. 2013). Various 

parts of the plant, such as flowers, stems, and rhizomes, have been applied in treating 

different types of tumors, such as poultices, ointments, and powders (Hartwell 1970). 

It is known that plants belonging to the Polygonaceae family produce a large number of 

biologically important secondary metabolites, such as anthraquinones, naphthalenes, 

stilbenoids, steroids, flavonoid glycosides, leucoanthocyanidins, and phenolic acids 

(Gescher et al. 2011). Rumex species are rich in anthraquinones, especially in the roots, 

including emodin, chrysophanol, and physcion (Vasas et al. 2015). 

On the other hand, R. alpinus contains higher levels of oxalic acid, which can cause serious 

problems such as kidney stone formation and reduced iron absorption if consumed in large 

quantities (Vasas et al. 2015). 
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3.8. Control and Management 

Suppression of R. alpinus is often desirable, especially in protected areas where its extensive 

spread can reduce species diversity and threaten rare plants. An experiment conducted in the 

Ukrainian Carpathians (Tsarik 1987) used three cutting intensities, trampling and cuttings 

removal, to evaluate plant survival, biomass, and vegetation cover. The greatest reduction of 

R. alpinus was achieved in plots cut every ten days, which resulted in decreased sorrel cover. 

As a result, new individuals sprouted from the seed bank. Cutting twice a year increased 

seedling withering by approximately 30% compared to the control. Seed bank limitation 

until the next year was 20% compared to the uncut plot. Similarly, treatments involving 

rhizome fragmentation induced vegetative regeneration of Rumex plants. Unfortunately, the 

vegetation response was monitored for only one season (Tsarik 1987). R. alpinus displays 

remarkable vitality and regenerative capability after leaf removal, as evidenced by leaf 

development observed as soon as one day after cutting (Šmarda 1963). Within the following 

days, the plants increased their height by 2 cm per day and fully reestablished the site within 

ten days. Rapid regeneration of cut stands was also reported by Antosiak (1987), who 

observed R. alpinus reaching a height of 40 cm after 20 days following complete defoliation. 

Moreover, Bohner (2005) states that R. alpinus tolerates defoliation quite well. Successful 

suppression can only be achieved through regular cutting and removal of cut biomass, 

preventing R. alpinus from becoming dominant in pastures (Ellenberg 1996; Bucharová 

2003). Bucharová (2003) and Jiřiště and Mládková (1998) reported results of chemical 

control of R. alpinus in the Krkonoše Mountains. Treatment with a 3-5% solution of the 

herbicide Roundup Biaktiv was applied three times during the season (July-September). 

After damaging the R. alpinus stands, grasslands were established by sowing seeds of several 

grass species (Alopecurus pratensis, Agrostis capillaris, and Festuca rubra). Despite a large 

number of R. alpinus seeds germinating from the seed bank in treated areas, the young plants 

were quickly suppressed by grasses. Only a few small R. alpinus plants remained on the 

experimental plots three years later, while grasses became dominant. Utilizing hay 

containing mature grass seeds as mulch, rather than sowing grass seeds or using geotextiles 

to cover the area, was the most effective method (Jiřiště 2000). Regular cutting is necessary 

to promote grass growth, resulting in dense grass carpets where R. alpinus cannot thrive 

(Kutschera and Lichtenegger, 1992; Bucharová 2003). 

Due to the biological characteristics of R. alpinus, its eradication is quite challenging. After 

mowing, it quickly regenerates from reserves in its rhizomes, and after herbicide treatment, 
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the vegetation promptly recovers from a significant seed bank in the soil (Bucharová 2003). 

There aren't many options or instructions available for eradication. Among the possibilities 

that were considered, such as removing the topsoil, mowing to deplete the rhizome reserves, 

or removing the basal material along roadsides (methods described in more detail in 

Naglová's bachelor's thesis in 2012), the combination of methods proposed by Jiřiště (2000) 

and Bucharová (2003) proved to be the most effective. This combination involves the spot 

or blanket application of herbicide spray, using Roundup herbicide, which Janata (2010) and 

Mládková (1992) found to be the most efficient when applied repeatedly and spot-wise. 

Bachtík also states in his work that after spraying with Roundup, 95% of R. alpinus clusters 

were destroyed, and after one vegetation season, the first monitored area was covered by 50-

55% of local vegetation, while the second area was covered by only 30-40%. However, 

multiple herbicide applications can be relatively expensive, and when using chemical 

substances, caution must be exercised in protected areas (Bucharová 2003). The first 

spraying should be done from mid-May to June. After three weeks, the area needs to be 

revisited, and any overlooked or insufficiently affected plants or newly emerged seedlings 

should be treated. This procedure requires ongoing attention, often for more than five years. 

It is crucial not to let any inflorescence mature during the eradication process. Therefore, if, 

for any reason, spraying is skipped, it is necessary to remove at least and burn maturing 

inflorescences. Creating a competitive environment with native grasses and herbs is also 

beneficial. This can be achieved by overseeding with a regional mixture of herbs and grasses 

(Janata 2010). 

Competition between R. alpinus and grasses and herbs alone is not enough to restrict its 

growth (Zaller 2004). It should be combined with other management practices. It is 

important to mow the docks at a height of 10 cm to allow other plants to regenerate earlier 

(Šilc et al. 2016). 

3.8.1 Biological Control 

Rumex alpinus is a challenging weed, especially in protected areas or Natura 2000 sites 

where only non-chemical measures are employed. Šilc et al. (2016) investigated the 

effectiveness of various non-chemical methods through a field experiment: mowing, manual 

removal, heating, covering with plastic sheeting, and grazing by cattle and pigs. Growth 

changes, coverage, number of shoots, and biomass were monitored at 14-day intervals over 

three consecutive years. The results indicated that manual removal of plants and plastic 

sheeting were the most successful, nearly eliminating biomass and reducing coverage to 
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50%. Other methods were less effective. R. alpinus was avoided by animals for grazing, and 

heat only temporarily suppressed its growth. 

Plastic sheeting (or any other covering material) to reduce light availability for weeds or 

invasive species is a common practice (Bond and Grundy 2001). It has been successfully 

employed with R. alpinus (Bechtold and Machatschek 2011). Light availability is crucial for 

R. alpinus and contributes to its competitive ability (Zaller 2004). Within one year, docks 

are destroyed due to reduced light and high temperatures under the plastic sheeting during 

the summer. However, plastic sheeting is less suitable for large areas, particularly 

mountainous regions with adverse climatic conditions (Šilc et al. 2016). 

Animals rarely graze docks, and livestock and horses tend to avoid R. alpinus. Occasionally, 

goats graze on it (Bohner 2005; Ellenberg 1996; Hejcman et al. 2014). In the past, it was 

also used as feed for pigs (Wendelberger 1971). Šilc et al. (2016) employed cattle and pigs 

for only one season, resulting in some suppression of R. alpinus. However, this was likely 

due to trampling by livestock rather than actual grazing. Trampling can effectively reduce 

the aboveground biomass of R. alpinus (Tsarik 1987). Grazing by goats, sheep, or in 

combination with cattle can effectively remove plants from grassland communities 

(Hejcman et al. 2014). Still, in the case of mountain pastures, this is not common in Central 

Europe and is even restricted in protected areas. Introducing grazing by these animals would 

require a change in grazing policies associated with Natura 2000 (Šilc et al. 2016). 

 

3.9 Pests and diseases  

3.9.1 Herbivores 

Gastrophysa viridula (Chrysomelidae, Coleoptera) is a natural enemy of docks in Europe 

(Martínková and Honěk, 2004), and its subspecies caucasica Jolivet, was found in Turkey. 

It is an important potential biological agent (Aslan and Ozbek 1999; Hatcher et al. 1997). 

Although Gastrophysa viridula (G. Viridula) reduces plant biomass, it cannot eradicate the 

plants, especially at higher elevations (Tsarik 1986). A potential disadvantage of G. viridula 

as a biological control agent is its short flight distance, usually less than 10 meters 

(Martínková and Honěk 2004). 

Trophic relationships in R. alpinus habitats were studied by Rudyshin and Tsarik (1982) in 

the Ukrainian Carpathians. They found that the most important leaf-feeding herbivores on 

R. alpinus were the larvae and adults of G. viridula, Otiorhynchus niger, and Otiorhynchus 
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sp. On average, they found 5 to 7 adult Gastrophysa beetles and 1 to 2 adult Otiorhynchus 

beetles per plant. The beetles were most active in June and July, reducing leaf area by 

approximately 20% (Gastrophysa) and 75% (Otiorhynchus). It was also found that two 

species of mammals feed on the aboveground parts of R. alpinus. Leaves were consumed by 

Microtus subterraneus, and Microtus agrestis consumed flowering stems. 

Among other herbivores that consume R. alpinus are several species of Syrphidae: 

Mygatropus florea (Rudyshin and Tsarik 1982), Syrphus torvus, Parasyrphus lineola 

(Klimeš 1994), and the bumblebee Bombus terrestris (Klimeš 1994). The average percentage 

of pollen recorded in the guts of Syrphus torvus flies was nearly 90%. For Parasyrphus 

lineola, it was 67%, indicating that these flies may prefer this type of food if it is available 

in excess. Similarly, pollen was repeatedly recorded in the species Bombus terrestris. The 

percentage of recorded R. alpinus pollen in pollen baskets ranged from 93% to 96% (Klimeš 

1994). 

Seeds of R. alpinus are consumed by several mammal species, including Apodemus 

sylvaticus, A. flavicollis, Muscardinus avellanarius, Dyromys nitedula, Sicista betulina, as 

well as omnivores Aeanthis cannabina, Fringilla coelebs, Emberiza citrinella, and Prunella 

modularis (Rudyshin and Tsarik, 1982). Rhizomes and roots are consumed by larvae of 

beetles Otiorhynchus niger, Otiorhynchus sp., and mammals (Rattus norvegicus and 

Arvicola terrestris). Other mammals, Microtus subterraneus and M. agrestis, specialize in 

consuming underground organs of R. alpinus during winter (Rudyshin and Tsarik 1982). 

3.9.2 Insect pests on R. alpinus  

Coleoptera: Chrysomelidae: Oreina elongata Suffrian (larvae). However, their survival on 

R. alpinus as a potential host plant is limited (Ballabeni and Rahier 2000). 

Coleoptera: Curculionidae: Otiorhynchus corvus Boheman. Larvae of this polyphagous 

species feed on young roots of R. alpinus in the Beskids and western Carpathians (Knutelski 

2005). Plinthus tischeri Germar in the western Carpathians and Sudetes. Plinthus findeli 

Boheman has been found only on R. alpinus in the Czech Republic, Pyrenees, Alps, and the 

Balkans (Smreczynski 1968). Plinthus sturmii Germar was found in the Austrian Alps, 

Bosnia, Albania, Carpathians, and Sudetes (Knutelski 2005). Donus comatus Boheman is 

found only in the Carpathians, Sudetes, Alps, and the Balkans (Knutelski 2005). Rhinoncus 

pericarpius L. - this oligophagous species occurs on several Rumex species, including 



29 

 

R. alpinus, and is distributed in the Palearctic part of North America up to an altitude of 

1500 m (Smreczynski 1974). 

Lepidoptera: Hepialidae: Larvae of Hepialus humuli L. have been found in the rhizomes of 

R. alpinus. The genus Hepialus generally includes polyphagous species, so other species of 

mountain habitats, such as Hepialus fuscomelubosus DeGeer and Hepialus carna Denis and 

Schiffermuller, may also feed on R. alpinus (Šťastná et al. 2010). 

3.9.3 Diseases 

The impact of herbivory on R. alpinus may be exacerbated by other factors, such as rust or 

mold. Rust caused by Uromyces rumicis from the Pucciniaceae family commonly affects 

the leaves of Rumex obtusifolius and Rumex crispus. However, no data is available regarding 

its colonization of R. alpinus (Št'astná et al. 2010). 

In an unpublished experiment by Jungová exploring the growth of R. alpinus seedlings, it 

was noted that several R. alpinus seedlings perished due to infestations of aphids and 

powdery mildew. This experiment underscored the potential of these pests to significantly 

impact the health of R. alpinus (Jungová, data not yet published). 

 

3.10 Effect of macro and microelements on Rumex species  

 

The growth of R. alpinus is influenced by nutrient availability, as documented by Bohner 

(2005) and Šťastná et al. (2012). Like other Rumex species in early developmental stages, 

Rumex obtusifolius and Rumex crispus are sensitive to excessive nitrogen (N) supply, as 

observed by Křišťálová et al. (2011). Adult plants require nitrogen and phosphorus (P), as P 

is an essential nutrient crucial for early plant growth (Bohner 2005). The growth of Rumex 

species is also impacted by the availability of calcium (Ca) and magnesium (Mg) in the soil. 

Hann et al. (2012) reported a negative correlation between plant-available Ca and Mg 

concentrations in the soil and the density of R. obtusifolius in grasslands. Furthermore, both 

adult plants and seedlings are affected by high Ca availability in the soil, as recorded by 

Hejcman et al. (2012). Rumex obtusifolius, as observed by Vondráčková et al. (2014), is 

a calciphobic plant that reduces excessive concentrations of Ca ions in its tissues through the 

precipitation of insoluble Ca-oxalate crystals (Bohner 2001). Similar results were reported 

by Bohner (2005) for R. alpinus. According to Barker and Pilbeam (2007), high 
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concentrations of Ca and Mg in the soil can restrict plants' potassium (K) uptake, resulting 

in limited K availability for highly K-demanding species such as Rumex. Consequently, this 

can reduce competitiveness and increase mortality for Rumex species in Ca-rich soils (Hann 

et al. 2012). 

The influence of trace elements on the biomass production of Rumex species and the 

distribution of these elements were studied by Gaveda et al. (2009) and Vondráčková et al. 

(2014). The findings of Vondráčková et al. (2014) indicated a negative relationship between 

biomass production and the concentrations of Cd, Ni, Pb, and Zn in the plant biomass, 

highlighting the toxicity of these elements to plants. The presence of these trace elements 

led to a reduction in biomass production due to the inhibition of cell elongation and division 

(Anton and Mathe-Gaspar 2005; Barrutia et al. 2009), as well as visible changes in leaf shape 

and color (Hejcman et al. 2012). 

Rumex obtusifolius and similar plant species exhibit high sensitivity to the elevated 

availability of trace elements in the soil, making them effective indicators for field mapping 

of contaminated soils based on the symptoms of toxicity observed in their aboveground 

organs (Hejcman et al. 2012; Vondráčková et al. 2014). Additionally, some Rumex species 

have been investigated as a potential plants for phytoremediation (Hejcman et al. 2012; 

Vondráčková et al. 2014). However, Vondráčková et al. (2014) found that Rumex 

obtusifolius restricted the translocation of trace elements from belowground organs to leaves, 

indicating its behavior as an excluder of As, Cd, Pb, and Zn. As a result, it is not suitable for 

phytoremediation of heavily contaminated soils. Nevertheless, further research 

demonstrated the plant's high ability to accumulate Al in its organs, particularly in alkaline 

soils (Vondráčková et al. 2015). 
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5. PRINCIPAL CONCLUSIONS OF THE THESIS 

 

SUMMARY IN ENGLISH 

The doctoral thesis focuses on the ecology and genetic variability of the invasive plant R. 

alpinus in the Krkonoše Mountains and the problematic weed in mountainous regions of 

Europe. The results and conclusions of this study are summarized below. 

5.1  

The study's results revealed that different organs of R. alpinus reflected varying levels of 

macroelement content. The variability in N, P, K, Ca, and Mg content in the organs was 

directly related to their content in the soil, reflecting pedogenic processes, specific 

environmental conditions, and anthropogenic influences at the sites. The overall N content 

in the Krkonoše localities was similar to that in alpine localities and corresponded to long-

term fertilized grassland vegetation. An exception was observed at the Ramsau am Dachstein 

locality, which likely resulted from the northern slope inclination in the Alps, where N losses 

incur due to leaching and denitrification from low temperatures. The average N content in 

all leaves was higher (22.6-52.2 g kg-1) compared to plants from different plant communities, 

such as Urtica dioica (23.2 g kg-1), and many other grassland species ranging from 7 to 17 

g kg-1. The high N content in emerging leaves was primarily due to its utilization at the 

cellular level, especially for enzymatic activities and facilitating photosynthesis. The lowest 

N content was found in the stem and rhizome. The stem serves as a transport conduit from 

the roots to the photosynthetic tissues, hence having lower nutrient content compared to 

leaves, for example. Although the overall P content in the soil was relatively lower than most 

reported values in mountain soils (1.11 - 1.88 g kg-1), the available P fraction for plants was 

relatively higher than that reported in other mountain soils. However, the total P content (0.8 

g kg-1) in fertilized mountain grasslands was similar to the P content (0.72 g kg-1) in this 

study, indicating significant variability in P content in mountainous sites. The high P content 

in emerging and mature leaves is likely attributed to their high metabolic activity. The 

content of individual nutrients, N and P, in mature and senescent leaves varied across 

different sites, indicating competitive interactions among plant species. Human-influenced 

sites often lead to higher N and P content, potentially increasing the number of competitive 

organisms for R. alpinus. Nonetheless, R. alpinus may acquire N and P from the soil profile 

through mycorrhizae. 
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The N:P and N:K ratios in mature leaves of R. alpinus ranged within the typical range for 

plant tissues, indicating a relatively high demand for P. The average N resorption (52%) and 

P resorption (50%) were lower compared to the average percentage in many other vascular 

plants (62.1% N and 64.9% P). Compared to senescent leaves, mature leaves have rapid 

biomass production and, therefore, higher demands for N and P, which could be potential 

reasons for the higher efficiency of N and P resorption in this study. Furthermore, significant 

differences in N and P resorption between seasons at the Krkonoše localities suggest that 

mature leaves remain metabolically active during the summer. The efficiency of N and P 

resorption in R. alpinus leaves followed a similar pattern across all studied sites. The high 

efficiency of N and P utilization within R. alpinus leaves underscores its adeptness 

at internally cycling these elements. This adaptation highlights the species' capacity to thrive 

under challenging conditions and in environments with limited N and P availability within 

the soil. 

5.2 

The main message of the second study is that the edibility of R. alpinus (a plant species) can 

be questionable due to the accumulation and distribution of risk elements in different plant 

organs. The levels of risk element accumulation in R. alpinus vary depending on site-specific 

factors such as geological substrate, environmental conditions, and anthropogenic activities. 

Risk element release is influenced by natural (lithogenic) and human-related (anthropogenic) 

sources, leading to their subsequent accumulation in different parts of organ R. alpinus. The 

study also found that the accumulation of certain risk elements (such as As, Cr, Ni, Pb, and 

Cd) in R. alpinus varied with seasons, with higher contents observed during autumn than 

summer in the Krkonoše Mountains. 

Regarding the chemical characterization of soil, the study found that the reduced soil acidity 

in all localities was due to high Ca and Mg contents, predominantly derived from geological 

substrates. The total Zn and Cu contents in the soils exceeded the permissible limits for 

agricultural soils, indicating potential contamination from historic mining and smelting 

activities. The total content of Mn in the soil also exceeded the average value, likely due to 

acidic soil conditions and limited soil moisture. The total contents of Al, Cr, Ni, Pb, and Cd 

in the Krkonoše Mountains soil were within the reported range for most agricultural soils 

but higher than in the Alps, suggesting the influence of past mining activities in the Krkonoše 

Mountains. 



101 

 

Regarding the distribution of elements in the organs of R. alpinus, the study found that the 

mean contents of Fe, Zn, Cu, and Mn were relatively low and within the ranges 

of geochemical background values. The variability in the content of microelements in the 

organs was attributed to compartmentalization and translocation within the plant's vascular 

system. Different organs exhibited different patterns of element distribution. For example, 

Zn content was highest in the rhizome, while Fe content was lowest in the stem. The content 

of Cu varied between emerging and mature leaves. The study also observed low contents 

of Al, As, Cr, Ni, Pb, and Cd in the organs of R. alpinus, indicating limited uptake and 

accumulation of these elements. However, the study noted that the content of As slightly 

exceeded the limit set by regulations, suggesting potential risks to food safety and human 

health. 

Overall, the study highlights the site-specific accumulation and distribution of risk elements 

in R. alpinus, raising concerns about its edibility. The results indicate the influence of 

geological substrate, environmental conditions, and anthropogenic activities on element 

accumulation in the plant. It also emphasizes the importance of monitoring and assessing the 

levels of risk elements in edible plants to ensure food safety and human health. 

5.3 

The genetic variation of R. alpinus compared to other Rumex species is limited due to the 

scarcity of studies exploring SSR marker diversity among species. While the physiology and 

ecology of R. alpinus have been extensively studied, the genetic variability has received less 

attention, with only one published study focusing on the genetic work of Rumex 

bucephalophorus subsp. canariensis. This study aims to fill that gap by investigating the 

genetic variability and population structure of R. alpinus. The results can provide valuable 

insights into the species' genetic context and contribute to the management of plant 

invasions. 

Molecular markers have proven helpful in understanding invasive species' introduction 

history and genetic variation. In this study, 12 SSR loci were used, showing significant 

polymorphism and enabling differentiation among the studied R. alpinus populations. 

The population structure of R. alpinus in the introduced range indicates the random 

establishment of genotypes in different localities, likely influenced by human dispersal. 

Gene flow between populations is limited, primarily due to anthropogenic factors. However, 

some degree of gene flow has occurred, probably due to repeated human impact. 
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The study results suggest that R. alpinus populations in the Czech Mountains are distinct 

from the Alpine populations, indicating the possibility of the species being native to the 

Krkonoše Mountains. However, historical records and analyses suggest that R. alpinus was 

likely introduced to the Krkonoše Mountains by colonists from Styria. Our analyses 

subsequently confirmed this. 

Regarding genetic variability, there are notable differences between R. alpinus populations 

in the Czech Mountains and those in the Alps. This could be attributed to a bottleneck and 

founder effect during the population's colonization of new territories. It is also possible that 

mutations and hybridization with related Rumex species have contributed to genetic 

variation. The AMOVA analysis revealed higher variability within populations rather than 

between populations. This pattern is consistent with other studies and can be attributed to 

generative proliferation in natural habitats, where plants like R. alpinus reproduce, as well 

as the presence of natural enemies and competition. Clonal reproduction is preferred in 

nonnative sites, leading to lower genetic variability. 

The study also found reduced genetic variation and possible inbreeding in the Eagle 

Mountains population of R. alpinus and supports the notion that this population is 

nonoriginal and a secondary occurrence. The results confirm previous hypotheses suggesting 

the human-mediated spread of R. alpinus from small populations in the Middle Ages. 

Furthermore, the study highlights the higher genetic variability of R. alpinus populations in 

the native regions of the Alps, Carpathians, and Pyrenees compared to nonnative populations 

in the Czech Mountains. These results support the conclusion that R. alpinus is indeed 

a nonnative species in the Czech Mountains. The Balkan and Carpathian populations exhibit 

substantial variation, indicating multiple native sources rather than a single introduction 

event. 

Overall, this study provides valuable insights into the genetic variability and population 

structure of R. alpinus and explains its origins and spread. 

 

Questions for future research 

In the future would be good to focus on a closer examination of the grazing behavior of 

different animals to the abundance, reproduction, and distribution of life stages of R. alpinus. 

Notably, insights from M. Hejcman's antelope experiments (personal communication) reveal 
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their consumption of sorrel. Given their current breeding experiments in the Alps (personal 

observation), it's intriguing to explore whether lamas and antelopes might prefer R. alpinus 

biomass on pastures. Furthermore, it is worth exploring the potential for combined grazing 

of more than one livestock species to be effective against this weedy species. 

Considering that few non-chemical control methods have demonstrated effectiveness against 

R. alpinus populations. A pivotal strategy involves preventing seed germination, among 

others, by introducing competing grasses on degraded sites.  

Furthermore, the experiment was carried out in a climatic box with the germination of seeds 

of three Rumex species (alpinus, obtusifolius, and longifolius) depending on different 

temperatures (6, 12, 18, 24, 29, and 35 °C) and followed by seed germination experiments 

from different locations in the Alps and the Giant Mountains. In this context, germination 

rates and germination of seeds from native and non-native sites were compared. Considering 

the insights acquired from the aforementioned experiments and the impending climate 

change along with its accompanying warming trends, a subsequent study was designed to 

explore the growth of seedlings from three Rumex species (alpinus, obtusifolius, and 

longifolius) under elevated temperatures (data remains unpublished). The results showed 

that Rumex obtusifolius and Rumex longifolius seedlings were more tolerant to high 

temperatures, whereas R. alpinus could not cope with temperatures of 40 °C. Furthermore, 

the experiment showed that R. alpinus was susceptible to lowland diseases (powdery 

mildew) and pests, which it could not tolerate. Thus, it would be interesting to focus if 

seedlings surviving in lowland habitats using transplantation experiments to focus on the 

germination and growth of R. alpinus from seed or vegetative propagation. 

Finally, I believe that a well-designed study of interviews with farmers and conservationists 

could be an invaluable contribution to further work that seeks to determine which factors 

and measures against the expansion of this weed are important in setting up management for 

the eradication of R. alpinus and which are not. 

Besides examining the influence of temperature on Rumex seeds germination and seedlings' 

growth in the experiments mentioned above, it is crucial to comprehend the species' response 

to climate change and consider factors driving its spread. Certain Rumex species have 

already been studied, for example, regarding elevated CO2 concentrations and heightened 

solar radiation effects. 
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SOUHRN V ČEŠTINĚ  

Disertační práce je zaměřena na ekologii a genetickou variabilitu invazní rostliny R. alpinus 

v Krkonoších, který je současně obtížným plevelem v horách Evropy. Výsledky a závěry 

této práce jsou shrnuty níže.  

5.1  

Z výsledků první studie vyplynulo, že studované orgány R. alpinus odrážely různý obsah 

makroprvků. Variabilita v obsahu N, P, K, Ca a Mg v orgánech nepřímo souvisela s jejich 

obsahem v půdě a odrážela půdotvorné procesy, specifické podmínky prostředí 

a antropogenní vlivy na lokalitách. Celkový obsah N na krkonošských lokalitách byl 

podobný jako na alpských lokalitách a odpovídal dlouhodobě hnojeným travním porostům. 

S výjimkou lokality Ramsau am Dachstein, což bylo pravděpodobně dáno sklonem na 

severním svahu Alp, kde ztráty N vznikají v důsledku vyluhování a denitrifikaci při nízkých 

teplotách.  Průměrný obsah N ve všech listech byl vyšší (22.6-52.2 g kg-1) než u rostlin 

z různých rostlinných společenstev, např.: Urtica dioica (23.2 g kg-1) a mnoho dalších 

lučních druhů - 7 až 17 g kg-1. Vysoký obsah N ve vzrůstajících (emerging) listech byl dán 

tím, že je N využíván především na buněčné úrovni, a to především pro enzymatické aktivity 

a k umožnění fotosyntézy. Nejnižší obsah N se vyskytoval ve stonku a oddenku. 

Pravděpodobně proto, že stonek slouží jako transportní kanál od kořenů k fotosyntetickým 

pletivům, a proto má nižší obsah živin, ve srovnání např. s listy. Přestože celkový obsah 

P v půdě byl relativně nižší než byl zaznamenán na horských půdách (1.11 - 1.88 g kg-1); tak 

obsah rostlinám dostupného P byl relativně vyšší než bylo zaznamenáno na jiných horských 

půdách. Celkový obsah P (0.8 g.kg-1) ve hnojených horských travních porostech byl však 

podobný obsahu P (0.72 g.kg-1) zaznamenaném v této studii, což ukazuje na velkou 

variabilitu obsahu P na horských lokalitách. Vysoký obsah P v nově vznikajících (emerging) 

a zralých (mature) listech je pravděpodobně dán jejich vysokou metabolickou aktivitou. 

Obsahy jednotlivých živin N a P ve zralých (mature) a senescentních (senescent) listech se 

na různých lokalitách lišily, což svědčí o konkurenčních interakcích mezi rostlinnými druhy. 

Lokality ovlivněné lidskou činností často vedou k vyššímu obsahu N a P, což může zvýšit 

počet konkurenčních organismů pro R. alpinus. Přesto, může R. alpinus získávat N a P 

z půdního profilu prostřednictvím mykorhizy.  
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Poměry N:P a N:K ve zralých listech R. alpinus se pohybovaly v rozmezí pro rostlinné tkáně 

a ukazují na poměrně vysokou potřebu P. Průměrná resorpce N (52 %) a P (50 %) byla menší 

v porovnání s průměrným procentním podílem u mnoha jiných cévnatých rostlin (62,1 % N 

a 64,9 % P). Ve srovnání se senescentními listy mají zralé listy rychlou produkci biomasy, 

a tím i vyšší nároky na N a P, což by mohlo být možnými příčinami vyšší účinnosti resorpce 

N a P v této studii. Navíc významné rozdíly v resorpci N a P mezi jednotlivými sezónami na 

krkonošských lokalitách naznačují, že zralé listy jsou metabolicky aktivní během léta. 

Efektivita resorpce N a P v listech R. alpinus měla podobný průběh na všech studovaných 

lokalitách. Vysoce efektivní N a P v listech R. alpinus ukazují na lepší vnitřní koloběh těchto 

prvků a schopnost druhu vyrovnávat se s nepříznivými vlivy a s nízkou dostupností N a P 

v půdě. 

5.2 

Hlavním výsledkem druhé studie je zjištění, zda je možná poživatelnost R. alpinus vzhledem 

ke kumulaci a distribuci rizikových prvků v jeho rostlinných orgánech. Úroveň akumulace 

prvků v R. alpinus se lišila v závislosti na faktorech specifických pro danou lokalitu, jako je 

geologický substrát, podmínky prostředí a antropogenní činnost Uvolňování 

stopových/rizikových prvků bylo ovlivněno jak přírodními (litogenními), tak lidskými 

(antropogenními) zdroji, což vedlo k jejich různé akumulaci v různých orgánech R. alpinus. 

Studie rovněž zjistila, že akumulace některých rizikových prvků (jako As, Cr, Ni, Pb a Cd) 

v R. alpinus se lišila v závislosti na ročním období, přičemž vyšší obsahy byly v Krkonoších 

pozorovány na podzim než v létě. 

Studie dále odhalila, že R. alpinus má značné akumulační strategie pro Cr, Zn, Cu a Ni ve 

srovnání s Fe, Mn, Al a Pb. Kromě toho je studovaný druh tolerantní k As, což naznačuje 

vysoký bioakumulační faktor (BF) oddenku (podzemní biomasa) a totální obsah As 

v půdách, který byl nadlimitní převážně na Krkonošských lokalitách. Nicméně hodnoty 

těchto prvků v konzumovaných rostlinných pletivech (listy a řapík) nepředstavují riziko pro 

lidské zdraví, jak uvádí Světová zdravotnická organizace (WHO). 

Pokud jde o chemickou charakteristiku půdy, studie zjistila, že snížená kyselost půdy na 

všech lokalitách byla způsobena vysokými obsahy Ca a Mg, které pocházejí převážně z 

geologických substrátů. Obsahy Al, Cr, Ni, Pb a Cd v půdě se pohybovaly v rámci 

udávaných hodnot pro většinu zemědělských půd, ale byly vyšší v Krkonoších než v Alpách, 

což naznačuje vliv minulé důlní činnosti v Krkonoších. Studie však zaznamenala, že celkový 
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obsah As v půdě na několika lokalitách mírně překračuje limit stanovený legislativou, což 

naznačuje potenciální rizika pro bezpečnost potravin a lidské zdraví. 

Z hlediska rozložení prvků v orgánech R. alpinus studie zjistila, že průměrné obsahy Fe, Zn, 

Cu a Mn byly relativně nízké a v rozmezí hodnot geochemického pozadí. Variabilita v 

obsahu mikroprvků v orgánech byla přisuzována oddělení a translokaci v rámci cévního 

systému rostliny. Různé orgány vykazovaly různé vzorce rozložení mikroprvků. Například 

obsah Zn byl nejvyšší v oddenku, zatímco obsah Fe byl nejnižší ve stonku. Obsah Cu se lišil 

mezi vzcházejícími (emerging) a zralými (mature) listy. Ve studii byly rovněž zjištěny nízké 

obsahy Al, As, Cr, Ni, Pb a Cd v orgánech R. alpinus, což svědčí o omezeném příjmu 

a akumulaci těchto prvků.  

Kromě toho byla akumulace As, Cr, Ni, Pb a Cd u R. alpinus ovlivněna sezónními změnami. 

Například srážky během podzimu mohly přispívat k uvolňování prvků do půdy, což se 

projevilo vyššími obsahy v orgánech ve srovnání s obsahy v létě na lokalitách v Krkonoších. 

V nadzemní biomase (rašící a zralé listy a řapíky) sice docházelo k určité míře akumulace 

dalších prvků, např. Cu, avšak Al a Cd se akumululovaly v podzemní biomase (oddenek) a v 

případě Cd pouze ve stonku. Obsah As, Cr, Ni, Pb a Cd ve vzcházejících, zralých 

a senescentních listech a řapíku se však pohyboval v rozmezí koncentrací typických pro 

cévnaté rostliny. Tato studie rovněž prokázala translokaci Zn, Cu, Mn, As, Ni a Pb do 

nadzemní biomasy R. alpinus.  

Zároveň doporučujeme velkou opatrnost při konzumaci této zeleniny z kontaminovaných 

půd, zejména v případě Pb, kde hodnoty na některých lokalitách překračovaly přípustné 

limity a mohou představovat riziko pro lidské zdraví, jak uvádí Světová zdravotnická 

organizace. Doporučujeme proto provést podrobnou prvkovou analýzu orgánů tohoto druhu 

před jeho použitím jako léčivé byliny a potraviny. 

5.3 

Genetická variabilita R. alpinus nebyla doposud zkoumána, přestože fyziologii a ekologii R. 

alpinus byla věnována větší pozornost. Byla zaznamenána pouze jedna publikovaná studie, 

která se zaměřila na genetickou práci s Rumex bucephalophorus subsp. canariensis. Právě 

proto byl cílem třetí studie zkoumat genetickou variabilitu a populační strukturu invazní 

rostliny R. alpinus v Krkonoších, stejně jako na původních lokalitách. Výsledky mohou 

poskytnout cenné poznatky o genetických souvislostech tohoto druhu a přispět tak 

k efektivnějšímu k managementu rostlinných invazí. Molekulární markery se ukazují jako 
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užitečné pro pochopení historie introdukce a genetické variability invazních druhů. Proto 

bylo v této studii použito 12 SSR markerů, které vykazovaly významný polymorfismus 

a umožňovaly diferenciaci mezi studovanými populacemi R. alpinus. 

Populační struktura R. alpinus v introdukovaném areálu naznačuje náhodné usazování 

genotypů na různých lokalitách, pravděpodobně byla nejvíce ovlivněna vlivem člověka. Tok 

genů mezi populacemi byl omezený, přesto k určitému toku genů docházelo, pravděpodobně 

důsledkem opakovaného vlivu člověka. 

Výsledky studie naznačily, že populace R. alpinus v českých horách jsou odlišné od alpských 

populací, což poukazovalo na možnost toho, že druh je v Krkonoších původní. Z hlediska 

genetické variability byly mezi populacemi R. alpinus v českých horách a v Alpách nápadné 

rozdíly. To však lze přičíst efektu úzkého hrdla a efektu zakladatele při kolonizaci nových 

území populací. Navíc je možné, že ke genetické variabilitě přispěly mutace a hybridizace s 

příbuznými druhy rodu Rumex. Historické záznamy a další genetické analýzy však 

potvrdily, že R. alpinus byl do Krkonoš zavlečen kolonisty, a podle analýzy Structure, to 

bylo ze Štýrska. Následně analýza AMOVA odhalila vyšší variabilitu spíše uvnitř populací 

než mezi populacemi R. aplinus. Studie navíc upozorňuje na vyšší genetickou variabilitu 

populací R. alpinus v původních oblastech Alp, Karpat a Pyrenejí ve srovnání s nepůvodními 

populacemi v českých horách. Tento vzorec byl v souladu s jinými studiemi a lze jej přičíst 

právě generativnímu šíření na přirozených lokalitách. Což je v důsledku přítomnosti 

přirozených nepřátel a v rámci mezidruhové konkurence. Zatímco, na nepůvodních 

lokalitách je preferováno klonální rozmnožování, což vede pak k nižší genetické variabilitě. 

Studie rovněž zjistila sníženou genetickou variabilitu a možné příbuzenské křížení 

v populaci R. alpinus v Orlických horách.  

Tato skutečnost posiluje předpoklad, že populace R. alpinus v Krkonoších není původní 

a představuje sekundární výskyt. Zároveň naznačuje, že správně nastavený manažerský 

přístup, stejně jako v případě Orlických hor, může výrazně omezit růst tohoto druhu v dalších 

horských oblastech. Výsledky této studie rovněž potvrzují předchozí hypotézy, které 

předpokládaly šíření R. alpinus prostřednictvím člověka z malých populací v období 

středověku.  

Otázky pro budoucí výzkum 

Do budoucna by bylo dobré se zaměřit na bližší zkoumání pastevního chování různých zvířat 

v souvislosti s abundancí, rozmnožováním a šířením rostlinných částí R. alpinus na 
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pastvinách. Zajímavými poznatky, které přinesly experimenty Michala Hejcmana prováděné 

s antilopami, je objev, že tyto zvířata šťovík konzumují. Vzhledem k současným chovným 

experimentům s lamami v Alpách (osobní pozorování) je zajímavé prozkoumat, zda by lamy 

a antilopy mohly preferovat biomasu R. alpinus na pastvinách. Kromě toho stojí za to 

prozkoumat účinnou kombinovanou pastvu více než jednoho druhu hospodářských zvířat 

proti tomuto plevelnému druhu. 

Vzhledem k tomu, že jen málo nechemických likvidačních metod prokázalo účinnost proti 

rostlinám R. alpinus, tak stěžejní strategie zahrnuje zabránění klíčení semen, mimo jiné, 

vysazováním konkurenčních trav na degradovaná místa. 

Z tohoto důvodu byl proveden experiment v klimaboxech, který se týkal klíčení semen tří 

druhů Rumex (alpinus, obtusifolius a longifolius) v závislosti na různých teplotách (6, 12, 

18, 24, 29 a 35 °C). Následovaly pokusy s klíčením semen R. alpinus z různých lokalit v 

Alpách a Krkonoších. V této souvislosti byly porovnány rychlosti klíčení a klíčivost semen 

z původních a nepůvodních lokalit. S přihlédnutím k poznatkům získaným z výše uvedených 

experimentů a k hrozící změně klimatu a souvisejícímu oteplování byl dále navržen 

experiment, který měl prozkoumat růst semenáčků výše uvedených tří druhů Rumex 

(alpinus, obtusifolius a longifolius) při vyšších teplotách (data nebyla dosud publikována). 

Předběžné výsledky ukázaly, že sazenice Rumex obtusifolius a Rumex longifolius byly 

tolerantnější k vysokým teplotám, zatímco R. alpinus nezvládl teploty 40 °C. Dále bylo 

z experimentu zjištěno, že R. alpinus je náchylný k nížinným chorobám (padlí) a také ke 

škůdcům (mšice), které netoleroval. Bylo by tedy zajímavé zaměřit se na klíčivost a růst 

rostlin R. alpinus ze semene nebo vegetativního množení na venkovních stanovištích 

(transplantační pokusy). 

Domnívám se, že dobře navržená studie rozhovorů s farmáři a ochránci přírody by mohla 

být neocenitelným příspěvkem k další práci, která se snaží zjistit, které faktory a opatření 

proti šíření tohoto plevele jsou důležité při nastavení managementu pro eradikaci R. alpinus 

a které nejsou. 

Kromě zkoumání vlivu teploty na klíčení semen R. alpinus a růst sazenic ve výše uvedených 

experimentech je zásadní pochopit reakci druhu na změnu klimatu a zvážit i další faktory, 

které řídí jeho šíření. Některé druhy rodu Rumex již byly takto v minulosti studovány, a to 

například v souvislosti se zvýšenou koncentrací CO2 a dále například se zvýšenými účinky 

slunečního záření. 
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