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Abstrakt

Cilem diplomové prace bylo zjistit vliv dostupnosti zivin na pocet, velikost a kli¢eni
vyprodukovanych semen a jejich koncentraci mineralt u Rumex obtusifolius a Rumex crispus.
Tyto druhy patfi v soucasné dobé mezi nejrozsifenéjsi svétové plevely, Skodici zvlasté
Vv trvalych travnich porostech. Jednou z hlavnich pfti¢in Gspéchu je schopnost vyprodukovat
velké mnozstvi zivotaschopnych semen. Pies pomérné velky pocet praci tykajicich se
ekologie kli¢eni u R. obtusifolius a R. crispus, vliv Zivin dostupnych mateiské rostliné na
vlastnosti semen dosud nebyl zjistovan.

Semena pro oba uvedené experimenty byla ziskana v kvétinaovém pokusu s deseti
variantami hnojeni dusiku, drasliku a fosforu, kde byly péstovany rostliny R. obtusifolius,
respektive R. crispus. Na sklizenych semenech byla zjistovana celkova produkce, kli¢ivost,
délka, Sitka a hmotnost semen, jejich klicivost a koncentrace dusiku, fosforu a drasliku.

Dostupnost zivin ovlivnila kvantitu i kvalitu semen. Produkce semen R. obtusifolius
rostla od pfiblizné 200 semen na rostlinu v kontrole po 9 000 semen ve vysoké davce hnojeni
NPK. Pocet semen na rostlinu a individualni hmotnost semen pozitivné korelovaly. Nizka
dostupnost P méla za nasledek nizkou koncentraci P v semenech, kterd se projevila
prodlouzenim ¢asu potfebnému k vykli¢eni 50 % semen.

U R. crispus se produkce semen pohybovala od 2 000 v kontrole po 25 000 ve varianté s
zaznamenany ve variantach s vysokou dostupnosti N.

Koncentrace P v semenech patii u R. obtusifolius a R. crispus k rozhodujicim faktorim

kli¢ent.

Klicova slova: draslik, dusik, fenotypova plasticita, fosfor, Stovik tupolisty, stovik kadetavy,
velikost semen



Summary

The aim of the diploma thesis was to investigate the effect of nutrients availability on
number, size and germination of produced seeds and their mineral concentration in Rumex
obtusifolius and Rumex crispus.These species currently belong to the most widespread world
weeds troublesome especialy in permanent grasslands. One of the main causes of their
success is the ability to produce large number of viable seeds. In spite of big amount of
studies concerning germination ecology of R. obtusifolius and R. crispus, the effect of
nutrients availabile to maternal plant on seed features was not researched so far.

Seeds for both given experiments were gained from a pot experiment with ten
treatments of nitrogen, phosphorus and potassium fertilization, where plants of R. obtusifolius
and R. crispus, respectively, were grown. Production, germinability, length, width and weight
of seeds and nitrogen, phosphorus and potassium concentration in seeds were measured on
harvested seeds.

Nutrients availability affected both quantity and quality of the seeds. Seed production of
R. obtusifolius increased from approximately 200 seeds per plant in control up to 9 000 seeds
in high NPK fertilization. Number of seeds per plant and individual weight of seeds correlated
positively. Low availability of P caused low P concentration in seeds, what resulted in
prologation of time necessary for 50% germination.

In R. crispus production ranged from 2 000 seeds in control up to 25 000 seeds in
treatment with highest NPK fertilization. The smallest seeds, the lowest germination and P
concentration in seeds was recorded in treatments with high N availability.

P concentration in seeds is an important factor in germination of R. obtusifolius and R.
crispus.

Keywords: Broad-leaved Dock, Curly Dock, nitrogen, phenotypic plasticity, phosphorus,
potassium, seed size
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1.  Uvod

Za plevelné rostliny povazujeme ty, které rostou na zeméd¢lské pade a zahradach proti
nasi vali. Kazdorocn¢ zptsobuji velké ztraty na produkci a na jejich regulaci je vynakladano
velké mnozstvi finan¢nich prostiedkii. Neni mozné ani zadouci urCité druhy vyhubit, protoze
tim vznika riziko selekce druhového spektra odolného proti metodam hubeni. Cilem je tedy
snizit mnozstvi plevelit na zemédélskych plochach ptfi zachovani Siroké druhové diverzity
(Mikulka et al. 2005). Pro navrzeni vhodného postupu a dosaZeni tohoto pozadavku je nutné
znat podrobné ekologii jednotlivych plevelii. Tato prace je vénovdna druhim Rumex
obtusifolius L. (§tovik tupolisty) a Rumex crispus L. (Stovik kadetavy).

Sirokolisté §toviky R. obtusifolius a R. crispus se u nas vyskytuji hojné. Staly se
obtiznymi plevely na zeméd¢lské ptidé a narusuji také pfirodni fytocendzy. U nas se vyrazné
rozsifily v povéleénych letech pfechodem k intenzivnimu hospodafeni ptedevSim
Vv podhorskych oblastech (Kohout 1997). Expanze tohoto druhu vSak zacala ohrozovat zvlasté
kvalitu travnich porostli. Rozsiteni Stovikl se stalo velkym uskalim zvlasté v organickém
zem&délstvi. Vzhledem k tomu, Ze oba druhy patii mezi nejrozsifenéjsi svétové plevele
(Zaller 2004a), je nutné jim vénovat vétsi prostor v biologickych védéch.

V prvni Casti této prace budou stru¢né shrnuty poznatky z dostupné literatury o R.
obtusifolius a R. crispus. Vice pozornosti bude vénovano problematice kliceni semen, které se
tykaji uvedené experimenty. Druha reSerzni ¢ast ma za cil shrnout zakladni informace o
environmentdlnim matefském efektu na vlastnosti semen. Vychazi vétSinou z vysledka
vyzkumt na jinych rostlindich nez Rumex, protoze o matetském efektu téchto druhi se toho
dosud vi velmi malo. A pravé tomuto tématu se vénuji dva experimenty popsané v dalsi ¢asti
prace.

Na ptilozeném CD jsou pak uvedena pouzita ptivodni data.
2.  Literarni reSerze

2.1  Rumex obtusifolius a Rumex crispus
2.1.1 Taxonomie

Druhy Rumex obtusifolius L. a Rumex crispus L. fadime do celedi Polygonaceae
(rdesnovité), ktera je jedinou cCeledi fadu Polygonales (rdesnokvété). Fosilni zbytky rostlin
tohoto fadu jsou znamé z paleogénu (obdobi pozdnich tfetihor). Celed” Polygonaceae
zahrnuje asi 40 rodu s piiblizn€¢ 1000 druhy. Podle nékterych prament lze tuto ¢eled’ rozdélit
do tii podc¢eledi. Rod Rumex pak nalezi do podéeledi Polygonoideae — vlastni rdesnovité. Do



rodu Rumex tadime ptes 100 druht, z nichz je u nas 15 domaécich a nékolik dalSich druhd
zavlecenych (Novak 1972). V ramci rodu Rumex se Casto oddéluje jesté skupina Sirokolistych
Stovikna, do které se obvykle fadi R. obtusifolius, R. crispus a R. Alpinus (Stovik alpsky)
(Mikulka et al. 1995). R. obtusifolius je dale ¢lenén do variet (Hejny et Slavik 2003).
Prehledné taxonomické zafazeni R. obtusifolius a R. crispus je uvedeno v Tab. 1.

Tab. 1: taxonomické zafazeni Rumex obtusifolius a Rumex crispus

oddéleni Magnoliophyta (krytosemenné)

tiida Magnoliopsida (dvoudélozné)

podtiida Caryophyllidae (hvozdikotvaré)

fad Polygonales (rdesnokvété)

Celed’ Polygonaceae (rdesnovité)

podceled’ Polygonoideae (vlastni rdesnovité)

rod Rumex (§t'ovik)
Rumex obtusifolius (§tovik Rumex crispus (St'ovik
tupolisty) kadetavy)

2.1.2 Morfologie

2.1.2.1 Rumex obtusifolius

Rostlina vytvaii mohutny killovy koten (Mikulka et al. 2005).

Lodyhy doriistaji vysky 50 — 100 cm, nékdy az 150 cm. Casto jsou ervené nab&hlé. Vétvi se
od poloviny, vétve Sikmo vzhiiru odstdvaji. Pfizemni a dolni lodyZni listy jsou dlouze
fapikaté. Cepele jsou dlouhé 15 - 30 cm a Siroké 8 — 15 cm, obvykle asi 2x delsi, neZ Siroké.
Mayi elipticky az vejcity tvar, na bazi jsou mékce srdcité, na vrcholu tupé Spicaté. Na rubu
jsou Casto roztrouSen¢ chlupaté, mohou byt zvinéné. Horni ¢epele jsou mensi, kratce rapikate,
na bazi zaokrouhlené az Siroce klinovité, k vrcholu prechézeji ve stale se zmensujici fapikaté
listeny (Hejny et Slavik 2003).

Kvétenstvi je bohaté, vétvené a tvoii nepravé presleny (Mikulka et al. 1995). Vétve
Sikmo odstavaji, tvoii lichoptesleny, které jsou hlavné v dolnich tfech Ctvrtinach kvétenstvi
oddélené, n¢kdy i Vv horni ¢€asti s dlouhymi fapikatymi listeny (Hejny et Slavik 2003).
Kvétenstvi je od poloviny vétsinou bezlisté. Rostlina na fotografii je vidét na Obr. 1a.

Plodem je nazka, kterou kryji krovky (vytrvavajici, Casto zvétSené 3 wvnitini listky
okvéti — Kubat et al. 2002) dlouhé 2,5 — 6 mm a 1,5 — 4 mm Siroké. Plodni stopky jsou 2 -
2,5x delsi nez krovky. Vzdy jsou zietelné delsi nez Siroké. Tvar je velmi variabilni. Pfevazné
je uzce az Siroce trojuhelnikovity, pii bazi dlouze zubaty az témét celokrajny. Mozolek
(vyrastek na krovkach nékterych stoviki — Kubat 2002) je riizn€ velky, vyskytuje se na jedné



az vSech krovkéach. Nazky jsou hnédé, 2,5 — 3 mm dlouhé (Hejny et Slavik 2003). Nakres a
fotografie nazky R. obtusifolius jsou zobrazeny na Obr. 1b, c.

Obr 1: (a) rostlina Rumex obtusifolius, (b) nazka - vlastni fotodokumentace (jednotkou méfitka je 1
mm) (c) nékres nazky podle Kli¢e ke kvétené Ceské republiky (Kubdt et al. 2002)

2.1.2.2 Rumex crispus

Vytvaii kilovy kotfen dlouhy az 1 m (Mikulka et al. 2005), ktery je vSak mens$i a méné
vétveny nez u R. crispus (Cavers et Harper 1964).
Lodyhy jsou vzptimené, 30 — 100 cm vysoké (Mikulka et al 2005), jiny zdroj uvadi az 150 cm
(Bojnansky et Fargasova 2007). Vétvené jsou obvykle jen v kvétenstvi. Pfizemni listy

Vv listové ruzici jsou dlouhé az 35 cm a asi 8 cm Siroké, jsou dlouze fapikaté, podlouhle



kopinaté, na bazi klinovité az stazené, na okraji zkadetené. Horni listy jsou podobného tvaru,
ale jsou mensi, obvykle méné¢ kadetavé, v dolni ¢asti kvétenstvi piechazejici v listeny.
Uzké kvétenstvi tvoii pritisknuté nebo Sikmo odstavajici vétve. Rostlina je zobrazena na Obr.
2a.

Krovky jsou obvykle trojuhelnikovité, 3,5 — 5 n€ékdy az 6 mm dlouhé, Siroké jsou 3 — 6
mm. VétSinou jsou celokrajné, nebo jen s velmi jemnymi zoubky, pfitupné az Spicaté, na bazi
nékdy mirné€ srd¢ité, s mozolkem na jedné nebo vSech krovkach (potom je jeden obvykle
vétsi). Mozolek je vietenovity az téméf kulovity, delsi nez polovina krovky.
Nazky jsou hnédé, 2 — 3 mm dlouhé (Hejny et Slavik 2003). Nakres Ize vidét na Obr. 2b.
R. crispus ma 30 part chromozomu (Bojnansky et Fargasova 2007).

e —— ’i 134

Obr. 2: a) rostlina Rumex crispu (vlastni fotodokumentace), (b) nazka, nakres podle Kli¢e ke kvétené
Ceské republiky (Kubat et al. 2002)

2.1.3 Druhova variabilita
2.1.3.1 Rumex obtusifolius
R. obtusifolius je druh extrémné variabilni ve tvaru, velikosti a zubatosti krovek,

Vv pfitomnosti a velikosti listenil a kvétenstvi, dale také ve velikosti a tvaru mozolkd (mohou
byt na jedné nebo vSech krovkach) (Hejny et Slavik 2003). Ackoliv s definicemi jsou v tomto
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ptipadé znacné potize, u druhu R. obtusifolius jsou nyni bézné uznavany Ctyfi variety: var.
obtusifolius, var. sylvestris (syn. microcarpus), var. transiens, var. subalpinus (Hejny et Slavik
2003).

Podle Klimese (1996) je hlavnim faktorem v rozsifeni variet koncentrace zivin. Tato
informace vSak pravdépodobné plati spiSe pro mensi tzemi. V celoevropském métitku
vyplyvaji z prace Cavers a Harper (1964) spiSe obecné stanovistni naroky, které zplsobuji
geografické rozdily ve vyskytu jednotlivych variet.

2.1.3.2 Rumex crispus

Obdobné jako R. obtusifolius je i R. crispus vysoce variabilni druh, pfedev§im co se
tyCe velikosti a tvaru krovek, hustoty a utvéafeni kvétenstvi, tvaru a povrchu listli (kadetavost,
zilnatina). Vyrazngj$i ekologické rozdily byly sledovany hlavné mezi piimoiskymi a
vnitrozemnimi ekotypy (Cavers et Harper 1964). VSechny typy se vSak mohou mezi sebou
volné kiizit a tvofi navzajem mnoZstvi prechodli (Hejny and Slavik 2003). Jsou znamy
pokusy o definovani jednotlivych variet R. crispus (Cavers et Harper 1964). Podle Hejného a
Slavika (2003) vsak vytvofeni pfirozené¢ho systému infraspecifickych taxond neni v soucasné

dob¢ jiz mozné.

2.1.4 Hybridizace

Literatura uvadi, ze vétSina druhd rodu Rumex se velmi snadno kiizi (Cavers et Harper
1964, Hejny et Slavik 2003, Kubat et al. 2002). Hejny a Slavik (2003) uvadi 33 riznych
ktizencti rodu Rumex. Kfizenci jsou vétsinou sterilni. Velice Casty je kiizenec R. crispus a R.
obtusifolius, nazyvajici se Rumex x pratensis (Hejny et Slavik 2003).

2.1.5 Rozsireni

2.1.5.1 Rumex obtusifolius

R. obtusifolius ma Siroky areal vyskytu. Je to puvodni evropska rostlina, kterad se
druhotné rozsifila na v§echny kontinenty vyjma Antarktidy (Klime§ 1996). Nyni je spolu s R.
crispus povazovana za jednu z péti nejrozsifenéjSich nekulturnich rostlin na svété (Zaller
200443).

U nas je R. obtusifolius rozsifen hojné az obecné na celém tzemi. Vyskytuje se na
stanovistich s vy$§im obsahem dusiku, jako jsou hnojené louky, pastviny, uhory, okoli
komunikaci a ruderadlni stanovisté (Grime et al 1988), dale osidluje lesni cesty a
ruderalizované biehy vodnich toki (Weaver et Cavers 1980). Lze ho nalézt také v polich
picnin a okopanin (Hejny et Slavik 2003).

Vyskytuje se Casto ve spolecnosti kopfivy dvoudomé (Urtica dioica), ktera ma podobné
ekologické pozadavky (Grime et al. 1988). Z fytocenologického hlediska je podle
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Ellenbergovych indika¢nich hodnot R. obtusifolius fazen do tfidy Artemisietea (Ellenberg et
al. 1992).

2.1.5.2 Rumex crispus

Také R. crispus pochazi pravdépodobné z Evropy, jeho ptivodni areal ale bohuzel dnes
jiz nelze stanovit. Jeho horizontalni rozsifeni sahd aZ k 65° severni §itky. V Ceské republice je
v termofytiku a mezofytiku hojny az obecny, zasahuje az do oreofytika (Hon¢k et Martinkova
2001).

Jeho piivodnim stanovistém byly deprese vodnich tokli nizin a pahorkatin. Druhotné se
roz§itil na velké mnozstvi stanovist, Casto podobnych jako R. obtusifolius (Hejny et Slavik
2003). Podle Grime et al. (1988) se vyskytuje méné¢ na zemédélskych plochach nez R.
obtusifolius, ale Harper a Chancellor (1959) a Weaver a Cavers (1980) tvrdi opak. Zda se
tedy, ze evropské ekotypy preferuji trochu jina stanovisté nez ekotypy Severni Ameriky.

Podle Ellenbergovych indikac¢nich hodnot patii R. crispus do svazu Agrostion-
stoloniferae (Ellenberg et al. 1992).

2.1.6 Fenologie a rozmnoZovani

Fenologie obou druhit ma mnoho spole¢nych prvka (Weaver et Cavers 1980). Nové
rostliny raSi CasteCné jiz béhem podzimniho obdobi ihned po dozrani, ale hlavné az
nasledujici sezonu v pozdnim kvétnu. StarSi rostliny, které prezimuji jako hemikryptofyty
(Grime et al. 1988), vytvafi listovou rtzici uz na konci biezna (Hon¢k et Martinkova 2001) a
postupné tvoii lodyhu s kvétenstvim. Ackoliv pfirozené vegetativni mnozeni neni u téchto
druhti vétSinou uvazovano, Pino et al. (1995) ve svém vyzkumu dokazali, Ze rostliny R.
obtusifolius star$i dvou let zacinaji vytvaret sekundarni kofeny, které¢ se posléze oddé€luji.
Jedna se tedy o pravy klonalni rlst. Velkym problémem je dobrd schopnost regenerace na
ornych ptdéch, nebot’ rostliny se ochotné obnovuji z poruSenych kotenti (Strnad et al 2010).

K opyleni dochézi anemogamné, vyjimecné entogamné (Hejny et Slavik 2003). Vétsina
rostlin je samosprasnych (Cavers et Harper 1964).

V otazce, zda R. obtusifolius a R crispus kvetou a plodi prvnim nebo druhym rokem, se
objevuji v literatufe rozpory. Zaller (2004a) piSe, Ze oba druhy vétSinou plodi spiSe druhym
rokem, piilezitostné rokem prvnim. Vytvofeni kvétenstvi az v druhém roce u R. obtusifolius
popisuje také Harper a Chancellor (1959) a Weaver et Cavers (1980). Kveteni R. crispus v
prvnim roce pozoroval Harper a Chancellor (1959) a zminuje ho také Cavers a Harper
(1964).

Tvorba kvétenstvi za¢ina u starSich jedincii vV kvétnu, vV prvnim roce az v ¢ervnu. Nékdy
rostliny plodi i podruhé v sezoné¢, v tom piipadé kvetou také v srpnu az zaii (Cavers et Harper
1964). Podle Pino (et al. 2002) je doba vykveteni R. obtusifolius zavisla ne na véku rostliny,

ale na jeji velikosti. Zda se, ze existuje urcity prah velikosti, ktery zajistuje dostateCnou
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produkci uhliku pro vytvotreni kvétenstvi. Obdobn¢ Weaver a Cavers (1980) zjistili u R.
crispus vztah mezi velikosti listové rizice na podzim a pravdépodobnosti, Ze rostlina na jate
pokvete, a zaroven nezavislot na véku. Vyzkoumana zavislost investice do rozmnozovani a
nadzemni biomasy je podle autorii siln€j$i nez u jinych vytrvalych druhti. To by mohlo mit
rozhodujici vliv na rok prvniho vykveteni, ktery byl diskutovan vyse.

Rostliny vytvati velké mnozstvi drobnych nazelenalych kvétd, které jsou vétSinou
proterandricky hermafroditické (Klime§ 1996) a neobsahuji nektar (Cavers and Harper 1964).
Vznikajici nazky zUstavaji v zeleném periantu, ktery je fotosynteticky aktivni. Tim je
umoznéna vysoka investice do reprodukce a zaroven vytrvaly charakter rostlin. DalSim
efektem je, ze semena jsou diky tomu schopna dozravat i na posecenych lodyhach (Weaver et
Cavers 1980). Prvni nazky muzou dozrat jiz béhem Eervence (Cavers et Harper 1964), avsak
zavisi na klimatickych podminkéch, protoze napiiklad Baskin a Baskin (1978) uvadéji zrani
nazek v Kentucky jiz béhem cervna.

Jeden pteslen nese 20-50 plodl (Cavers et Harper 1964). Cavers a Harper (1964) uvadi,
ze produkce semen muize dosahnout az 60 000 semenech na rostlinu v jedné sezoné. To je
pomérné vysoké Cislo 1 pokud bereme v Gvahu, Ze jedna rostlina miize plodit béhem sezony i
dvakrat (Cavers et Harper 1964). O néco mens$i maximalni produkce je piisuzovéna R.
crispus, a to 40 000. Ackoliv jsou tato ¢isla hojné citovana v literatuie az do soucasnosti, neni
V piivodnim pramenu uvedeno, jak byly hodnoty zjistény. Bentley et al. (1980) vSak naméfil
na kontrolnich rostlinach v pokusu s predaci R. obtusifolius hmyzem pouze 13 800 semen na
rostlinu a Hongo (1988) v experimentech se se¢i naméfil v jedné sezoné¢ maximalné 12 900
semen. Udaje o poétu semen, které byly pravdépodobné ziskany jen odhadem, je proto tfeba
brét s rezervou.

Nazky zustavaji az do jara na suchych lodyhach, ze kterych se postupné uvoliuji
(Baskin et Baskin 1978). Nékdy semena zlstanou na rostliné dokonce i v dobé, kdy nové
lodyhy v dalsi sezoné kvetou (Pye et Andersson 2009).

Nékteré rostliny maji tendenci po produkci plodii odumirat. Nékdy se vSak jedinci R.
obtusifolius doziji az 5 let a byli zaznamenani i jedinci s vékem vys$s§im (Cavers et Harper
1964). Zaller (2004a) uvadi, Ze byly nalezeny i rostliny §tovika Zijici desetileti.

R. crispus ma vétsi tendenci odolavat tuhym zimam nez R. obtusifolius, pro ktery

mizou byt nizké teploty limitujici (K#ist'alova et al. 2011).

2.1.7 Rozsirovani

Pfi rozsifovani semen Sirokolistych §tovikt pievazuje anemochorie (Grime et al. 1988),
na kterou je rostlina adaptovana tvorbou okfidlenych nazek (Kohout 1997). V zimnim obdobi
jsou suché lodyhy vy¢nivajici nad snih odlamovany vétrem a mohou byt odvaty na pomérné
dlouhé vzdalenosti (Mikulka et al. 1995). Mal4d Céast semen se muZze rozSifovat také

hydrochorné endozoochorné (Zaller 2004a) nebo epizoochorné (Grime et al. 1988). Protoze
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vSak Stoviky nemaji zadny vice specializovany mechanismus na rozsifovani nazek, vétSina
semenackil se ptirozen¢ objevuje v blizkosti matefské rostliny (Cavers et Harper 1964).

Jak je uvedeno v piedchozi kapitole, u R. obtusifolius bylo prokazano ptirozené klonalni
rozmnozovani. Jedna se o ptiklad strategie falangy, pii které¢ se populace husté rostoucich
jedinct rozrusta do stale vétsi plochy. Timto zpisobem se mtze R. obtusifolius prosadit i ve
vitalnich travnicich, kde semenacky nemohou uspét (Pino et al 1995), jak bude zminéno nize.
Sirokolisté Stoviky do celého svéta. Jejich explozivni rozsifovani u nas nastalo po roce 1990
zv1asté v podhorskych oblastech diky zméné hospodaieni (Mikulka et al. 1995). Stoviky jsou
zanaSeny na zeméd¢lskou plidu s osivem jetelovin a trav, dale pak s nevyzralym hnojem a
kejdou (Mikulka et al. 1995).

2.1.8 Konkurence

V nékterych  pramenech jsou oba druhy povazovany za druhy pomérné
konkurenceschopné. Mikulka (2005) uvadi, ze R. obtusifolius i R. crispus maji silnou
konkurenéni schopnost, ackoliv R. crispus o néco slabsi. Nékteti autofi ale hovoii o nizké
konkurenceschopnosti semenackt. Kvili tomu se nedokézi prosadit v uzavienych vegetacnich
celcich. (Jeangros et Nosberger 1990, Zaller 2004a, Strnad et al 2010). Semenacky $t'oviki
maji malou $anci prosadit se v hustém vitalnim travniku (Zaller 2006a).

Jako hlavni limitujici zdroj v konkurenci s ostatnimi rostlinami je uvadén dusik. Boj o
né&j udajné hraje hlavni roli pfedevsim ve vyvoji semenacki (Jeangros et Nosberger 1990), to
vsak je v rozporu s vyzkumy uvedenymi v nasledujici kapitole.

Zaller (2004b) se zabyval zménou biomasy pii konkurenci R. obtusifolius a travnich

druhti. Zjistil, Ze pti konkurenci mnohem vice investuje do kofenového systému nez travy.

v v

v

morfologicka ptizptisobeni. Nejvyraznéjsi je zvySovani specifické listové plochy (Jeangros et
Nosberger 1990). Je vsak evidentni, ze R. obtusifolius pfili§ husty porost nevyhovuje, byl
vV ném prokazan vyssi pocet sterilnich jedincti a mensi produkce semen (Klimes 1996).

R. obtusifolius je v ptirodé vétsinou obklopen jen urcitou skupinou druht zijicich v jeho
blizkosti. Tento fakt je pfisuzovany produktim sekundarniho metabolismu. Druhy v okoli R.
obtusifolius pravdépodobné maji zvySenou odolnost proti alochemickym latkam. Zda se, Ze
alelopatie Stoviku vSak nehraje hlavni roli v prosazovani druhii v pastevnich systémech

s vysokou diverzitou (Zaller 2006b).
2.1.9 Vliv zivin a vody

Dostupnost zivin hraje v ekologii R. crispus a zvlasté¢ R. obtusifolius dualezitou roli. R.

obtusifolius obsazuje stanovisté s pidou bohatou Zivinami. Podle Ellenbergovych hodnot je
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mu piifazen nejvyssi stupenl (9) ohledné vyskytu v zavislosti na obsahu amoniakalniho nebo
nitratového dusiku (Ellenberg et al. 1992). Pro R. crispus jsou uvedena hodnota 5, ktera
poukazuje spiSe na stiedni obsah dusiku v pid¢ na jeho stanovistich (Ellenberg et al. 1992).

Tento prvek se zda byt pro R. obtusifolius limitujici (Jeangros et Nosberger 1990). Diky
tomu je tento druh spolehlivym indikatorem nadmérmé koncentrace dusiku nebo i drasliku
v pudeé (Zaller 2007b). Snasi takové koncentrace Zivin, které vétSina rostlinnych druht
netoleruje (Klimes 1996). Zaller (2004a) vsak zpochybriuje, ze Rumex je nitrofilni ve vSech
vyvojovych fazich. To potvrzuje vyzkum, ktery provadéla u obou druhd Kristalova et al.
(2011), kde nejen Ze nebyly zvyhodnény semenacky s lepsi dostupnosti dusiku, ale dokonce
Vv takovych podminkéch prospivaly hife.

Roli miZe hrat také dostupnost drasliku. Pokus sledujici reakci R. obtusifolius na
dostupnost drasliku v konkuren¢nim prostiedi trav zjistil, Ze pii dobré dostupnosti $tovik
akumuluje 2 — 3x vice drasliku v susin¢ nez travy, zatimco pii jeho nizkém obsahu v pidé je
akumulace stejna. Dobra dostuponost se pak pozitivné projevila na hustoté R. obtusifolius
V travnim porostu. Autofi tedy vyvozuji, Ze draslik se miize mnohem snadnéji stat limitujici
pro tento Stovik nez pro travy (Humphreys et al. 1999). Potiebu dostatku fosforu
k optimalnimu rtstu R. obtusifolius zjistil Strnad et al. (2010).

Co se ty¢e mnozstvi vody v pudé, dle Ellenbergovych hodnot se oba druhy vyskytuji na
Cerstvych az vlhkych pidach (Ellenberg et al. 1992).

V souvislosti s uspé$nym Sifenim $tovikti na pastviny zkoumal Zaller (2007b) vliv
heterogenity rozlozeni zivin v piidé na jejich pfijem a ulozeni v organismu. Zabyval se
zaroven vlivem zavodnéni, protoze zjistil, Ze mira a zptisob vyuziti zivin rostlinami $§toviki je
na ném zavisla. Pomér biomasy podzemni a nadzemni ¢asti nebyl ovlivnén rozmisténim zivin
nebo mnozstvim vody v pudé. Distribuci Zivin jsou silné ovlivnéné konkurenéni vztahy, i
kdyz celkové mnozstvi zivin zlstava stejné. Pti zvySené heterogenité rozlozeni zivin byl u
vSech zkoumanych druhli pozorovan zvysSeny piijem drasliku. Celkovym zlepSenim jeho
dostupnosti se zvysil jeho podil v nadzemnich c¢astech stovikiu. U R. obtusifolius bylo
pozorovano o 30-40 % vyssi vyuziti drasliku, pokud doslo ke hnojeni samostatné N nebo K,
nez kdyz byla obé hnojiva pouzita spolecn¢ (Zaller 2007b). Draslik se vSak nezda byt
dalezitym limitujicim faktorem (Jeangros et Nosberger 1990). Pfi pokusech s rozmisténim
zivin bylo zjisténo, ze kofenovy systém R. obtusifolius vyrazné nereaguje na zmeénu jejich
heterogenity. Na rozdil od jinych druhti nema R. obtusifolius specialni schopnost vyuzivat
heterogenitu zivin, vlhkosti nebo pudniho typu (Zaller 2007b).

2.1.10 Kliceni

O kliceni Sirokolistych stoviki byly ziskany velmi rozdilné vysledky od rtznych

autorti. Cavers a Harper (1964) uvadéji mozné pficiny téchto odliSnosti: rizné metodiky,
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rozdily v semenech mezi populacemi a rostlinami a mezi ¢astmi kvétenstvi, rozdily ve zralosti
semen a ruzné skladovani semen pted klicenim.

Jedna zkliCovych vlastnosti Sirokolistych $tovikii podminujici jejich uspéch je
schopnost vytvaiet velké mnozstvi plodnych a odolnych semen, ktera dlouho pretrvavaji
v pudni semenné bance. Ptesnéjsi doba, po kterou ziistanou semena v piid¢ Zivotaschopna, se
1isi podle rtiznych autord. Hongo (1994) zjistil, Ze po ¢tyfech letech je schopno kli¢eni u obou
druhil vice jak 85 % semen. SniZovani podilu Zivotaschopnych semen v dalSich letech je
rychlejsi u R. crispus, kde po ¢trnactém roce kli¢i uz jen 2,7 %, zatimco R. obtusifolius si
uchovava 9,9% klic¢ivost. Darlington a Steinbauer (1961) popsali experiment, kde byla
semena sledovana v podstatné del$im ¢asovém useku. R. crispus zde projevil Zivotaschopnost
u 2 % semen jesté po osmdesati letech. Zda se tedy, ze mala frakce semen téchto druhti mize
pretrvat v semenné bance po desitky let.

Semena Stoviku kli¢i nejlépe z povrchu ptudy. Uz piekryti 1 cm vrstvou pudy snizuje
vyrazné moznost vykli€it, coz je patrné zptsobeno svételnymi naroky na kli¢eni (Baskin et
Baskin 1978, Pye et Andersson 2009).

Teplotni rozmezi, pii kterém jsou schopna semena R. obtusifolius vykli¢it, se pohybuje
od 10 °C do 35 °C podle Totterdell a Roberts (1979), Benvenuti et al. (2001) uvadi kli¢eni jiz
od 6,1 °C. V piirodnich podminkach semena R. crispus za¢nou kli¢it, az kdyz jsou minimalni
teploty nad 5 °C a maximalni asponi 15 °C (Baskin et Baskin 1978). Teplotni optimum pro R.
obtusifolius se nachazi v rozmezi 20-25 °C (Benvenuti et al. 2001). R. crispus kli¢il nejlépe ve
20 °C (Samimy et Khan 1983).

Dalsim dulezitym faktorem navozujicim kliceni je svétlo. R. obtusifolius je schopen za
tmy kli¢it, i kdyZ pouze mala ¢ast, ale mira kli¢eni u R. crispus je pii absenci svétla
zanedbatelna (Totterdell et Roberts 1979). Jiné zdroje uvadi u obou druhi ve tmé za
konstantni teploty uplnou absenci kli¢eni (Cavers et Harper 1966, Samimy et Khan 1983).
V alternujici teploté byla nejvyssi kli¢ivost bez svétla ziskana u R. obtusifolius 2 %. (Cavers
et Harper 1966). Vysokého procenta vykli¢enych semen bylo dosazeno, pokud byla pied tim
vodou nasata semena vystavena nizkym teplotam za osvétleni (Baskin et Baskin 1978). Byla
pozorovana také interakce svétla a teploty pii kli€eni. Pii vysSich teplotach (25 °C) semena
ztracela citlivost na svétlo (Benvenuti 2001). Vyznam ma i fotoperiodicita. 10 minut osvétleni
denné podporuje kli¢eni vice, nez vystaveni semen stalému svétlu (Totterdell et Roberts
1979).

2.1.10.1 Dormance semen

Pro semena neni vzdy vyhodou vyklicit, jakmile to podminky dovoli. Vystavovaly by se
tak riziku Uhynu kvili nepfiznivym podminkam nebo vysoké konkurenci ostatnich rostlin.
Z toho divodu se u mnoha druht rostlin vyvinul mechanizmus dormance semen, ktery
umoziuje ,,migraci v ¢ase*, tedy moznost pockat s vyklicenim na piiznivéjsi dobu (Begon et

al 2006). Dormance obecné¢ miize byt definovana jako stav znemoznujici kli¢eni
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zivotaschopnych semen za vhodnych podminek (Finch-Savage et Leubner-Metzger 2006).
Dormance semen je mechanismus zvysSujici Sanci na pieziti v nepfedvidatelném prostiedi, coz
je zvlasteé vyhodné pro strategii plevelnych druht (Tielborger et Valleriani 2005).

Dormance semen je dalsi oblasti, kde u R. obtusifolius a R. crispus vznikaji rozporuplné
nazory, a to jak u dormance primarni, kterd se projevuje snizenou kli¢ivosti ¢ersvych semen,
tak u sekundarni. Obecny problém ve vyzkumu dormance je ten, Zze se projevuje jen jako
absence kli¢eni. Pozorujeme tedy jen dvé moznosti, kli¢eni nebo Zadnou reakci, zatimco
semeno se ve skutecnosti mize vyskytovat v celém rozmezi hladin od hluboké dormance az
po nedormantni stav. Nekli¢ici semeno mize byt navic bud’ dormantni nebo mrtvé (Finch-
Savage et Leubner-Metzger 2006).

Primarni dormance, ktera u mnoha druhti brani vykli¢eni Cerstvé uzralych semen, byva
ukoncena vystavenim specifickym podminkam, jako je napiiklad studena stratifikace, svétlo
nebo gibereliny (Finch-Savage et Leubner-Metzger 2006). Né¢kteii autofi pisi o vysoké
kli¢ivosti ¢erstvych semen R. obtusifolius (Van Assche et al. 2002, Mikulka et al. 2005) i R.
crispus (Baskin et Baskin 1985, Van Assche et al. 2002, Pye et Andersson 2009), naopak jini
autofi tvrdi, Ze semena jsou po dozrani kvili primarni dormanci malo kli¢iva u R. obtusifolius
(Totterdell et Roberts 1979, Benvenuti et al 2001) i R. crispus (Totterdell et Roberts 1979).
Podle praci téchto autorti je k ziskani kli¢ivych semen potieba jejich stratifikace. Tento proces
obecné zahrnuje vystaveni semen ur€itym podminkdm, které uvolni dormanci a umozni
kliceni (Finch-Savage et Leubner-Metzger 2006). V souvislosti se Stoviky je uvazovana
pfedev§im studend stratifikace (Totterdell et Roberts 1979). Pfi tom Zaller (2004a)
upozoriiuje, Ze role dormance v ekologii kli¢eni u téchto dvou druhl neni zdaleka vyjasnéna a
generalizace o jejich kliceni obecné by mély byt vyslovovany jen opatrné. Jiz Cavers a Harper
(1964) si povSimli mnoha nesrovnalosti v literatufe ohledné vyskytu primarni dormance.
Vysvétluji je velkymi rozdily v podminkach poZadovanych ke kliceni uvnitf téchto druhd.
Vyznamné rozdily se vyskytuji nejen mezi ekotypy a populacemi, ale i mezi jedinci na jedné
lokalité (Cavers a Harper 1964, Pye et Andersson 2009). Cavers a Harper (1966) uvadéji, ze
zjistili  vétsi rozdily ve vlastnostech semen mezi lokalitami neZ mezi obéma druhy a Ze
rozdily v kliceni mizou byt vyhodnou adaptaci, ktera umoznuje vyuziti velkého rozsahu
rozdilnych mikrostanovist'.

U obou druhti byla zjisténa velka variabilita v kli¢ivosti mezi riznymi lokalitami
v Ceské republice. Vysledky se pohybovaly v rozmezi 3-99,5 % (Honék et Martinkova 2002).
Na urovni Evropskych regiontd se u R. obtusifolius variabilita neprojevuje. U R. crispus bylo
pozorovano vzrustani klicivosti od jihu k severu, ale jeho kli¢ivost rostla také s nadmotskou
vyskou. Tento jev by mohl souviset se zavislosti kli¢ivosti nazek na dob¢ raseni matetské
rostliny (Hon€k et Martinkova 2001). Pozdé&ji rasici rostliny totiz tvoii semena, kterd jsou

vvvvvvv

klimatické selekci pozdné raSicich rostlin. Klimaticka selekce a pravidelné koseni muze
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ovlivnit také vyskyt rostlin s ur€itou sezonnosti v lokélni populaci a zapfiCinit tak velké
rozdily v kli¢ivosti mezi lokalitami (Hon¢k et Martinkova 2002).

V disledku vysoké variability v sezénnosti mezi jednotlivci jsou semena vystavena
riznym teplotnim a fotoperiodickym podminkdm. Zrajici semena jsou pfitom na svételné
podminky velmi citlivé a fotoperiodicita mize byt dulezitym faktorem ovlivilujicim kli¢ivost
(Hon¢k and Martinkova 2002).

Dalsi faktor, ktery ovliviiuje kli¢ivost u Stovikll je pozice semene na rostliné. Vétsi
kli¢ivost vykazuji semena v horni ¢asti kvétenstvi. Autofi to interpretuji v souvislosti s veétsi
patrné nerovnomérny piisun zdroji k semenim a rozdilné pasobeni prostiedi (Baskin et
Baskin 1998).

S dormanci souvisi i svételné podminky pii samotném kli¢eni. Tma béhem kliceni
udajné snizuje efekt stratifikace a podporuje vznik sekunddrni dormance (Totterdell et
Roberts 1978).

Velikost semen a nazek nema vliv na pfitomnost primarni dormance R. obtusifolous
(Martinkova et al. 1999). Také Cideciyan a Malloch (1982) dosli k tomu, ze kli¢ivost R.
obtusifolius neni velikosti semen ovlivnéna, ale u R. crispus je snizena kli¢ivost malych
semen. U R. obtusifolius ale zase velikost semen ovliviiuje rychlost kli¢eni ve prospéch semen
malych. Z vétSich semen vSak rostou vEtsi semendcky s vySs$i mirou preziti (Klimes 1996).
Podle prace Cideciyana a Mallocha (1982) ale pocate¢ni nerovnost ve velikosti semenacki
¢asem odezni.

Kromé& odbourdni primarni dormance studenou stratifikaci bylo také u obou druht
pozorovano zvyseni kli¢ivosti po skladovani semen v suchu (Benvenuti et al. 2001, Van
Assche et al. 2002). Pric¢inou je patrné after-ripening, coz je zvlastni biochemicky proces
probihajici v relativné suchém semeni (Oracz et al. 2007).

Dalsi rozpory se vyskytuji i Vv otazce sekundarni dormance. Tento typ dormance
zasahuje jiZz rozptylend semena a tykd se vétSinou sezonniho cyklu dormance v semenné
bance, ktery znemoziuje semenim vykli¢it v nevhodnou ro¢ni dobu (Finch-Savage et
Leubner-Metzger 2006).

Roéni dormantni cyklus byl pozorovan i u R. obtusifolius a R. crispus. Podle nékterych
zdrojii semena obou druhil prokazuji nejvyssi dormanci v 1ét€ a nejnizsi v zime a na jate (Van
Assche et al. 2002, Zaller 2007a). Toto zjisténi odpovida faktu, ze jaro je nejvhodnéjsi dobou
pro riist novych semenackti. Tento dormantni cyklus se udajné odehrava u semen ulozenych
V pidé€ za ptirodnich podminek a je ovliviiovan zmé&nami teploty béhem roku (Van Assche et
al. 2002). Zda se vsak, ze pokud nazky ptetrvavaji na lodyhach do jara, vyvoj jejich klicivosti
se lisi. Martinkova a Honé€k (2002) zaznamenali u R. obtusifolius zmény kli¢ivosti od srpna
do zafi, ale nezjistili zadné rozdily v kli¢ivosti vzorkl sebranych na podzim, v zimé a na jare.

Primarni dormanci a nastupem sekundarni dormance u R. obtusifolius a R. crispus

18



Vv laboratornich podminkach se zabyvali Totterdell a Roberts (1979). V jejich laboratornich
pokusech semena prokazovala primarni dormanci. Zkoumali vliv stratifikace v raznych
teplotdich a nasledné¢ 1 nejvhodnéjsi teplotu pro kliceni. Zjistili, Zze teploty do 15°C jsou
schopny zptisobit stratifikaci. Dosli k zavéru, ze vliv teploty (v rozmezi plisobeni stratifikace)
na ¢as potiebny ke ztraté primarni dormance je zanedbatelny. AsvSak diky pomalému néstupu
sekundarni dormance nastala situace, ze ¢im vyssi je teplota stratifikace, tim mensi byla
nasledna kli¢ivost. Autofi si to vysvétlovali tim, Ze sekundarni dormance vzrista s teplotou,
pfi které vznikd. Dochézelo by tedy k ptekryvu ptisobnosti rychle mizici primarni dormance a
pomalému nastupu dormance sekundarni. Sekundarni dormanci ziskal snadnéji R. crispus nez
R. obtusifolius (Totterdell et Roberts 1978). Nastup sekundarni dormance pomoci vysokych
teplot zkoumali také Samimy a Khan (1983). V jejich pokuse ziskala semena dormanci pfi
vystaveni 30°C ve vodou nasatém stavu. K jejimu odbourani bylo zapotiebi kombinace svétla
a ristovych regulatort (gibereliny). Tyto mechanismy udajné funguji skrze zmény vodniho
potencialu semene. Van Assche et al. (2002) zkoumal nastup sekundarni dormance semen
Vv pudé u obou druhti. V této praci semena R.obtusifolius i R. crispus vykazovaly ro¢ni cyklus
dormance.

Avsak v jiné praci (Baskin et Baskin 1985), kde byla taktéz zkoumana kli¢ivost semen
R. crispus zakopanych v ptid¢ (simulace pidni banky), bylo dosaZeno uplné jinych vysledkd.
Semena postupné vyjmutd z plidy a testovana na kli¢ivost ani po dvou letech neprojevovala
sniZzeni klicivosti a tedy nastup sekundarni dormance. Dokonce bylo béhem prvnich dvou
mésicll zaznamenano zvetSujici se rozpéti teplot umoziujici kliceni. Autofi tedy vyvozuji, ze
dormance nehraje roli v ekologii kli¢eni R. crispus. V tomto pokuse byl asi nejdilezitéj$im
faktorem pro zapoceti kli¢eni pozadavek svétla. Vysledky nepodporujici vyskyt sekundarni
dormance ziskali 1 Pye a Andersson (2009), kteti rovnéz provadéli experiment se zakopanim
semen R. crispus. V obou pracech se vSak vyskytuje domnénka, Ze pokud by se v padé
udrZovala konstantni teplota (napf. ve vétSich hloubkach), mohlo by k vyvinu sekundéarni
dormance dojit. Van Assche et al. (2002) ale pozoroval sekundarni dormanci uz pfi umisténi
semen 3 cm pod povrch, coz je méné, nez 7cm hloubka v experimentu, ktery provedli Baskin
a Baskin (1985). Van Assche et al. (2002) to zdivodiuje tim, ze v pokusech, kde se
dormantni cyklus neprojevil, bylo kliceni provadéno ve stiidajicich se teplotach, coz méa samo
0 sob¢ silny stimula¢ni G¢inek na kli¢eni, ktery mohl vliv dormance piekryt.

Samim a Khan (1986) ale tvrdi, Zze samotné svétlo nékdy mize u R. crispus stacit

k odbourani dormance. Role svétla tedy neni v dormanci téchto druhti vyjasnéna.

2.1.1 Negativni dopady zapleveleni Sirokolistymi §t'oviky a zpiisoby potlacovani

Vysoky vyskyt Sirokolistych §tovikd snizuje kvalitu i vynosnost pice (Mikulka et al.
1995, Hejduk et Dolezal 2004).
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Sirokolist¢ §toviky, zvlasté R. obtusifolius, jsou velmi upornym plevelem na
zemédelskych plochach. Zatim vSak nebyl nalezen univerzalni zptsob, jak populace Stovikt
efektivné regulovat. Je proto nutné i nadale zkoumat jejich ekologii.

O vhodnosti pée o pozemky zaplevelené Stoviky seCenim lze nalézt rGzné nézory.
Casté seceni brani produkci semen, ale podporuje regeneraci kofent a tim zvysuje potencial
pro budouci vysemenéni (Zaller 2006a). Se¢ navic urychluje raseni v pfiStim roce a
podporuje vétveni. Pii absenci konkurence muze dokonce zpusobit narGst vyskytu R.
obtusifolius (Martinkova et Hon¢k 2001c). Ani manualni vykopavani rostlin nepfineslo
potlaceni hustoty populace kvili vysoké schopnosti regenerace z kofenil (Strnad et al. 2010).

Sirokolisté §toviky jsou znaénym problémem také na pastvinach. Dobytek vétsinou
rostliny $tovikdi odmitd (Kohout 1997). Na pastvindch navic vznikaji vhodné podminky pro
jejich novy rust. R. obtusifolius diky své toleranci k extrémnim hodnotam dusiku (Klimes
1996) vyuziva plochy s nadmérnym obsahem zivin, které¢ vznikaji defekaci zvifat (Zaller
2007b). Rostliny tak ptetrvavaji v nedopascich a dale se rozmnozuji (Kohout 1997).
Nadmérna pastva tento efekt jesté zvySuje (Mikulka et al. 1995). R. obtusifolius také aktivné
kolonizuje na pastvinach ostatni holé plochy (Zaller 2006a). Potlaceni populace vsak bylo
dosazeno pastvou vhodnych plemen ovci (Zaller 2006a) a koz (Sakanoue et al. 1995). Vhodné
navrzend pastva se tedy jevi vporvndni sostatnimi nechemickymi metodami jako
nejucinngjs$i metoda boje.

V boji s témito druhy Stovikt je uvazovano i potlacovani biologickymi nepfateli.
Nejvétsi pozornost je zaméfena na mandelinku fedkvickovou (Gastrophysa viridula,
Coleoptera: Chrisomelidae), ktera preferuje piimo R. obtusifolius a nasledné R. crispus.
Moznosti jejiho vyuZiti se vSak zatim nezdaji byt ptili§ perspektivni (Zaller 2004a).

2.2  Mateisky efekt

Je vSeobecné znamé, ze fenotyp rostliny je ur€ovan genotypem a vlivem prostiedi, ve
kterém se nachazi. Fenotyp ale muze byt dale ovlivnén I matefskym efektem, coz je podil
matefského rodiCe nad rdmec rovnocenného piispéni chromozomy od obou rodict. Jsou
rozliSovany tfi typy matefského efektu: za prvé cytoplasmaticky geneticky efekt, tedy Ze je
geneticka informace organel jako mitochondrie a plastidy pfimo pfenesena z matetské rostliny
nezavisle na genech jadra, samc¢i genotyp se zde tedy nepodili. Za druhé endospermovy
jaderny efekt, ktery vyplyva z faktu, ze endosperm je triploidni, S jednim jadrem od otce a
dvéma od matky. Tento typ je pro ekologii semen dulezity proto, Ze endosperm obsahuje
enzymy vyznamné pro vlastnosti kli¢eni. Za tfeti rozliSujeme matefsky fenotypovy efekt
(oznacovany také jako matefsky environmentalni efekt), ktery vyplyvd z
charakteristik prostiedi, ve kterém se matefska rostlina nachazi. To se projevi hlavné skrze

pletiva obklopujici embryo a endosperm, ktera jsou matefského pivodu a ovliviiuji vyrazné
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dormanci a dal$i vlastnosti kli¢eni. Velka ¢ast vlastnosti semen je pravdépodobné urCovana
pravé environmentalnim matetskym efektem (Roach et Wulff 1987). Mateiskému efektu
podminénému vlivy prostiedi je také vénovana tato prace.

Galloway (2001) se ve své praci zamé&fil také na podil otcovského efektu. Podle jeho
pokust na rostlinach Campanula americana se naptiklad dostupnost zivin otcovské rostliny
projevi pouze v pfipad¢, ze matefska rostlina je zivinami limitovana. Ze svych vysledki
usuzuje, ze otcovské prostfedi ma vliv jen v interakci s matefskym, zatimco matefské
prostfedi se projevuje nezavislymi efekty. Mazer et al. (1986) svou praci vyznamné silnéjsi
roli matefského efektu oproti otcovskému potvrdil také.

Jakou mirou a jakym zplisobem vSak zasahuje matefsky efekt do ekologie rostlin, to je
otazka, kterd stdle neni vyjasnéna. Zvlasté je diskutovan vztah k selekénimu vybéru a fitness
rostlin. Roach a Wulff (1987) shrnuji, Ze matetské efekty jsou Casto chapany jako problémové
zdroje odchylek vtom smyslu, Ze neodpovidaji Mendelovym zakonim a snizuji tak
preciznost genetickych studii. Jedna-li se o efekt matetského prosttedi, miizou dokonce snizit
reakci na selekéni tlak (Roach et Wulff 1987). Také Stratton (1989) poukazuje, ze pfitomnost
negenetickych efektl, jako efekt matefského prostiedi, snizuje reakci na pfirodni selekci.
Jsou-li tyto vlivy silné, mizou byt vyznamnou piekazkou v evoluci.

Do pfirodniho vybéru vsak mohou tyto faktory zasahovat jen pokud néjak ovlivni
fitness. Aarsen a Burton (1990) na zéklad€ pokusii s gradienty Zivin povazuji matetsky efekt
za silny komponent zdatnosti rostliny. Plati to vSak i v redlnych populacich? Rizné prace sice
prokazaly vyznamny mateisky efekt v pfipad¢, Ze byly pouZity rostliny se stejnym genotypem
(Parrish et Bazzaz 1985, Schmitt et al. 1992, Sultan 1996), Weiner et al. (1997) ale ekologtim,
kteti vyznam matefského efektu obhajuji, pomérné tvrdé oponuje. Efekt matetského prostredi
je podle n&j patrny, ale je zanedbatelny ve srovnani s jinymi faktory ovliviiujicimi fitnes
rostlin, jako genotyp a prostredi, ve kterém rostlina zije. Upozornuje, Ze pokud je do analyzy
zahrnut faktor jednotlivych matefskych rostlin, byva vliv matetského efektu slaby nebo
chybéjici. Je pravda, Ze v riiznych experimentech zkoumajicich vliv matefského prostiedi na
vlastnosti semen se jako nejvyznaméjsi faktor projevily jednotlivé rostliny (Wulff 1986,
Sultan 1996, Weiner et al. 1997, Luzuriaga et al. 2006), ale Luzuriaga et al. (2006) zaroven
prezentuje ve svych vysledcich signifikantni efekt matefského prostiedi. Wulff (1986) zase
popisuje vzdjemnou interakci mezi matefskymi individui a vlivy prostfedi. OdlisSné reakce
riznych genotypd v zavislosti na matetskych podminkach uvadi také Schmitt et al. (1992) a
Sultan (1996). V pokusech, které provadél Schmitt et al. (1992) byl mateisky efekt
vyznam¢;jsi faktor nez genotyp, coz je silnym argumentem proti Weinerove nazoru (Weiner et
al. 1997). Podle vySe zminénych vysledkd lze tedy fict, ze matefské prostiedi mulze
pfinejmensim ovliviiovat expresi geni matetskych rostlin. Schmitt et al. (1992) vyvozuje, ze
rozdilné vzorce reakci u rznych genotypii znamenaji moznost vyvinuti plastické reakce na

ruzna prostiedi. Reakce na selekci v urcitych podminkach miize byt vyruSena opacnou selekei
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Vv jinych podminkach. Potom tedy stejny selekcni tlak miize preferovat dva jiné genotypy na
dvou lokalitach.

Tim se dostavame K otazce, zda je ¢i muze byt mateisky efekt pfedmétem adaptaci.
Timto tématem se zabyvali Tielborger a Valleriani (2005), ktefi se pokusili vytvofit teoreticky
model pro adaptivni charakter negativniho vztahu mezi rychlosti kliceni semen a kvalitou
sezony, kdy byla semena vytvofena. Podle jimi sestaveného vypoctu se takové chovani
opravdu jevi pro pieziti populace jako vyhodnéjsi oproti konstantni klicivosti. V takovém
pfipadé¢ by Slo tento vzorec povazovat za evolucné stabilni strategii. Model odpovida
vysledkim jejich experimentu a podporuje ho 1 dalsi vyzkum (Tielborger et Petri 2010). Tyto
uvahy o adaptivnich reakcich semen na matefské prostfedi jsou zaloZzeny na piedpokladu
predvidatelné konkurence v urcité sezon¢ podle kvality sezony ptedchozi.

Vysledky vySe zminénych vyzkumt a jejich interpretace budou blize rozebrany

Vv souvisejicich kapitolach.

2.2.1 Kliceni

2.2.1.1 Dostupnost vody

Stres ze sucha je patrné€ dllezitym faktorem, ktery ovliviiuje kli¢ivost semen. Ptidavek
vody matefské rostling snizil procento i rychlost kli¢eni u Sinapis arvensis (Luzuriaga et al.
2006). Podobnych vysledkt u stejného druhu dosahl také Wrigh et al. (1999). Kromé toho, ze

vvvvvvv

vvvvvvv

druzich. V jiné praci bylo na Polygonum persicaria zjisténo v su$Sich podminkach zvyseni
velikosti i kli¢ivosti semen, kterych bylo vytvoifeno méné (Sultan 1996).

semena. Je ale otazkou, jakym mechanismem tento efekt vznika. Wright et al. (1999) usuzuje,
ze nedostatek vody snizuje schopnost rostlin vytvorit dormantni semena. Vyplyva z toho tedy,
ze vysoka kli¢ivost je v tomto piipad¢é nezddouci vlastnosti vynucenou deficitem potfebnych
zdroju. Tielborger a Valleriani (2005) na to vSak maji jiny pohled a vysvétluji tento jev
pomoci adapta¢nich mechanismii. Ve svém ¢laku Can seeds predict their future? prezentuji
model evolu¢né stabilni strategie zaloZeny na tom, Ze matetské prosttedi miize byt vysoce
spolehliva ptedpovéd’ budouciho konkuren¢niho prostiedi. D4 se piedpokladat, ze v dobré
sezon¢ se podafi i ostatnim rostlinam vyprodukovat optimalni mnoZstvi semen, takze jejich
hustota v piidni bance se vyrazné¢ zvysi. V dusledku toho Vv nasledujici sezoné hrozi vysoka
interspecifickd 1 intraspecifickd kompetice. Fixni kli¢ivost by pak méla v takovém prostiedi za
nasledek neuspéch vétSiny semen z rostliny. RozloZeni kli¢eni do delsiho ¢asového tiseku
pomoci dormace by tedy mélo umoznit Gspéch vétsi ¢asti semen, protoze v budoucnu lze

o¢ekavat opétovné snizeni kompetice. “Rozhodnuti* zda kli¢it nebo ne miize byt tedy udélano
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v dobé, kdy jesté nejsou k dispozici zadné informace o pomérech pfisti sezony, protoze je
vyhodnéjsi tidit se podle znamych podminek této sezony, nez nepiedpovidatelnymi
podminkami sezony piisti. Tento nazor kromé& empirickych vysledki dokladaji autofi i1
matematickym modelem, ktery ukazuje jeho vyhodnost v delSim ¢asovém méftitku (Tielborger
et Valleriani 2005). Podle tohoto modelu by tedy méla byt zvySena kli¢ivost semen
produkovanych v suché sezoné nikoliv dusledkem neschopnosti rostliny vytvaret dormantni
semena, ale zadouci adaptivni vlastnosti. Ktery z t€chto dvou mechanismt je zodpovédny za

zmeény v kli¢ivosti v zavislosti na dostupnosti vody, je potieba jesté objasnit.

2.2.1.2 Dostupnost Zivin

Jak bude diskutovano v samostatné kapitole, dostupnost zivin muze ovliviiovat jejich
obsah v semenech, coz se pak projevuje na kliceni. Podle Goudey et al. (1988) ma dusik
v semenech stimulacni efekt, ale pouze do urcité koncentrace, po jejimz prekroceni se stava
inibitorem. V jeho experimentu vSak bylo zvySovani obsahu dusiku v semenech docileno
ponechdnim semen v roztoku obohaceném o dusi¢nan, nejednalo se tedy o ziskani Ziviny od
matefské rostliny, i tak ale mize byt tento vyzkum uzite¢ny pii interpretaci matei'ského
efektu.

Vlivu dostupnosti Zivin na kli¢eni bylo vénovano vice praci, ale vétSina z nich se
zamé&fovala pouze na piidavek dusiku, popiipadé€ na vliv hnojiv obsahujici vice Zivin, obvykle
1989). U dalsich pokust ale nebyl zaznamenan zadny vliv dusiku (Luzuriaga et al. 2006) ani
smé&si zivin (Schmitt et al. 1992). Ani Amjad et al. (2004), kteti provadéli na hrachu testy
s hnojenim draslikem a fosforem, nezjistili u téchto prvki signifikantni zvySeni ¢i snizeni
klic¢ivosti. Jsou vSak znamé také piipady kde dosSlo k potlaceni kliCivosti, a to zvlasté pii
pridavku dusiku (Foster et Gross 1998).

Dostupnost Zivin se €asto projevila na rychlosti nebo ¢asu vykli¢eni. Luzuriaga et al.
(2006) zjistil u Sinapis arvensis pii aplikaci dusikatého hnojiva sniZeni rychlosti, ale pouze
Vjednom ze dvou zkoumanych roki. Pomalejsi kliCeni v prvnim roce piisuzuje autor
predpokladané vyssi koncentraci dusiku v semenech, ktera miize mit inhibi¢ni efekt. V jiném
experimentu s Pisum sativum stoupala rychlost kliceni jak s pfidavkem samotného drasliku,
tak fosforu. NejkratSiho Casu potiebného k vykli¢eni 50 % semen bylo dosazeno soucasnym
hnojenim obou slozek (Amjad et al. 2004). Podle Strattona (1989) semena Erigeron anuus
z 1épe hnojenych rostlin vykli¢ila diive. Stejné reagovala i semena Senecio vulgaris (Aarsen
et Burton 1990), autor vSak dodava, ze tento vysledek neni piekvapivy, protoze diive klicici
semena z rostlin s lepsi dostupnosti zivin byla vétsi a Casné&jsi kliceni lze u vétSich semen
ocekavat. Neni tedy jasné, zda se jedna o efekt velikosti semen nebo matetsky efekt.

Otazku vlivu matefskych zivin na kli¢eni jako pfedmét adaptace zmifnuji Aarsen a
Burton (1990), podle kterych je pravdépodobné, Ze v silném konkurenénim prostfedi budou

preferovana diive kli¢ici semena.
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2.2.1.3 Dostupnost svétla

Podle vysledkli experimentii zaméfenych na vliv svétla na klicivost vyprodukovanych
semen se zda, ze svétlo ovliviiuje rychlost, ¢asovani i celkové procento kliceni. Méné
osvétlené nazky Polygonum persicaria kli¢ily jak diive a ve vét$i mite, tak zaroven vétsi
rychlosti. Autor vidi rychlé a brzké kli¢eni jako trade-off mezi konkurencni vyhodou nad
sousednimi semenacky a vysokou mortalitou v dasledku jarnich mrazt. Ryhle kli¢ici semena
maji navic omezenou moznost disperze (Sultan 1996). Galloway (2001) rovnéz pozoroval
vyssi kli¢ivost zastinénych rostlin u druhu Campanula americana. Zjistil také, ze tato zména
v kli¢ivosti nesouvisi s velikosti semen, jak by to mohlo byt Vv ptipadé€ vlivu dostupnosti Zivin.
V experimentu s Plantago lanceolata se vsak zmény projevily jen pii kli¢eni ve tmé, kde
vykli¢ilo vice semen ze zastinénych rostlin. Z toho bylo vyvozeno, Ze sila projevu matetského
efektu zavisi na podminkach semen. Semena na povrchu pudy by ziistala neovlivnéna, ale na
semenech piekrytych plidou, tedy bez ptistupu svétla, by se prostfedi matetské rostliny
projevit mohlo (Schmitt et al. 1992).

2.2.1.4 Regulatory riistu

Kromé dostupnosti zdroju je kli¢eni semen ovlivnéno regulatory riistu. Jedna se o latky,
které v semenech vznikaji a které v nich podporuji nebo potlacuji kliceni. NejvyznamnéjSim
inhibitorem v semenech je kyselina abscisova (ABA), naopak stimulacni ucinky maji
gibereliny (GA). ABA je spojovana s nastupem dormance a gibereliny s jejim uvoliiovanim,
zda se ale, Ze se jednd o dost zjednodusSenou piedstavu, protoze mechanismy jejich plisobeni
vyzaduji jest¢ mnoho vyzkumu, zvIast€ na molekuldrni irovni (Baskin et Baskin 1998).

Obsah regulatorti se béhem zrani semen méni. ABA byla zjisténa v nejvyssi koncentraci
v dob¢ nejvétsiho rustu semen séji a nejnizsi pii dozrani semene. Jeji obsah se lisil také mezi
ruzné velkymi semeny. V semenech s genotypem pro vétsi velikost se nachazela s koncentraci
az 0 50% vyssi nez v malych semenech. (Schussler et al. 1984).

Bylo zjisténo, ze dostupnost vody, zivin a teplota u matetské rostliny maji vliv na obsah
ABA v semenech (King ex Roach et Wulff 1987). V pokusech, které provadél Groot a
Karssen (1992) na rajcatech, se projevil rozdil mezi vlivem ABA ziskané od matefské rostliny
a vytvofené samotnym semenem béhem vyvoje. ABA, ktera byla syntetizovana v semeni,
ukazala vétSi schopnost udrzet dormancy. Je tedy zfejmé, ze matetsky efekt méa na obsah a
funkci regulatori v semenech vliv, ale tento vztah poskytuje jest€¢ mnoho prostoru pro
budouci vyzkumy. Soucasné poznatky o molekuldrnich procesech béhem dozravani semen,
dormance a kli¢eni vyzkoumané na modelovém druhu Arabidopsis thaliana shrnuje ve své
reserzi Holdsworth et al. (2008).
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2.2.2 Velikost, hmotnost a produkce semen

Je znamo, ze jednim zklicovych znaki ve strategii rostlin je mira investice do
reprodukce, tedy jaka Cast zdrojii je vénovana vegetativnim organiim a jaka rozmnoZzovacim.
Celkova investice do reprodukce vSak mize byt v ramci rozmnozovacich struktur rozdélena
rizné. Jednim z prvnich, kdo se blize tématem alokace zdroju zabyval, byl Harper (1967). Ve
svém ¢lanku A Darwinian approach to plant se vénuje otazce trade-off mezi velikosti a
mnozstvim semen.

Ve velikosti semen byla u mnoha druhti objevena vnitrodruhova variabilita nejen mezi
populacemi, ale i jednotlivymi rostlinami (Wulff 1986). Rozdily ve velikosti semen jsou
znamé i1 v ramci jedincl. Zavisi naptiklad na pozici semene na rostlin€, protoze pfisun zivin a
pasobeni dalSich faktorti nejsou pro vSechna semena stejné (Cavers et Harper 1966, Wulff
1986).

Velikost semen je povazovana za nejznatelngj$i vlastnost rostlin ovlivilovanou
matefskym efektem (Roach et Wulff 1987, Weiner et al. 1997). Proto byla jeji souvislost
s matefskym prostredim pomérné hojné studovana. Nejvice pozornosti bylo vénovano

dostupnosti zivin, svétla a vody a vlivu teploty pfi ristu rostlin a zrani semen.

2.2.2.1 Dostupnost Zivin

Podle klasického pojeti trade-off by mél pocet semen klesat s jejich rostouci velikosti.
Tento princip byva demonstrovan v souvislosti s mirou kompetice, ale podle vysledkt praci
zabyvajicich se produkci semen v Zivinovém gradientu vSak ve vétSin€ ptipadl neplati a je
naopak pozorovana pozitvni korelace mezi poétem a velikosti semen (Galloway 2001, Parrish
et Bazzaz 1985, Aarsen et Burton 1990). Tohoto problému si v§imnul Venable (1992), ktery
ve své praci diskutoval jeho mozné piiciny. Tvrdi, Ze trade-off v tomto pfipadé vétSinou neni
patrny, protoze je piekryt pravé vlivem mnozstvi zdroju. Pivodni model (Smith et Fretwell
1974), na ktery Venable poukazuje, piedpoklada, ze fitnes rodi¢e je pfimo tmérné pocétu
vyprodukovanych potomki. Venable (1992) vsak ve svém modelu predklada, ze v ptipadé
rostlin v ménici se dostupnosti zdroji je tento vztah nelinearni, protoze mnozstvi zdroji
ovlivituje velikost semen maximalizujici fitnes. Zarovenl vSak upozorfiuje, ze vzristani
produkce a velikosti semen se zdroji nemusi byt pravidlem, nebot’ jsou i ptipady, kdy velikost
semen Vv gradientu Zivin klesa nebo zlistavad nezménéna.

Velikost nebo vahu semen nezavislou na hnojeni matefské rostliny zjistil naptiklad
Fenner (1986) ve svém pokuse se Senecio vulgaris, kde rostliny na nedostatek zivin reagovaly
sniZenim poctu semen, ale, co se tyce velikosti, udrzely jejich kvalitu. Podobnych vysledkl
dosahnul i Weiner (et al. 1997) na Centauria maculosa, ktery vsak tento jev generalizoval na
obecné platny. Podle jeho slov je velikost semen velmi malo plastickd, coz rostliny v riiznych
podminkach kompenzuji zménou poctu semen. Vahu semen meéni rostliny udajné jen

Vv ptipadé, ze je z n¢jakého divodu plasticita poctu semen nedostupna nebo limitovana.
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Weiner si je védom velkého poctu praci, ve kterych jsou prezentovany vysledky opacné, ale
zdivodiuje je rozdily mezi individudlnimi matefskymi rostlinami. Pokud pry byly
Vv podobnych pokusech brany v tivahu jednotlivé rostliny, tak se zmény ve velikosti semen
vyrazn¢ statisticky neprojevily. V samotném jeho experimentu pfipadala na faktor
jednotlivych rostlin polovina celkové variance dat. Autor dodava, ze matetsky efekt je tak ve
srovnani s ostatnimi faktory zanedbatelny (Weiner et al. 1997).

S timto nazorem se vSak neshoduji napiiklad vysledky prace, kterou provadél Schmitt et
al. (1992). V tomto piipadé¢ nebyl piimo identifikovan vliv zivin, protoze se jednalo o
experiment Vv pfirodnich podminkach. Bylo vsSak pouzito nékolik genotypt Plantago
lanceolata na dvou lokalitach a v analyze hmotnosti semen pievazoval vliv lokality nad
genotypem. ZvySovani vahy nebo velikosti semen s lepSimi zivinovymi podminkami, které
uvadi ve svém modelu Venable (1992), bylo zjisténo i u dalSich autortt (Wulff 1986, Stratton
1989, Sultan 1996).

Velmi zajimavé jsou dvé prace s podobnou tématikou, kde je srovnavan vliv zivin na
produkci semen u dvou druht, vegetativné a generativné se mnozicich. Prvni z nich provedli
Andel a Vera (1977). Vyhradné generativné se mnozici Senecio sylvaticus vyprodukoval ve
vSech trovnich zivin stejné mnozstvi semen, ale u 1épe hnojenych rostlin se zvétsovala jejich
hmotnost (tedy piesné opacné, nez tvrdi Weiner et al. 1997). U Chamaenerion angustifolium,
ktery se rozmnozuje také vegetativné, se za niz§i dostupnosti zivnin zmenSovala frakce
rostlin, které vykvetly, a v chudé ptid¢ nekvetla rostlina zadna. Za to kotfeny vykazovaly rist
ve vSech variantdch. Z toho je patrné, Ze prioritné byly zdroje vénovany vegetativnimu
mnozeni, na rozdil od generativniho Senecio sylvaticus, kde ve stresovych podminkach
pfevazovala investice do tvorby semen. Benech et al. (1992) si zvolili pro podobny
experiment piibuzné druhy. Sorghum halepense, plevel, ktery se ¢asto mnozi vegetativné, za
zhorSujicich se Zivinovych pomérti sniZoval pocet semen, ackoliv udrZoval jejich hmotnost.
Sorghum bicolor, generativné mnozici se kultivovany druh, také snizoval pocdet semen
V hor8ich Zivinovych podminkach, ale tvofil t€Z8i semena (sniZeni poctu semen u obou druhti
bylo ale dano pavdépodobné snizenim celkové biomasy rostlin). Sorghum bicolor je podle
téchto vysledkti jeden z ptipadl, ktery odpovida klasickému trade-off pojeti. V obou
zminénych studiich je tedy patrnd vétsi snaha rostliny udrzet kvalitu semenné produkce,
pokud se jednd o vyhradné¢ generativni druh.

Vliv aplikace samotného fosforu a drasliku na vlastnosti semen byl na plan¢ rostoucich
rostlinach studovan ziidka. Takové vyzkumy se objevuji spise u kultivovanych druhti. Amjad
et al. (2004) napriklad zjistil, ze u hrachu (Pisum sativum) zvySuje vahu semen samostatna
aplikace fosforu 1 drasliku. Nejvétsi hmotnosti bylo dosazeno aplikaci obou prvka.

2.2.2.2Vliv teploty a dostupnosti vody a svétla

Ve vétsiné zkoumanych piipadl v disledku nedostatku vody rostlina vytvotila mensi
semena (Wulff 1986, Wright et al. 1999, Tielborger et Valleriani 2005). Ale napiiklad Sultan
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(1996) zjistil 0 16 % vetsi hmotnost semen z rostlin v suchych podminkach nez v polni
kapacite. U vSech téchto ptipada ale zhorSend dostupnost vody vyvolala snizeni poctu semen.

Také osvétleni muze ovlivnit velikost semen. Rostliny Polygonum persicaria s horSim
ptistupem ke svétlu produkovaly mensi nazky. Zajimavé bylo, Ze nejvice redukovany byl
perikarp, z ¢ehoz autor soudi, ze rostliny Setfily na uhlikové naro¢nych a méné dulezitych
Castech, aby mohly co nejlépe zéasobit samotnd semena. Piesto nebyly rostliny schopny
kompenzovat v semenech svou vlastni limitaci zdroju (Sultan 1996). V reakci na kompetici
tedy mlze zastitovani hrat pomérné velkou roli pii tvorbé semen. Negativné se miize na
velikosti projevit také zkraceni fotoperiodicity (Wulff 1986).

Bylo zjiSténo, ze zaleZi 1 na teplote, ve které se matetska rostlina nachézi. I zde vSak
bylo dosazeno ruznych vysledkd. Wulff (1986) ziskala pii zvySeni teploty mensi semena.
Lacey et al. (1997) naopak zjistila narGst hmotnosti semen u vyssi teploty. V obou
experimentech vSak byly pouzity pouze dvé varianty teplot, takze neni mozné urcit, zda se
optimum bliZzilo vy$si nebo nizsi hodnoté. Lacey et al. (1997) dale zkoumala zménu v poméru
osemeni a embria. Ukdzalo se, Ze pfi vyssi teploté se hmotnost semene zvysi diky narlstu
osemeni a nikoliv embria. Tvrdi, Zze se tedy nezméni zasoba zivin v semeni. Chemicka
analyza ale v experimentu provedena nebyla. Mocnost osemeni by ale mohlo mit zna¢ny vliv
na vlastnosti kli¢eni.

Vysledky nékterych praci ukazuji, Ze jeden faktor nemusi objasnit zdkonitosti ve tvorbé
semen urcité velikosti. Byly totiz zjiStény interakce, kde jeden vliv prostfedi usmeériioval
velikost semen podle vlivu jiného. U Plantago lanceolata byla vysledovana nasledna vazba
mezi reakci na svétlo a ziviny: pfi vy$Sim hnojeni vzriistala hmostnost semen s dostupnosti
svétla, ale pii nizsi dostupnosti zivin tomu bylo naopak (Schmitt et al. 1992). Jeden faktor
muze také druhotné ovlivit ptisobeni jinych. Naptiklad vyssi teplota snizuje dostupnost vody a
zivin (Wulff 1986). Vlivy prostfedi mtizou ovlivnit i projev genotypu. Pii vyzkum u Abutilon
theophrasti bylo zjisténo, ze maji-li matetské rostliny nedostatek zivin, pak koreluje velikost
semene matetské rostliny s velikosti vyprodukovanych semen, avSak pii optimdlnich

podminkach se tento vztah neprojevi (Wulff 1986).

2.2.3 Obsah minerala

Hmotnost semen je sice v ramci matefského efektu nejsnadnéji zkoumatelnym znakem
semen, ale pfi hodnoceni skute¢né zasoby Zivin, kterou ma embryo K dispozici, je potieba
zam¢fit se i na dalsi znaky, jako na vySe zminéné zmény v morfologii (Lacey et al. 1997) a
koncentraci zivin v semenech. Aby mohlo semeno uspét, musi byt vybaveno zdsobnimi
plativy, které predstavuji zdroj energie a Zivin pro pocatecni vyvoj semenaCku (Milberg et
Lamont 1997). Pomér mineralt se tak v reproduk¢énich organech 1isi od téch vegetativnich.
Fosfor se naptiklad v semenech obvykle nachazi ve vétsi koncentraci nez v lodyhéch a listech

a draslik naopak v koncentraci nizsi (Tyler et Zohlen 1997, Benech et al. 1992).
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Obsah mineralti ve vyprodukovanych semenech vétsiny Slechténych plodin je znacné
ovlivnén dostupnosti zivin v pade€, u plannych rostlin se vSak tento vztah projevuje méné
(Roach et Wulff 1987). Sultan (1996) vyraznéjsi reakci u $lechténych odriad pfiklada absenci
pfirodniho vybéru, diky ¢emuz rostliny ztratily schopnost kompenzovat nedostatek Zzivin.
Benech et al. (1992) tvrdi, Ze zménéna odpoveéd’ vznikla umélou selekci.

Ve vice vyzkumech plannych rostlin se projevila pomémné velkd homeostaticka
kapaciata semen v gradientu matefskych zivin, co se obsahu minerald tyce. Fenner (1986)
napiiklad zjistil tento jev u Senecio vulgaris. Kromé toho, ze pii snizené dostupnosti Zivin
byla udrzovana pomérné¢ konstantni hmotnost semen, se vyrazné¢ nemenil ani obsah hlavnich
minerdll. Toto udrzovani Zivin v semenech vSak probéhlo na ukor koncentrace v lodyhéach a
listech. Proporéni umisténi zdroji se pfi nedostatku Zivin tedy zménilo ve prospéch semen.
Nemeénici se koncentrace prvkl (s vyjimkou drasliku) vysla také v experimentu se Sorghum
bicolor. Autor spojuje snahu rostlin udrzet kvalitu semen i v nepfiznivych podminkach
s druhy, které jsou zavislé na generativnim rozmnozovani, protoze pfevazné vegetativné se
mnozici S. halapense takovou stabilitu neprojevoval (Benech et al. 1992). ZvySenou investici
nedostatkovych zdrojii do semen v porovnani s listy vyzkoumali u vice druhti také Tyler a
Zohlen (1997).

V nékterych vysledcich ale vychazi konstantni pouze nékteré prvky. Pozitivni korelaci
koncentrace dusiku s jeho dostupnosti v matetském prostiedi pozoroval Benech et al. (1992),
ale pouze pravé na druh S. halapense s vegetativnim rozmnozovanim. Stejny efekt zjistili i
Parrish a Bazzaz (1985) na Abutilon theophrasi, a to i pies to, Ze tento druh se rozmnoZuje
semeny, coz nepodporuje zavery, které vyvodil Benech et al. (1992). Neni tedy jasné, jak
strategie rozmnozovani rozhoduje o tom, zda bude v semeneh udrzovéna konstantni

koncentrace dilezitych minerali.

2.2.4 Semenacky

Vlastnosti semen a matefsky efekt ma vyznam studovat pouze v ptipadé€, Ze ovlivni
uspésnost vzniklych jedinci a pokud zméni jejich konkurenceschopnost ve vztahu
k sousednim rostlinam. Kvalita semene muze hrat dilezitou roli, protoze urcuje, kolik
zasobnich latek bude mit rostlina v prvni fazi vyvoje k dispozici. Vysledky studii zabyvajicich
se vlivem matefského efektu na zdatnost semenacki se vSak lisi.

Znamym jevem je vytvoreni vétSich semenackit z vétSich semen V mezidruhovém
srovnani (Milberg et Lamont 1997), ale i ve vnitrodruhovém (Cideciyan et Malloch 1982). Je
vSak otdzkou, zda uvnitf druhl tento efekt pfedstavuje realnou vyhodu pro své nositele.
Cideciyan a Malloch (1982) potvrdili souvislost velikosti semen a semenackl i u R. crispus a
R. obtusifolius. Ackoliv v jejich experimentu mald semena u R. obtusifolius vykazovala
zaroven pomalejSi pocatecni rlst, tyto hodnoty piestaly byt béhem nckolika tydni

v

signifikantni a nebyl prokdzan vyraznéjsi tspéch semenacki z vétsich semen. K podobnym
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zavérum dosel i Wiener et al. (1997) u Centauria maculosa, kde byl sice pocatecni rist
ovlivnén velikosti, rozdily vSak postupem casu vymizely. Pokud by mateisky efekt vzdy
Casem odeznél, naru$il by sice selekci v juvenilnim stadiu, ale dovolil by ji ve stadiu
dospélosti. Kdyby byl ale ptetrvaval, narusil by selekci v celém zivotnim cyklu (Stratton
1989).

Ne vzdy ale s dospélosti rostliny matefsky efekt odezni. Prace zkoumajici vliv
matefskych Zivin na semenacky vétSinou zjistily efekt vétsi velikosti semenacki z 1épe
hnojenych rostlin, ktery vSak byl zarovenl spojen roviiez s vétsi velikosti semen. Takové
vysledky ziskali Stratton (1989) u druhu Erigeron anuus i Sultan (1996) u Polygonum
persicaria. Aarsen a Burton (1990) u Senecio vulgaris kromé toho zjistil, ze i po 7,5 tydnech
pocatecni rozdil ve velikosti semendcka pietrvava, po té byl vSak pokus ukoncen, takze
nebylo mozné jistit dalsi vyvoj. Také Wulff a Bazzaz (1992) u Abutilon theophrasti
pozorovali pretrvavani matetského efektu i v pozdé&jsich stadiich ristu. Stratton (1989) ve
svém experimentu s Erigeron anuus poukazuje na rozhodujici vliv kompetice. U semenackt
Vv nekompeti¢nim prostifedi pocatecni vliv hnojeni matetfskych rostlin vymizel béhem osmi
tydnl a zacal se silnéji projevovat genotyp, zatimco za kompeti¢nich podminek se staval
matefsky efekt s ¢asem dokonce silnéjsi a potlacil z velké ¢asti projevy genotypu.

Krom¢ celkové biomasy mulze matetrsky efekt ovlivnit 1 dal§i vlastnosti a parametry
semenacku, napiiklad alokaci zdroji do nadzemni a podzemni ¢asti. Sultan (1996) zkoumal
zavislost délky kofenti na zivinovém stresu, ale zadny vliv se neprojevil. V pokusu Aarsena a
Burtona (1990), ktefi métili hmotnost ¢asti semenacki, vsak biomasa kofentl i pryt vzristala
s hnojenim matefskych rostlin.

Sultan (1996) zkoumal na Polygonum persicaria vliv svétla u matetské rostliny na
semenacky. Mén¢ osvétlené rostliny produkovaly o ¢tvrtinu mensi nazky, ale vzesly o 1,6 dne
diive, coz by mohlo v konkuren¢nim prostedi ovlivnit biomasu semenackd. U semenacki
Vtomto experimentu, ktery nezkoumal konkurenci, vSak nebyla biomasa matefskymi
svételnymi pominkami ovlivnéna. Na rozdil od nulového vlivu matefskych Zivin na délku
kofentl, semenacky ze svétlem limitovanych rostlin vytvofily o 30 % kratsi kofeny, patrné aby
mohly investovat vice zdroji do nadzemnich ¢asti.

Zda se, ze rozdilné projevy mateiského efektu jsou spojeny hlavné s mirou konkurence
prostiedi. Je samoziejmé, ze schopnost eliminovat v pozdéjsich stadiich rastu vliv matetského
efektu je pro semenacek, ktery neuspéje v konkurencnim tlaku na pocatku svého vyvoje,
neupotiebitelna.

Dale také Roach a Wulff (1987) podotykaji, Ze je obtizné urcit dilezitost matetského efektu
pro jednotlivé druhy, a Ze 1 v rdmci jednoho druhu obvykle nebyl objeven konzistentni vzorec
pro jednotlivé vlastnosti.

Zajimavy experiment, ve kterém zkoumal dobu pieziti semenackli na sterilnim
substratu, provedli na Senecio vulgaris Aarsen a Burton (1990). Nékteré semenacky prezily
bez zdroje externich zivin az 70 dni. Piekvapivé bylo, Ze semenacky z lépe hnojenych
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matefskych rostlin odumfely diive, nez ty z rostlin méné hnojenych. Autofi nabizi nékolik
vysvétleni. Je mozné, ze semenacky z 1épe zadsobenych rostlin maji rychlejsi metabolismus a
rychleji své zasoby spotiebuji. Z evolu¢niho hlediska tedy mohou rostliny pod stresem z
nedostatku zivin produkovat semenacky, které pomalym ristem a schopnosti odolat

v

neptiznivym podminkdm mizou pieckat do doby, kdy budou piiznivéjsi podminky jak
z hlediska konkurence, tak z hlediska dostupnosti Zivin.

Z uvedenych vysledkt je zifejmé, ze rtizné strategie rostlinnych druhti mohou vyustit
Vv rizné reakce v reprodukci a tim zna¢né zkomplikovat vytvareni jakychkoliv generalizaci o
matefském efektu na vlastnosti semen. Odpovéd’ na kvalitu prostiedi se ale muze liSit i
s jinymi faktory, neZ je identita druhu. Venable (1992) poukazuje, Ze velikost semen hraje
vV kompeti¢nim prostiedi. Autor rozsifuje tuto uvahu tim, ze vétsi mira kompetice, které bude
semeno a semenacek Celit, je ocekavana pii lepsi dostupnosti zivin u matky. V tomto piipadé
budou selektivné zvyhodnéna vétsi semena. Vyvin takovéto plastické odpovédi na dostupnost
zivin by mél mnoho spoleénych prvkii s modely, které zpracovali Tielborger a Valleriani
(2005) pro vliv dostupnosti vody na kli¢eni (viz kapitola 2.2.1.1). Venable (1992) ale zaroven
uvadi, ze tyto vlivy jsou pfeci jen méné piimé neZ napiiklad sourozenecké interakce. |
Vv piipad¢, ze matefsky efekt ovlivni vlastnosti semen, je tedy otazka, do jaké miry se projevi
na celkové GspéSnosti nového jednice.

Dva experimenty Vv nasledujicich ¢astech této prace by mély slouzit k objasnéni

nékterych aspektd matefského efektu u R. obtusifolius a R. crispus.
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Abstract

Rumex obtusifolius is known to require high N, P and K supply, but an effect of nutrient
availability on seeds production has never been investigated. We asked how are seeds
production per plant, their chemical composition, size and germination affected by N, P and K
availability.

A pot fertiliser experiment (ten N, P and K treatments) was carried out in Prague (Czech
Republic) in 2008 and 2009. Seeds from plants cultivated from spring under different N, P
and K availability were collected in each August. In June 2010, germination of collected
seeds was determined in long-day light conditions under stable temperature 20°C.

The number of seeds per plant ranged from zero in P1 and P2 treatments, less than 200 in
control and K treatment up to almost 9000 in N2P2K treatment. Number of seeds per plant
was positively correlated with number of stems per plant. Relationship between seeds per
plant and individual seed weight was positive. Concentrations of N, P and K in seeds were
affected by treatments. Weight of 1000 seeds ranged from 1.3 to 1.7 g. Seed length ranged
from 2.11 up to 2.34 mm and width from 1.26 to 1.42 mm. With the exception of control with
94% germination, seed germination was above 98% in all other treatments in 2008. In 2009,
seeds germination was above 95% in all treatments except N1 and N2 treatments where 93%
and 89% germination was recorded. Time necessary for germination of 50% of seeds ranged
from 1.53 to 2.89 days and was not related to N concentration in seeds, but was negatively
related to P and K concentrations.

37



Seed production per plant of R. obtusifolius is highly affected by nutrient availability. Low
supply for mother plants by P and consequent low concentration of P in seeds negatively
affects germination of produced seeds.

Keywords: Broad-leaved dock, Maternal effect, Phenotypic plasticity, Plant nutrition

Introduction

Rumex obtusifolius subsp. obtusifolius (hereafter referred to as R. obtusifolius) is widespread
perennial species common as weed on arable land and in grasslands in temperate zone (Grime
et al. 1988; Strnad et al. 2010). The main reason for its worldwide distribution is a high
production of well germinable seeds which can survive in the soil seed bank for decades
(Toole and Brown 1946; Tsuyuzaki 2010). In addition to generative reproduction, clonal
growth enabling its spread was recorded in grasslands (Pino et al. 1995). Although generative
reproduction is crucial for its ability to colonize new localities, seed production of individual
plants has received only little research attention up today. According to Cavers and Harper
(1964), the maximal annual seed production can be 60000 seeds per plant. Although no
details about estimation of this number was provided by Cavers and Harper (1964), such an
extreme number has been taken over by many other authors dealing with R. obtusifolius
ecology (Zaller 2004). This is a nice example how extreme numbers draw high attention,
although real seed production per plant can be substantially lower. In Canada for example,
Weaver and Cavers (1980) recorded maximal seed production per plant ranging from 900 to
26 756 in different R. obtusifolius populations. Bentley et al. (1980) recorded 4 200 seeds per
plant grazed by beetle Gastrophysa viridula and 13 800 in control ungrazed plant in Lancaster
(UK). In Spain, Pino et al. (2002) recorded seed production per plant ranging from less than
100 up to approximately 8 000 in the stand of Medicago sativa. Hongo (1988) recorded
maximal annual seed production 12 900 per plant in Eastern Hokkaido (Japan). In cut sward
in the same study, number of seeds ranged from 3 500 to 6 300 per plant under cutting height
ranging from 2.5 to 15 cm, respectively.

Weight of R. obtusifolius seeds is highly variable depending on the position on mother plant,
environmental conditions and on herbivory. Martinkova et al. (1999) for example recorded
weight of 1000 dry seeds ranging from 0.69 to 1.95 g, Bentley et al. (1980) ranging from 1.44
to 1.96 and Cideciyan and Malloch (1982) ranging from 1.23 to 2.46 g. According to
information of authors, no study has been performed to investigate how nutrient availability
affects seed production per plant, weight of seeds and their germination.

Seed weight in many species has been usually discussed in connection with their number per
plant, because of limited parental investment into reproduction (Smith and Fretwell 1974).
Classic trade-off conception between seed number and seed weight under varying nutrient
conditions can be recorded, but keeping constant seed weight under low or high seed number
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per plant (Benech et al. 1992; Weiner et al 1997) or an increase in seed weight together with
an increase in seed number was also recorded under improved nutrient availability for
different species (Parrish and Bazzaz 1985; Arssen and Burton 1990; Galloway 2001).

R. obtusifolius is known as an indicator of high nitrogen (N) availability in the soil (Klime$
1996). Positive effect of N application on its growth can be expected especially on soils with
adequately high phosphorus (P) and potassium (K) supply (Niggli et al. 1993; Strnad et al.
2010; Kiristalova et al. 2011a). As recorded previously by Kfistalova et al. (2011b) for R.
crispus, production of seeds and germination of seeds can be negatively affected by low P
nutritional status of the mother plant and therefore by low P concentration in seeds. Low soil
P status can thus negatively affect seed quality of R. crispus. Wheather low soil P status
negatively affects P concentration in seeds of R. obtusifolius and their germination has never
been investigated.

The aim of this study was therefore to investigate (1) how is the production of R. obtusifolius
seeds per plant their chemical composition and size affected by N, P and K supply and (2) is
there any difference in germination of seeds collected from mother plants grown under
different N, P and K supply?

Material and methods

2.1 Study site and design of the pot experiment

In May 2008 and in May 2009, a pot experiment 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, temperature and light conditions. The experiment was established in 2008
and again in 2009 as very high winter mortality of R. obtusifolius was recorded and almost no
plants survived (see Kiist'alova et al. 2011a). Following ten fertilizer treatments were used:
Control, Nj, Nj, P;, P, K N;P1, N;P1K, N2P;K, N2P;K; see Table 1 for details). Each
treatment was replicated five times (thus, 50 pots in total). The pots were fertilized twice per
each vegetation season, on 12 May and 20 July, using the following fertilizers dissolved in
water: ammonium nitrate with lime (NH4;NO3 + CaCOg3, 27.5% N, 10% Ca), super phosphate
(Ca(H,PO4)2 + CaSQq, containing 8.5% P, 20% Ca, 10% S) and potassium chloride (KCI,
50% K, 47% CI). The position of individual pots was changed at weekly intervals to avoid
any pseudo-replication 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: N = 919 mg kg™,
Kwmehlichin 160 mg kg'1 (good K availability) (Madaras and Lipavsky 2009), Pwyeniichin 16
mg kg™ (low P availability) (Kulhanek et al. 2007), Mgwmenicm 373 mg kg™ (high Mg
availability), Cameniicii 10,501 mg kg™ (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

39



was placed on N and P nutrition in this study. In order 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 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 vegetation season) was 17.6 °C and 17.9 °C, respectively.

Seeds of R. obtusifolius used in the experiment were collected during autumn 2007 and
2008 from a region near Prague city in central Czech Republic. The collection 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 temperature, in paper bags in
the dark. Twenty visually undamaged and fully ripened seeds of R. obtusifolius were sown
into each pot with pre-fertilized soil on 19 May 2008 and again in 2009. The depth of
sowing was 1 — 2 cm and the pots were watered if necessary to maintain optimal moisture
conditions for plant growth. Three of the most developed plants were left in each pot after
26 June 2008 and 2009.

2.2 Data collection

An effect of nutrient availability on emergence and early growth of R. obtusifolius was
studied by K#istalova et al. (2011a). In both years, all seeds were collected in middle of
the August. From each stem, all achenes were collected, dried in room temperature (22°C)
and weighted with perianth. Further, weight of 1000 seeds without perianth was measured,
weight proportion of perianth (37% from weight of achenes) was determined. Seed
production per individual plant was calculated only in 2009. Length and width of 200
seeds from each treatment was measured using a light microscope with the image analysis
software Analysis (Olympus, Tokyo, Japan (http://www.olympus-global.com).

Concentration of total N in seeds (without perianth) was determined by the Dumas method
using Nitrogen Determination System Dumatherm (www.gerhardt.de). P and K
concentrations were determined by spectrophotometry and emission flame spectrometry after
digestion in sulphuric acid in an accredited national laboratory. In each treatment, one mixed
sample of seeds was analyzed only because of insufficient production of seeds in several
treatments. Collected seeds were stored in stable laboratory conditions (room temperature
20°C) in paper bags in dark since the harvest in mid August 2008 and 2009 to the start of the
germination experiment in 18" June 2010. Before germination, the perianth segments were
removed from all seeds. Only full and entire seeds were used. The germination test was
carried out in klimabox using 90 mm circle Petri Dish with Filter Paper KA2 regularly
softened by distilled water to avoid seeds desiccation. Light conditions were set to long day
fotoperiod alternating 16 hours light and 8 hours dark under stable temperature 20°C. Three
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replicates of fifty seeds were used for each treatment. Germination was observed daily for
period of three weeks.

Data analysis

All analysis was done using STATISTICA 8.0 software (Statsoft, Tulsa). One-way ANOVA
followed by comparison using Tukey’s HSD test was applied to identify significant
differences among treatments. Relationship between seed length and width, nutrient
concentration and germination or seed weight was evaluated by linear regression analysis.

Results

Seed production per plant

Seeds were produced in all treatments in 2008 but not in P1 and P2 treatments in 2009.
Number of seeds per plant was highly affected by fertilizer treatment. In treatments with seeds
production in 2009, number of seeds per plant ranged from less than 200 in control and K
treatment up to almost 9000 in N2P2K treatment (Table 2). More than 3500 seeds per plant
were produced in N2 treatment and in all treatments where N and P were applied together.
Number of seeds per plant was significantly positively correlated with number of stems per
plant (Fig. 1).

Concentration of N, P and K in seeds and their weight, length and width

With the exception of control, concentrations of N in seeds were higher in the first year than
in the second (Table 2). Concentration of N ranged from 18.9 g kg™ in P1 treatment up to
25.2 g kg™ in N2P2K treatment in 2008 and from 19.3 g kg™ in N1P1K treatment up to 24.4 g
kg™ in N2P2K treatment in 20009.

Concentrations of P in seeds were generally higher in 2008 than in 2009 (Table 2).
Concentration of P ranged from 3.3 g kg™ in N2P2K treatment up to 4.7 g kg™ in P1 and K
treatments in 2008 and from 3.1 g kg™ in N1 treatment up to 4.4 g kg™ in N1P1K treatment in
2009.

Concentrations of K in seeds were not consistent in 2008 and in 2009 (Table 2).
Concentration of K ranged from 3.7 g kg in N2P2K treatment up to 5.9 g kg™ in P1
treatment in 2008 and from 3.5 g kg™ in control up to 5.1 g kg in N1IP1K and N2P1K
treatments in 20009.

There were no consistent differences in weight of seeds between years. Weight of 1000 seeds
was significantly affected by treatment in both investigated years (Fig. 2) and ranged from 1.3
g in control up to 1.7 g in N1 treatment in 2008 and from 1.3 g in K treatment up to 1.6 g in
N2P2K treatment in 2009.
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Seed production per plant and weight of seeds were positively correlated, but their linear
relationship was on the border of statistical significance (Fig. 3). Further, seed weight was
significantly positively correlated with N concentration in seeds, but the relationship was
relatively weak (Fig. 4).

Seed lengths and widths were comparable in both years and were significantly affected by
treatment (Fig. 5a and 5b) in both years. Seed length ranged from 2.14 mm in K treatment up
to 2.32 mm in N1 treatment in 2008 and from 2.11 in K treatment up to 2.34 mm in N2
treatment in 2009. Seed width ranged from 1.26 mm in control up to 1.37 mm in N1 treatment
in 2008 and from 1.27 mm in K treatment up to 1.42 mm in N2P2K treatment in 2009.

In both years, seed length and width were significantly positively correlated in the same way

(Fig. 6).

Seed germination

There was no significant effect of treatment on total seed germination in 2008 or 2009 (Fig.
7a). With the exception of control with 94% germination, seed germination was above 98% in
all other treatments in 2008. In 2009, seeds germination was above 95% in all treatments
except N1 and N2 treatments where 93% and 89% germination was recorded. Germination of
all seeds without any variability was recorded in P1 and P2 treatments in 2008 and in N1P1
treatment in 2009.

Time necessary for germination of 50% of seeds was significantly affected by treatment in
both years (Fig. 7b). The most rapid germination was recorded in N2 and P2 treatments in
2008 (1.53 days). The slowest germination was recorded in K treatment in 2009 (2.89 days).
With the exception of N2P2K treatment, generally all seeds in 2009 germinated more slowly
than in 2008.

There was no significant effect of N, P and K concentration in seeds on total seed
germination. Further, there was no significant effect of N concentration in seeds (Fig. 8a) but
there was significantly negative relationship between concentrations of P and K and time
necessary for 50% germination (Fig. 8b and 8c).

Discussion

Seed production

Seed production was highly affected by nutrient supply. In the second year, in which seed
production was measured, plants in treatment with the higher availability of nutrients (N2,
N2P1K and N2P2K) produced approximately 40 times higher seed number than plants in
control with no fertilizer input. Such a high increase in seed production was given especially
by and increase in number of fertile stems per plant and by an increase in number of seeds per
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individual stem. Maximal seed production per plant (9 000) was substantially lower than
maximal value 60 000 seeds per plant mentioned in review by Cavers and Harper (1964). It
seems that the value 60 000 was probably only roughly estimated and therefore the value is
not based on real seed counting as no details about method of seed counting was provided by
Cavers and Harper (1964). Values provided by other authors (Bentley et al. 1980; Hongo
1988) are rather consistent with our results and supports the conclusion that normal seed
production per individual plant of R. obtusifolius does not exceed 10 000 seeds per year.
Maximal recorded number of seeds per plant based on real counting was almost 27 000 in
study by Weaver and Cavers (1980), therefore the frequently referred value 60 000 seeds per
plant seems to be over estimated.

Seed chemical composition, weight, length and width

Nutrient availability in soil and therefore nutritional status of the mother plant highly affected
concentrations of N, P and K in seeds of R. obtusifolius. Similar results were recently
published by K#istalova et al. (2011b) for R. crispus. In the first year, concentration of P in
seeds was the highest in treatment with no N application (P1, P2, K). This was probably
because of slow growth of N deficient plants and thus avoiding P dilution in seeds. The same
effect occurred in K treatment, where concentration of K was the highest from all treatments
with K application. This was probably because of slow plant growth limited by N and
therefore luxurious K accumulation in seeds. In control, N1, N2 and K treatments,
concentration of P in seeds was lower in the second year than in the first year probably
because of P removal with the biomass during the first year and therefore lower P availability
in the second year. Availability of P in the used soil was generally low, as 16 mg P kg™
extracted by Mehlich 1ll reagent is considered as insufficient for crops with high P
requirements (Kulhanek et al. 2007, Cerny et al. 2010). No consistent decrease in K
concentration in treatments without K application in the second year was probably given by
the ability of the clay soil to release enough K for plants even without K application. With the
exception of control, lower concentrations of N in the second than in the first year were
probably given by different weather conditions. Slight positive correlation between N
concentration and weight of seeds indicate positive effect of good N nutrition of the mother
plant on growth of its seeds. The same positive correlation between seed size and N
concentration was recorded for Senna obtusifolia by Tungate et al. (2002). Increase in seed
weight and yield with improving of maternal N nutrition and therefore with increase in N
concentration in seeds is known for several other species (Parrish and Bazzaz 1985, Aarssen
and Burton 1990; Tungate et al. 2002). On the other hand, negative relationship between seed
weight and N concentration in seeds was also reported (He et al. 2005). Finally, there was no
relationship between P or K concentration and seed number or seed weight.

Weight of 1000 seeds ranged from 1.25 to 1.7 g and this is substantially lower than the range
from 0.69 to 2.46 g obtained from the literature (Bentley et al. 1980; Cideciyan and Malloch
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1982; Martinkova et al. 1999). Only one population of R. obtusifolius was investigated in our
study. In studies, where substantially higher range was recorded, seeds were frequently
collected from many populations in different environmental conditions. No consistent effect
of year and fertilizer treatment on seed weight can be explained by different growth
conditions in both years. Treatment K was the only treatment where seeds were small in both
years probably because of severe N limitation of plant growth. Further, seed weight was
positively correlated with seeds production per plant. This indicates no classical trade-off
between seed size and seed production per plant under limited resource availability in the case
of R. obtusifolius as was recorded by Benech et al. (1992).

Length and width of seeds were highly positively correlated and well reflected weight of
seeds in particular treatments. The correlations were highly comparable in both years
indicating minimal interannual variation in this relationship. Seed width ranged from 1.25 to
1.43 mm and this well corresponds with seed size lower than 1.2 mm for small seeds and over
1.4 mm for large seeds reported by Cideciyan and Malloch (1982).

Seed germination

Total seed germination was over 87% in seeds collected from mother plants in all treatments
in both years indicating high germination ability of R. obtusifolius seeds. Total germination
below 94% was recorded only in N1 and N2 treatments in 2009 and the decrease was
probably connected with P deficiency as P concentration in seeds, 3.1 and 3.2 g kg™, was
lowest from all investigated treatments. According to Kfistalova et al. (2011b), decrease in
total germination of R. crispus was recorded if the concentration of P in seeds was below 3 g
kg™. The negative effect of low P concentration on total seed germination in R. obtusifolius
was only slight probably because the lowest P concentration in seeds was above the critical
value 3 g kg™*. Total seed germination can be therefore slightly affected by P deficiency in the
mother plant given by low P availability in the soil.

Low P concentration in seeds significantly prolonged time for 50% germination and this is in
accordance with results obtained for R. crispus by Kfistalova et al. (2011b). Deficiency of P
for mother plant can thus negatively affect competitive ability of its offspring as their
establishment can be substantially prolonged in comparison with seeds coming from well P
supplied plants. High positive effect of increased P supply for the germination and emergence
of R. obtusifolius seedlings was recorded by Ktistalova et al. (2011a). Similarly to P, positive
effect of K concentration in seeds on rapidity of germination was recorded. Positive effect of
P and K supply on germination is in accordance with results by Amjad et al. (2004) for Pisum
sativum. In our experiment, availability of P and its concentration in seeds were the most
important factors affecting germination behaviour of produced seeds.
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Table 1 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 N P K
abbreviation (kgha™) (kgha') (kgha™)
Cont - - -
N1 150 (300) - -
N, 300 (600) - -
Py - 40 (80) -
P, - 80 (160) -
K - - 100 (200)
NP, 150 (300) 40 (80) i
N:PLK 150 (300) 40 (80) 100 (200)
NoP1K 300 (600) 40 (80) 100 (200)
N,P,K 300 (600) g (160) 100 (200)

Table 2 Mean seed production per individual plant and concentration of N, P and K (in g kg
1) in seeds of R. obtusifolius from different treatments. Treatment abbreviations are given in
Table 1.

Treatment Seeds N (g kg™) P (g kg™) K (g kg™
abbreviation production
per plant
Year 2009 2008 2009 2008 2009 2008 2009
Cont 152 19.2 20 4.4 4 5.1 3.5
N1 479 23.2 199 3.5 3.1 4.2 4.4
N2 3910 248 236 4.4 3.2 4 3.6
P1 - 18.9 - 4.7 - 5.9 -
P2 - 22 - 4.6 - 4.2 -
K 208 21.6 21 4.7 4.1 6.2 4.4
N1P1 5142 239 216 4.3 4.2 4.1 4.5
N1P1K 3532 21.4 19.3 4.5 4.4 4.5 5.1
N2P1K 6334 239 222 35 3.9 4.2 5.1
N2P2K 8775 252 244 3.3 4.1 3.7 4
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Fig. 1. Seed production per plant of R. obtusifolius as a function of number of stems per
individual plant.
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Fig. 2. Weight of 1000 seeds of R. obtusifolius without perianth. Seeds were collected from
individuals planted in different fertilizer treatments. 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. Separate analysis was made for each year. Calculated by
Tukey test, treatments with the same letter in the same year were not significantly different.
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Fig. 3. Relationship between weight of 1000 seeds and seed production per plant of R.
obtusifolius in 2009.
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Fig. 4. Relationship between weight of 1000 seeds and N concentration in seeds of R.
obtusifolius.
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Fig. 5. Effect of fertilizer treatment on (a) seed length and (b) seed width of R. obtusifolius in
2008 and 2009. 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.
Separate analysis was made for an each year. Calculated by Tukey HSD test, treatments with
the same letter in the same year were not significantly different.
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Fig. 7. (a) Germination and (b) time necessary to achieve 50% germination. Seeds of R.
obtusifolius were collected from plants in different fertilizer treatments in 2008 and 2009.
Missing values — germination was not performed because of insufficient number of seeds.
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. Separate analysis was
made for the each year. Calculated by Tukey HSD test, treatments with the same letter were
not significantly different.
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ABSTRACT

An effect of nutrient availability on Rumex crispus growth and seed production has never
been investigated. We studied how are plant growth, seed production and plant longevity
affected by nutrient availability.

In May 2008, the pot nitrogen, phosphorus and potassium fertilizer experiment was
established in open air vegetation hall in Prague (Czech Republic). Creation of stems and
fruiting was recorded only in the second vegetation season and then all plants died. Number
of stems and leaves per plant, leaf size and plant height were high in all treatments where N
and P was applied together whereas low in control and treatments where N, P or K was
applied separately. Seed production per plant ranged from less than 2000 in control and low P
treatment up to almost 25 000 in high NPK treatment. More than 16 000 seeds per plant were
produced in all treatments where N and P were applied together. Concentration of N, P and K
in seeds and weight and size of seeds were highly affected by fertilizer treatment. Lowest seed
size, P concentration and germination were recorded in high N treatment.

In Central Europe, R. crispus behaves as monocarpic biannual if cut in the stage of fully ripe
seeds. Phenotypic plasticity of R. crispus is very high and quantitative plant characteristics
must be taken with caution for description of different populations as they can be markedly
affected by nutrient availability. Seed germination can be highly affected by nutritional status
of the mother plant.
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1. Introduction

Rumex crispus L. (curled dock), native in temperate Europe and today one of the most widely
distributed weed species in the world flora (Cavers and Harper 1964; Zaller 2004), belongs
into frequently studied weed species in many countries. Using R. crispus or culled dock as a
key-word in the Web of Science database (http://apps.isiknowledge.com), there had been 215
records (85 with R. crispus directly in the title) from 1945 to September 2010. Majority of
performed studies were connected with R. crispus control on agricultural land (Hatcher 1996;
Zaller 2004; Dimitrovova and Marinov-Sarafimov 2008), germination ecology of seeds
(Cavers and Harper 1966; Totterdell and Roberts 1979; Baskin and Baskin 1985; Pye and
Andersson 2009) and recently especially with its medicinal use (Coruh et al. 2008). R. crispus
is highly variable species abundant especially in cultivated fields, waste places, demolition
sites, river banks and along roadsides (Weaver and Cavers 1979; Grime et al. 1988).

Grime et al. (1988) described R. crispus as short-lived perennial or, more rarely, as an annual
herb able to flower in its seeding year. R. crispus often dies after flowering and tends to
disappear from permanent grassland if new seedlings fall to establish (Bond et al. 2007).
Perennation of R. crispus can be supported by cutting before flowering although R. crispus is
generally much negatively affected by severe defoliation than R. obtusifolius (Bentley and
Whittaker 1979; Hongo 1989). According to Hume and Cavers (1983a), plants of R. crispus
do not flower in the seeding year in North America in contrast to Britain and the rest of
Europe. Nevertheless in the Central Europe (Prague, Czech Republic), no flowering of R.
crispus in the seeding year under optimal growth conditions was documented by Kftistalova et
al. (2010). Hongo (1989) recorded no flowering of R. crispus in the seeding year in cold
winter region of Hokkaido. Further research is therefore required to adequately describe
flowering behavior of R. crispus.

Although there are high number of performed studies, effect of nutrient availability on R.
crispus growth and seed production has rarely been investigated. According to Jursik et al.
(2008), R. crispus is generally believed to be nitrophylous, but it has probably lower nitrogen
(N) requirements than R. obtusifolius. Similarly to R. obtusifolius (Humphreys et al. 1999;
Strnad et al. 2010), soils rich in phosphorus (P) and potassium (K) are probably more
favorable for R. crispus growth than P and K poor soils, but exact experimental data are
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missing. Further, according to information of authors, no study investigated how is growth,
plant longevity and seed production of R. crispus affected by nutrient availability.

Seed production and weight of achenes in R. crispus is highly variable estimates ranging from
100 to over 40 000 achenes per individual plant and from 0.7 to 2 g per 1000 achenes (Cavers
and Harper 1964, 1966). In study of eleven different R. crispus populations, seed production
per individual plant ranged from 13 700 to 28 300 and weight of 1000 achenes ranged from
1.25 to 1.72 g in ideal garden conditions (Hume and Cavers 1983b). Bentley et al. (1980)
recorded seed production per individual plant of R. crispus ranging from 2 400 to 3 900 and
seed weight of 1000 seeds ranging from 1.45 to 1.9 g. It is well known from grain crops that
nutritional status of mother plant highly affect chemical composition of seeds, N
concentration especially (Haberle et al. 2007; Acreche and Slafer 2009). No study has been
performed to investigate how are seed production per individual plant of R. crispus, seed
weight, seed chemical composition and germination affected by nutritional status of mother
plant.

The aim of this study was therefore to answer following questions:

1) How is number of leaves per plant, number of leaves per main stem, length of the longest
leaf, height of the plant, number of stems and seed production per plant, seed size and weight
of R. crispus affected by nutrient availability? b) How is germination and chemical
composition of seeds affected by nutritional status of the mother plant? ¢) How frequent is R.
crispus mortality after flowering under different nutrient availability?

2. Material and methods
2.1 Study site and design of the pot experiment

In May 2008, the pot experiment with Rumex crispus was established in open air vegetation
hall in Crop Research Institute in Prague-Ruzyné (Czech Republic, 50° 5' 7.574" N, 14° 18'
13.286" E) with natural rain, temperature and light conditions (Kfistdlova et al. 2010). Ten
fertilizer treatments were used: Control, N1, Ny, P1, P2, Ki NP1, N1P1K31, NoP1Kj, NoP2K; see
Table 1 and Fig. 1 for details). Each treatment was replicated five times (50 pots altogether).
Pots were fertilized two times per vegetation seasons 2008 and 2009 on 12" May and 20"
July using the following fertilizers: saltpeter ammonium with lime (NH4;NO3; + CaCOsg,
27.5% N, 10% Ca), super phosphate (Ca(H,PO4)2 + CaSO,, 8.5% P, 20% Ca, 10% S) and
potash salt (KCI, 50% K, 47% CI). Position of individual pots was changed in week intervals
to avoid “side and pseudoreplication effects”. Watering of pots was performed when
necessary to avoid any water stress of cultivated plants.

Pot volume was 30 L and 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™, Kwentichin
160 mg kg™ (good K availability) (Madaras and Lipavsky 2009), Pyenicnin 16 mg kg™
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(low P availability) (Kulhanek et al. 2007), Mgmehiichin 373 mg kg'l(high Mg availability),
Cameniicn 10501 mg kg™ (very high Ca availability) and pH/CaCl, 7.96. Potassium rich
soil was used to avoid K limitation of growth as the stress was paid on N and P nutrition
in this study. To be sure that growth is not limited by K, K, N;P;K and N,P,K treatments
were used.

At the study site, the mean annual temperature was 8.2 °C (ranging from 6.4 to 9.7 °C) and
mean annual precipitation was 422 mm (ranging from 255 to 701 mm; Prague-Ruzyné
meteorological station, 1955-2007). Mean temperature from June to September 2008 and
2009 (main vegetation season) was 17.6 °C and 17.9 °C and from December 2008 and 2009
to March 2009 and 2010 (winter season) was 2.4° C and 0° C, respectively. During the winter
season 2008/2009, the lowest measured temperature (-13.2 °C) was recorded on the 3™
January 2009 and during winter season 2009/2010 lowest temperature (-19.8°C) was recorded
on the 27" January 2010. 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
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 close localities.
Five plants were selected randomly at each site, taking care not to favor tall or small plants.
Twenty visually undamaged and fully ripened seeds of R. crispus were sown into each pot
with pre-fertilized soil on the 19™ May 2008. Three of the most developed plants were left in
each pot after the 26" June 2008. The experiment was terminated in April 2010 as no plants
survived winter season 2009/2010. During the whole experiment the mechanical weeding of
weeds was made.

2.2 Data collection

An effect of nutrient availability on emergence and early growth of R. crispus was studied
by Kiistadlova et al. (2010) in the first vegetation season in 2008. No flowering and
creation of stems was recorded in the first vegetation season and the season was
terminated by creation of rosettes in all treatments. From the beginning of the second
vegetation season in 2009, the following data were collected in two weeks intervals: 1)
number of leaves per rosette, 2) number of leaves per main stem, 3) length of the longest
leaf, 4) height of the plant, 5) number of stems per plant. Fertile stems with fully ripe
seeds were harvested 5 cm above ground in 9" August 2009. From each stem, all achenes
were collected, dried in room temperature (22°C) and weighted with perianth. Further,
weight of 1000 seeds without perianth was measured, weight proportion of perianth (49%
from weight of achenes) was determined and seed production per individual plant was
calculated. Length and width of 200 seeds from each treatment was measured using a light
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microscope with the image analysis software Analysis (Olympus, Tokyo, Japan
(http://www.olympus-global.com).

Concentration of total nitrogen in seeds (without perianth) was determined by the Dumas
method using Nitrogen Determination System Dumatherm (www.gerhardt.de). Phosphorus
and potassium concentrations were determined by spectrophotometry and emission flame
spectrometry after digestion in sulphuric acid in an accredited national laboratory. In each
treatment, one mixed sample of seeds was analyzed only because of insufficient production of
seeds in several treatments.

2.3 Germination experiment

Collected seeds were stored in stable laboratory conditions (room temperature 20°C) in
paper bags in dark since the harvest in 9™ August 2009 to the start of the germination
experiment in 18™ June 2010. Only full and entire seeds were used. The germination test
was carried out in klimabox using 90 mm circle Petri Dish with Filter Paper KA2
regularly softened by distilled water to avoid seeds desiccation. Light conditions were set
to long day fotoperiod alternating 16 hours light and 8 hours dark under stable
temperature 20°C. Three replicates of fifty seeds were used for each treatment.
Germination was observed daily for period of three weeks.

2.4 Data analysis
All analysis was done using STATISTICA 8.0 software (Statsoft, Tulsa). One-way and
repeated measures ANOVA followed by comparison using Tukey’s HSD test was applied to
identify significant differences among treatments, time and their interactions. Relationship
between seed length and width was evaluated by linear regression analysis.

3. Results

3.1 Plant characteristics

In the first year of the study in year 2008, only rosettes were created in all treatments. All
rosettes survived winter season 2008/2009 and start to grow again in spring 2009. During the
second vegetation season in 2009, 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 was
high in all treatments where N and P was applied together whereas low in control and
treatments where N, P or K was applied separately. Effect of treatment, time as well as
treatment and time interaction was significant on all measured plant characteristics (see Table
2 for details).

The size of rosettes was highly affected by fertilizer treatment in spring 2009. In 11™ April
2009, mean number of newly arising stems ranged from less than 1 in control to almost 5 in
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N1P1 treatment and number of leaves in rosette ranged from 2 to 22 leaves in the same
treatments (Fig. 2 and 3a). In almost all treatments, the number of newly arising stems slightly
decreased between April and May and then was stable up to mid August harvest. Plant
regrowth and creation of new rosettes with growing points and leaves was recorded at the end
of August. Number of leaves per rosette was highest in 24™ May and lately the leaves from
rosettes disappeared as the expansion of leaves on stems occurred and highly shaded leaves in
rosettes senesced. Number of leaves on main stem was highest 19" June and then started to
decrease because bottom leaves senesced and disappeared (Fig. 3b). In 19" June, number of
leaves per main stem ranged from 2 in control to 12 in N1P1K and N2P1K treatments,
respectively. Plant height steeply increased between 9" May and 5™ June particularly in
N1P1, N1P1K and N2P1K treatments (Fig. 3c). The time from 9" May to 5" June was
marked as the main stem elongation period. In 3" July, plant height ranged from 21 cm in
control, P1 and P2 treatments up to 125 cm in N1P1, N1P1K and N2P1K treatments,
respectively. Longest leaves in rosettes were recorded in the period from 9" to 24™ May. In
24™ May, length of longest leaves ranged from 5 cm in P1 treatment up to 43 cm in N2P1K
treatment. After production of seeds, no plants survived winter season 2009/2010 - no living
plants were recorded in April 2010.

3.2 Seeds production

Seed production per plant was highly affected by fertilizer treatment and ranged from less
than 2000 in control and P1 treatment up to almost 25 000 in N2P2K treatment (Table 3).
More than 16 000 seeds per plant were produced in all treatments where N and P were applied
together.

3.3 Seed chemical composition, weight, length and width

Concentration of nitrogen in seeds ranged from 1.86% in K treatment up to 2.20% in N2
treatment, concentration of phosphorus ranged from 0.27 in N2 treatment up to 0.41 in P1
treatment and concentration of K ranged from 0.25 to 0.53 in P1 and P2 treatments,
respectively (Table 3). Weight of 1000 seeds was significantly affected by treatment and was
below 1.3 g in N1, N2 and N1P1K treatments and above 1.5 g in control, P2, N2P1K and
N2P2K treatments, respectively (Fig. 4a). Seed length and width were significantly affected
by treatment (Fig. 5a and 5b). Seeds shorter than 2.1 mm were recorded in N2 and N1P1K
treatments while seeds longer than 2.20 were recorded in control, P1, P2, N2P1K and N2P2K
treatments, respectively. Seed width lower than 1.45 mm was recorded in N1, N2, K, N1P1
and N1P1K treatments and seeds wider than 1.45 mm were recorded in control, P1, P2,
N2P1K and N2P2K treatments, respectively. Seed length and width were significantly
positively correlated (Fig. 5c).

3.4 Seed germination
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Seed germination and time necessary for germination 50% of seeds were significantly
affected by treatment (Fig. 4b and 4c). With the exception of N2 treatment with 80%
germination, N1 and N1P1K treatments with 95% germination, seed germination was above
95% in all other treatments. Seed germination 100% without any variability was recorded in
control, P2, K and N2P1K treatments, respectively.

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

4. Discussion

4.1 Plant characteristics

The first main message of this study is that high differences in plant height, number of stems
or leaves can be recorded even for the plants of the same genotype under different nutrient
availability in the soil. Phenotypic plasticity of R. crispus is therefore very high and plant
characteristics such as plant height, number of stems, number and size of leaves must be taken
with caution for description of different populations as quantitative characteristics can be
markedly affected by nutrient availability. For example the maximal plant height of R. crispus
(130 cm) recorded in this study was lower than maximal height (150 cm) given in flora of
Germany (Rothmaler et al. 2000), but it is higher than maximal height (100 cm) given in the
flora of the Czech Republic (Hejny and Slavik 1990). It seems that maximal height of
investigated R. crispus genotype under optimal N, P and K nutrition, water availability and no
competition from other plants is 130 cm.

In our study, R. crispus behaved strictly as biannual monocarpic species although Grime et al.
(1988) described R. crispus rather as short living polycarpic perennial. Rosettes were created
in the first vegetation season, stems, flowers and fruits in the second season. Although
regrowth of plants and creation of new rosettes was recorded after harvest of dry stems with
fully ripe achenes in mid August 2009, no plants survived the winter season 2009/2010.
Someone can believe that biannual character of the investigated R. crispus population can be
fixed genetically. We cultivated the same R. crispus genotype in the field conditions under
two cut management which was performed in May and in August. Cutting management made
before or during flowering enabled some plants to survive for four years in permanent
grassland (Hejcman unpublished data). Positive effect of cutting on perennation of R. crispus
was obtained as well as by Hongo (1989). Therefore it seems that R. crispus can behave as
perennial if cut early, but not if cutting take place in the phonological stage of fully ripe seeds.
It is highly probably that at least some populations of R. crispus in Central Europe are rather
monocarpic than polycarpic.

4.2 Seed production
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The second main message of this paper is that seed production of the same genotype of R.
crispus can be highly variable depending on nutrient supply. In comparison to nutrient poor
control, seed production in the same genotype can be increased by 14 times in optimal N, P
and K availability. Such a high increase in seed production was given especially by (i) an
increase in number of fertile stems per plant (Fig. 2) and by (ii) an increase in number of
seeds per individual stem. Maximal seed production under optimal nutrient and water supply
and no competition from other plants was 24 932 seed per plant. This is substantially lower
than maximal values over 40 000 seeds per plant mentioned in review by Cavers and Harper
(1964) and frequently taken over by other authors (Bond et al. 2007; Zahler et al. 2004). It
seems that the value 40 000 seeds per plant was probably only roughly estimated and
therefore the value was not based on real seed counting as no details about method of seed
counting was provided by Cavers and Harper (1964). Further in subsequent studies,
substantially lower maximal seed numbers per plant were described. For example Hume and
Cavers (1983b) recorded maximal seed production per individual plant of R. crispus 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 3 900 seeds per plant under normal
pasture management. Based on our results and their comparison with other authors, we
estimated maximal seed production per individual plant of R. crispus on 30 000.

4.3 Seed chemical composition, weight, length and width

The third main message of this study is that nutrient availability in soil and therefore
nutritional status of the mother plant highly affects concentrations of N, P and K is seeds of R.
crispus. For example concentration of N in seeds was above 2.15% only in treatments with
high N supply (N2). This positive effect of N application on N concentration in seeds is well
known from grain crops (Haberle et al. 2008; Acreche and Slafer 2009) but this has never
been published for R. crispus previously. Similarly P and K concentrations were positively
affected by P or K application. Lowest P and K concentrations in seeds were recorded in N1
and N2 treatments probably because of restricted P and K supply and dilution effect caused by
increased growth of plants due to improved N supply. Weights of 1000 seeds ranging from
1.25 in N2 to 1.58 g in N2P2K treatment were comparable with data published by other
authors. According to Cavers and Harper (1964), normal weight of 1000 seeds range from 1
to 2 g, Bentley et al. (1980) published range from 1.45 to 1.9 g and Hume and Cavers (1983b)
from 1.25t01.72 g.

The most interesting result was high weight of individual seeds in control with low number of
produced seeds and low weight of seeds in N1 and N2 treatments with low P and K
concentrations in seeds caused by insufficient P and K supply in these treatments. Length and
width of seeds were highly positively correlated and well reflected weight of seeds in
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particular treatments. High nutrient supply can therefore increase number of seeds produced
per individual plant, but need not increase weight of the individual seed.

4.4 Seed germination

The firth main message of this study is that seed germination of R. crispus can be affected by
nutritional status of the mother plant and therefore by nutrient concentrations in the seeds.
Although germination of R. crispus has been frequently investigated previously (Cavers and
Harper 1966; Baskin and Baskin 1985; Hon¢k and Martinkova 2001; Pye and Andersson
2009), no study investigated effect of nutritional status of mother plant on germination of its
seeds. It seems that P and K concentrations in seeds below 0.3% negatively affect their total
germination and rate of germination. This is clear from lowest germination of seeds from N2
treatment with lowest P and K concentrations and the seed size. Lower germination of small
size than big size seeds of R. crispus was recorded by Cidecyian et al. (1982), but no
information was provided about chemical composition of seeds. Part of viability in seeds
germination can be therefore given by concentration of P in seeds which is dependant on
nutritional status of mother plant.
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Table 1 List of fertilizer treatments and amount of nutrients supplied in one application (in kg
of N, P and K per ha).

Treatment N P K
abbreviation (kgha')  (kgha) (kg ha™)

Cont - - -
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
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Table 2 Results of repeated measures ANOVA analyses 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. Degree of freedom were 9 for treatment, 10 for time and 90 for
treatment and time interaction.

Treatment N P K
abbreviation (kgha')  (kgha) (kg ha™)

Cont - - -
N1 150 - -
N2 300 - -
P1 - 40 -
P2 - 80 -
K - - 100
N1P1 150 40 R
N1P1K 150 40 100
N2P1K 300 40 100
N2P2K 300 80 100

Table 3 Mean seed production per individual plant and concentration of N, P and K (in %) in
seeds of Rumex crispus from different treatments. Treatment abbreviations are given in Table
1.

Treatment Seeds N P K
abbreviation production (%) (%) (%)
per plant
Cont 1831 1.99 0.4 0.51
N1 11443 2.07 0.3 0.29
N2 9512 2.2 0.27 0.25
P1 1575 2.09 0.41 0.53
P2 3080 2.12 0.4 0.53
K 2815 1.86 0.36 0.41
N1P1 17617 1.97 0.37 0.44
N1P1K 16750 1.97 0.38 0.42
N2P1K 20982 2.16 0.31 0.32
N2P2K 24932 2.16 0.35 0.37
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Fig. 1 Photograph of selected fertilizer treatments taken in 14™ June 2009. Size of individual
Rumex crispus plants was highly affected by investigated fertilizer treatments. Treatment
abbreviations are given in Table 1.
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Fig. 2. Effect of fertilizer treatment on number of stems per plant. Treatment abbreviations are
given in Table 1.
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6. Zavér

Podle uvedenych ¢lanki je zfejmé, ze R. obtusifolius a R. crispus maji ve své fenologii
spole¢né prvky, ackoliv reakce na dané prostiedi se mtizou Vv uréitych smérech lisit. U obou se
vSak ukézala hlavné vyrazna odpovéd na zvySenou dostupnost zivin, kterd se projevila
mnohonasobnym zvySenim semenné produkce. Zaroven se prokazala dilezitost fosforu
v ekologii kli¢eni. Takovéto dusledky rozdilnych urovni zivin v piadé by si ve velkém
mnozstvi praci vénovanych témto druhlim zaslouzily vétsi pozornost. Protoze v dnesni dobé
stale roste zajem o organické zemédélstvi, kde jsou moznosti regulace plevel omezené, Ize
do budoucna ocekavat poptavku po dalSich zpusobech, které by pomohly vyskyt nezadoucich
druhti omezit. Sirokolisté §toviky budou bezesporu jednémi z nich. Proto je tfeba zaméfit se
ve vyzkumu nejen na metody hubeni, ale také na porozuméni jednotlivych aspekti ekologie
téchto druht. Vliv faktort, které ovliviiuji produkci a kvalitu semen plevel, by mél byt
vyznamnym tématem i diky probihajicim zménam globalniho charakteru v prostiedi rostlin,
které zahrnuji i ménici se teplotu, vodni rezim a obsah ptuidnich zivin. Zaméfeni se na tuto
problematiku by tak mohlo pfinést cenné poznatky nejen ve vyvinu novych zplsobl

potlacovani R. obtusifolius a R. crispus, ale i v prognézach jejich budouciho Sifeni.
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