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Abstrakt

Rumex obtusifolius L. (Stovik tupolisty) a Rumex crispus L. (Stovik
kadetavy) jsou obtiznymi plevely po celém svété. Cilem této prace bylo zjistit vliv
dostupnosti N, P a K na ristové charakteristiky a pfezimovani obou druhd. Dalsi
vyzkum byl zaméfen na otazku, zda ovlivituje pudni pH a vyssi dostupnost Ca a P
v pudach vysoce kontaminovanych rizikovymi prvky (Zn, Cd, As) vzchéazeni a rust
druhu R. obtusifolius.

Mladé rostlinky obou druhli byly negativné ovlivnény vysokou dostupnosti
dusiku a pozitivné ovlivnény dostupnosti P. Ve fazi rastu lodyh, kveteni
a tvofeni semen se R. obtusifolius nejrychleji vyvijel ve variantach hnojenych N
a kombinaci N a P. Dulezity poznatek z tohoto pokusu je ten, Ze oba studované druhy
rodu Rumex nejsou nitrofilni v ¢asnych fazich ristu a stavaji se nitrofilnimi
az po vytvoreni plné vyvinuté listové rizice. Rumex obtusifolius béhem prvniho roku
kvetl a tvofil semena, zatimco R. crispus vytvofil pouze listovou ruzici s rustovymi
vrcholy a vtéto fazi také piezimoval. Rumex obtusifolius mél velké procento
uamrtnosti béhem prvni zimy na rozdil od R. crispus, ktery ptezimoval ve fazi listové
razice s nulovou Umrtnosti.

Vzchazivost rostlin R. obtusifolius byla nejrychlejsi a nejvyssi v padé
s niz§im obsahem Ca a zaroven vice kontaminované, av$ak na vice kontaminované
pud¢ byla pozorovana vyssi umrtnost nez v pudé s vy$§im obsahem Ca a zaroven
méné kontaminované. Mirné€ pozitivni vliv na piezivani semendckt méla aplikace Ca
na pude s vyssi dostupnosti rizikovych prvki a mirné kyselou ptdni reakci. Rostliny
na této padé mély viditelné piiznaky nadbytku Zn. Negativni vliv aplikace Ca byl
pozorovan v pudé s nizsi dostupnosti rizikovych prvki a neutralni padni reakci. Déle
byl zaznamenidn mirné pozitivni vliv P na vzchézeni rostlin na obou pidach.
Vysledky poukazuji na kalcifobni chovani R. obtusifolius a toxicitu rizikovych

prvkd, zejména Zn.

Kli¢ova slova: Stovik tupolisty a stovik kadetavy, dusik, fosfor a vapnik,

prezimovani, rizikové prvky



Abstract

Rumex obtusifolius (broad-leaved dock) and Rumex crispus (curled dock) are
difficult weeds all around the world. The aim of this study was to determine
the effect of N, P and K availability on plant performance and over-wintering
of these two species. The next aim was answer the question, how emergence and
survival of R. obtusifolius is affected by soil pH and by availability of Ca and P
in soils contaminated by risk elements (Zn, Cd, As).

Seedlings of both species were negatively affected by high availability
of nitrogen. During stem growth, flowering and seeds ripening, plants were
positively affected by N fertilizer application and by combination of application of N
and P. The important finding of this study is that both species are not nitrophilous in
early developmental stages and tend to be nitrophilous from fully developed rosette
phase. Rumex obtusifolius during first year was flowering, while R. crispus created
only rosette with growing points in the first year of growth. There was recorded high
winter mortality of R. obtusifolius highly contrasting with no mortality of R. crispus
surviving winter in rosette phase.

The emergence and survival was higher and quicker in the soil higher
contaminated and with lower availability of Ca, but there was higher mortality of this
seedlings than in the soil less contaminated with higher availability of Ca. Slightly
positive effect of Ca application on seedlings survival was recorded in more
contaminated soil in slightly acidic soil reaction. These seedlings had visible signs
of the high availability of Zn. The negative effect of Ca application was recorded by
seedlings in the soil with lower availability of risk elements and in neutral soil
reaction. The seedlings emergence was slightly positive affected by P in both soils.
Results of this study show R. obtusifolius as a calcifobic species with and toxicity

of risk elements, especially Zn.

Keywords: broad-leaved dock and curled dock, nitrogen, phosphorus

and calcium, over-wintering, risk elements
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1. Uvod

Plevelné rostliny se na zemi objevily jiZz v davné minulosti v souvislosti
s pocatky zeméd¢€lské ¢innosti ¢lovéka (Mikulka et al. 2005). Cilem ochrany proti
plevelim je jejich regulace s cilem postupného snizeni celkové zaplevelenosti pii
zachovani Siroké diverzity plevelnych rostlin (Kneifelova et Mikulka 2003). Plevely
zpusobuji kazdorocn& obrovské ztraty na produkci a na jejich regulaci je
vynakladano mnoho finan¢nich prostiedkt (Mikulka et al. 2005).

Tato prace se bude podrobnéji zabyvat jednémi z nejrozsifenéjSich druht
plevelu - $tovikem tupolistym (Rumex obtusifolius L.) a $tovikem kadefavym
(Rumex crispus L.). Oba druhy jsou zafazovany do Celedi Rdesnovité
(Polygonaceae), rodu Rumex obsahujici ptiblizné¢ 100 druhd, pficemz u nas je
domacich asi 15 a nékolik zavleGenych (Novadk 1972). Rumex obtusifolius
a R. crispus patii k hojnym druhtim, které se v Ceské republice rozsitily hlavné
Vv povale¢nych letech diky intenzivnimu hospodaieni (Kohout 1997).

Pro zemédélstvi, a pro ekologické zemédélstvi obzvlast, predstavuje
R. obtusifolius a R. crispus velké nebezpeci, nebot’ pii jejich nadmérném spasani
se pro dobytek stavaji toxickymi (Hejduk et Dolezal 2004). Bylo vyzkousSeno jiz
mnoho biologickych a mechanickych zpasobu, které by omezily jejich
nekontrolovatelné Sifeni, napt. vyuZiti nékterych hmyzich druhii a parazitickych rzi,
vypichovéani a jiné (Hatcher et al. 1995, Martinkova et Honek 2004, Strnad et al.
2010). Zatim se vSak Zadna z téchto metod neprokazala jako dostate¢né Gi¢inna nebo
byla velice namahava.

Uspésnymi plevely jsou Sirokolisté $toviky predevsim diky témto

vlastnostem:
1) schopnost kvést a plodit jednou aZz dvakrat v roce (Cavers et Harper 1964,
Mikulka et al. 1995, Kohout 1997), 2) wvytvafeni tisice semen, které
si dokazi po mnoho desitek let ponechat svou kli¢ivost a kli¢it témét béhem celého
roku (Cavers et Harper 1964, Tsuyuzaki 2010), 3) vyuZiti mnoha zptsobu
roz§ifovani semen na velké vzdalenosti 4) vysoce kli¢ivd semena schopna rychle
vytvorit semenacky (Cavers et Harper 1964), 5) schopnost obriistat z kotene (Pino et
al. 1995), 6) schopnost vylucovat toxické latky kofeny - alelopatie (Novak 1992,
Zaller 2006b).



V piedstavach o zivotni strategii R. obtusifolius a R. crispus se literatura
v nékterych smérech rozchazi. 1 kdyz je o obou druzich zndmo, ze se jedna
o nitrofilni druhy (Hejduk et DoleZal 2004 ex Weissbach 1998), tak je zde i nazor
(Zaller 2004a), podle kterého jsou tyto druhy nitrofilni pouze v nékterych
vyvojovych fazich. Dalsi dosud nevyjasnénou otdzkou zlstavad schopnost téchto
pleveli piezivani zimy (over-wintering), dodnes nebyly provadény vyzkumy
zabyvajici se pfimo adaptaci obou druhil na pidni pH. Zaroveii se u obou druht dle
dostupnych informaci nikdo nezabyval odolnosti rostlin vii¢i nadmérnému mnozstvi
rizikovych prvki v ptdé.

V této praci jsou vramci reSerSe shrnuty poznatky z dostupné literatury
o nejvyznamngéj$ich Sirokolistych stovikach R. obtusifolius a R. crispus. V dalsi ¢asti
reSerSe jsou pak uvedeny zakladni informace z oblasti mineralni vyzivy a nékterych
vybranych zivinach a prvcich tykajici se provadénych pokusi. Experimentalni ¢ast
prace se zabyva vzchazivosti a piezivani semenackd druhu R. obtusifolius
na kontaminovanych piidach s riznou pidni reakci a dostupnosti Ca a P. Dalsi cast
experimentalni prace fesi problematiku minerdlni vyzivy (N, P, K) a jeji vliv
na velikost mate¢nych rostlin, produkci semen a kliceni u R. crispus a také ptsobeni
téchto latek na vzchazeni, morfologickych charakteristik a pfezimovanim obou

druht.

2. Literarni reSerse

2.1 Morfologie

2.1.1 Morfologie — Rumex obtusifolius

Tento druh m& mohutny kilovy, jednoduchy koten sahajici az do hloubky 25
cm, z n&j vyrustaji ten¢i kotfinky zasahujici do vétsi hloubky (Kneifelova et Mikulka
2003). Lodyha je vysokéa 50 — 150 c¢m, Casto zbarvena ¢ervené, vétSinou od poloviny

veétvena, veétve odstavaji Sikmo vzhtru.
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obr. ¢ 1: a) Dospéla rostlina Rumex obtusifolius, b) Ptizemni rtzice R. obtusifolius. Vlastni
fotodokumentace.

%

Bazalni listy vytvafi pfizemni razici (obr. ¢. 1b). Pfizemni a dolni lodyzni
listy rostliny jsou dlouze fapikaté, ¢epele listl jsou dlouhé 15 — 30 cm a Siroké 8 — 15
cm (Hejny et Slavik 1990). Listy byvaji vej¢ité az Siroce eliptické, tupé, asi 2x delsi
nezZ Siroké (Kubat et al. 2002), vétsinou nezvinéné. Na bazi jsou listy mélce srd¢ité,
na vrcholu tupé $picaté a na rubu obvykle roztrousené chlupaté. LodyZni listy byvaji
naopak mensi, kratce fapikaté, na bazi zaokrouhlené az Siroce klinovité, prechazeji
ve stale se zmenSujici fapikaté listeny (Hejny et Slavik 1990).

Kvétenstvi je vétvené, tvofené velkym mnozstvim drobnych kvitkl
usporddanych do mnoha svazkl. Kvéty jsou zelené, nékdy zeleno-Cervené. Okvétni
listky byvaji vpottu 3 + 3 ve dvou tadach, <asto trojuhelnikovité
nebo vejcité (Cavers et Harper 1964).

Plodem jsou hnédé nazky 2,5 - 3,0 mm dlouhé, které jsou kryty 3 blanitymi
Utvary — krovkami. Krovky (obr. €. 2a, b) jsou velmi rizného tvaru, pfevazné tzce
a Siroce trojuhelnikovité, pfi bazi dlouze zubaté, tidsnité zubaté az témét celokrajné.
Zubu se muze vyskytovat tii az pét na jedné krovce. Mozolek byva rizné velky,

na jedné nebo vdech krovkach (Hejny et Slavik 1990). Plodni stopky jsou 2 - 2,5x
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delSi nez krovky, které jsou 2,5 - 6,0 mm dlouhé a 1,5 - 4,0 mm Siroké (Hejny
et Slavik 1990).

obr. &. 2: a) Krovka Rumex obtusifolius. Z knihy Kli¢ ke kvétené Ceské republiky (2002),
b): Krovka R. obtusifolius ve stfedni fazi zralosti. Vlastni fotodokumentace.

Na obr. ¢. 3 Ize vidét postupné zrani semen R. obtusifolius, barva se méni od
svétle zelenkavé az do hnédé rezavé ve své zralosti. Vyvoj jedné rostliny prochazi
nékolika vyraznymi fazemi - prvni fazi zahrnuje kliceni a rist semenacku, druhou
fazi je vytvareni a rist listové razice, tieti faze pak zahrnuje rtst hlavni lodyhy
a tvofeni vedlejSich lodyh, utvofeni kvétenstvi a semen (Kristalova et al. 2011).

Pro svou extrémni variabilitu v morfologii mizeme podle Hejného et Slavika
(1990) rozlisovat ¢tyti poddruhy — subspecie (ssp. obtusifolius, ssp. transiens, ssp.
subalpinus a ssp. microcarpus). Tato prace pojednava pouze o poddruhu Rumex
obtusifolius ssp. obtusifolius, ktery je nejcastéjSim plevelem travnich porosta

v

a nejhojnéjsi ze vsech uvedenych poddruhti.

< $ & Sy
T
2 a

obr. &. 3: Postupné zrani semen Rumex obtusifolius, métitko 1 mm. Vlastni fotodokumentace.
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2.1.2 Morfologie — Rumex crispus

Tento plevel je lidové nazyvany vosladi, sladky list, masny koten ¢i sladké
lupeni (Hron et Zejbrlik 1974). Bylina mé kratkou, chudé vétvenou kotenovou hlavu,
hlavni kofen a ¢etné dlouhé rozvétvené postranni kotfeny. Lodyha je vysoka 30-100

cm, pfimad, ¢asto zbarvend hnéd¢, obvykle vétvend jen v kvetenstvi.

Obr. ¢&. 4: a) Dospéla rostlina Rumex crispus, b) Prizemni rizice Rumex crispus. Vlastni
fotodokumentace.

Ptizemnti listy (obr. €. 4b) rostliny vytvateji velkou listovou rizici. Po obvodu
byvaji listy silné¢ kadefavé (Hron et Zejbrlik 1974), jsou dlouze fapikaté (Hejny
et Slavik 1990), alespon 3x delsi nez $iroké (Kubat et al. 2002), az 35 cm dlouhé
a Siroké az 8 cm, podlouhle kopinaté, na bazi klinovité az stazené (Hejny et Slavik
1990). Lodyzni listy byvaji podobného tvaru, av§ak mensi, obvykle mén¢ kadetavé,
v dolni ¢asti kvétenstvi piechazejici v listeny (Hejny et Slavik 1990).

Kvétenstvi je tvofeno drobnymi oboupohlavnimi nebo jednopohlavnimi
pravidelnymi kvitky v lichopfeslenech, okvéti je tvofeno ze Sesti listkli usporadanych
ve dvou kruzich (Hron et Zejbrlik 1974), ma ptitisknuté nebo Sikmo odstavajici
vétve, jen v dolni ¢asti s listeny (Hejny et Slavik 1990).

Plodem jsou trojboké nazky s ostrymi klenutymi hranami, v dobé zralosti

¢ervenohnédé az hnédavé, povrch maji hladky a leskly (Cavers et Harper 1964,
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Hron et Zejbrlik 1974). Nazky jsou 2 - 3 mm dlouhé (Hejny et Slavik 1990), kryty
ttemi blanitymi Utvary — krovkami.

Krovky (obr ¢. 5a, b), byvaji obvykle trojuhelnikovité, dlouhé 3,5 - 6,5 mm
a Siroké 3-6 mm, celokrajné nebo jen s velmi drobnymi zoubky, ptitupé az Spicaté,
na bazi né¢kdy mirné srd¢ité. Mozolek je na 1 nebo na vSech krovkach, vietenovity
az téméf kulovity, delsi nez polovina krovky (Hejny et Slavik 1990). Kiidlaté krovky
s mozolky umoziuji nazkam predev§im roznaSeni vétrem - anemochorné (Hron

et Zejbrlik 1974).

obr. ¢. 5: a) Krovka Rumex crispus. Z knihy Kli¢ ke kvéteng Ceské republiky (2002),
b) Pteslen s krovkami R. crispus. Vlastni fotodokumentace.

Vyvoj jedné rostliny R. crispus prochazi stejné jako R. obtusifolius nékolika
vyraznymi fazemi - prvni fazi zahrnuje kli¢eni a rust semenacku, druhou fazi je
vytvareni a rust listové ruzice, treti faze pak zahrnuje rist hlavni lodyhy a tvofeni
vedlejsich lodyh, utvoreni kvétenstvi a semen (Kristalova et al. 2011).

Rumex cripus je variabilni druh pfedev§im ve velikosti a tvaru krovek,
hustoty a utvafeni kvétenstvi, dale i tvarem a povrchem listi. VSechny druhy jsou
interfertilni a vytvafi navzajem mnozstvi pfechodti. Hejny et Slavik (1990) uvédi,
Ze vsouCasné dobé neni pravdépodobné mozné vytvofit pfirozeny systém

infraspecifickych taxond.

2.2 Roz§ireni

Rumex obtusifolius i R. crispus jsou rozsifeny pievazné v mirném

pasmu. Rumex obtusifolius pochazi z Evropy, Malé Asie a Kavkazu. Byl zavlecen,
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a misty zdomacnél, v Severni a Jizni Americe, jizni Africe, Australii a vychodni Asii
(Hejny et Slavik 1990, Jursik et al. 2008). Vyskytuje se jiz od vysky hladiny mofe,
nejvyse byl zaznamenan v iranu ve vysce 2800 m n. m., dale byl také pozorovan
v severni Skandinavii i za polarnim kruhem (Cavers et Harper 1964). Hejny
et Slavik (1990) uvadi, Ze puvodni areal R. crispus jiZz dnes neni mozné stanovit.
Na Blizkém vychod¢ a v jihozapadni ¢asti USA ho lze nalézt ve vySce 2500 m n. m.,
nebo v Argentiné dokonce ve vysce 3500 m n. m. (Zaller 2004a).

V Ceské republice zasahuje R. obtusifolius od niZin az do horskych oblasti,
nad 1100 m n. m. vSak jen vzacné (Jursik et al. 2008). Nejvy3e byl nalezen
na Pradédu ve vysce 1450 m n. m. (Hejny et Slavik 1990). Oba druhy obsazuji ¢asto
zemédelsky obdélavané pudy, louky, pastviny, naruSené travni porosty (Jeangros
et Nosberger 1990, Zaller 2006, Van Evert et al. 2009) a ruderalni stanovisté (Sykora
1959, Honek et Martinkova 2001).

Neékdy miazeme R. obtusifolius a R. crispus spatfit na rumistich, mytinach
a lesnich svétlinach (Aichele et Golte-Bechtle 2007), podél potoku, ek a cest (Klimes
1989, Kneifelova et Mikulka 2003). Rumex obtusifolius se vyskytuje na plochach
Snadmérnym obsahem zivin, ty mohou vznikat napt. defekaci zvitat, které
se na plochach pasou (Zaller 2007). Casto vsak kolonizuje hola mista, coz pravé
nadmérné spasani podporuje (Mikulka et al. 1995). Vyskytuje se na stanovistich
s vySSim obsahem dusiku (Honek et Martinkova 2001, Pavii 2008) a drasliku
(Mikulka et Kneifelova 2004). Oba druhy fadi Sykora (1959) ke skupiné nitrofytd,
ruderalni vegetaci siln¢ dusikatych pud. Zaller (2004a) uvedl nazor, Ze by tento
udajn¢ nitrofilni druh nemusel byt nitrofilni ve vSech rastovych fazich. Tuto
domnénku potvrzuje Kiist'alova et al. (2011), ktera pozorovala u R. obtusifolius i R.
crispus negativni vliv vysoké dostupnosti dusiku na vzchazeni rostlin.

Mikulka et al. (2005) oznacuje jako pti¢inu rozsahlého vyskytu téchto druht
nedostate¢nou péc¢i o louky a pastviny, neseCeni porosti a pii nedostateCném

obd¢lavani skodi i na orné pide.

2.3 Fenologie

Rumex obtusifolius i Rumex crispus obvykle kvetou v letnich mésicich ¢ervnu
az srpnu, kdy vytvaii velké mnoZstvi drobnych nazelenalych kvétt, které byvaji

proteandricky hermafroditické (Cavers et Harper 1964, Klime$ 1996).
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Rumex obtusifolius a R. crispus jsou oznacovany jako vytrvalé rostliny
s tendenci odumfit po produkci semen (Cavers et Harper 1964). Dodnes vSak
zustava nevyjasnénou otazkou, kdy a za jakych podminek tyto druhy kvetou poprvé,
zda v prvnim druhém, nebo nésledujicim roce. Podle Zallera (2004a) mohou oba
druhy kvést a plodit ob¢as v prvnim roce, ale zpravidla k tomu dochazi az ve druhém
roce, kdy rostliny kvetou od brzkého jara az do mrazi koncem podzimu. Dale
ale zaroven zminuje, ze R. crispus je vice kratkovéky druh nez R. obtusifolius. Pavla
(2008) od sebe oba druhy odliSuje a tvrdi, Ze R. obtusifolius obvykle kvete
ve druhém roce. Akeyord et Briggs (1983) pozorovali u R. crispus a Hongo (1989b)
u R. crispus a R. obtusifolius kveteni az ve druhém roce od vzrustu semenacku.
Weaver et Cavers (1980) pozorovali u R. crispus silny vliv investice do pfizemni
rizice na podzim s pravdépodobnosti nasledného kveteni v dalSi sezOné.
To potvrzuje ve svém pokusu i K¥ist'alova et al. (2011), kde bylo pozorovano kveteni
v prvnim roce nadoboveho pokusu u R. obtusifolius, zatimco R. crispus vytvoril
pouze piizemni riizici a kvetl az nasledujici sezonu.

Cavers et Harper (1964) uvadgji, ze za norméalnich podminek rostliny kvetou
kazdy rok, dostatecné velké rostliny obou druhti mizou dokonce kvést a plodit
dvakrat v jednom vegetacnim obdobi.

I pfes to, ze kvéty neobsahuji nektar a jsou pfedevSim vétrosnubné, byly
na kvétech spatfeny nékteré zivocisné druhy jako napf. Bombus lucorum. Vétsina
jedincu Sirokolistych $t'oviki R. obtusifolius a R. crispus byva samosprasna (Cavers
et Harper 1964).

2.4 RozmnoZovani

RozmnoZovéani Rumex obtusifolius a Rumex crispus probiha piedevsim
generativné — semeny (Kneifelova et Mikulka 2003). DalSimi zptisoby rozmnoZovani
je rozmnoZovani vegetativni (Hron et Zejbrlik 1974, Kneifelova et Mikulka 2003),
odnozovanim a fragmentaci kotfene (Mikulka et al. 1995, Pino et al. 1995).
Vegetativni zptisob je podle nékterych autorti (Hron et Zejbrlik 1974, Kneifelova
et Mikulka 2003) mozny ¢astmi kiilového kofene, které mohou setrvavat v padé zivé
delSi dobu. Kneifelovd et Mikulka (2003) uvadéji, ze R. obtusifolius vyuZiva
vegetativni rozmnoZovani jen velmi maélo. Cavers et Harper (1964) zminuji

schopnost R. obtusifolius a R. crispus regenerovat ze kterékoliv ¢asti kofene. Naproti
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tomu Pino et al. (1995) pfisel na to Ze, R. obtusifolius je schopny regenerovat pouze
z Casti kofene zvaného jako (volné pielozeno) kotfenovy limec (root collar) asi
do hloubky 15 cm pod zemi, avSak tato hloubka je ovliviiovana piedev§im vlhkosti
pudy. Strnad et al. (2010) zjistil, ze metoda ruéniho vypichovani §tovikt 5 cm pod

zemi nema vliv na vyskyt obou druhd.

2.5 Produkce a §ifeni semen

Pocet vyprodukovanych semen zavisi na velikosti rostliny (Zaller 2004a).
Na piiblizném poctu téchto semen se ale rtzni autoii rozchazi. Cavers
et Harper (1964) zmifuji u jedné rostliny druhu R. obtusifolius 100 - 60 000 semen,
zatimco podle Mikulky (1995) jedna rostlina vytvaii 4 000 - 7 000 semen.

Pocet vyprodukovanych semen na jedné rostliné Rumex crispus miize byt 100
— 40000 semen (Cavers et Harper 1964). Mikulka (1995) je ve svém odhadu
skromnéjsi, kdyz uvadi 1 000 — 3 000, vyjimecne 5 000 semen.

Vliv dostupnosti zivin matefskych rostlin na produkci semen zkoumala
Hrdlickova et al. (2011). Rostliny byly po dvé vegetacni sezony hnojeny rtiznymi
davkami zakladnich zivin dusiku, fosforu a drasliku. Matetské rostliny R.
obtusifolius vyprodukovaly méné nez 200 semen ve varianté s Ka v nehnojené
varianté, nejvice 9 000 semen bylo zaregistrovano ve variant¢ NPK. Naopak nulova
produkce semen byla pozorovana ve variant¢ P. Matefské rostliny R. crispus
vyprodukovaly nejméné 2 000 semen v nehnojené varianté a nejvice 25 000 semen
ve varianté¢ NPK.

Semena Sirokolistych $toviki nejcastéji jednoduSe spadnou v blizkosti své
mateéné rostliny, kde také vykli¢i. Na velké vzdalenosti se semena roz$ifuji
nasledujicimi zptsoby: 1) anemochorné - za pomoci vétru. V zimnim obdobi jsou
pak semena vy¢nivajici nad snéhovou pokryvku vétrem odnasena (Cavers et Harper
1964, Mikulka et al. 1995) 2) hydrochorné - vyuzitim vodniho toku-(Kohout 1997).
Lze se setkat i s Sifenim semen 3) zoochorné hospodarskymi zvifaty a vysokou zvéri.
V tomto sméru se literatura pon€kud rozchazi. Cavers et Harper (1964) tvrdi,
ze vysokd zvet a predev§im dankové pfimo preferuji Sirokolisté Stoviky. Naopak
jsou podle autori odmitany dobytkem, ovcemi a konimi. Semena prochézi travicim
traktem a §ifi se pak pomoci trusu. S tim souhlasi i Kneifelova et Mikulka (2003),

kdyz se zminuji o tom, ze se semena mohou rozSifovat nevyzralym chlévskym
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hnojem a kejdou. Naproti tomu Kohout (1997) uvadi, Ze Sirokolisté $toviky nejsou
hospodéiskymi zvifaty ani zveii spasdny. Neékdy nazky ulpivaji na srsti ZivocCichil
(endozoochorie) ¢i na obleceni lidi a tak jsou Sifeny na mnohdy dlouhé vzdalenosti
(Zaller 2004a). V neposledni fadé se mohou semena do okoli §ifit 4) antropochorné —
vlivem ¢loveéka, semena se roznasSi zejména kompostem a nafadim (Kneifelova et
Mikulka 2003).

2.6 Kliceni semen a dormance

Semena Rumex obtusifolius a R. crispus hraji klicovou roli v Zivotni strategii
téchto druhd. Rostliny vytvéieji obrovské mnozstvi semen, které si po mnoho desitek
let uchovavaji uloZené v pudni bance svou kli¢ivost (Cavers et Harper 1964, Bentley
et al. 1980, Tsuyuzaki 2010). Rumex crispus v dlouholetém pokusu vykézal dokonce
2 % klicivych semen po osmdesati letech (Darlington et Steinbauer 1961). Mikulka
et al. (1995) uvadi Zivotaschopnost semen ve vodé po dobu nékolika mésicti. Semena
mohou dozravat dokonce i na suchych lodyhach (Maun 1974, Weaver et Cavers
1980).

Vyzkumy se dodnes zabyvaji riznymi faktory majicimi vliv na kliivost
semen R. obtusifolius a R. crispus. Jednim z takovych faktori mize byt hloubka
uloZzeni semene v pudé. Bylo zjisténo, Ze semena téchto druhi dokazi Kklicit
na louké&ch a pastvindch z povrchu pudy, avsak optimalni hloubka je udajné 0,5 cm
a maximalni hloubka 5 cm (Mikulka et al. 1995). Dalsim faktorem kli¢eni je teplota.
Mnoho pokusii bylo zaméfeno na urCeni optimalni teploty pro kliceni semen.
Optimalni teplota pro kliceni Rumex byla stanovena na 20 °C — 35 °C (Van Assche
et al. 2002). Totterdell et Roberts (1979) stanovili optimalni teplotni rozmezi 10 °C -
35 °C pro R. obtusifolius. V souvislosti se svétlem klicila Iépe semena vystavena 10
minut kazdy den svétlu nez semena, ktera byla na svétlu po celou dobu (Totterdell
et Roberts 1979). Z toho vyplyva, Ze faktorem hrajicim roli pfi kli¢eni semen muize
byt také fotoperiodicita.

Dormance semen obecn¢ znamena nemoznost kliceni zivotaschopnych semen
za vhodnych podminek (Prochazka et al. 2003). Literatura se v souvislosti
sdormanci u semen R. obtusifolius a R. crispus rozchazi. Néktefi autoii uvadi
vysokou kli¢ivost Cerstvych semen (Van Assche et al. 2002, Pavlu et al. 2008),

ale naproti tomu jsou zde i nazory, ze se dormance u semen S$tovikd vyskytuje
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(Martinkova et Honek 2002, Zaller 2004a). Dle pozorovani dormantniho cyklu
byl prokdzan nejmensi vliv dormance v zim¢ a na jafe, nejvysSi pak v 1été (Van
Assche et al. 2002, Zaller 2007a).

2.7 VIliv pH a dostupnosti zZivin na stoviky

Pidni reakce (pH) ovliviiuje dodavku zivin a mé pfiznivy vliv
na zivotaschopnost rostlin. Rizné druhy rostlin maji rizné rozmezi tolerance a rtizné
fyziologické naroky na pudni reakci. VétSina rostlin je tzv. amfitolerantni,
to znamend, Ze jejich tolerance k pudnimu pH je Siroka (3,5 — 8,5), tedy od slabé
kyselosti aZz po slabou zasaditost (Larcher 1988).

Dodnes neni zcela jasné rozmezi pidni tolerance u druhi R. obtusifolius a R.
crispus. Neprozkoumana je napiiklad otazka, pro¢ R. obtusifolius preferuje spiSe
slabé kyselé ptidy chudé na vapnik a hoi¢ik. Podle Brenchley (1920) rostou rostliny
R. obtusifolius jen ziidka na kiidovych pudach, zcehoz vyvozuje Spatnou
snaSenlivost piud bohatych na Ca a Mg. Humphreys et al. (1999) ve svém
experimentu prokazal pozitivni vztah mezi dostupnosti drasliku v ptidé a hustotou
rostlin R. obtusifolius v porostu a zaroven naznacil negativni vliv pidniho pH
na hustotu rostlin v porostu. S tim koreluji také vysledky pokusu z Rakouska, kde
Hann et al. (2012) zaznamenal podstatné vy$s$i umrtnost rostlin R. obtusifolius
s vysokou dostupnosti drasliku. Bohner (2001) popisuje R. obtusifolius jako
“kalcifobni” druh, ktery nadbyte¢né mnozstvi Ca pietvaii na krystaly vapnikového
oxalatu. Kalcifobni chovani tohoto druhu muze byt spojeno s vysokymi naroky
na dostupnost K v pidé. Naproti tomu podle Jeangeros et Nosberger (1990) a Van
Eekeren et al. (2006) nem& K mimoiadny vliv na produkci biomasy téchto druhi.

Vlivem dostupnosti zékladnich Zivin (dusik, fosfor a draslik) na vzchazeni
semen a morfologii rostlin R. obtusifolius a R. crispus se zabyvala Kfistalova et al.
(2011) v Praze. Vzchazeni a rust sazenicek byl pozitivné ovlivnén dostupnosti P,
avSak pfili§ vysoka dostupnost N pusobila jako inhibitor kli¢eni. R. crispus
piezimoval ve fazi ptizemni rizice a R. obtusifolius vytvofil kvétenstvi a plodil.
Rostliny R. obtusifolius ve fazi vytvafeni hlavni lodyhy rostly nejlépe v kombinaci

NPK. Proto Kiistalova et al. (2011) vyslovila domnénku, Ze oba druhy nejsou
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nitrofilni v pocate¢nich fazich rdstu a stavaji se nitrofilnimi az od doby plné
rozvinuté pfizemni ruzice.

Hypotézu, Ze R. obtusifolius a R. crispus neupifednostiuji dusik ve vSech
vegetacnich fazich, uvadi shodné i Zaller (2004a). Naproti tomu Milberg (1997)
popisuje pozitivni vliv N na kliceni obou druhli. Vyrazné zlepSeni ristu
za pritomnosti kombinace N, P, K bylo zaznamenano i u jinych druht rostlin (Kiehl
et al. 1997, Kolodziej 2007). Podle vysledkti méteni reagoval R. obtusifolius obecné

vyraznéji na dodavané ziviny nez R. crispus (Kristalova et al. 2011).

2.8 Alelopatie

Alelopatické latky jsou organické latky vyluCované rostlinami,
které poSkozuji jiné rostliny nebo zabranuji jejich trvalému usidleni v sousedstvi.
Rostliny mohou tyto latky uvoliiovat do ovzdusi, vylu¢ovat kofeny nebo je dést
mize vymyvat z prytt do pady (Larcher 1988). Bylo zjisténo, ze v blizkosti Rumex
obtusifolius a R. crispus dokazi rast jen né€které jiné druhy rostlin (Zaller 2006b).
Novak (1992) se =zminuje v souvislosti s Rumex obtusifolius a R. crispus
o vyluCovani velkého mnozstvi sekundarnich metaboliti do pady. DukladnéjSim
zkoumanim se zjistilo, Ze tyto produkty sekundarniho metabolismu vylucované
kofeny obsahuji alelopatické latky, které jsou pro mnohé druhy toxické (Zaller
2006b). Vyzkumem efektu téchto latek u R. obtusifolius na vyskyt jinych travnich
druht a bylin provedl napt. Zaller (2006b). Vysledky jeho pokusu prokazaly ucinky
alelopatickych latek na opozdéné kliceni a v nékterych piipadech dokonce inhibici
kli¢eni zkoumanych travinnych druhd s vyjimkou Plantago lanceolata.

Druhy rostouci v sousedstvi s R. obtusifolius jsou tedy pravdépodobné vice

odolné vuci alelopatickym latkam (Zaller 2006b).

2.9 Vliv sucha a mrazu

Stovikli. Matefské rostliny s dobfe vyvinutym kofenovym systémem mohou piezit
krut¢ zimy a sucha, avSak semenacCky jsou mrazem a delSim suchem ohrozeny
a zabijeny. O tom se ve sve praci zminuji Cavers et Harper (1964). Zaller (2004a)

uvadi, ze dodnes neni jasné, zda klima (napft. sucho, chladné zimy ¢i periody dest’it)
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a predchozi polni historie piispivaji k riznym vyskytim obou druht Stovikl
v jednotlivych letech.

Cavers et Harper (1964) uvadi, Ze silna sucha a kruté zimy R. crispus nijak
nezasahuji a je dokonce schopny rist i na trvale zamokiené pudé. Vysokou mortalitu
pies zimni obdobi u R. obtusifolius i R. crispus zaznamenal Hongo (1989a)
na ostrové Hokaido. Hongo (1989b) pii dalsim experimentu ve stejném regionu
pozoroval umrti 98 % rostlin R. obtusifolius ve 4. a 5. roce, zatimco rostlin R. crispus
ptezilo 17 %. Na zaklad¢ téchto vysledi pak Hongo (1989b) oznacil R. obtusifolius
jako kratkovéky a R. crispus jako kratkovéky nebo dlouhovéky druh, oba s tendenci
umfiit po odkvétu. Vzhledem k tomu, Ze doposud neni jasné, zda jsou oba druhy
monokarpické ¢i polykarpické, zlistdva také nezodpovézenou otdzkou, za jakych
podminek jsou oba druhy schopné piezimovat. O piezimovani R. obtusifolius
a R. crispus ve fazi vytvorené listové rizice se zminuji napf. Maun (1974) a Grime
et al. (1988). V Ceské republice se prezimovanim v jedné sezéné obou druhtl
zabyvala Kfistalova et al. (2011). Rostliny R. obtusifolius vykvetly a vytvorily
semena, u téchto rostlin byla zjisténa vysoka mortalita ukazujici nizkou rezistenci
vac¢i mrazim. Naopak R. crispus ptezimoval ve fazi listové rizice s vytvorenymi
rastovymi vrcholy s nulovou dmrtnosti, v dalsi sezoné pak tyto rostliny vykvetly

a plodily. R. crispus se tak zda byt odoIngjsi vuci tuhym zimam nez R. obtusifolius.

2.10 Nechemické zpiisoby odstranovani Stoviki

Rumex obtusifolius i Rumex crispus pusobi velké Skody pievazné
na zemédé€lsky obhospodatovanych ptidach a je velice tézké ho né&jakym zptisobem
potlacit. K obecné doporucovanym principim obrany proti zaplevelovani témito
druhy je predevsim pouzivani Cistého osiva, vyuzivani nedopaski a co nejvetsi
omezovani aplikace kejdy (Mikulka et al. 1995). Stoviky se ¢asto nachazeji také
Vv rozvolnénych travnich porostech a vzhledem Kk jejich nizké konkurenceschopnosti
vici ostatnim druhiim doporucuje Zaller (2006a) neustale udrZovat husty a vitalni
travnik. Hustého vitalniho travniku lze dosahnout dosivanim konkurenc¢nich rostlin
(Martinkové et Honék 2001).

Dlouhodobym cilem kontrolniho managementu je ptedev§im branit Sifeni
semen a oslabovat jejich schopnost obnovovani ristu odstranovanim

nebo poskozovanim jejich podzemnich a nadzemnich casti (Zaller 2004a, Zaller
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2004b). Strnad et al. (2010) zkoumal vliv ru¢niho odstraiiovani vypichovanim R.
obtusifolius a R. crispus 5 cm pod zemi zaroven pii rizné dostupnosti zivin N, P a K.
Jejich vysledky ukazuji, Ze metoda vypichovani nema zadny vliv na regulaci obou
druhi.

V soucasnosti se dnes jako nechemickych kontrol kromé seceni (Mikulka
et al. 1995, Zaller 2006a) a pastvy vysokou zvéti (Cavers et Harper 1964), skotu
a kozami (Sakanoue 1995, Pavii et al. 2008b), ovcemi (Zaller 2006a), vyuZiva
napiiklad biologického boje — zejména aplikace Gastrophysa viridula z fadu broukt
(Bentley et Whittaker 1979, Cottam et al. 1986, Martinkova et Honek 2004) a snéti

zvane Uromyces rumicis (Hatcher et al. 1994, Martinkova et Honek 2004).

2.11 Mineralni vyZiva rostlin

Zivinami oznacujeme takové prvky, které rostliny potiebuji k zajisténi svych
Zivotnich funkci. Ke svému zivotu potiebuji rostliny mnoho anorganickych prvk,
Které pochézeji z minerald nebo jsou dostupné v mineralni formé po rozkladu
organické hmoty (Larcher 1988, Vanek et al. 2007).

Nejbéznéjsim kofenovym substratem je ptida vznikla z povrchovych zvétralin
zemské kury a ze zbytkli organismii. Fyzikalni, chemické i1 biologické vlastnosti
pudy se vytvareji ptisobenim ptidotvornych ¢initelti (Prochazka et al. 2003).

V pidnim roztoku se nachazeji pidni koloidy, coz jsou malé cCastice
s pozitivnim nebo negativnim ndbojem, které na sebe vazi rizné mineralni latky.
Mezi pidnim roztokem, pidnimi koloidy a piidni zdsobou minerdlnich Zzivin
se vytvaii rovnovdha, ktera se pfizplsobuje neustdle se ménicim podminkam
(Larcher 1988, Vanek et al. 2007). Nejvétsi vyznam pro rostliny maji ionty v ptidnim
roztoku (Prochézka et al. 2003).

Pfijem zivin z pidniho substratu se d¢li na dvé faze. V prvni fazi ptijmu Zivin
pfilnou ionty na povrch kofene, ve druhé fazi pak probihd piijem iontd proti
koncentraénimu spadu, ktery se navic vyznacuje selektivitou (Slavikova 1986, Vanék
et al. 2007). Piedpoklada se, ze rychlost pfijmu mineralnich Zivin rostlinami zavisi
na jejich obsahu v rostlinach a dochazi tak k regulaci na zakladé mechanismu zpétné
vazby (Slavikova 1986, Prochazka et al. 2003). Rychle se k povrchu kofene vétsinou
dostavaji dusi¢nanové ionty, naopak pomaleji se pohybuji ionty fosfore¢nanové

a draselné (Larcher 1988).
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Ionty, které jiz pronikly do vnitini Casti kofene, jsou dale transportovany
do mist jejich potieby vodivymi cestami. Nékteré putuji v nezménéné iontové formé
jako napt. K* nebo Na , ale fada znich se jiZz v kofenech vaZe na organické
slouceniny a jsou v téchto slouceninach také transportovany. Diky tomu je rozdilna
pohyblivost ruznych zivin v rostliné (Vanek et al. 2007).

Proces pifijmu zivin je ovliviiovan vnitinimi faktory, ovlivnéné samotnou
rostlinou (napt. dédicné dispozice k pfijimani nékterych iontl, rozvoj kotenového
systtmu) a vn&jSimi faktory, predevSim klimatické, povétrnostni a ptdni.
Z povétrnostnich podminek ma nejvétsi vliv mnozstvi destovych srazek a jejich
rozdéleni. Se zvySenou vlhkosti pidy se zpravidla zvySuje piijem napi. fosforu
a drasliku. Mezi dilezité ptidni podminky patii napt. zrnitost, porovitost, obsah zivin
(Vaneék et al. 2007) a hodnota pudni reakce pH (Slavikova 1986), které mohou hrat
dulezitou roli ve vyzivé rostlin. Pfi nizkych hodnotach ptidniho pH (menSich nezZ 3)
muze dochazet ke zmensSovani kofenového systému rostlin a omezovani mnozstvi
kotenovych vlaskit (Kovacik 2009), vyssi hodnoty pidniho pH snizuji kolobéh
a fixaci dusiku (Slavikové 1986).

Pievazna ¢ast piijmu a inkorporace (zaclefiovani) zivin probiha
ve vegetatnim obdobi, difive nez zafne rychle narGistat hmotnost rostliny.
Nejdulezitéjsi ziviny musi byt rostling k dispozici co nejdiive, nedostate¢né dodani
mineralnich Zivin totiz omezuje produkci organické hmoty. Rozvijejici se listy
v sobé hromadi hlavni Ziviny N, P, K pro dalsi vyuZiti (Larcher 1988). Nakonec
rychlost produkce organické hmoty prevysi rychlost pfijmu mineralnich latek. Podil
anorganickych latek v rostling se za¢ne ménit ve prospéch organické hmoty. Dochazi
tak kftedéni zpisobenému produkovanou organickou hmotou. Tento jev byva
nazyvan jako zied’ovaci efekt (Vanék et al. 2007).

Velky ekologicky vyznam ma vylu¢ovani mineralnich latek rostlinami, které
hraje dtlezitou roli mezi zivymi organismy. VyluCované latky napt. pfitahuji
opylovace, odpuzuji bylozravce nebo piisobi inhibicné na jiné organismy pfi
vnitrodruhové a mezidruhové kompetici (napi. alelopatic). Alelopatické jevy byly
pozorovany také u Sirokolistych $tovikt R. obtusifolius a R. crispus (Novak 1992,
Zaller 2006b) viz kapitola 2.8. Alelopatie.
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2.12 Projevy dostatku a nedostatku zivin na rostliny

Charakteristickymi znaky Zivin jsou nezbytnost — pii jeji absenci v Zivném
prostiedi nemohou rostliny dokoncit svtij cyklus, nezastupitelnost jinymi zivinami
a piimé zapojeni do metabolismu rostlin (Vanék et al. 2007). V souvislosti
s pozadavky rostlin na ziviny lze zminit tzv. Liebigliv zakon minima poprvé popsany
v roce 1840 (Prochézka et al. 2003). Z hlediska mineralni vyZivy ho lze chépat tak,
ze zivina pfistupna v nedostate¢ném mnozstvi ptsobi jako Cinitel omezujici vynos.
Na Liebiga pozd¢ji navazal Mitscherlich. Podle tzv. Mitscherlichova zakona
0 pusobeni vegetacnich faktort existuji vztahy mezi vynosy rostlin a mnoZstvim
zivin ptidavanych do pidy. Rostlina musi pfijimat jak hlavni Ziviny, tak stopové
prvky nejen v dostate¢ném mnozstvi, ale také ve vhodném poméru. (Larcher 1988).

Nadbytecné koncentrace zivin mohou na rostlinu pilisobit az jedovate,

predevs§im pokud je v ptevaze jedina zivina (Larcher 1988, Vanek et al. 2007).

2.13 Charakteristika mineralnich latek N, P, K, Ca

Stovikd, ale viibec vSech rostlin, jsou dusik (N), fosfor (P) a draslik (K). Vyzkumem
vlivu N, P, K na druhy Rumex obtusifolius a R. crispus se zabyvali napt. Jeangeros
et Nosberger (1990), Niggli et al. (1993), Milberg (1997), Humphreys et al. (1999),
Van Eekeren et al. (2006), Kfistalova et al. (2011). V této kapitole je vénovana
pozornost zejména ptisobeni nedostatku a nadbytku N, P, K, Ca na zjevné projevy
u rostlin. Zjednoduseny piehled funkci N, P, K a Ca viz tab. ¢. 1.
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tab. ¢. 1: Zjednoduseny piehled funkci zivin N, P, K. Upraveno podle Larchera (1988) a Varika et al.

(2007).
Pfijimané
Bioelement formy Mista hromadéni Piiznaky nedostatku  Priznaky nadbytku
Dusik (N) NOs, NH,",  mladé pryty, listy, zakrsly nebo trpasli¢éi  zvySené vétveni
(mocovina) pupeny, semena, vzrist, vietenovity tvar a omezeny rast kofentl,
zasobni organy rostliny, pomér rostliny syté zelené,
nadzemnich pryta ke dobfe vyvinuté az
kofeniim posunut ve robustni, zasychani
prospéch kotent, okrajii az odumfeni listi
predcasné Zloutnuti
listi, nékdy Cervenani
rostliny
Fosfor (P) HPO,Z, vice v reprodukénich  poruchy reprodukénich  snizena pfijatelnost
H,PO, orgénech neZ ve procest (zpozdéné nékterych kovi
vegetativnich kveteni), tmavé zelené
nebo bronzov¢ fialové
zbarveni listi
Draslik (K) K* meristémy, mlada poruchy vodni bilance  zhorSena kli¢ivost
pletiva, korovy (zasychani vrcholkll),  a vzchézivost nékterych
parenchym, mista zvInéné okraje starsich  druhd rostlin, zvySovani
intenzivniho listdl, kofenova hniloba koncentrace soli v padé
metabolismu
Vépnik (Ca) | Ca* listy Poruchy pfi délivém  SniZena piijatelnost
ristu (malé bunky), nékterych kovu (Fe, Mn)
zasychani vrcholk,
deformace listd,
zbrzdény rust kofentd

2.13.1 Dusik (N)

vvvvvv

dusiku se nachazi v litosféfe, avsak pro kolobéh dusiku ma nejvétsi vyznam dusik
nachazejici se v atmosféfe. Do pudy se dusik zatmosféry dostava fixaci
mikroorganismy, hnojivy, rostlinnymi zbytky a ve form¢ srazek (Vanék et al. 2007).

Dle Varka et al. (2007) se celkovy obsah N v pidé pohybuje piiblizné
v rozmezi 0,1 — 0,2 %, pficemz vétsinou kolem 95 % z tohoto dusiku tvofi organické
slouceniny, jako jsou napiiklad rostlinné a Zivocisné zbytky, biomasa mikrobt
a jejich metabolity. Dusik z téchto slou¢enin je pro rostliny nedostupny a musi projit
procesem mineralizace na kationt amonny NH;" nebo aniont nitratu dusi¢nanového
NOs, které jsou pro rostliny pfijatelné (Slavikovd 1986, Larcher 1988, Vanek et al.
2007). Obsah dusiku v pud¢ je zavisly napt. na hodnoté pudniho pH, nejlépe je pro
rostliny dostupny mezi hodnotami 6 a 9 (Slavikova 1986, Kovacik 2009).
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V rostlinnych bilkovinach je obsazeno asi 15 — 18,9 % dusiku, bilkoviny tvofi
podstatnou ¢ast vSech zivych bun€k a pletiv. Jsou obsazeny zvlaste v mladych
organech, délivych pletivech a latkach, které se vyznamné podileji na ristu rostliny
a tvorbé nejdulezitéjsich organu a tvorbé biomasy (Vanek et al. 2007). Dusik je také
spolu s hot¢ikem dulezitou soucasti chlorofylu. Obecné poruchy v pfijmu N
zpusobuji naruSeni metabolismu, omezeni rustu, zjevné zmény v zabarveni rostlin,
sniZeni vynosu a zhorSeni kvality produkce (Vanek et al. 2007, Kovacik 2009).

Nedostatek dusiku se projevuje omezenim rastu rostlin a tvorby podstatnych
organu rostlin jako jsou napf. listy, stébla, lodyhy apod. Rostliny s nedostatkem N
tvorby chlorofylu, coz sniZzuje fotosyntézu a tedy i1 produkci biomasy. Zaroven je
omezena tvorba kotfentl a jejich energetické zasobovani. Snizuje se piijmova kapacita
kotenti a klesd pfijem dalSich Zivin. Omezena vyziva dusikem vétSinou zkracuje
vegetacni dobu a porosty rychleji dozravaji. Zkracenim doby vegetace se vSak
sniZzuje vynos i kvalita produkce, obzvlasté semen (Vanek et al. 2007).

Jednotlivé druhy rostlin reaguji na nizky piijem dusiku rozdilné. Dilezitou
roli hraje také vegetacni faze, ve které se jednotlivé rostliny nachazeji. Nedostatek N
muze napf. u obilnin v dobé odnoZovani snizit pocet odnozi. Pii dlouhotrvajicim
nedostatku N si chce rostlina zachovat vegetaéni vrchol, transportuje tedy dusikaté
latky veetné chlorofylu ze starsich listt praveé do vegetacniho vrcholu. Starsi listy tim
postupné Zloutnou, az nakonec usychaji (Zehnalek et al. 2006, Vanék et al. 2007).

Na pisobeni nadbytku N reaguji rostliny rtizn¢ a to v zavislosti na druhu
a také na jejich ristové fazi. Velmi citlivé na nadbytek dusiku byvaji porosty
v ranych fazich vegetace, predev§im pii vzchazeni. Pokud ma rostlina dobré riistové
podminky, vyuZivd dusik k rastu vegetativnich organt (listd, stonkd a &astecné
1 kvétnich orgénl). Rostliny jsou syté zelené, dobie vyvinuté az robustni.
Do generativni faze rhstu ptfechazeji pozdéji a prodluzuje se dozravani. Zjevné
pfiznaky pii nadbytku N jsou nekrozy a zasychani okraja listh vedouci
az k odumfeni. Tento jev je diusledkem toho, ze dusik se hromadi v okrajich listu.
Pokud jeho obsah piekro¢i toxickou hladinu, poskozuji se pletiva, coZz muze vést
k polehani rostlin (Vanek et al. 2007, Kovacik 2009). Poruchy z nadbytku dusiku

vvvvv

mnoZzstvim zeminy (Vanek et al. 2007).
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Nekteti autofi se zabyvali vyzkumem vlivu N na Rumex obtusifolius a R.
crispus. Oba tyto druhy jsou oznaovany jako nitrofilni (Hejduk et Dolezal 2004
ex Weissbhach 1998), tedy Ze maji vy3si naroky na obsah N v padé. Millberg (1997)
uvadi, ze kliceni R. obtusifolius i R. crispus neni dusikem negativné ovliviiovano,
naopak je jim kli¢eni stimulovano. Zaller (2004a) vSak naopak uvadi nazor, podle
kterého nejsou tyto druhy nitrofilni vranych rustovych fazich. Jeangeros
et Nosberger (1990) ve svém vyzkumu ukazali zvySujici se listovou plochu
R. obtusifolius v zavislosti na rostouci dostupnosti dusiku. Niggli et al. (1993) tento
nadzor potvrzuje a zaroven dodava, ze se zvySenou dostupnosti dusiku roste schopnost

konkurence.

2.13.2 Fosfor (P)

Fosfor v padé se nachazi piiblizn¢ v rozmezi 0,01 — 0,15 %. Lehké pudy
s nizkym obsahem organické hmoty maji vétSinou méné P nez pudy s vySSim
obsahem. Zdrojem pro vyZivu rostlin je fosfor v mineralnich a organickych
slouceninach. Fosfor je v ptidé malo pohyblivy a jen malo pronika do hlubsich
horizontti pudy. Pro rostliny je dualezity predevsim P z pudy, hnojenim se spise
dopliuji ziviny odebrané skliznémi (Vanék et al. 2007).

Fosfor rostliny pfijimaji ve formé& aniontd kyseliny trihydrogenfosfore¢né
ve formé HoPO4 a HPO4Z. Fosfor ve formé kyseliny fosforedné se v rostlinach stava
sou¢asti nukleotidu, které jsou zakladem nukleovych kyselin. Je hlavni soucasti
adenosindifosfatt (ADP) a adenosintrifosfatu (ATP) a proto se podili
na energetickych procesech v buiice (Vanek et al. 2007). Rostliny pfijimaji dusik
nejlépe pii hodnotach ptdniho pH v rozmezi 6,5 a 7,5 (Kovacik 2009). Ptijaty P
rostlinami se transportuje do mist jeho nejvyssi potieby — mladé listy, vegetacni
vrchol, pozdéji kvéty a semena (Vanék et al. 2007).

Nedostatek fosforu se u rostlin projevuje spiSe latentni formou, tedy nejsou
viditelné pfiznaky nedostatku, ale jeho obsah v rostliné je nizky. Kritické obdobi pro
prijem P je pocatek vegetace, kdy rostliny nemaji jesté dostate¢né vyvinuty kofenovy
systétm. Zvlast¢ je zhorSeny piijem za chladného ptipadné suchého pocasi.
Po zlepSeni podminek pro piijem fosforu se vSak rostlina zcela nevyrovna

vvvvvv

dlouhotrvajiciho nedostatku fosforu jsou: nizké rostliny, listy uZ8i, mensi
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a vzptimené, stonky byvaji slabsi. Omezend byva také tvorba kotent. Listy maji
barvu $pinavé zelenou s Cervenym az fialovym odstinem (Vanék et al. 2007, Kovdcik
2009). Vangk et al. (2007) uvadi, Ze rostliny s nedostatkem fosforu maji snizenou
odolnost proti mrazu.

Rostliny s dostatkem fosforu obecné diive piichazi do generativni faze rastu
a diive dozravaji. Pfitomnost fosforu je dulezita pro zaklddani a tvorbu kvéti —
dostatek fosforu podporuje vétsi kvétenstvi, vétsi pocet kvétii a tvorbu semen.

V Ceské republice se nadbytek fosforu téméf nevyskytuje. Van&k et al.
(2007) se zminuje, Ze V zahrani¢i se potykaji s vySSim obsahem fosforu v pudé
ze statkovych hnojiv diky vysoké hustoté dobytka. Nadbytek P u nés byl zaznamenan
V souvislosti se zasobnim nebo melioranim hnojenim, kdy se napf. v sadech
aplikovala fosfore¢na hnojiva na celé obdobi sadu (Vanék et al. 2007).

Nekteti autofi se zminuji o vyss$i konkurenceschopnosti Rumex obtusifolius
a R. crispus pii vyssi dostupnosti N, P a K v pud¢ (Niggli et al. 1993, Humphreys
et al. 1999).

2.13.3 Draslik (K)

Mnozstvi drasliku v ptdach se pohybuje vrozmezi 0,5 — 3,2 %, pficemz
piscité a raSelinné pidy obsahuji mensi mnozstvi K. Draslik se vyskytuje hlavné
Vv kfemicCitanech (Zivce a slidy) a zvé€travanim se postupné uvoliuje z jilovych
minerali skupiny illitu. Rostliny piijimaji draslik jako kationt K. Piijem drasliku je
ovlivitovan vlhkosti, teplotou a intenzitou slunecniho zareni. Pii vysSich teplotach
a vyS$si vlhkosti pidy roste potieba drasliku. Se zvySujici se intenzitou slune¢niho
zafeni rostliny potiebuji méné drasliku a naopak. Naroky na vyzivu K b&hem
vegeta¢ni doby narustaji s rostouci tvorbou biomasy a vrcholi tésné pied kvétem
(Vanek et al. 2007).

Funkce drasliku spociva ptedevsim v ovliviiovani osmotického tlaku, tim
i turgoru bun€k, ktery uzce souvisi s hospodafenim rostliny s vodou. Rostliny
s dostatkem K maji také siln€jsi bunécné stény a snizuje se tak nebezpeci polehani
(dulezité napf. u obilnin). Kvéty a plody s dostatkem drasliku jsou sytéji vybarvené
(Vanek et al. 2007, Kovacik 2009).

Nedostatek drasliku se muze u rostlin také vyskytnout v nepiiznivych

podminkach pro pfijem této ziviny (sucho, chlad) a to i v pfipad¢, Ze je mnozstvi
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drasliku v padé dostate¢né. Jednotlivé druhy rostlin jsou riizné uzptsobeny na piijem
K, napft. jeteloviny pfijimaji draslik hife nez travy. Listy rostlin s nedostatkem
drasliku zasychaji od okraje spodnich list, dochazi k nekrozi a vede az k opadu
spodnich listd. U nékterych rostlin dochazi ke zloutnuti listi az s nadechem
do cCervena. Jeteloviny s nedostatkem drasliku maji nejprve svétlé tecky az skvrny
na listech a na konci listy usychaji. Hlavné u rostlin s velkymi a Sirokymi listy
V letnich mésicich zpiisobuje K v pozdéjsi fazi vegetace vadnuti, coz souvisi
se §patnym hospodafenim s vodou. Porosty s nedostatkem drasliku jsou nachylngjsi
na mraz, hufe regeneruji a jsou snaze napadany houbovymi chorobami (Vanék et al.
2007).

Nadbytek K se miize nachdzet na mistech skladovani organickych hnojiv,
vétSinou u polnich hnojist' a na pozemcich, kde se casto aplikuji mocivky, kejdy
apod. Na téchto pozemcich se obzvlasté dafi ruderdlnim plevelim a rostlindm
snasejicim vysoké koncentrace drasliku a soli (napt. merlik, lebeda, stovik tupolisty
a Stovik kadetavy). Nadbytek drasliku v rostlinnych pletivech snizuje pfijem Na, Mg
a Ca. Zvysuje se tedy koncentrace soli v pudé, ktera mtize vést az k zasoleni ptd. Pii
nadbytku K mtze dochazet k polehani obilnin. Draslik sice vylepSuje stavbu bungk,
ale pouze do urcité hranice. Nad tuto hranici se pak vyrazny nadbytek drasliku chova
podobné jako nadbytek dusiku (Vanek et al. 2007). Vanck et al. (2007) uvadi,
ze zvysené mnozstvi K mize na pocatku vegetace negativné ovliviiovat kliCivost
a vzchazivost nékterych druhti rostlin.

Vlivu dostupnosti drasliku na Rumex obtusifolius se zabyval napf. Van
Eekeren et al. (2006), ktery zjistil, ze draslik nema vyrazny vliv na pocet rostlin
v porostu ani na produkci jejich biomasy. To potvrzuje i Jeangeros et Nosberger
(1990), kdyZ zminuji zvySeny vyskyt drasliku v rostlin€ po jeho aplikaci, avSak nijak
vyrazny vliv na jeji rust. Humphreys et al. (1999) uvadi, Ze nizka dostupnost

K v pudé¢ rist u R. obtusifolius omezuje.

2.13.4 Vapnik (Ca)

Vépnik je vpudé vazany piedev§im v uhli¢itanech, sadrovcich,

fosfore¢nanech a kiemicitanech (Zivce, augit). Do rostliny se dostava predevsim jako
iont a v rozpusténych solich (Larcher 1988). Pfiméteny obsah Ca v pud¢ zarucuje

dobry prubéh vétsiny biologickych, chemickych i fyzikalnich procest. Vapnik
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ovlivituje tvorbu a rist kotend, zvlasté kofenového vlaseni, které zajistuje vétsi
pfijmovou kapacitu pro Ziviny. Rostlinou je Ca pfijiman ptredevSim pasivné pies
kofenové $picky jako kationt Ca®*. Pokud se v Zivném roztoku nachéazi dostate¢né
mnoZstvi K*, H, NH,", Mg?* & Mn?, je pijem Ca?* vyrazn& omezen (Vanék et al.
2007).

Nedostatek vapniku se projevuje piedevs§im ovlivnénim pudnich vlastnosti.
Nizky obsah Ca zplisobuje sniZzeni pH a tim 1 zhorSeni podminek pro rist rostlin.
Byly pozorovany poruchy vyzivy rostlin pfi nedostatku Ca v souvislosti
s antagonistickym piisobenim K* (Vanék et al. 2007).

Nadbytek vapniku jako takovy rostlinam vétSinou nevadi, negativné pusobi
vSak v souvislosti se zvySovanim hodnoty pH. Dostate¢né mnozstvi Ca v pudé
zajistuje harmonickou vyZzivu rostlin a zaroven plisobi na omezeni pfijmu rostlinami
a tim i pruniku nékterych rizikovych prvka (Al, Fe, Mn, Pb, Cd). Nedostatek Fe
se Casto vyskytuje u tzv. kalkofobnich rostlin, které nesnasi vysoké mnozstvi Ca
v pudé. Mezi kalkofobni rostliny patii napf. borGvky, maliniky, vies, ale také
pravdépodobné i rostliny druhu Rumex. Prostfedim s dostatecnym az nadbyteénym
mnozstvim Ca byvaji stanovisté¢ s vysokym podilem uhli¢itand, zasolené¢ pudy

a pudy po radikalnim vapnéni (Vanék et al. 2007).

2.14 Rizikové prvky v padé

Znecisténi neboli kontaminace zvySenym mnozstvim rizikovych prvki
negativné ovliviiuje produkéni i1 ekologické vlastnosti ptidy. Ke kontaminaci dochazi
jednak pfirozenymi procesy, v soucasnosti vSak ptedevsim diky antropogennim
ginnostem (Sanita di Toppi et Gabbrielli 1999). V Ceské republice jsou povolené
limity rizikovych prvki v zemédélské pudé upraveny vyhlaskou ¢. 13/1994 Sh.

Mezi rizikové prvky mizeme fadit napt. As, Cd, Zn, Pb, tyto kontaminanty
mohou v pudé pietrvavat i tisice let (Benavides et al. 2005). Dostupnost mnoha
rizikovych prvkil je spojovana s mnozstvim P v pudé, zejména se jednd o As a Cd.
Arzen soupeti s fosforem o ptadni vazby (Székova et al. 2009) a kadmium se vysrazi
do fosfata (Dong et al. 2007). Dobra dostupnost Cd a Zn se objevuje v kyselych
padach (Tyler et Olsson 2001, Hejcman et al. 2009, Uprety et al. 2009). Pfidani
vapniku ¢i fosforu do pidy ve form¢ aditiv tak mize zvysit dostupnost rizikovych

prvki (Wang et Wu 1995, Kumpiene et al. 2008, Hejcman et al. 2010).
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Pro kazdy rostlinny druh je hranice piijatelného mnozstvi rizikového prvku
Vv pudé jind. Nekteré rostliny snasi velmi vysoké obsahy téchto prvkil a proto je
mozné takové rostliny vyuzit napf. k tzv. fytoremediaci. Fytoremediace znamena
vyuZiti zelenych rostlin k pfesunu, akumulaci nebo odstraiovani kontaminanti
zivotniho prostiedi (Kucerova et al. 1999). Z dostupne literatury vyplyva, Ze pokus
s rizikovymi prvky na rodu Rumex provedli Barrutia et al. (2009) ve Spanélsku
se Stovikem kyselym (R. acetosa L.). Jednalo se o pokus fytoextrakce timto
Stovikem na dvou silné¢ kontaminovanych mistech s Cd a Zn. Vysledky ukazaly
velice uspésnou fytoxtrakei Zn.

Dosud vSak nebylo prozkoumano, jaky vliv ma ptfitomnost velkého mnozstvi
rizikovych prvkl v pudé na vzchazeni a rist druhit Rumex obtusifolius a R. crispus,

a zda by ptipadn¢ také mohly byt vyuzity k fytoremediaci.

2.14.1 Zinek (Zn)

Zinek se v padé vyskytuje v mineralni formé jako soucast miizky mineralt
(napf. biotit, augit), Gast je vazana jako Zn®* v sorpénim komplexu a v mensim
mnoZzstvi je Zn vdzan v organickych slou¢eninach. Mobilita zinku v pidé je pomérné
mala a navic se snizuje pii vysSich hodnotach pH a vy$§im obsahu P. Rostlinami je
zinek piijiman ve form& Zn®*(Vanék et al. 2007). Pi{jem Zn rostlinami pfi vy$$im pH
klesa a stejné tak i pfi vyS$im obsahu fosforu. Spoluptsobenim téchto dvou faktori
je ptijem Zn ovlivnén vyrazné. Vys$si mnozstvi P omezuje pohyb Zn v rostlinach.
Pfijem Zn je nizsi také v pritomnosti vyssiho obsahu Fe a Cu. Zinek se podili na fadé
enzymovych reakci, a proto je jeho pfitomnost v pfiméfeném mnozstvi v rostlinach
nezbytna (Reichman 2002, Vanek et al. 2007).

Nedostatek zinku miize zptsobovat poruchy v déleni bun¢k na Spickach
kofent, vegetanich vrcholech a v kambidlnich pletivech. Vliv nedostatku zinku
muze byt patrny i pouhym okem, kdy je mozné spattit chlorotické skvrny. Pti
nedostatku Zn se totiz snizuje pocet chloroplasti a tim dochazi i k Ubytku chlorofylu
(Vanek et al. 2007).

Nadbytek zinku a jeho toxické piisobeni je v pfirozenych podminkach
vyjimecné, avSak pfichdzi v uvahu vznik nadbytku vlivem antropogennich ¢innosti.
Zvyseny ptisun Zn mutize vznikat i pouzivanim nékterych hnojiv a jeho nadmérné

mnozstvi Ize snizit vapnénim. Vysoky obsah Zn v prostiedi miize omezovat piijem
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Fe, rostliny pak $patné rostou a mohou mit silnou chlorézu (Reichman 2002, Vanek
et al. 2007). Rostliny vystavené toxickému pusobeni Zn mohou mit mensi zluté,
nahnédlé az naCervenalé listy a zIuté zbarveni kofent (Reichman 2002, Sagardoy et
al. 2009, Song et al. 2011).

2.14.2 Kadmium (Cd)

Kadmium se fadi do tzv. rizikovych ¢i toxickych prvku (Vanék et al. 2007).

Cd se v zivotnim prostfedi nachazi predevsim diky antropogenni ¢innosti napf.
z pramyslu, spalovani pohonnych hmot a oleji motorovych vozidel, v neposledni
fad¢ také z hnojiv pouzivanych v zeméd¢€lstvi (Sanita di Toppi et Gabbrielli 1999).
Kadmium rostliny ke svému zivotu nepotiebuji a pfi vys$s§im mnozstvi v pude se pro
n¢ stava toxické. Rostliny se vyznacuji riznou citlivosti vii¢i Cd (Benavides et al.
2005). Do rostlin se Cd (pfevazné ve formé Cd®") dostane nejcastéji se Zn, ktery je
chemicky piibuzny a ktery rostliny ke svému zivotu naopak potiebuji (Soudek et al.
2008). Ptevazujici podil piijatého kadmia zistava jiz v kofenech rostlin (Sanita di
Toppi et Gabbrielli 1999). Pijjem Cd rostlinami byva ovlivnén hodnotou pH
a obsahem P v pud¢ (Dong et al. 2007).

Toxicky nadbytek kadmia se viditeln¢ projevuje hlavné hnédnutim
kotenovych vlaskl, cervenohnédé zbarveni zilnatiny, cervenohnédé nekrézy
na mladych listech a vyraznym omezenim rustu (Sanita di Toppi et Gabbrielli 1999).
Zvysené mnozstvi kadmia muze zhorSovat podminky pro kliceni semen rostlin

(Benavides et al. 2005).

3. Experimentalni Cast

V této casti budou ve formé clanku zpracovana témata zabyvajici
se experimentalni praci pfi vyzkumu vybranych ¢asti ekologie Rumex obtusifolius
a R. crispus. Prvni ¢lanek (kapitola 3.1) se zamé&fuje na otazku vlivu ptdniho pH,
ptitomnosti pfidaného fosforu a vapniku a také pfitomnosti rizkovych prvkt v pade
na vzchazeni R. obtusifolius. Druhy c¢lanek (kapitola 3.2) se zabyva vlivem
mineralnich latek N, P, K na velikost mate¢nych rostlin, produkci semen a kli¢ici
schopnost semen R. crispus. Posledni ¢lanek (kapitola 3.3) fesi otazku vlivu N, P,
Kna vzchazeni, ridst a pfezimovani R. crispus a R. obtusifolius.
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Abstract

Aims: We asked how emergence and survival of Rumex obtusifolius seedlings
is affected by soil pH and by quick lime (Ca) and superphosphate (P) additives in
soils contaminated by arsenic, cadmium, lead and zinc, with the aim of estimating
the suitability of R. obtusifolius for indication of contaminated soils.

Methods: In May 2011, we initiated the pot seeding experiment in Prague
(Czech Republic) with slightly acid (Litavka) and slightly alkaline (Malin) soils. We
used a control without any additives, Ca and P treatments. We recorded seedlings for
37 days following the start of the experiment.

Results: Higher and quicker emergence, together with substantially higher
mortality of seedlings, was recorded in Litavka than in Malin. A positive effect of Ca
on seedlings was recorded in Litavka, but negative in Malin. There was a slightly
positive effect of P on the speed of emergence in both soils. P increased mortality in
Litavka, but there was no effect in Malin.

Very small seedlings with narrow and long leaves of reddish colour were
recorded in Litavka soil in the control and P. In Ca, leaves of seedlings were more
elliptic and less reddish. In Malin soil, seedlings were green and substantially more
vital in the control and P than in Litavka soil. In Ca, small and unviable seedlings
were recorded.

Conclusions: Rumex obtusifolius is a *“calciphobic” species, suffering due to
high Ca and Mg levels in the soil. High availability of Zn, Cd and Pb in the soil can
be efficiently indicated by decreased growth, increased mortality and by conspicuous

changes in colour and shape of seedlings.

Keywords: Broad-leaved dock, cadmium, lead and zinc toxicity, germination

and mortality, indicator and calciphobic species, recruitment
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Introduction

Rumex obtusifolius subsp. obtusifolius (hereafter referred to as R. obtusifolius,
broad-leaved dock) is a highly problematic weed species particularly in temperate
grasslands in many countries (Cavers and Harper 1964; Martinkova et al. 2009;
Decruyenaere et al. 2012). Rumex obtusifolius is highly successful, especially in
moderately moist and disturbed grasslands with high N, P and K supply, most
frequently from application of slurry and farmyard manure or on pastures with high
deposition of faeces (Hopkins and Johnson 2002; Zaller 2004; Hejcman et al. 2012;
Strnad et al. 2012). If eaten in high quantity by cattle or horses, R. obtusifolius can
cause serious digestive problems and therefore a decrease in livestock performance
(Hejduk and Dolezal 2004). Control of this species without any herbicides is very
difficult and therefore R. obtusifolius is the most detrimental grassland weed species,
especially under conditions of organic farming (Pino et al. 1995; Martinkova and
Hon¢k 2004; Zaller 2006; Latsch and Sauter 2010; Strnad et al. 2010). Factors that
determine R. obtusifolius to be a highly successful weed are: 1) high seed production
per plant, 2) long-term viability of seeds in the soil seed bank, 3) regeneration of
plants from fragments of underground organs, and 4) the perennial character of the
species. According to Cavers and Harper (1964), one R. obtusifolius plant can
produce annually up to 60,000 seeds and seeds can be viable in the soil seed bank for
several decades (Tsuyuzaki 2010). Based on a pot fertiliser experiment, Hrdlickova
et al. (2011) estimated annual production of seeds per plant of normal size to be up to
10,000. Emergence and seedlings of R. obtusifolius are negatively affected by high N
availability up to the rosette phase, but are affected positively by increased P supply.
Rumex obtusifolius is therefore not nitrophilous in early development stages but
tends to be nitrophilous from the stage of fully developed rosette (Ktistalova et al.
2011).

A question which has never been adequately investigated experimentally is
why R. obtusifolius prefers Ca and Mg poor soils with slightly acid soil pH.
Brenchley (1920) concluded that the plants of R. obtusifolius very rarely grew on
chalk so they evidently do not like Ca and Mg rich soils. Humphreys et al. (1999)
recorded a positive correlation between K availability in the soil and the density of R.
obtusifolius plants in grasslands in UK, but a negative effect due to Mg availability.

In addition, a negative correlation between soil pH and plant density was recorded.
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Hann et al. (2012) recorded substantially higher mortality of R. obtusifolius plants in
grasslands of Ca and Mg rich soil than on K rich soil in Austria. Bohner (2001)
described R. obtusifolius as a “calciphobic” species which precipitated excessive Ca
into calcium oxalate crystals. Calciphobic behaviour of R. obtusifolius can also be
connected with its high K requirements and therefore with insufficient K supply on
Ca and Mg rich soils because of antagonism between K and Ca/Mg uptake.

In addition to N, P, K, Ca and Mg availability in the soil and soil pH, growth
of R. obtusifolius can be highly affected by availability of trace elements. Although
R. obtusifolius is a common species in highly disturbed mining areas, and other areas
frequently contaminated by trace elements, there has not been, according our
literature searches, any studies investigating the effect of As, Cd, Pb and Zn
contamination in the soil on emergence and survival of R. obtusifolius seedlings. As
R. obtusifolius is a widely spread species with high biomass production, it could
potentially be a suitable plant for remediation of contaminated soils, or if highly
sensitive to increased availability of trace elements, as an indicator species suitable
for detection of soils contaminated by trace elements during the field mapping of
vegetation.

Availability of many trace elements to plants, As and Cd in particular, is also
connected with soil P status. In the case of As this is because of competition between
phosphates and arsenates for binding sites in the soil (Szakova et al. 2009; Liu et al.
2012), and in the case of Cd, because of Cd precipitation into phosphates (Dong et al.
2007). In addition, the availability of Cd and Zn to plants is high, especially in acidic
soils (Tyler and Olsson 2001; Dong et al. 2007; Hejcman et al. 2009; Uprety et al.
2009). Addition of Ca (CaO - quick lime) or P (Ca(H,PQ,4), — superphosphate)
additives can therefore substantially decrease the availability of many trace elements
in the soil (Wang and Wu 1995; Puschenreiter et al. 2005; Kumpiene et al. 2008;
Hejcman et al. 2010).

Using a pot experiment with Ca and P additives using two soils differing in
pH, As, Ca, Cd, Mg, Pb and Zn status, the aim of this study was to answer the
following questions: 1) how sensitive is R. obtusifolius to soil contamination and can
it be used for indication of contaminated soils? 2) how is the emergence and survival
of R. obtusifolius seedlings affected by the addition of Ca and P into contaminated

soils?
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Material and methods

Design of the pot experiment

In May 2011 we established the pot experiment in the open vegetation hall of
the Department of_Agroenvironmental Chemistry and Plant Nutrition in Prague —
Suchdol (Czech Republic, 50° 7' 53.244" N, 14° 22 '13.114" E) with natural

temperature and light conditions.

We used two contaminated soils: (1) slightly acidic fluvisol termed “Litavka”
from alluvium of the Litavka river collected in the village Trhové Dusniky (60 km
south of Prague, 49° 43' N, 14° 0' E). The Litavka soil was contaminated with Cd,
Zn, and Pb by wastes from smelter setting pits (Boriivka et al. 1996; Sichorova et al.
2004) and (2) alkaline luvisol termed “Malin” collected from a bank of the streamlet
Beranky near Malin village (close to Kutnd Hora town 82 km east of Prague, 49° 58
N, 15° 17" E). The Malin soil was contaminated by As, Cd, and Zn due to tailings of
silver mining in the 13 — 16™ century (Szakova et al. 2009). Chemical properties of
the soils used analysed before establishment of the experiment are given in Table 1.

In addition to the effect of soil type, an effect of Ca (CaO — quick lime) and P
(Ca(H,PQy4), — superphosphate) additives on emergence of R. obtusifolius was
investigated. The soil additives were applied to pots in the following amount: 7.3 g
CaO per 1 kg of soil and 1.3 g Ca(H2PO4), per 1 kg of soil. The pot experiment was
therefore composed of six treatments replicated five times (30 pots altogether): LC —
Litavka soil without any additive as the control, LCa - Litavka soil with Ca additive,
LP - Litavka soil with P additive, MC - Malin soil without any additive as the
control, MCa — Malin soil with Ca additive, and MP — Malin soil with P additive.

We used 5 | pots of white colour. Each pot was filled with 5 kg of air dried
soil sieved through a 10 mm sieve. We then applied the following fertilisers: 0.5 g N
(in the form of NH4NO3), 0.16 g P (in the form of K;HPO,) and 0.4 g K (in the form
of K;HPQO,) into each pot and mixed with the soil. Application of N, P and K
fertilisers was performed in order to make N, P and K availability non-limiting for
growth of R. obtusifolius in all treatments, as the main aim of the study was to
observe effects of soils and additives on emergence and survival of seedlings. The
additives were mixed with the soil after application of N, P and K fertilisers and then
all pots were watered. The fertilisers and additives were applied on the morning of
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the 3" May 2011. In the evening of the same day, we sowed 100 seeds, 1 — 2 cm
deep, into the soil of each pot.

Seeds of R. obtusifolius were collected during spring 2011 from a region near
Prague in central Czech Republic. The collection sites were mainly roadside ditches
or abandoned fields with neutral soil pH. The seeds were stored at room temperature
in paper bags and in the dark. Germination of used seeds was 86 % tested under
laboratory conditions in a day/night light regime at 25 °C directly before
establishment of the experiment. Pots were regularly watered if necessary to
maintain optimal growth conditions during the course of the experiment.

We recorded the number of seedlings daily in each pot from the start of the
emergence on the 9™ day of the experiment and for the following 28 days from 12"
May to 8" June 2011. A field emergence was defined as the maximal number of
seedlings recorded during the course of the experiment in each treatment. We used
field emergence because the maximal number of seedlings was recorded on different
days for each treatment. In addition to field emergence, we analysed separately the
final number of seedlings on the 28™ day of the experiment.

Soil pH was measured in a 1:5 (w/v) solution (10 g of soil + 50 ml of
solution) containing 0.01 mol I™* CaCl, at 20 + 1 °C.

Data analysis

Repeated measures and factorial ANOVA followed by comparison using
Tukey HSD test were applied to obtained data. We used ANOVA as all assumptions
for the use of ANOVA were met. The relationship between soil pH and field
emergence was evaluated using linear least square regression analysis. All statistical
analyses were performed using the Statistica 8.0 program (Statsoft, Tulsa, OK,
USA).

Results

Effect of additives on soil pH

Calculated by factorial ANOVA, effects of locality, additive and additive x
locality interaction on soil pH were significant at the end of the experiment (Fig. 1a).
In Litavka soil, the pH value was highly increased after application of Ca additive,
but only slightly increased in Malin soil. There was no effect of P addition on the pH

value in either soil.
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Seedling number during the experiment and field emergence

Calculated by repeated measure ANOVA, the number of seedlings in Litavka
soil was significantly affected by day and by day x additive interaction, but there was
no effect due to soil additives (Fig. 2a). In Malin soil, the number of seedlings was
significantly affected by all factors - day, additive and by day x additive interaction
(Fig. 2b). In Litavka soil, higher emergence values and quicker emergence was
recorded than in Malin soil, but in Malin soil, substantially lower mortality of
seedlings was recorded than in Litavka soil. In Litavka soil, there was somewhat
positive effect due to Ca additive on emergence and survival of seedlings in
comparison to the control. In Malin soil, opposite results were recorded and there
was a large negative effect of Ca additive on the emergence and survival of seedlings
in comparison to the control. There was a slightly positive effect of P addition on the
speed of emergence in both soils but there were differing effects due to P addition on
survival of seedlings in both soils. In Litavka soil, P addition increased mortality
while there was no effect of P addition on the mortality of seedlings in Malin soil.

Calculated by factorial ANOVA, the field emergence was significantly
affected by locality and by additive*locality interaction, but not by the additive (Fig.
2¢). The lowest mean emergence (27 %), was recorded in Malin soil with Ca additive
and the highest (73 %), in Litavka soil with Ca additive. The emergence was not
affected by the pH value in Litavka soil, but was significantly negatively related to
pH value in Malin soil (Fig. 1b).

Calculated by factorial ANOVA, the final number of living seedlings
recorded on the last (37") day of the experiment was not significantly affected by the
locality and additive, but was significantly affected by locality*additive interaction,
indicating a location specific effect of additives (Fig. 2d). The lowest number of
seedlings (18) was recorded in Litavka soil in P treatment and in Malin soil with Ca
treatment (17). The highest number of seedlings (65) was recorded in Litavka soil
with Ca treatment.

The effect of all treatments on number, vitality and size of seedlings on the
37" day of the experiment is obvious in photographs of individual pots shown in Fig.
3. Very small seedlings with narrow and long leaves with a characteristic reddish
colour of leaf tips were recorded in Litavka soil in the control and P treatment. In Ca

treatment, leaves of seedlings were more elliptic and less reddish. In Malin soil,
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lower number of seedlings was recorded than in Litavka soil, but seedlings were
green and substantially more vital in the control and P additive treatment than in
Litavka soil. In Ca treatment, low numbers of small and unviable seedlings was

recorded.

Discussion

Field emergence and consequent survival of R. obtusifolius seedlings was
highly affected by soil chemical properties. The most detrimental for emergence and
survival of R. obtusifolius seedlings was high pH, connected to high Ca and Mg
availability in the soil. This was clear in the Ca and Mg rich Malin soil where
addition of Ca resulted in very low emergence and survival of R. obtusifolius
seedlings. To the best of our knowledge, this is the first experimental study showing
negative effects of high Ca and Mg availability on emergence and consequent
survival of R. obtusifolius seedlings. Negative effects of high Ca and Mg availability,
together with low K availability in the soil, on the survival of well established R.
obtusifolius plants was recorded by Hann et al. (2012) in Austria. A lower density of
R. obtusifolius plants on Ca and Mg rich soils than on Ca and Mg poor soils was
recorded by Humphreys et al. (1999) in Ireland. Bohner (2001) directly classified R.
obtusifolius as a “calciphobic” species which precipitated excessive Ca into insoluble
calcium oxalate crystals. As the enhanced synthesis of oxalic acid in Ca rich soils is
highly energy demanding, this can, together with low K supply, increase mortality of
R. obtusifolius on Ca rich soils. Results of our study fully support the calciphobic
classification of the species. Not only are adult plants with well developed root
systems calciphobic, but also young seedlings. Negative effects of high Ca and Mg
availability on R. obtusifolius can already be recorded during germination of seeds
and early development of seedlings. In the first days of the experiment we observed
the highest emergence in P treatments in both soils. This is in accordance with results
by Kiistalova et al. (2011), recording the positive effect of high P availability in the
soil on emergence and early growth of R. obtusifolius seedlings. A relatively low
effect due to P addition on the emergence of seedlings in our study can be explained
by P fertiliser application in all pots before the start of the experiment which
removed the strong P limitation on early seedlings growth in all treatments.

In contrast to Malin soil, application of Ca increased the survival of R.

obtusifolius seedlings in Litavka soil. This was due to 1) substantially lower initial
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availability of Ca and Mg in this soil, and 2) a substantial decrease in the availability
of Zn and Cd and hence their toxicity on seedlings after application of the Ca
additive. From the previous incubation experiment with Ca additive (CaO) we
learned that there was immediate, long-lasting and highly significant decrease in Cd
and Zn availability after application of Ca additive into Litavka soil (Vondrackova et
al. 2012). In Malin soil no, or only slight, decrease in Cd and Zn availability was
recorded and initial concentrations of Cd and Zn available to plants were about three
fold lower than in Litavka soil (0.05 mg kg™ versus 30 mg kg™ for Zn and 0.005
versus 0.8 mg kg™ for Cd extracted by CaCl,), therefore there was no Cd or Zn
toxicity even without any Ca application in Malin soil. In Litavka soil, toxicity of Cd
and Zn for R. obtusifolius seedlings was indicated also by substantially higher
concentrations of both elements in leaves than in Malin soil (Vondrackova,
unpublished data). In Litavka soil in all treatments, the concentration of Zn in leaves
exceeded the critical limit for Zn toxicity, estimated by Broadley et al. (2007) for
wide range of species to be 300 mg Zn kg™. Although the concentration of Zn was
the lower in Ca treatment in comparison to P treatment and the control, the
concentration of Zn in leaves was 500 mg kg™ in Ca treatment and this is still far
above the limit for Zn toxicity. In addition, toxicity of Zn was clearly visible by the
reduction in biomass growth and yellow, brown and reddish colour of leaves (see
Fig. 3). All of these symptoms are connected with Zn toxicity resulting in Fe and P
deficiency in leaves, as has been described in other studies on other plant species
(Sagardoy et al. 2009; Song et al. 2011; Cui and Zhao 2011; Yang et al. 2011).

In addition to Zn toxicity in Litavka soil, Cd and Pb toxicities were probably
also highly important, as concentrations of Cd in leaves of R. obtusifolius ranged
from 5 - 14 mg kg™ and concentrations of Pb were around 100 mg kg™. These
concentrations were approximately one order higher than in Malin soil
(Vondrackova, unpublished data).

Finally we can conclude that R. obtusifolius is a “calciphobic” plant and
suffers due to high Ca and Mg availability in the soil and therefore is successful on
slightly acid rather than on Ca and Mg rich soils. High Ca and Mg availability in the
soil negatively affects emergence and survival of seedlings and therefore restricts
generative reproduction of the species. High availability of Zn, Cd and Pb in the soil
can be efficiently indicated by decreased growth, increased mortality and by

conspicuous changes in leaf shape and colour (yellow, brown and reddish rather than
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green) of R. obtusifolius seedlings. As R. obtusifolius is a widely spread weed species
with high seed production and generative reproduction, soils with high Zn, Cd and
Pb availability can be efficiently indicated by the high mortality, restricted growth
and colour changes of R. obtusifolius seedlings.
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Fig. 1. (a) Effect of additive, locality and additive*locality interaction on soil
pH and (b) effect of soil pH on emergence of Rumex obtusifolius (maximal recorded
number of seedlings during the experiment) in Malin soil. Soil pH higher than 7.5
was recorded only in Ca treatment. Treatment abbreviations: C — control treatment
without any additive, Ca — application of Ca additive, P — application of P additive.
Error bars represent standard errors of the means (SE). F and P values — results of

ANOVA analyses for particular effects (day, additive, day*additive interaction,
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locality, additive*locality interaction). Using Tukey post-hoc test, treatments with

the same letter were not significantly different at the 0.05 probability value.
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Fig. 2. Effect of additives on number of Rumex obtusifolius seedlings during
the 28 days of the experiment in (a) Litavka soil and in (b) Malin soil. (c) Field
emergence (maximal number of seedlings) recorded over the study period in Litavka
and Malin soils and (d) final number of seedlings recorded on the 28" day of the
experiment in Litavka and Malin soils. Treatment abbreviations: C — control
treatment without any additive, Ca — application of Ca additive, P — application of P
additive. Error bars represent standard errors of the means (SE). F and P values —
results of ANOVA analyses for particular effects (day, additive, day*additive
interaction, locality, additive*locality interaction). Using Tukey post-hoc test,
treatments with the same letter were not significantly different at the 0.05 probability

value.
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Fig. 3. Photographs of Rumex obtusifolius plants in investigated treatments on
the 28™ day of the experiment. (a) LC — Litavka soil control treatment , (b) MC —
Malin soil control treatment, (c¢) LCa — Litavka soil with CaO additive, (d) MCa -

Malin soil with CaO additive, (e) Litavka soil with Ca(H,PO,), additive, (f) Malin
soil with P additive.
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Table 1 Basic characteristics of soil collection sites and chemical properties of
investigated soils. Mean values calculated from three replicates (n = 3), together with
standard deviations (SD), are provided for each measured property. Cation exchange
capacity (CEC) was analyzed only in mixed soil samples without any replication.

Soil
Soil property Litavka (49° 43' N, Malin (49° 58" N,
14° 0'E) 15° 17" E)
Altitude (m a.s.l.) 450 230
Mean annual 7.3 8.5
temperature (°C)
Mean annual 623 575
precipitation (mm)
Soil texture Clay loamy sand Loam
Soil type Fluvisol Luvisol
PHcact2 5.8+0.03 7.2+0.04
CEC (mmol kg™) 55 346
Corg (%) 3.6+0.15 2.7+0.22
Ca® (mg kg™)™ 1856 + 43 8914 + 139
Mg?* (mg kg™ 160+ 6.5 354 + 17
K®(mg kg™)” 192 +11 234 +5
P (mg kg™ 9+0.4 56 + 4
Cd (otary (Mg kg ™)™ 53.8+1.5 11.3+0.4
ZN oty (Mg kg™*)™ 6172 + 73 1022 + 31
Pb (otay (Mg kg ™)™ 3305 + 147 98 + 53
AS (oray (Mg kg™) ™ 354+ 4 688 + 45
Fe oty (Mg kg™)™ 21193 + 252 17379 + 388
MN oy (Mg kg™)™ 2638 + 28 371+7




&- plant available concentrations of nutrients determined by Mehlich 11
extraction procedure and (ot - total concentrations of elements extracted by Aqua
Regia. Legislation limits for total concentrations of elements in light-textured and
other soils, respectively (in mg kg™) are: for Cd 0.4 and 1.0, for Zn 130 and 200, for
Pb 100 and 140, for As 30 and 30 (Anonymous, 1994). Calculated by one-way
ANOVA, differences between localities were not statistically significant ("*), were

significant on 0.05(") or were significant on 0.01 () probability level.
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3.2 Effect of nitrogen, phosphorus and potassium availability
on mother plant size, seed production and germination ability

of Rumex crispus
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Summary

Rumex crispus is believed to be a highly nutrient-
demanding weedy species that spreads mainly by seeds.
However, the effects of nutrient availability on its
performance and seed production have never been fully
investigated. In this study, we investigated how plant size,
seed production and germination were affected by the
supply of N, P and K. In May 2008, a pot N, P and K
fertiliser experiment was established in Prague (Czech
Republic). During 2009, plant growth data were col-
lected, and fully ripe seeds were tested for germination
and N, P and K concentrations. Rumex crispus showed
high phenotypic plasticity in plant height, number of
leaves, leaf length and number of stems per plant in
relation to N, P and K supply. Seed production per plant
ranged from <2000 in the control and low P treatment

up to almost 25 000 in the high NPK treatment. More
than 16 000 seeds were produced per plant in all
treatments where N and P were applied together. To
produce a high quantity of rapidly germinating seeds,
R. crispus requires a balanced N, P and K supply, as a
deficiency of P and K together with a high N supply can
result in the production of P- and K-deficient seeds (P and
K <3 g kg™') with lower germination ability. In central
Europe, at least some populations of R. crispus do not
flower in the seeding year and are strictly monocarpic.
Given the short lifespan and monocarpic character of the
species, control is probably most effective if applied at the
rosette stage, prior to the production of viable seeds.

Keywords: curled dock, germination, maternal nutrient
effect, monocarpic biennial, phenotypic plasticity, plant
nutrition.

Hejeman M, Kiistalova V, Cervena K, Hrdlickova J & Pavli V (2012). Effect of nitrogen, phosphorus and potassium
availability on mother plant size, seed production and germination ability of Rumex crispus. Weed Research.

Introduction

Rumex crispus L. (curled dock) is native in temperate
Europe and today is a widely distributed weed species
around the world (Cavers & Harper, 1964; Zaller, 2004).
Thus, it is frequently studied in many countries. Using
R. crispus or curled dock as a keyword in a search in the
Web of Science database (http://apps.isiknowledge.com)
retrieved 546 records (129 with R. crispus directly in the

title) from 1945 to November 2011. The majority of
these studies were connected with the control of
R. crispus on agricultural land (Hatcher, 1996; Zaller,
2004; Dimitrova & Marinov-Sarafimov, 2008), the
germination ecology of seeds (Cavers & Harper, 1966;
Totterdell & Roberts, 1979; Baskin & Baskin, 1985; Pye
& Andersson, 2009) and recently its medicinal use
(Coruh et al., 2008). Rumex crispus is a highly variable
species that is particularly abundant in cultivated fields,
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wasteland, demolition sites, riverbanks and along road-
sides (Weaver & Cavers, 1979; Grime et al., 1988).

Grime et al. (1988) described R. crispus as a short-
lived perennial or, more rarely, as an annual herb that is
able to flower in its seeding year. Rumex crispus often
dies after flowering and tends to disappear from
permanent grassland if new seedlings fail to establish
(Bond et al., 2007). Perennation of R. crispus can be
supported by cutting before flowering, although R. cris-
pus is generally much more negatively affected by severe
defoliation than Rumex obtusifolius L. (broad-leaved
dock) (Bentley & Whittaker, 1979; Hongo, 1989).
According to Hume and Cavers (1983a), plants of
R. crispus do not flower in the seeding year in North
America, unlike in Britain and the rest of Europe.
Nevertheless, in Central Europe (Prague, Czech Republic),
no flowering of R. crispus was documented in the seeding
year under optimal growth conditions (Kfistalova et al.,
2011). Likewise, Hongo (1989) recorded no flowering of
R. crispus in the seeding year in the cold winter region of
Hokkaido (Japan). Further research is therefore
required to adequately describe the flowering behaviour
of R. crispus.

Although many related studies have been conducted,
the effect of nutrient availability on the phenotypic
plasticity of R. crispus has rarely been investigated.
According to Jursik et al. (2008), R. crispus is generally
believed to be nitrophilous, but it probably has lower
nitrogen (N) requirements than R. obtusifolius. In a
similar manner to R. obtusifolius (Humphreys et al.,
1999; Hiltbrunner et al., 2008; Strnad et al., 2010), soils
rich in phosphorus (P) and potassium (K) are probably
more favourable for R. crispus growth than P- and
K-poor soils, but detailed experimental data are missing.
Furthermore, to the best of our knowledge, no study has
investigated how the growth, plant longevity and seed
production of R. crispus are affected by nutrient avail-
ability. Such information is only available for the related
weedy species R. obtusifolius (Hrdlickova et al., 2011).

Estimates of seed production and the weight of
achenes in R. crispus are highly variable, ranging from
100 to over 40 000 achenes per individual plant and
from 0.7 to 2 g per 1000 achenes (Cavers & Harper,
1964, 1966). In a study of 11 different R. crispus
populations, seed production per individual plant
ranged from 13 700 to 28 300, and the weight of 1000
achenes without perianths ranged from 1.25 to 1.72 g in
ideal garden conditions (Hume & Cavers, 1983Db).
Bentley et al. (1980) recorded 2400 to 3900 seeds
produced per individual plant and a 1000 seed weight
ranging from 1.45 to 1.9 g. It is well known from grain
crops that the nutritional status of the mother plant
affects the chemical composition of seeds, particularly
the N concentration (Acreche & Slafer, 2009). This

maternal nutrient effect can affect seed germination and
the subsequent performance of offspring, as documented
for R. obtusifolius (Hrdlickova et al., 2011), several
Plantago species (Miao et al., 1991; Latzel et al., 2009),
Chenopodium album L. (Wulff et al., 1999) and Pisum
sativum L. (Amjad et al., 2004). However, no study has
been performed to investigate the effect of the nutri-
tional status of the mother plant on seed production per
individual plant of R. crispus, on seed weight, seed
chemical properties or germination. The results of such a
study would help to identify the optimal N, P and K
availability in the soil, enabling maximal growth and
seed production of R. crispus.

The aim of this study was therefore to answer the
following questions: (i) How are the number of leaves
per plant, number of leaves per main stem, length of the
longest leaf, plant height, number of stems per plant,
seed production per plant, seed size and seed weight of
R. crispus affected by nutrient availability? and (ii) How
are the germination and chemical composition of seeds
affected by the nutritional status of the mother plant?

Material and methods

Study site and design of the pot experiment

In May 2008, a pot experiment was established in the
open-air vegetation-growing hall at the Crop Research
Institute in Prague-Ruzyné (Czech Republic, 50°57.574”N,
14°18’13.286”E) with ambient rain, temperature and light

ments were applied: Control, Ny, N, Py, P, K NPy,
NPK;, N,P;K;, N>,P,K; (see Table 1 and Fig. 1 for
details). Each treatment was replicated five times (thus
50 pots altogether). The pots were fertilised twice in 2008
and 2009 on 12 May and 20 July each year using the
following fertilisers: ammonium nitrate with lime
(NH4NO;5; + CaCOs;, 27.5% N, 10% Ca), super phos-
phate [Ca(H,PO,), + CaSOy, 8.5% P, 20% Ca, 10% S]
and potassium chloride (KCI, 50% K, 47% CI).

Table 1 List of fertiliser treatments and amount of nutrients
applied in one dressing (in kg of N, P and K per ha)

Treatment abbreviation N (kg ha™") P (kgha™") K (kgha™")
Controls - - -
N1 150 - -
N2 300 - -
P1 - 40 -
P2 - 80 -
K - - 100
N1P1 150 40 -
N1P1K 150 40 100
N2P1K 300 40 100
N2P2K 300 80 100

© 2012 The Authors
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Fig. 1 Photograph of selected fertiliser treatments taken on 14
June 2009. The size of individual Rumex crispus plants was greatly
affected by fertiliser treatment. Treatment abbreviations are given
in Table 1.

The position of individual pots was changed at weekly
intervals to avoid any side effects. Pots were watered when
necessary to avoid water stress.

The pot volume was 30 L, and the pot surface area was
1963 cm? (pot diameter, 50 cm, see Fig. 1). Clay soil with
the following chemical properties was used: Ny =
919 mg kg_l, Kyentichrr 160 mg kg_1 (good K avail-
ability), Paenticnrr 16 mg kg_l (low P availability),
Mgmentichinn - 373 mg kgf1 (high Mg availability),
Camentichrrr 10 501 mg kg’1 (very high Ca availability)
and pH/CaCl, of 7.96. Potassium-rich soil was used to
avoid any risk of K limitation on growth, as the emphasis
was on N and P nutrition in this study. To ensure that
growth was not limited by K, treatments containing K (K,
N, P;K and N,P,K) were included.

At the study site, the mean annual temperature was
8.2°C (ranging from 6.4 to 9.7°C), and the mean annual
precipitation was 422 mm (ranging from 255 to 701 mm,;
Prague-Ruzyné meteorological station, 1955-2007). The
mean temperature from June to September 2008 and
2009 (main vegetative season) was 17.6 and 17.9°C and
from December 2008 and 2009 to March 2009 and 2010
(winter season), it was 2.4 and 0°C respectively. During
the 2008/2009 winter season, the lowest measured
temperature (—13.2°C) was recorded on 3 January 2009,
and during the 2009,/2010 winter season, the lowest
temperature (—19.8°C) was recorded on 27 January 2010
(Meteorological station of the Crop Research Institute
Prague-Ruzyné; http://www.vurv.cz/meteo). Pots were
not protected by covering or insulated from frost and
were exposed to normal weather conditions during the
winter.

Seeds of R. crispus were collected during autumn
2007 from a region near Prague city in the central part of
the Czech Republic. The collection sites were mainly
roadside ditches or abandoned fields. Seed material was
collected from a group of plants at three nearby
localities. Five plants were randomly selected at each

© 2012 The Authors
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site, taking care not to favour tall or small plants.
Twenty visually undamaged and fully ripened seeds of
R. crispus were sown into each pot with pre-fertilised
soil on 19 May 2008. All but three of the most well-
developed plants were removed from each pot on
26 June 2008. The experiment was terminated in
April 2010, as no plants survived the 2009/2010 winter
season. Mechanical weeding took place throughout the
experiment.

Data collection

The effect of nutrient availability on the emergence and
early growth of R. crispus was studied by Kfisialova
et al. (2011) in the first vegetative season in 2008. No
flowering or formation of stems was recorded in the first
vegetative season, and plants terminated the season as
rosettes in all treatments. From the beginning of the
second vegetative season in 2009, the following data
were collected at 2-week intervals: (i) number of leaves
per rosette, (ii) number of leaves per main stem,
(ii1) length of the longest leaf, (iv) height of the plant
and (v) number of stems per plant. Fertile stems with
fully ripe seeds were harvested 5 cm above ground level
on 9 August 2009. All achenes were collected from each
stem, dried at room temperature (22°C) and weighed
along with the perianth. The weight of 1000 seeds
without the perianth was also measured, and the
proportion of the weight of the perianth (49% of weight
of achenes) was determined, and seed production per
individual plant calculated. The length and width of 200
seeds from each treatment were measured using a light
microscope equipped with the image analysis software
Analysis (Olympus, Tokyo, Japan (http://www.olympus-
global.com).

The concentration of total nitrogen in seeds (without
perianth) was determined via the Dumas method using
the Dumatherm Nitrogen Determination System (http://
www.gerhardt.de). Phosphorus and potassium concen-
trations were determined by spectrophotometry and
emission flame spectrometry after digestion in sulphuric
acid, in an accredited national laboratory. Only one
mixed sample of seeds was analysed per treatment owing
to insufficient production of seeds in several treatments.

Germination experiment

Following harvest on 9 August 2009 to the start of the
germination experiment on 18 June 2010, seeds were
stored in stable laboratory conditions (room tempera-
ture, 20°C) in paper bags in the dark. Seeds of many
Rumex populations are dormant when persisting on dry
stems (Martinkova & Honék, 2001). Therefore, a long
after-ripening period under room conditions that
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elapsed between the harvest and the germination exper-
iment was used to remove the dormancy. Only full and
entire seeds collected from senescent and almost dry
stems were used. The germination test was carried out in
a klimabox using 90-mm-diameter Petri dishes contain-
ing KA2 filter paper regularly dampened with distilled
water to avoid seed desiccation. Light conditions were
set to a long-day photoperiod alternating 16 h light and
8 h dark under constant temperature (20°C). Three
replicates of 50 seeds were used for each fertiliser
treatment. Germination was observed daily for a period
of 3 weeks.

Data analysis

All analyses were conducted using STATISTICA 8.0
software (Statsoft, Tulsa, Oklahoma). One-way and
repeated measures ANOVA followed by comparison using
Tukey’s HSD test were conducted to identify significant
differences between treatments, time and their interac-
tions. The relationship between seed length and width
was evaluated by linear regression analysis.

Results

Plant characteristics

In the first year of the study (2008), only rosettes
developed in all treatments. All rosettes survived the
2008/2009 winter season and started to grow again in
spring 2009. During the second vegetative season in
2009, the number of stems per plant, number of leaves
per rosette, number of leaves per main stem, plant height
and length of the longest leaf in the rosette were high in
all treatments where N and P were applied together, but
low in the control and treatments in which N, P and K
were applied separately. The effects of treatment, time
and the treatment by time interaction were significant on
all measured plant characteristics (Table 2).

The size of rosettes was greatly affected by fertiliser
treatment in spring 2009. On 11 April 2009, the mean
number of newly arising stems ranged from <1 in the
control to almost five in the N1P1 treatment, and the
number of leaves in the rosette ranged from 2 to 22 in
the same treatments (Figs 2 and 3A). In almost all
treatments, the number of newly arising stems decreased
slightly between April and May and was then stable up
to the mid-August harvest. Plant regrowth and the
formation of new rosettes with growing points and
leaves were recorded at the end of August. The number
of leaves per rosette was highest on 24 May. Later on,
the leaves of the rosettes disappeared as the expanding
leaves on the stems shaded the rosettes, the leaves of
which subsequently died. The number of leaves on the

Table 2 Results of repeated measures ANOvA of number of stems
per plant, number of leaves per rosette, number of leaves per main
stem, plant height and length of the longest leaf in the rosette

Tested variable Treatment Time Treatment
x time
No. of stems per plant F 66 60 3.7
P < 0.001 < 0.001 < 0.001
No. of leaves per rosette F 52 172 8.2
P < 0.001 < 0.001 < 0.001
No. of leaves per main F 25 132 7.2
stem P < 0.001 < 0.001 < 0.001
Plant height F 32 227 6.2
P < 0.001 < 0.001 < 0.001
Length of the longest leaf F 42 140 5.1
in the rosette P < 0.001 < 0.001 < 0.001

Degrees of freedom: nine for treatment, 10 for time and 90 for
treatment by time interaction.
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Fig. 2 Effect of fertiliser treatment on mean number of stems per
plant. Treatment abbreviations are given in Table 1.

main stem was highest on 19 June and then decreased as
the lower leaves died and disappeared (Fig. 3B). On
19 June, the number of leaves per main stem ranged
from 2 in the control to 12 in the N1P1K and N2P1K
treatments. Plant height rapidly increased between 9
May and 5 June, particularly in the N1P1, N1P1K and
N2PI1K treatments (Fig. 3C). The period from 9 May to
5 June was the main stem elongation period. On 3 July,
plant height ranged from 21 cm in the control, P1 and
P2 treatments up to 125 cm in the N1PI, NIP1K and
N2PIK treatments. The longest leaves in rosettes were
recorded in the period from 9 to 24 May. On 24 May,
the length of the longest leaves ranged from 5 cm in the
P1 treatment up to 43 cm in the N2P1K treatment. No
plants survived the 2009/2010 winter season, and no
living plants were recorded in April 2010.

Seed production

The number of seeds per plant was greatly affected by
fertiliser treatment and ranged from <2000 in the
control and P1 treatment up to almost 25 000 in the
N2P2K treatment (Table 3). More than 16 000 seeds
were produced per plant in all treatments in which
N and P were applied together.
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Table 3 Mean seed production per individual plant and
concentration of N, P and K (in g kg™") in seeds of Rumex crispus
from different treatments. Treatment abbreviations are given in
Table 1

Treatment abbreviation ~ Seeds per plant N P K

Controls 1831 199 40 5.1
N1 11 443 207 3.0 29
N2 9512 220 27 25
P1 1575 209 4.1 5.3
P2 3080 212 40 53
K 2815 186 36 4.1
N1P1 17 617 19.7 3.7 44
N1P1K 16 750 19.7 38 42
N2P1K 20982 216 31 32
N2P2K 24 932 216 35 37

Seed chemical composition, weight, length and width

The N concentration in seeds ranged from 18.6 g kg™' in
the K treatment up to 22.0 g kg™' in the N2 treatment;
the P concentration ranged from 2.7 g kg™' in the N2
treatment up to 4.1 g kg™' in the P1 treatment and the
K concentration ranged from 2.5 to 5.3 g kg™" in the P1
and P2 treatments respectively (Table 3). The weight of
1000 seeds was significantly affected by treatment and
was < 1.3 g in the N1, N2 and NI1P1K treatments and
above 1.5 g in the control, P2, N2P1K and N2P2K
treatments (Fig. 4A). Seed length and width were
significantly affected by treatment (Fig. 5A,B). Seeds
shorter than 2.1 mm were recorded in the N2 and
NI1PIK treatments, while seeds longer than 2.2 mm were
recorded in the control, P1, P2, N2P1K and N2P2K
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treatments. Seed widths lower than 1.45 mm were
recorded in the N1, N2, K, NIP1 and NIPIK treat-
ments, and seeds wider than 1.45 mm were recorded in
the control, P1, P2, N2P1K and N2P2K treatments
respectively. Seed length and width were significantly
positively correlated (Fig. 5C).

Seed germination

Seed germination and the time required for the 50% of
the seeds to germinate were significantly affected by
treatment (Fig. 4B,C). With the exception of the
N2 treatment (80% germination) and N1 and NIPIK
treatments (95% germination), seed germination was
above 95% in all treatments. One hundred per cent seed
germination was recorded in the control, P2, K and
N2P1K treatments.

With the exception of the N1 and N2 treatments, the
time required for the germination of 50% of seeds was
approximately 2.6 days. In the N1 and N2 treatments, it
was 3.2 and 3.6 days respectively.

Discussion

Plant characteristics

Large differences in plant height and number of stems or
leaves can be recorded even in plants of the same origin
under different nutrient availability. The phenotypic
plasticity of R. crispus is high, and plant characteristics
such as plant height, number of stems, and number and
size of leaves must be interpreted with caution when
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describing different populations, as quantitative charac-
teristics can be markedly affected by nutrient availability.
For example, the maximum plant height of R. crispus
(130 cm) recorded in this study was lower than the

A 2.35
F=28,P<0.001 e
2.30 {
a
_ a a
E 225
£ i
£ i
s
2 220 cd
K bc bec
°
& 215
2.10
2.05
Cont N2 P2 N1P1 N2P1K
N1 P1 K N1P1K N2P2K
Treatment
B 1.55
F=27,P<0.001
c
ac
ac
1.50 ‘I’ { ac _}
E ad -I_
: i
£
5 145 bd bd
3 be
T
@
[
? e
1.40
1.35
Cont N2 P2 N1P1 N2P1K
N1 P1 K N1P1K N2P2K
Treatment
C20 - T - T - T T T T T T T

Seed width (mm)

. [y = 0.4599 + 0.4533*x; P < 0.001; 7% = 0.5980

1.4 1.6 1.8 2.0 2.2 24 2.6 2.8

Seed length (mm)

Fig. 5 Effect of fertiliser treatment on (A) seed length (B) seed
width and (C) correlation between length and width. Treatment
abbreviations are given in Table 1. Vertical lines represent standard
error of the mean (SE), and F and P values were obtained from
one-way ANOVA. According to Tukey’s test, treatments with the
same letter were not significantly different.

maximum height (150 cm) given in the flora of Germany
(Rothmabhler ez al., 2000), but higher than the maximum
height (100 cm) given in the flora of the Czech Republic
(Hejny & Slavik, 1990). It seems that the maximum
height of R. crispus plants under optimum N, P and K
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nutrition and water availability and in the absence of
competition from other species is 130 cm.

In our study, R. crispus behaved strictly as a biennial
although Grime er al. (1988)
described R. crispus as a short-lived polycarpic peren-
nial. Rosettes developed in the first vegetative season
and stems, flowers and fruits in the second season.
Although regrowth of plants and the formation of new
rosettes were recorded after harvesting dry stems with
fully ripe achenes in mid-August 2009, no plants
survived the 2009/2010 winter season. We cultivated
R. crispus plants of the same origin in field conditions
under a two-cut management regime, performed in May
and August. Cutting before or during flowering enabled
some plants to survive for 4 years in permanent grass-
land (Strnad, 2011). The positive effect of cutting on the
survival of R. crispus was also reported by Hongo
(1989). Therefore, it seems that R. crispus can behave as
a perennial if cut early, but not if cutting takes place at
the ripe seed stage. It is highly likely that at least some
populations of R. crispus in central Europe are mono-
carpic, rather than polycarpic.

monocarpic species,

Seed production

Seed production by R. crispus varies, depending on
nutrient supply. In comparison with the nutrient-poor
control, seed production was increased 14-fold by
optimal N, P and K availability. Such a high increase
in seed production was attributed to (i) an increase in the
number of fertile stems per plant (Fig. 2) and (ii) an
increase in the number of seeds per individual stem. The
highest number of seeds produced under optimal nutri-
ent and water supply was 24 932 seeds per plant. This
was substantially lower than the values of over 40 000
seeds per plant mentioned in a review by Cavers and
Harper (1964) and frequently referred by other authors
(Zaller, 2004; Bond et al., 2007). It seems that 40 000
seeds per plant may have been an overestimate. For
example, Hume and Cavers (1983b) recorded seed
production per individual plant of 28 300 seeds under
optimal growth conditions in the garden, Stevens (1932)
recorded 29 500 under the same growth conditions, and
Bentley et al. (1980) only 3900 seeds per plant under
normal pasture management. Based on our results and
their comparison with the results of the other authors,
we estimated the maximum seed production per indi-
vidual plant of R. crispus to be 30 000.

Seed chemical composition, weight, length and width

Nutrient availability in the soil and therefore the
nutritional status of the mother plant greatly affect the
concentrations of N, P and K in the seeds of R. crispus.

© 2012 The Authors
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For example, the concentration of N in seeds was above
2.15% only in treatments with a high N supply (N2).
This positive effect of N application on N concentration
in seeds is well known from grain crops (Acreche &
Slafer, 2009), but has not been reported for R. crispus
previously. Similarly, P and K concentrations were
positively affected by P and K application. The lowest P
and K concentrations in seeds were recorded in the N1
and N2 treatments, probably due to the restricted P and K
supply and the dilution effect caused by the increased
growth of plants owing to the improved N supply. The
weight of 1000 seeds, ranging from 1.25 in the N2 to
1.58 g in the N2P2K treatment, was comparable with
data published by other authors. According to Cavers
and Harper (1964), the normal weight of 1000 seeds
ranges from 1 to 2 g; Bentley et al. (1980) reported a
range of 1.45 to 1.9 g and Hume and Cavers (1983b)
a range of 1.25 to 1.72 g. The most interesting result was
the high weight of individual seeds in the control, along
with the low number of seeds and low weight of seeds in
the N1 and N2 treatments, in which low P and K
concentrations in the seeds were caused by an insuffi-
cient P and K supply. The length and width of seeds
were highly positively correlated and reflected the weight
of seeds in particular treatments. A high nutrient supply
can therefore increase the number of seeds produced per
individual plant, but need not increase the weight of
individual seeds.

Seed germination

Seed germination may be affected by the nutritional
status of the mother plant and therefore by nutrient
concentrations in the seeds. Although the germination of
R. crispus has been investigated previously (Cavers &
Harper, 1966; Baskin & Baskin, 1985; Hon¢k & Mar-
tinkova, 2001; Pye & Andersson, 2009), no study has
investigated the effect of the nutritional status of the
mother plant on the germination of its seeds. It seems
that P and K concentrations of below 0.3% in seeds
negatively affect their total germination and rate of
germination and this is in accordance with the results
given by Hrdlickova et al. (2011) for R. obtusifolius.
Further, this was demonstrated by the lowest rate of
germination of seeds from the N2 treatment, which had
the lowest P and K concentrations and seed size. Lower
rates of germination of small compared to large seeds of
R. crispus were recorded by Cidecyian and Malloch
(1982), but no information was provided about the
chemical composition of the seeds. A maternal nutrient
effect on the germination of seeds and the performance
of offspring was also recorded for several other species,
but its connection with the chemical composition of the
seeds has rarely been investigated (Miao et al., 1991;
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Wulft et al., 1999; Latzel et al., 2009). Some of the
viability in seed germination can therefore be deter-
mined by the concentration of P and K in the seeds,
which in turn is dependent on the nutritional status of
the mother plant.

Conclusions

A typical feature of Rumex crispus is high phenotypic
plasticity in plant height, number of leaves, length of
leaves, number of stems and seed production per plant
in relation to N, P and K availability in the soil. To
produce a large quantity of rapidly germinating seeds,
R. crispus requires a balanced N, P and K supply.
Deficiency of P and K supply to the mother plants,
together with a high N supply, can result in the
production of P- and K-deficient seeds (P and
K <3 gkg') with a lower capacity for germination.
In central Europe, at least some populations of R. cris-
pus do not flower in the seeding year and are strictly
monocarpic. Given the short lifespan and monocarpic
character of the species, control is probably most
effective at the rosette stage, prior to the production of
viable seeds. Without seed production and regeneration
through seedlings, R. crispus will find it difficult to
establish long-term viable populations.
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Abstract

Rumex crispus and R. obtusifolius are known to be
nitrophilous but it is not known whether either or
both species require a high N supply at all develop-
mental stages. Furthermore, it is not clear whether both
species require a high P supply, attain flowering in the
seeding year, or have similar levels of winter resistance.
The effect of nutrient availability on the emergence,
growth and over-wintering of both Rumex species was
investigated in a pot experiment (ten N, P and K
fertilizer treatments) in Prague, Czech Republic. In both
species, emergence of seedlings was negatively affected
by very high N, but positively affected by increased P
availability in the soil. No effect of K supply on the
emergence, or subsequent growth, was recorded. High
flowering in the seeding season and high winter
mortality of R. obtusifolius contrasted with no flowering
and no mortality of R. crispus. Over-wintering was not
markedly affected by N, P or K supply. Both Rumex
species are sensitive to a very high N supply in early
developmental stages but tend to require a high N
supply from the fully developed rosette-stage onwards.
In addition to high N requirements during stem growth,
flowering and seed ripening, both species also require a
high P supply. At least some Central European popu-
lations of R. crispus, in contrast to R. obtusifolius, do not
flower in the seeding year. In Central Europe, the
frequently reported high field winter mortality of
R. obtusifolius can be caused by its low frost resistance.
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Introduction

Rumex crispus L. (curled dock) and R. obtusifolius L.
(broad-leaved dock) are perennial species native to
temperate Europe (Cavers and Harper, 1964) and
nowadays are cosmopolitan and are troublesome weeds
worldwide, especially on arable land and in temperate
grasslands (Jeangros and Nosberger, 1990; Hopkins and
Johnson, 2002; Gebhardt et al., 2006; Zaller, 2006; van
Evert et al., 2009; Stilmant ef al., 2010). For farmers in
temperate regions, the fear of infestation of pastures by
R. crispus and R. obtusifolius is one of the major obstacles
preventing the switch from conventional to organic
farming (Zaller, 2004). Both Rumex species are detri-
mental for livestock production as they decrease forage
quality and have adverse animal health effects, causing
serious digestive problems if eaten in high quantities
(Holm et al., 1977; Hejduk and Dolezal, 2004).

Large numbers of viable and germinable seeds, which
last in the soil for many years, are produced by both
Rumex species; up to 60 000 seeds per plant per year
have been reported (Cavers and Harper, 1964). In
addition to generative reproduction, both Rumex species
are able to regenerate from fragmented roots. High
reproduction and regenerative capacity allows R. crispus
and R. obtusifolius to be highly successful weeds (Honék
and Martinkova, 2004; Silc and Carni, 2007), and their
control without herbicides is extremely difficult (Pino
et al., 1998; Hopkins and Johnson, 2002; Strnad et al.,
2010).

Although the ecology of both species has received
much research attention (Hatcher ef al.,, 1995, 1997a,b;
Benvenuti et al.,, 2001; Honék and Martinkova, 2002),
the timing of the first flowering and seed production
after the establishment of seedlings still remains
unclear. According to Cavers and Harper (1964),
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flowering and seed set occasionally occur in the
seedling year, but usually not until the second year
after germination. According to Akeroyd and Briggs
(1983), the flowering of R. crispus occurs from the
second season after seedling establishment, and the
same finding was also reported for R. obtusifolius (Hon-
go, 1989b). Unlike in Britain and the rest of Europe,
plants of R. crispus in most North American populations
are reported to require over-wintering before flowering
can occur (Hume and Cavers, 1983; Bond et al., 2007).

Germination under natural conditions in Western
Europe can occur throughout the growing season, but
occurs mostly during spring and autumn because of a
loss of dormancy at low temperatures (Roberts and
Totterdell, 1981; van Assche and Vanlerberghe, 1989).
Seeds of R. obtusifolius germinate more slowly than
R. crispus, but early development of seedlings occurs
more quickly in R. crispus (Cavers and Harper, 1964,
1979).

Both Rumex species are known to be nitrophilous
(Novak and Slamka, 2003; Hejduk and Dolezal, 2004),
although there are doubts as to whether or not both
Rumex species are nitrophilous in all developmental
stages (Zaller, 2004). According to Klimes$ (1996), low
concentrations of nutrients have a stimulating effect on
the germination of R. obtusifolius, whereas high con-
centrations slow down germination and decrease the
proportion of germinating seeds. A low concentration of
nitrates (0-01 mol L") was found to stimulate the
germination of R. obtusifolius, whereas a high concen-
tration (0-1 mol L") reduced its germination (Milberg,
1997). Although the requirement for high nitrogen (N)
in mature plants of R. obtusifolius is generally known
(Jeangros and Nosberger, 1990), little attention has
been paid to the nutrient requirements of young plants
or to the phosphorus (P) and potassium (K) nutrition of
mature plants (Humphreys et al., 1999).

Similarly, the winter resistance of both species has
received little research attention up to now. In a study
performed in a cool-winter region of Central Europe,
winter mortality of R. obtusifolius prevailed over sum-
mer mortality, and half of the plants died within the
first 4 years of the field experiment and only 4%
survived more than 8 years under a no-cutting man-
agement (Martinkova et al., 2009). In the same region,
high mortality of mature R. obtusifolius plants on
unmanaged semi-natural grassland was recorded (Pavla
et al., 2008a,b). High winter mortality of R. obtusifolius
and R. crispus (approximately 50% mortality in the
seeding year) was recorded in the cool winter season in
Hokkaido, Japan (Hongo, 1989a). In the grassland
experiment by Hongo (1989b) in the same region,
98% of transplanted seedlings of R. obtusifolius died in
the third and fourth years, whereas the mortality of
R. crispus was gradual and 17% of transplanted plants

survived for 5 years. Differences in winter resistance
may explain the differences in the world distribution of
both these species, as R. crispus, in contrast to R. ob-
tusifolius, can occur in northern and continental regions
with severe winter frosts (Cavers and Harper, 1964).
Although winter resistance may be a factor contributing
to the different world distributions of the two species,
differences in winter resistance between R. cripus and
R. obtusifolius have not been investigated experimen-
tally.

The aim of this study was to answer following
questions: (i) is there any effect of high N, P and K
availability on the emergence of R. crispus and R. ob-
tusifolius? (ii) How is the performance (in terms of
number of leaves, plant height and number of stems) of
these two Rumex species affected by different N, P and K
availabilities? (iii) How is winter survival different
between the two species and how is it affected by
different N, P and K availabilities?

Materials and methods

Experimental design

In May 2008 and in May 2009, a factorial pot exper-
iment was established in the open-air vegetation hall of
the Crop Research Institute in Prague-Ruzyné (Czech
Republic, 50°5’N; 14°18’E) with natural rain, temper-
ature and light conditions. The investigated factors were
species (two levels: Rumex crispus and R. obtusifolius) and
nutrient availability (ten levels: Control, Ny, N,, Py, P,
K N;P;, N;P1K, N,P;K, N,P,K; see Table 1 for details)
providing a total of 20 treatments. Each treatment was
replicated five times (thus, 100 pots in total). The pots
were fertilized twice per vegetation season, on 12 May
and 20 July, using the following fertilizers dissolved in

Table | Fertilizer treatments and amount of nutrients applied
in one dressing. Numbers given in brackets correspond to the
total seasonal amount of applied nutrients (two dressings
together).

Treatment

abbreviation N (kgha™') P(kgha™') K(kgha™)
Cont - - -

N, 150 (300) - -

N, 300 (600) - -

P, - 40 (80) -

P, - 80 (160) -

K - - 100 (200)
NP, 150 (300) 40 (80) -
N\P.K 150 (300) 40 (80) 100 (200)
N,P, K 300 (600) 40 (80) 100 (200)
N,P,K 300 (600) 80 (160) 100 (200)
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water: ammonium nitrate with lime (NH4;NO; + Ca-
COs;, 275% N, 10% Ca), superphosphate (Ca(H,.
PO4)2 + CaSO,, containing 8:5% P, 20% Ca, 10% S)
and potassium chloride (KCI, 50% K, 47% Cl). The
position of individual pots was changed at weekly
intervals to avoid any pseudoreplication and edge
effects.

The pot volume was 30 L, and the pot surface area
was 1963 cm? (pot diameter 50 cm). Clay soil with the
following chemical properties was used: Nyya =
919 mg kg_lr Knehtichmr 160 mg kg_l (good K avail-
ability) (Madaras and Lipavsky, 2009), Puenlichi
16 mg kg™! (low P availability) (Kulhdnek et al, 2007),
Mgueniichmn 373 mg kg™ (high Mg availability), Caye.
hlichIIl 10 501 mg kg’l (very high Ca availability) and CaCl,
pH 7-96. Potassium-rich soil was used to avoid any risk of
K limitation on growth, as the emphasis was placed on N
and P nutrition in this study. To ensure that growth was
not limited by K, treatments with K applications (K,
N;P;K and N,P,K) were used.

At the study site, the long-term mean annual tem-
perature was 8-2°C (ranging from 6-4 to 9:7°C), and the
mean annual precipitation was 422 mm (ranging from
255 to 701 mm; Prague-Ruzyné meteorological station,
1955-2007). The mean temperature from June to
September 2008 and 2009 (main vegetation season)
was 176 and 17-9°C, respectively, and from December
to March 2008 72009 and 2009 /2010 (winter season),
it was 24 and 0°C respectively. During the winter
season 2008 /2009, the lowest measured temperature
(=13-2°C) was recorded on 3 January 2009, and during
the winter season 2009 /2010, the lowest temperature
(=19-8 °C) was recorded on 27 January 2010.

Seedling emergence

Seeds of R. obtusifolius subsp. obtusifolius (hereafter
referred to as R. obtusifolius) and R. crispus were col-
lected during autumn 2007 and 2008 from a region
near Prague city in central Czech Republic. The collec-
tion sites were mainly roadside ditches or abandoned
fields. Seed material was collected from a group of
plants at three localities. Five plants were selected
randomly at each site, taking care not to favour tall or
small plants. The seeds were stored at room tempera-
ture, in paper bags in the dark. Germination was tested
under laboratory conditions in a day /night light regime
at 20°C. Germination was performed in four Petri
dishes, each with fifty seeds for each species before
seeding. Germination was 95 % for both species. Twenty
visually undamaged and fully ripened seeds of
R. obtusifolius and R. crispus were sown into each pot
with pre-fertilized soil on 19 May 2008 and the
following year on 18 May 2009. The depth of sowing
was 1-2 cm, and the pots were watered if necessary to
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maintain optimal moisture conditions for plant growth.
The cumulative number of seedlings was recorded up to
26 June, in both 2008 and 2009, and no emergence of
other seedlings was recorded after this date.

Plant performance

Three of the most developed plants were left in each pot
after 26 June 2008 and 2009. The following data were
collected at weekly intervals: (i) number of leaves per
plant; (ii) number of leaves per main stem; (iii) length
of the longest leaf; (iv) height of the plant; and (v)
number of stems per plant.

Over-wintering

The plants were not cut during the vegetation season or
in the autumn. The pots were not protected by any
covering or insulation from frost, and they were
exposed to normal weather conditions during the
winter. The number of plants that survived the winter
was counted on the 1 April 2009 and 10 April 2010.

Data analysis

All analysis was performed using staTistica 8.0
software (Statsoft, Tulsa, OK, USA). Emergence and
winter survival data were evaluated by factorial ANova
for species and treatment effects and their interactions.
After obtaining significant results, multiple comparisons
using Tukey’s HSD test were applied to identify signi-
ficant differences between treatments for each species.
The number of stems per main stem, number of leaves
per plant, length of longest leaf, number of stems or
growing points and plant height data were evaluated
using a mixed ANova model for species, treatment and
time effects and time and treatment interactions.

As the results from both seasons, 2008/2009 and
2009/2010, were highly comparable, only the data
from the first season have been included in the results
section, and they are summarized in graphs.

Results

Emergence

When analysed by factorial ANova, it was found that
emergence was significantly affected by species
(F=169, P<0001l) and treatment (F= 194,
P < 0:001), but not by their interaction (F =12,
P =032). The mean emergence over all levels of
nutrient availability was 39% and 49% for R. obtusifo-
lius and R. crispus respectively. In both species, emer-
gence was lowest in all treatments with N, applications
(N5, N,P; K and N,P;K), and these treatments were
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significantly different from the P; and P, treatments
(Figure 1).

Plant performance

Number of leaves per main stem

The number of leaves per main stem was significantly
affected by species (F= 1064, P < 0-001), treatment
(F =29, P<0001), time (F = 68, P < 0-001) and all of
their interactions. In the case of R. obtusifolius, the
greatest number of leaves (64) was recorded for the
N,P,K treatment on 1 August. For the N;P;, N;P;K and
N,P,K treatments, the greatest number of leaves (from
4-5 to 6) was recorded on 1 August, but for the Control,
N;, N,, P, and K treatments, the greatest number of
leaves (from 0-8 to 4:3) was recorded on either 21 or 28
August (Figure 2a). No stems of R. crispus developed in
any of the fertilizer treatments during the seeding
season.

Number of leaves per plant

The number of leaves per plant was significantly
affected by species (F= 251, P<0:001), treatment
(F = 1064, P < 0:001), time (F= 638, P < 0:001) and
all of their interactions. In the first sampling dates
(seedlings stage), the number of leaves in both species
was greater in P; and P, than in other treatments
(Figure 2¢, d). On the other hand, the number of leaves
was greatest in all treatments with N applications on the
last sampling date. Generally, the greatest number of
leaves was recorded in all treatments with N;P; or
N,P,K applications in the period from 24 July to 21
August. In the case of R. obtusifolius, the absolutely
greatest number of leaves (20 per plant) was recorded
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Rumex obtusifolius
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for the N,P,K treatment on 1 August. In the case of
R. crispus, the absolutely greatest number of leaves (24
per plant) was recorded for the N, P, treatment on the 1
August. The number of leaves was significantly and
positively affected by the number of growing points
(Rumex obtusifolius: y = 2:0393 + 2-4171x; R* = 0-703,
P < 0001; Rumex crispus: y = 007 + 0-4x; R? = 0-95,
P < 0:001) and by plant height (Rumex obtusifolius:
y =306+ 1-6x; R> =015 P=0006; Rumex crispus:
y =238 + 0:22x; R? = 079, P < 0-001).

Length of the longest leaf

The length of the longest leaf was significantly affected
by species (F =151, P<0001l), treatment (F= 23,
P < 0001), time (F =829, P<0:001) and all of their
interactions. In the seedling stage, the length of the
longest leaf was greatest for the P, P; and N;P;K
treatments (Figure 3a, b) in both species. On the other
hand, leaves of R. obtusifolius were longest for N, and N;
treatments, but the leaves of R. crispus were longest for
the N,P>,K, N,P;, N, P;K and N,P,K treatments on the
last sampling date. In the case of R. obtusifolius, the
absolutely longest leaves (33 cm) were recorded on 1
August, but in the case of R. crispus, the absolutely
longest leaves (34 cm) were recorded for treatment
N,P,K on 4 September.

Number of stems or growing points

The number of stems or growing points was signifi-
cantly affected by species (F =122, P < 0:001), treat-
ment (F=1895, P<0001), time (F=1625 P<
0-:001) and all of their interactions. In the seedling
stage, the number of growing points was highest for
P, treatment in both species (Figure 4a, b). On the
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Figure | Effect of treatments on the emergence of Rumex obtusifolius (a) and R. crispus (b). Error bars represent standard errors
of the means (SE). Treatment abbreviations are given in Table |. Using Tukey's post-hoc test, treatments with the same letter

were not significantly different at the 0.05 probability value.
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Figure 3 Effect of treatments on the length of leaves of Rumex obtusifolius (a) and R. crispus (b). Treatment abbreviations are
given in Table |. Arrows indicate the beginning of the stem phase.

other hand, the number of stems of R. obtusifolius was
greatest for N,P;K and N;P;K treatments, and the
number of growing points of R. crispus was greatest for
the N,P,K and N;P;K treatments on the last sampling
date. The greatest number of stems (4+9) and growing
points (7-5) was recorded on the last sampling date, 4
September.

Plant height

Plant height was significantly affected by species
(F=197'5, P < 0:001), treatment (F =79, P < 0:001),
time (F =214, P < 0-:001) and all of their interactions.
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In the seedling stage, the plant height of both species
was not affected by treatment (Figure 4c, d). The
growing points of both species started to become
prolonged first in P; and P, treatments on 10 July, as
the plant height was the highest of all treatments on
this date. In both species, the highest plants were
recorded for the N,P;, N, P,K, N,P,K and N,P,K
treatments on the final sampling date, 4 September.
In the case of R. obtusifolius, the highest plants (66 cm)
were recorded for N;P; treatment on 4 September, and
in the case of R. crispus, the highest plants (6:7 cm) were
recorded for treatment N,P,K on the same sampling
date.
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beginning of the stem phase.

Over-wintering

Winter survival was significantly affected by species
(F=1 009, P<0001), treatment (F=5, P< 0-001)
and species and treatment interaction. Winter survival
over all levels of nutrient availability was 18 and 100%
for R. obtusifolius and R. crispus respectively (Figure 5a,
b). Survival of R. obtusifolius was zero in the K treatment
and was more than 30% in the N;P; and N, P;K
treatments. No mortality was recorded for R. crispus.

Discussion

Emergence

Emergence was negatively affected by very high N
availability in both species, as the lowest rate of
emergence was recorded in all the treatments with N,
applications. However, it should be noted that emer-
gence was only evaluated after the first application of
nutrients (N, = 300 kg N ha™'). This was attributed to a
negative effect of high NH,* and/or NO5~ concentra-
tions in the soil solution on seed germination. On the
other hand, applications of lower N rates
(N7 = 150 kg N ha™") slightly stimulated germination.
Negative effects of high NOs;~ concentrations on the
germination of R. obtusifolius, and stimulating effects of
low concentrations, were also recorded by Milberg

(1997) and Klime$ (1996). Similarly, Mandak and
Pysek (2001) reported a negative effect of a high NO5~
concentration on the germination of Atriplex species. No
germination, in either Rumex species, was recorded in
an experiment with NH4;NO; fertilizer applications in
contrast to normal germination in an experiment with
Ca(H,P0O,), fertilizer applications in a laboratory ger-
hand, there was a clear positive effect of P; and P,
treatments on the emergence of both species. This is
consistent with the conclusion by Jenkins and Ali
(1999) that P is an essential nutrient which is especially
important in the promotion of early plant growth.
Emergence was not affected by K applications because
the clay soil was able to supply the seedlings with an
adequate amount of K even without K application. The
same results, i.e. a negative effect of a very high N
supply and a positive effect of P supply on the
emergence of both species, were also recorded in the
second experimental year (data not shown here).
Although both species are generally believed to be
nitrophilous (Milberg, 1997; Zaller, 2004), they suffer
from the effects of very high N availability during seed
germination and seedling emergence, in contrast to
mature plants. The negative effect of a very high N
application rate on the seedling emergence of both
Rumex species seems to be a possible practical measure
that might be used for decreasing Rumex seedling
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emergence in locally disturbed patches after the
removal of established Rumex plants in permanent
grasslands, but this requires further investigation.

Plant performance

Three distinct life phases were recognized in the
lifespan of R. obtusifolius: (i) a phase of germination
and seedling emergence, (ii) a phase of rosettes and (iii)
a phase of stem growth, flowering and seed ripening.
Different effects of fertilizer treatments were recorded in
each phase of plant growth. The germination, emer-
gence and stabilization of seedlings took 3 weeks.
Rosette growth was recorded from 19 May until 10
July, during which the supply of P appeared to play the
main role. Seedlings of both species developed fastest in
P, and P, in all treatments and had the greatest number
of leaves during this phase. A further negative effect of
a very high N supply on both species was recorded, as
leaf growth during the rosette phase was depressed in
all treatments with a N, supply (Figure 2). This clearly
demonstrates a high P demand of Rumex plants in early
development, but lower adaptation to a very high N
supply.

The maturation, flowering and seeding period was
recorded from 19 May until 4 September. Nitrogen,
applied together with K and P, strongly increased plant
performance (plant height, number of stems, number of
leaves and length of the longest leaf) during the phase
of stem growth, flowering and seed ripening. A delay of
plant development was recorded for N; and N, treat-
ments, probably due to P limitation in these treatments
as the plants may have required time to increase their
root systems to be sufficiently well developed to acquire
enough P from the scarce amount in the soil. This
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indicates that a plant-available concentration of Meh-
lich III P of 16 mg kg™ was not sufficient for the
optimal growth of both species. In addition to P
limitation in the N treatments, high N availability
prolonged the vegetation season and seed ripening, and
this effect of high N supply is in accordance with the
results of Vos and Biemond (1992).

Although R. obtusifolius was recognized by Humph-
reys et al. (1999) as being highly K demanding, no
response to K application was recorded in our study as
no obvious differences in plant performance were
recorded between N;P; and N;P,K treatments. This
indicates the ability of the clay soil that was used to
supply an adequate amount of K for the growth of both
species, even without K application. Evidently, a plant-
available (Mehlich III) K concentration of 160 mg kg™*
was sutficient for the growth of both species. The results
of our pot experiment are consistent with the conclu-
sions by Kayser and Isselstein (2005) that K limitation
in grassland is less likely on clay soils.

Stem production and the flowering of R. obtusifolius
were recorded in the year of seeding, but there was no
stem elongation or flowering of R. crispus in the year of
seeding. The same result was recorded with genetically
similar plants in the pot experiments on sandy soil as
well as under field conditions on several soil types at
different altitudes and in different years (Kfisialova,
2010). It seems that R. crispus requires a cold period and
a sufficient amount of carbohydrates to induce stem
growth and flowering. According to Cavers and Harper
(1964), flowering and seed set can occasionally occur in
the year of seeding, but not usually until the second
year after germination. According to Hume and Cavers
(1983) and Bond et al. (2007), plants of R. crispus in
most North American populations require over-winter-
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ing before flowering can occur, unlike in the popula-
tions in Britain and the rest of Europe. The results of
this study indicate that, at least in some populations of
R. crispus in the Czech Republic, no flowering can occur
in the year of seeding under all levels of nutrient
availability. On the other hand, R. obtusifolius can
flower in the year of seeding.

Over-wintering

According to Cavers and Harper (1964), both R. crispus
and R. obtusifolius have a tendency to be monocarpic
and to die after producing seeds. Monocarpic behaviour
was supported by almost no over-wintering of
R. obtusifolius after flowering in this study, but high
over-wintering of the same genotype of R. obtusifolius
was recorded in our field experiments in the same and
there was no difference in over-wintering between
sterile and fertile plants. It seems that the main reason
for low over-wintering in the pot experiments was the
low resistance of mature plants of R. obtusifolius to frost,
as pots were exposed to winter conditions without any
protection. On the other hand, R. crispus possessed
substantially higher cold resistance as no winter mor-
tality was recorded. Similar results were recorded after
the next winter season (2009-2010) which had heavy
and long-term frosts: 100% mortality of R. obtusifolius in
contrast to no mortality of R. crispus in the pot exper-
low frost resistance of R. obtusifolius probably explains
why a high winter mortality of adult R. obtusifolius
plants was recorded in field experiments by Hongo
(1989a,b), Martinkova et al. (2009) and Pavla e al.
(2008a). Furthermore, the high mortality of R. obtusifo-
lius after severe winters was recorded by many farmers
in the Czech Republic. The substantially higher frost
resistance in R. crispus than in R. obtusifolius revealed in
this study may explain why R. crispus is common in
regions with a continental climate and heavy winter
frosts, whereas R. obtusifolius is more common in oce-
anic regions with less severe winters. In addition,
R. crispus, in contrast to R. obtusifolius, is able to grow
up to latitudes of 69°N and 65°N in Europe and North
America respectively (Cavers and Harper, 1964). The
over-wintering of R. obtusifolius was only marginally
affected by N, P and K availability, and the over-
wintering of R. crispus was not affected.

Conclusions

Seedling emergence of both R. crispus and R. obtusifolius
was negatively affected by very high N availability but
positively affected by increased P availability in the soil.
Similarly, the seedlings were negatively affected by a

very high N supply and developed fastest and had the
greatest number of leaves in P treatments during the
rosette phase. Both of these Rumex species are therefore
sensitive to a very high N supply in early developmental
stages, and they tend to tolerate a very high N supply
from the phase of fully developed rosettes. In addition
to high N requirements during the phase of stem
growth, flowering and seed ripening, both species also
require a high P supply. Similarly to most North
American populations, at least some Central European
populations of R. crispus do not flower in the seeding
year, in contrast to R. obtusifolius. The high winter
mortality of R. obtusifolius contrasted markedly with the
absence of winter mortality in R. crispus, indicating that
R. crispus possesses higher frost resistance. Over-win-
tering was only marginally affected by N, P and K
availability.

Acknowledgments

Special thanks for help with field work go to Pavel
Brézdil, Eva Kunzové and Petr Srek. Useful comments
of two anonymous reviewers are gratefully acknowl-
edged. The completion of the present paper was funded
by the projects MZE 0002700604 and NAZV 72217.

References

AKEROYD J.R. and Br1gGs D. (1983) Genecological studies
of Rumex crispus L. 1. Garden experiment using
transplanted material. New Phytologist, 94, 309-323.

VAN AsscHE J.A. and VANLERBERGHE K.A. (1989) The
role of temperature on the dormancy cycle of seeds of
Rumex obtusifolius L. Functional Ecology, 3, 107-115.

BENVENUTI S., MaccHIA M. and MIELE S. (2001) Light,
temperature and burial depth effects on Rumex obtusifolius
seed germination and emergence. Weed Research, 41, 177—
186.

BonDp W., DAVIES G. and TURNER R.J. (2007) The biology
and non-chemical control of broad-leaved dock (Rumex
obtusifolius L.) and curled dock (R. crispus L.). Coventry,
UK: HDRA.

CaVERs P.B. and HARPER J.L. (1964) Biological flora of the
British Isles. Rumex obtusifolius L. and R. crispus L. Journal
of Ecology, 52, 737-766.

CaVERS P.B. and HARPER J.L. (1979) Dynamics of seed
populations of Rumex crispus and Rumex obtusifolius
(Polygonaceae) in disturbed and undisturbed soil. Journal
of Applied Ecology, 16, 909-917.

VAN EVERT F.K.,, POLDER G., VAN DER HEIJDEN
G.W.A.M., KEMPENAAR C. and Lotz L.A.P. (2009) Real-
time vision-based detection of Rumex obtusifolius in
grassland. Weed Research, 49, 164-174.

GEBHARDT S., SCHELLBERG J., Lock R. and KUHBAUCH
W. (2006) Identification of broad-leaved dock (Rumex
obtusifolius L.) on grassland by means of digital image
processing. Precision Agriculture, 7, 165-178.

© 2011 Blackwell Publishing Ltd. Grass and Forage Science, 66, 361-369



Growth and over-wintering of Rumex crispus and R. obtusifolius

HATcHER P.E., AYRES P.G. and PaurL N.D. (1995) The
effect of nitrogen fertilization and rust fungus infection,
singly and combined, on the leaf chemical composition of
Rumex obtusifolius. Functional Ecology, 11, 545-553.

HATcHER P.E., PAUL N.D., AYRES P.G. and WHITTAKER
J.B. (1997a) Added soil nitrogen does not allow Rumex
obtusifolius to escape the effects of insect-fungus
interactions. Journal of Applied Ecology, 34, 88-100.

HATcHER P.E., PAUL N.D., AYRES P.G. and WHITTAKER
J.B. (1997b) Nitrogen fertilization affects interactions
between the components of an insect-fungus-plant
tripartite system. Functional Ecology, 11, 537-544.

Hespuk S. and DoLEZAL P. (2004) Nutritive value of
broad-leaved dock (Rumex obtusifolius L.) and its effect on
the quality of grass silages. Czech Journal of Animal Science,
49, 144-150.

Horm L., PLUCKNETT D.L., PANcHO J.V. and HERBERGER
J.P. (1977) The worlds worst weeds: distribution and biology.
HI, USA: University Press of Hawaii.

HoNEK A. and MARTINKOVA Z. (2002) Effects of individual
plant phenology on dormancy of Rumex obtusifolius seeds
at dispersal. Weed Research, 42, 148-155.

HoNEK A. and MARTINKOVA Z. (2004) Gastrophysa viridula
(Coleoptera: Chrysomelidae) and biocontrol of Rumex — a
review. Plant Soil Environment, 50, 1-9.

HoNGoO A. (1989a) Survival and growth of seedlings of
Rumex obtusifolius L. and Rumex crispus L. in newly sown
grassland. Weed Research, 29, 7-12.

HonGo A. (1989b) Transplant survival of Rumex obtusifolius
L. and Rumex crispus L. in three old reseeded grasslands.
Weed Research, 29, 13-19.

Horkins A. and JounsoN R.H. (2002) Effect of different
manuring and defoliation patterns on broad-leaved dock
(Rumex obtusifolius) in grassland. Annals of Applied Biology,
140, 255-262.

HuMmeE L. and Cavers P.B. (1983) Differences in the
flowering requirements of widespread populations of
Rumex crispus. Canadian Journal of Botany, 61, 2760-2762.

HumPHREYS J., JANSEN T., CULLETON N., MACNAEIDHE
F.S. and StoreyY T. (1999) Soil potassium supply and
Rumex obtusifolius and Rumex crispus abundance in silage
and grazed grassland swards. Weed Research, 39, 1-13.

JEANGROS B. and NOSBERGER J. (1990) Effects of an
established sward of Lolium perenne L. on the growth and
development of Rumex obtusifolius L. seedlings. Grass and
Forage Science, 45, 1-7.

JENKINS P.D. and AL1 H. (1999) Growth of potato cultivars
in response to application of phosphate fertilizer. Annals
of Applied Biology, 135, 431-438.

Kayser M. and ISseELSTEIN J. (2005) Potassium cycling
and losses in grassland systems: a review. Grass and Forage
Science, 60, 213-224.

KrimeS$ L. (1996) Population ecology of Rumex obtusifolius.
In: Prach K., Jenik J. and Large A.R.G. (eds) Floodplain
ecology and management, pp. 155-179. Amsterdam, NL:
SPB Academic Publishing.

KRISTALOVA V. (2010) Ecology of broad-leaved dock (Rumex
obtusifolius L.) and curled dock (Rumex crispus L.). Ph.D
Thesis. Faculty of Environmental Sciences, Prague, CZ:
Czech University of Life Sciences.

© 2011 Blackwell Publishing Ltd. Grass and Forage Science, 66, 361-369

KULHANEK M., BaLik J., CERNY J., NEDVED V. and
KoTkoVA B. (2007) The influence of different intensities
of phosphorus fertilizing on available phosphorus
contents in soils and uptake by plants. Plant, Soil and
Environment, 53, 382-387.

MaparRas M. and Lipavsky J. (2009) Interannual
dynamics of available potassium in a long-term
fertilization experiment. Plant, Soil and Environment, 55,
334-343.

MAaNDAK B. and Py$ek P. (2001) The etfect of light duality,
nitrogen concentration and presence of bracteoles on
germination of different fruit types in the heterocarpous
Atriplex sagittata. Journal of Ecology, 89, 149-158.

MARTINKOVA Z.,, HONEK A. and PEKAR S. (2009) Survival
of Rumex obtusifolius L. in unmanaged grassland. Plant
Ecology, 205, 105-111.

MILBERG P. (1997) Weed seed germination after short-
term light exposure: germination rate, photon influence
response and interaction with nitrate. Weed Research, 37,
157-164.

Novak J. and SLaAmMKkA P. (2003) Degradation of
seminatural pastures by local overmanuring with cattle
or sheep excreta. Ekologia (Bratislava), 22, 143-151.

PavLU L., PAVLU V., GAISLER J. and HEscMAN M. (2008a)
Effect of cessation of grazing management on dynamics
of grassland weedy species. Journal of Plant Diseases and
Protection, 21, 581-586.

PAvLU V., GAISLER J.,, HEJcMAN M. and PAvLU L. (2008b)
Effect of different grazing intensity on weed control
under conditions of organic farming. Journal of Plant
Diseases and Protection, 21, 441-446.

Pino J., SaNs F.X. and MAsALLES R.M. (1998) Population
dynamics of Rumex obtusifolius under contrasting lucerne
cropping systems. Weed Research, 38, 25-33.

RoBERTS E.H. and TOTTERDELL S. (1981) Seed dormancy
in Rumex species in response to environmental factors:
review article. Plant Cell and Environment, 4, 97-106.

SiLc U. and CARNI A. (2007) Formalized classification of
the weed vegetation of arable land in Slovenia. Preslia,
79, 283-302.

STILMANT D., BoDSON B., VRANCKEN C. and Lossgau C.
(2010) Impact of cutting frequency on the vigour of
Rumex obtusifolius. Grass and Forage Science, 65, 147-153.

STRNAD L., HEscMAN M., KRITALOVA V., HEJCMANOVA P.
and PAVLU V. (2010) Mechanical weeding of Rumex
obtusifolius L. under different N, P and K availability in
permanent grassland. Plant, Soil and Environment, 56,
393-399.

Vos J. and BiEmonD H. (1992) Effects of nitrogen on the
development and growth of the potato plant. 1. Leaf
appearance, expansion growth, life span of leaves and
stem branching. Annals of Botany, 70, 27-35.

ZALLER J.G. (2004) Ecology and non-chemical control of
Rumex crispus and R. obtusifolius (Polygonaceae): a review.
Weed Research, 44, 414-432.

ZALLER J.G. (2006) Sheep grazing vs. cutting: regeneration
and soil nutrient exploitation of the grassland weed
Rumex obtusifolius. BioControl, 51, 837-850.



4. Zavér

Vysledky pokusti v této praci ukazaly, Ze oba druhy ve svém zivoté prochézi
nékolika vyraznymi vyvojovymi fazemi. Rozdily v narocich na mineralni vyZivu
bylo, Ze druhy Rumex obtusifolius a Rumex crispus nejsou nitrofilni v ranych fazich
rustu, az do faze plné vytvoiené listové ruzice. Nazor, Ze R. obtusifolius hife snasi
zasadité¢ pudy a je tedy kalcifobni, byl nasim pokusem potvrzen. Vzchazeni a rust
rostlin bylo negativné ovlivnéno vyssi dostupnosti Ca. Rostliny v téchto podminkach
mély také vétsi mortalitu. U R. obtusifolius byla zaznamenana toxicita rizikovych
prvki (pfedevSsim Zn), rostliny v siln¢ kontaminované ptde sice piezivaly, avSak
mély omezeny rust, zménénou barvu a tvar listd. Semenacky druhu R. obtusifolius
tak mohou slouzit jako indikatory kontaminovanych puid pifi polnim mapovani
vegetace.

Do budoucna doporucuji zaméfit se vice na poznani ekologické tolerance
obou druhii k ptidnimu pH a rizikovym prvkim v ptdé. Je mozné zacit uvazovat
0 vhodnosti druhit Rumex v souvislosti s fytoindikaci kontaminovanych pud.

Vysledky této prace rozsifily poznani ekologickych naroktt obou druhi
R. obtusifolius a R. crispus.

72



5. Seznam pouzité literatury

Aichele D., Golte-Bechtle M., 2007: Co tu kvete? Kvetouci rostliny stfedni Evropy

ve volné piirodé. Euromedia Group, k. s. — Knizni klub, Praha, 432 str.

Akeroyd J. R., Briggs D., 1983: Genecological studie of Rumex crispus L.
I: Garden experiment using transplanted material. New Phytologist 94: 309 —
323.

Barrutia O., Epelde L., Garcia-Plazaola J. I., Garbisu C., Becerril J. M., 2009:
Phytoextraction potential of two Rumex acetosa L., accessions collected from
metalliferous and non-metalliferous sites: effect of fertilization. Chemosphere
74: 259 — 264.

Benavides M. P., Gallego S. M., Tomaro L.M., 2005: Cadmium toxicity in plants.
Brazilian Journal of Plant Physiology 17: 21 — 34.

Bentley S., Whittaker J. B., Malloch A. J. C. 1980: Field experiments on the effects
of grazing by chrysomelid beetle (Gastrophysa viridula) on seed production and
quality in Rumex obtusifolius and Rumex crispus. Journal of Ecology 68:
671-674

Bohner A., 2001: Physiologie und futterbaulicher Wert des Ampfers. Bericht tber
das 7. Alpenléadische Expertenforum, 22. und 23. Méarz 2001, BAL Gumpenstein,
Austria, pp 39-44

Brenchley W. E., 1920: Weeds of farm land. Longmans. Green and co, London

Cavers P. B., Harper J. L., 1964: Biological flora of the Brithish Isles, Rumex
obtusifolius L. and Rumex crispus L.. Journal of Ecology 52: 737 - 766.

Cottam D. A., Whittaker J. B., Malloch A. J. C., 1986: The effects
of chrysomelid beetle grazing and plant competition on the growth of Rumex
obtusifolius. Oecologia 70: 452 — 456.

Dong J., Mao W. H., Zhang G. P., Wu F. B., Cai Y., 2007: Root exudation and plant
tolerance to cadmium toxicity — a review. Plant Soil Environ 53: 193 - 200.

73



Darlington H. T., Steinbauer G. P., 1961: The eighty-year period for dr. Beal's seed
viability experiment. American Journal of Ecology 48: 321 - 325.

Elberse W. Th., Berendse F., 1993. A comparative study of the growth and
morphology of eight grass species from habitats with different nutrient

availabilities. Functional Ecology 7: 223 - 229.

Van Eekeren N., Fehér L., Smeding F., Prins U., Jansonius P. J., 2006: Controlling
broad-leaved dock (R. obtusifolius) in grass clover mixtures. Grassland Science
in Europe 11: 391 — 393.

Van Evert F. K., Polder G., Van der Heijden G. W. A. M., Kempenaar C., Lotz L. A.
P., 2009: Real-time vision-based detection of Rumex obtusifolius in grassland.
Weed Research 49: 164 — 174.

Grime J. P., Hodgson J. G., Hunt R., 1988: Comparative plant ecology. Academic
Division Of Unwin Hyman Ltd, London, 742 str.

Hann P., Trska C., Kromp B., 2012: Effects of management intensity and soil
chemical properties on Rumex obtusifolius in cut grasslands in Lower Austria.
Journal of Pest Science. DOI 10.1007/s10340-011-0390-1.

Hatcher P. E., Paul N. D., Ayres P. G., Whittaker J. B., 1995: The effect of natural
and simulated insect herbivory, and leaf age, on the proces of infection
of Rumex crispus L. and Rumex obtusifolius L. by Uromyces rumicis (Schumach)
Wint. Functional Ecology 8: 265 — 272,

Hejcman M., Szakova J., Schellberg J., Srek P., Tlusto$ P., 2009: The Rengen
Grassland Experiment: soil contamination by trace elements after 65 years of
Ca, N, P and K fertiliser application. Nutrient Cycling in Agroecosystems 83:
39-50

Hejcman M., Szakova J., Schellberg J., Tlusto$ P., 2010: The Rengen Grassland
Experiment: relationship between soil and biomass chemical properties, the

amount of applied elements and their uptake. Plant and Soil 333: 163 — 179.

74



Hejduk S., Dolezal P., 2004: Nutritive value of broad-leaved dock (Rumex
obtusifolius) and its offect on the quality of grass silages. Czech Journal
of Animal Science 49: 144 — 150.

Hejny S., Slavik B., 1990: Kvétena Ceské republiky 2. Academia, Praha, 544 str.

Hon¢k A., Martinkovd Z., 2001: Geographic variation in germinability

of Rumex obtusifolius and R. crispus seeds in Europe. Biologia 56: 103 - 110.

Hongo A., 1989a: Survival and growth of seedling of Rumex obtusifolius L.

and Rumex crispus L. in newly sown grassland. Weed research 29: 7 — 12.

Hongo A., 1989b: Transplant survival of Rumex obtusifolius L. and Rumex crispus L.
in three old reseeded grassland. Weed research 29: 13 — 19.

Hrdlickova J., Hejcman M., Kiistalova V., Pavli V., 2011: Production, size and seed
germination of broad-leaved dock collected from mother plants grown under
different nitrogen, phosphorus, and potassium supplies. Weed Biology
Management 11: 190 - 201.

Hron F., Zejbrlik O., 1974: Kapesni atlas — Rostliny poli a zahrad. Statni
pedagogické nakladatelstvi, Praha, 410 str.

Humphreys J., Jansen T., Culleton N., Macnaeidhe F. S., Storey T., 1999: Soil
potassium supply and Rumex obtusifolius and Rumex crispus abundance in silage

and grazed grassland swards. Weed Research 39: 1 — 13.

Jeangros B., Nosberger J., 1990: Effects of an estabilished sward of Lolium perenne
L. on the growth and development of Rumex obtusifolius L. seedlings. Grass

and Forage Science 45: 1 - 7.

Jursik M., Holec J., Zatoriova B., 2008: Biologie a regulace dalSich vyznamnych
pleveli Ceské republiky: Sirokolisté §toviky: $tovik tupolisty (Rumex
obtusifolius) a §tovik kadefavy (Rumex crispus). Listy Cukrovarnické a Repaiské
124, ¢. 7-8: 215 - 219.

Kiehl K., Esselink P., Bakker J. P., 1997: Nutrient limitation and plant species

composition in temperate salt marshes. Oecologia 111: 325 — 330.

75



Klimes L., 1989: Rozsifeni a ekologicka diferenciace Sirokolistych stovika (Rumex
L.) vnivé Luznice mezi Novou vsi a Suchdolem v jiznich Cechéch. Preslia,

Praha, 61: 129 — 144.

Klime$ L., 1996: Population ecology of Rumex obtusifolius in: Foodplain Ecology

and Management 155 - 179, SPB Academic Publishing, Amsterodam

Kneifelova M. et Mikulka J., 2003: Vyznamné a nové se Sifici plevele. Ustav

zemédélskych a potravinatskych informaci, Praha, 59 str.
Kohout V., 1997: Plevele poli a zahrad, Agrospoj, Praha

Kolodziej B., 2007: The effect of NPK fertilization on Goldenrod (Solidago
virgaurea L. ssp. virgaurea), yields and quality parameters. Herba prolonica 53:
129 - 134,

Kovagik P., 2009: Vyziva a systémy hnojeni rostlin. Kurent s.r.o., Ceské Bud&jovice,

109 s.

Kiistalova V., Hejcman M., Cervena K., Pavla V., 2011: Effect of nitrogen
and phosphorus availability on the emergence, growth and over-wintering of

Rumex crispus and Rumex obtusifolius. Grass and Forage Science 66: 361 - 369.

Kubat K., Hrouda L., Chrtek J., Kaplan Z., Kirschner J., Stépanek J. (eds.), 2002:
Kli¢ ke kvétené Ceské republiky. Academia, Praha, 928 str.

Kucerova P., Mackova M., Macek T., 1999: Perspektivy fytoremediace pii
odstranovani organickch polutantti a xenobiotik ze Zivotniho prostfedi. Chemické

listy 93: 19 — 26.

Kumpiene J., Lagerkvist A., Maurice C. 2008: Stabilization of As, Cr, Cu, Pb and Zn

in soil using amendments - A review. Waste Manage 28: 215-225.
Larcher W., 1988: Fyziologickéa ekologie rostlin. Academia, Praha, 361 str.

Martinkova Z., Hon¢k A., 2001: Regeneration of Rumex obutusifolius L. after
cutting. Rostlinna vyroba 47: 228 — 232.

Martinkova Z., Hon¢k A., 2004: Gastrophysa viridula (Coloptera: Chrysomelidae)

and biocontrol of Rumex — a review. Plant Soil and Environment 50: 1 - 9.

76



Martinkova Z., Honék A., Pekar S., Strobach J., 2009: Survival of Rumex
obtusifolius L. in unmanaged grassland. Plant Ecology 205: 105 — 111.

Maun M. A., 1974: Reproductive biology of Rumex crispus. Phenology, surface area
of chlorophyll-containing tissue, and contribution of the perianth

to reproduction. Canadian Journal of Botany 52: 2181 - 2187.

Mikulka J., Kneifelovda M., 2004: Effect of meadow and pasture management
system on the occurence of Rumex crispus and Rumex obtusifolius. Journal
of Plant Diseases and Protection, Sonderheft XIX: 619 - 625.

Mikulka J., Kneifelovd M., Martinkova Z., Soukup J., Uhlik J., 2005: Plevelné

rostliny. Profi Press s. r. 0., Praha, 148 str.

Mikulka J., Oliberius J., Chlupaty K., 1995: Metody prazkumu a hubeni
Sirokolistych §tovikil na loukach a pastvindch. Ministerstvo zemédélstvi Ceské

republiky, Praha, 15 str.

Milberg P., 1997: Weed seed germination after short-term light exposure:
germination rate, photon fluence, response and interaction with nitrate. European
Weed Research 37: 157 — 164.

Niggli U., Nosberger J., Lehmann J., 1993: Effects of nitrogen fertilization and
cutting frequency on the competitive ability and the regrowth capacity of Rumex

obtusifolius L. in several grass swards. Weed Research 33: 131 — 137.
Novék F. A., 1972: Vyssi rostliny — Tracheophyta 1, Academia, Praha, 505 str.

Pavlt L., Pavli V., Gaisler J., Hejcman M., 2008a: gt’oviky v travnich porostech.
Uroda 56/5: 54 - 55.

Pavlu L., Pavli V., Gaisler J., Hejcman M., 2008b: Effect of cessation of grazing
management on dynamics of grassland weedy species. Journal of Plant Diseases
and Protection, Special Issue XXI: 581 - 586.

Pino J., Haggar R. J., Sans F. X., Masalles R. M., Sackville Hamilton R. N., 1995:
Clonal growth and fragment regeneration of Rumex obtusifolius L. Weed
Research 35: 141 — 148.

7



Richman S. M., 2002: The Responses of Plants to Metal Toxicity: A review focusing
on Copper, Manganese and Zinc. Australian Minerals and Energy environment
fundation NO. 14, 54 str. Dostupné na
http://www.plantstress.com/Articles/toxicity_i/Metal_toxicity.pdf

Sagardoy R., Morales F., Lopez-Millan A. F., Abadia A., Abadia J., 2009: Effects
of zinc toxicity on sugar beet (Beta vulgaris L.) plants grown in hydroponics.
Plant Biology 11: 339 — 350.

Sakanoue S., Kitahara N., Hayashi H., 1995: Biological control of Rumex
obtusifolius L. by goat grazing. Japan Agricultular Research Quarterly 29:
39-42,

Sanita di Toppi L, Gabbrielli R., 1999: A review: Response to cadmium in higher
plants. Environmental and Experimental Botany 41: 105 — 130.

Slavikova J., 1986: Ekologie rostlin. Statni pedagogické nakladatelstvi, Praha, 366 s.

Song A, Li P., Li Z., Fan F., Nikolic M., Liang Y., 2011: The alleviation of zinc
toxicity by silicon is related to zinc transport and antioxidative reactions in rice.
Plant and Soil 344: 319 — 333.

Soudek P., Petrova S., BeneSova D., Kotyza J., Vank T., 2008: Fytoremediace

a moznosti zvyseni jejich u¢innosti. Chemické listy 102: 346 — 352.

Strnad L, Hejcman M., Ktistdlova V., Hejcmanova P., Pavla V., 2010: Mechanical
weeding of Rumex obtusifolius L. under different N, P and K availability

in permanent grassland. Plant and Soil Environment 56: 393-399.

Sykora L., 1959: Rostliny v geologickém vyzkumu. Nakladatelstvi Ceskoslovenské
akademie véd, Praha, 322 s.

Székova J., Tlusto$ P., Goessler W., Frkovd Z., Najmanova J., 2009: Mobility
of arsenic and its compounds in soil and soil solution: the effect of soil
pretreatment and extraction methods. Journal of Hazard Materials 172:
1244 - 1251.

78



Totterdell S, Roberts E. H., 1979: Effects of low temperatures on the loss of innate
dormancy and development of induced dormancy of Rumex obtusifolius L.

and Rumex crispus L., Plant Cell and Environment 2: 131 — 137.

Tsuyuzaki S., 2010: Seed survival for three decades under thick tephra. Seed Science
Research 20: 201 - 207.

Tyler G., Olsson T., 2001: Plant uptake of major and minor mineral elements as
influenced by soil acidity and liming. Plant and Soil 230: 307 - 321.

Uprety D., Hejcman M., Szakova J., Kunzova E., Tlusto$ P., 2009: Concentration
of trace elements in arable soil after long-term application of organic

and inorganic fertilizers. Nutrient Cycling in Agroecosystems 85: 241 - 252.

Vanék V., Balik J., Pavlikova D., Tlustos P., 2007: Vyziva polnich

a zahradnich plodin. Profi Press s. r. 0., Praha, 176 str.

Wang X., Wu Y. Y., 1995: Effect of modification treatments on behaviour of heavy
metals in combined polluted soil. Chinese Journal of Applied Ecology 6:
440 - 444,

Weaver S. E., Cavers P. B., 1980: Reproductive effort of two perennial weed species
in different habitats. Journal of Applied Ecology 17: 505 — 513.

Zaller J. G., 2004a: Ecology and non-chemical control of Rumex crispus

and R. obtusifolius (Polygonaceae): a rewiew. Weed research 44: 414 - 432.

Zaller J. G., 2004b: Competitive ability of Rumex obtusifolius against native
grassland species: above- and belowground allocation of biomass and nutrient.
Journal of Plant Diseases and Protection 19: 345 - 351.

Zaller J. G., 2006a: Sheep grazing vs. cutting: regeneration and soil nutrient

exploitation of the grassland weed Rumex obtusifolius. BioControl 51: 837 — 850.

Zaller J. G., 2006b: Allelophatic efects of Rumex obtusifolius leaf extracts against
native grassland species. Journal of Plant Diseases and Protection 20: 463 — 470.

79



Zaller J. G., 2007: Effect of patchy distribution of soil on root morphology
and biomass allocation of selected approach. Polish Journal of Ecology 55:
731 - 746.

Zehnalek J., Adam V. Kizek R., 2006: Asimilace dusi¢cnanového, amonného

a amidického dusiku u zeméde€lskych plodin. Chemické listy 100: 508 — 514.

80



	1. Úvod
	2. Literární rešerše
	2.1 Morfologie
	2.1.1 Morfologie – Rumex obtusifolius
	2.1.2 Morfologie – Rumex crispus

	2.2 Rozšíření
	2.3 Fenologie
	2.4 Rozmnožování
	2.5 Produkce a šíření semen
	2.6 Klíčení semen a dormance
	2.7 Vliv pH a dostupnosti živin na šťovíky
	2.8 Alelopatie
	2.9 Vliv sucha a mrazu
	2.10 Nechemické způsoby odstraňování šťovíků
	2.11 Minerální výživa rostlin
	2.12  Projevy dostatku a nedostatku živin na rostliny
	2.13 Charakteristika minerálních látek N, P, K, Ca
	2.13.1  Dusík (N)
	2.13.2  Fosfor (P)
	2.13.3  Draslík (K)
	2.13.4  Vápník (Ca)

	2.14 Rizikové prvky v půdě
	2.14.1  Zinek (Zn)
	2.14.2  Kadmium (Cd)


	3. Experimentální část
	3.1 Effect of quick lime and superphosphate additives on emergence and survival of Rumex obtusifolius seedlings in acid and alkaline soils contaminated by trace elements
	3.2 Effect of nitrogen, phosphorus and potassium availability  on mother plant size, seed production and germination ability of Rumex crispus
	3.3 Effect of nitrogen and phosphorus availability on the emergence, growth and over-wintering of Rumex crispus  and Rumex obtusifolius.

	4. Závěr
	5. Seznam použité literatury

