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1 Uvod

Doktorska disertacni prace na téma ,,Moznosti vyuziti rostlinnych stimuldtord jako
prosttedku pro omezeni dasledkd vlahového deficitu pii péstovani zeleniny* byla
vypracovana v ramci prezencniho doktorského studia na Fakulté agrobiologie, potravinovych
a ptirodnich zdroji Ceské zemédélské univerzity v Praze (studijni program ,,Fytotechnika®,
obor ,,Specialni produkce rostlinna*).

Predkladand préce je ptispévkem k obecnému feSeni problematiky omezeni negativnich
dasledkt vlahového deficitu na hospodaiské ukazatele zeleniny.

Prace se soustied’uje na sledovani nékterych faktort, které¢ ve vzajemnych interakcich
ovliviiuji produkéni proces, a to predevSim na pouziti rostlinnych stimuldtord pfi riznych
urovnich zavlahy.

Problematika vody je v soudasnosti jednim z nejdiskutovangjSich témat na poli
védeckém, spolecenském 1 politickém. Sucho je vifadé¢ zemi znacnym problémem, ktery
ovliviiuje ptirozené ekosystémy i produkci agroekosystémii. Nejde ani tak o zasoby vody, ale
pfedevSim o jeji distribuci v jednotlivych oblastech a vramci vegetatniho obdobi
hospodatskych druhti rostlin.

Skuteéné optimalni podminky pro rist a vyvoj jednotlivych druhii zeleniny po celou
dobu vegetace lze pii polnim péstovani stézi zajistit. Polni porosty zeleniny proto béhem
svého vyvoje musi Celit fad¢ stresujicich vlivii. Tyto vlivy mohou vyrazné limitovat zdarny
vyvoj rostlin a v koneéné fazi i vynos a ekonomicky efekt z produkce. Za nejvice limitujici
stresovy faktor pro rostliny je povazovano sucho (vodni deficit).

Vzhledem k vySe uvedenym diévodim je ziejmé, ze se zkoumaji moznosti vyuZiti
prostiedkii pro omezeni diisledki stresu z vlahového deficitu také v zelinaiské praxi.

Tato prace by méla ptispét ke zdrojim informaci z oblasti péstovani cibule kuchynské
a salatu hlavkového a doplnit je o poznatky tykajici se u€inki syntetického brassinosteroidu
a pripravku Atonik na jejich péstovani pii rozdilné Grovni zadvlahy, resp. rozdilné Grovni
vlhkosti prostiedi v piipadé kliceni rostlin.

Doktorskd disertacni prace svym tématem navazuje na feSeni a naplnovani dilCich cila
projektu NAZV & QHS81110 (Ministerstva zemédélstvi CR) ,,Zvyseni odolnosti zeleniny
k vodnimu stresu a vyzkumného zaméru ¢. MSM6046070901 ,,Setrvalé¢ zeméd¢lstvi, kvalita
zemedeélské produkce, krajinné a pfirodni zdroje* Ministerstva Skolstvi, mladeze

a télovychovy.



2 Literarni prehled

Literarni ptehled je vénovan problematice vldhového deficitu a jeho vlivu na péstovani
zeleniny. V dalsich kapitolach je uveden vybér rostlinnych regulatorti s diirazem na jejich
funkci v podminkach stresu. Podrobnéji je pojednano o G¢incich brassinosteroidi a nékterych
fenolickych latek, které byly zkoumany v ramci predklddané disertacni prace. Popsany jsou

rovnéz pouzité modelové plodiny a jejich naroky.

2.1 Stres rostlin

Rast a kvalita rostlin jsou ovlivnény riznymi vlivy zivotniho prostfedi. Zatéz rostlin
zpusobena faktory prostfedi presahujicimi jejich béznou troven byva nazyvéana stresem
(Ondfej, 1992).

Podle Gloser et Prasil (1998) se termin stres obvykle pouziva pro souhrnné oznaceni
stavu, ve kterém se rostlina nachéazi pod vlivem stresorii. Ke stresortim (stresovym faktoriim)
patii zejména nepiiznivé teploty, sucho, necistoty v ovzdusi i v pid¢ a anaerobidza. Plsobeni
stresorti se rostliny pfizptisobuji na trovni molekuldrni, subcelarni, celularni, organové i na
Girovni organismu jako celku (Sebanek, 2001a).

Dle Sarapatky et al. (2010) lze stres také chapat jako situaci, kterd byla zpiisobena

jakoukoliv zjevnou odchylkou od optimalnich hodnot faktoru.

2.1.1 Vodni deficit

Voda je nezbytnym faktorem pro rlst a vyvoj vSech rostlin, tedy i zeleniny. Tendence
klimatickych zmén za poslednich sto let signalizuje staly pokles sumy ro¢nich atmosférickych
srazek a pokles ro¢nich priméri relativni vlhkosti vzduchu. Soucasné rostou prumérné ro¢ni
teploty vzduchu a tim narGstaji evaporacni pozadavky rostlin na vodu. Obdobi sucha mezi
srazkami se prodluzuji, takZe rostliny jsou castéji vystavené vodnimu deficitu. Tyto
neptiznivé klimatické podminky se nasledné€ projevi ve sniZeni rychlosti riistu a tim 1 v nizsi
produkci (Havrila et Novak, 2006).

Voda mé v ekosystémech rychly kolobéh a jeji zasoba, at’ uz v piidé nebo v rostlinach,
staci jen na kratkou dobu. Navic dopliovani vody srdzkami byva nepravidelné a nejsou
vylouceny ani del§i periody sucha. Drobné vykyvy v zdsobeni rostlin vodou zpravidla
nepusobi na rostliny negativné. Naopak dlouhodoby vodni deficit, vznikajici pravé jako

disledek obdobi sucha, je nutné povazovat za limitujici faktor, ktery vyvoldva fadu



biochemickych, anatomickych a morfologickych zmén (Sarapatka et al., 2010). Z abiotickych
faktorti, které omezuji rist a produktivitu rostlin, stoji nedostatek vody na prvnim misté
(Gloser et Prasil, 1998; Rajabbeigi et al., 2013). V dne$ni dobé se proto intenzivni péstovani
zeleniny neobejde bez optimalizace vodniho rezimu (Maly et al., 1998).

Vzhledem ke slozitym vztahiim mezi mnozstvim vody v rostliné a v okolnim prostredi
nelze dosti dobfe zavést jednoduché kritérium, podle kterého by bylo hodnoceno, jak velkému
stresu z nedostatku vody (vodnimu stresu) je rostlina vystavena (Gloser et Prasil, 1998).

Zeleniny maji vétSinou vysoky transpiracni koeficient, pohybujici se v rozmezi 280 —
830, a klesne-li zasoba vody pod 50 % vyuzitelné vodni kapacity, trpi zeleniny vlahovym
deficitem (Maly et al., 1998).

Je tfeba poznamenat, Ze vlastni pfijem vody rostlinou zavisi rovnéZ na obsahu
Zivin a soli v piid€ a na pidni reakci. Vodni stres je tak ¢asto ovlivnén i zasolenim (Blaha et
al., 2003).

Na postupné prodluzovani obdobi sucha, pfi setrvalém poklesu zasoby vyuzitelné pidni
vody k bodu vadnuti, reaguji rostliny narusenim poméru fotosyntézy a respirace, poklesem
tvorby nové biomasy, poklesem turgoru, vadnutim a nakonec odumienim (Bresti¢ et
Olsovska, 2001).

Pokud se vodni deficit, ale i mnohé dalsi typy stresu (t€zké kovy, deficit mineralnich
latek) vyviji pomalu, resp. ma chronicky charakter, vykazuji rostliny vSeobecnou
morfologickou reakci v podobé tzv. stresem vyvolané morfogenni odpovédi. Tato stresem
vyvolana morfogenni odpovéd’ zahrnuje: 1) inhibici prodluZovéani bun€k, 2) lokalizovanou
stimulaci buné¢ného déleni a 3) zmény ve stavu diferenciace bunck (Potters et al., 2007).

vvvvvv

zatézovych faktord, ktery nepfiznivé ovliviiuje rovnéz produktivitu a kvalitu plodin.

2.1.2 Reakce rostlin na vodni deficit

Reakce rostlin na nedostatek vody v prostiedi do zna¢né miry zavisi od evoluce daného
zptisobu hospodateni s vodou. VétSina hospodarskych plodin patii mezi rostliny
homoiohydrické a prostfednictvim ¢etnych mechanismu se snazi minimalizovat vykyvy ztraty
vody v pletivech a zajistit si relativné stabilni vodni bilanci.

Vseobecné lze konstatovat, Ze na dlouhodoby stres z nedostatku vody reaguji rostliny
mnoha aklima¢nimi a adaptacnimi mechanismy jako je: omezeni ristu a velikosti listové

plochy, zavirani praduchd, osmotické ptizpisobeni bunék pletiv, stimulace starnuti a opadu



listl, zména rozptyleni tepelné energie a energie zafeni z listi, vytvareni siln¢jSi voskové
vrstvy na povrchu listu, zvySeni transpiracniho odporu, rychlejsi rast kofenti do vétSich
hloubek, vytvaieni kompenzacnich kotfenti, zména poméru hmotnosti nadzemni a kofenové
¢asti rostliny a zvysena produkce stresovych proteinii (Bresti¢ et Olsovska, 2001).

Nejcitlivejsi reakce rostlin na nedostatek vody byva pravidelné zjistovana u dlouzivého
rustu bunék postizenych organt. K méfitelnému zpomaleni ristu dochdzi jiz pii velmi malé
ztraté vody, kdy turgor klesne jen o 0,1 az 0,2 MPa. Uplné zastaveni riistu nastava pii poklesu
na prahovou hodnotu pro rast (tj. 0,3 az 0,4 MPa). K zastaveni ristu tedy dochéazi diive nez
k zjevnému vadnuti (nulovy turgor) ¢i k ovlivnéni fotosyntézy. Pti dalsim poklesu vodniho
potencidlu bunék dochdzi ke zménam aktivity enzymt. To mé za ndsledek napt. zrychleni
hydrolyzy Skrobu ¢i naopak zpomaleni redukce nitratd. Snizuje se tvorba cytokinini
a v bunkach dochazi k velmi podstatnému zvyseni koncentrace kyseliny abscisové, coz vede
k zavirani prdducht. Nasledn¢ dochazi ke snizeni rychlosti vymény plynt a tim i rychlosti
fotosyntézy a transpirace. Pfi dal$im poklesu vodniho potencidlu dochdzi u nékterych druht
rostlin k tvorbé aminokyseliny prolinu, jiné druhy reaguji syntézou cukri, alkohold ¢i betainu.
Vyznam téchto syntéz je zfejmé ve zvySeni osmotického tlaku v bunikach (Gloser et Prasil,
1998). Na bunécné urovni je stres provazen reakcemi, které vedou k aklimaci a adaptaci
rostlin nebo castéji k jejich poskozeni (Beck et al., 2007). Pisobenim stresovych faktori
dochdzi ke ztrat¢ turgoru bunék, plsobi osmoticky stres a nakonec dojde i1 k poSkozeni
buné¢nych membran (Mahajan et Tuteja, 2005).

Pti vnéjSim pohledu se stres suchem na rostlinach projevuje vadnutim listil, inhibici
ristu nadzemni C¢asti a kofenli, opadem listl, opadem kvétnich poupat, zasychanim
a poskozenim kvétl a redukci vynosu ( Guilioni et al., 2003).

Schopnost adaptace rostlin na stresové podminky je geneticky fixovdna a zavisi na
ontogenezi (Ondiej, 1992). Podle Liu et al. (2011) je citlivost rostlin k nedostatku vody
rozdilna nejenom v zavislosti na druhu rostlin, fazi vyvoje, ale také na odriidé a délce trvani
tohoto stresového vlivu. Nejodolngjsi jsou rostliny ve fazi dormance, nejméné odolné jsou
V juvenilni fazi pfi vzchazeni a v dobé formovani gamet (Sebanek, 2001a).

Pro rist rostlin a jejich preziti je tedy nezbytna aklimatizace na ménici se podminky
zivotniho prostiedi. V pribéhu fylogeneze se vyvinuly takzvané stresové proteiny, které jsou
syntetizovany pii stresovych podminkach a umoziuji prekonat situace na hranici moznosti
existence (Ondiej, 1992; Sebanek, 2001a).

V posledni dobé se vénuje zvySend pozornost Slechténi na odolnost vii¢i suchu

a intenzivné se pracuje i na vyuziti transgennich rostlin (Hervé et Serraj, 2009).



Z praktického pohledu je vSak Slechténi rostlin na odolnost vii¢i abiotickym stresortim,

zvlasté k vodnimu deficitu, velmi komplikované a ¢asové naro¢né (Vegh et Rajkai, 2006)

2.2 Biologicky aktivni latky

Jednim z pfistupd, jak zlepsit odolnost rostlin vii¢i suchu, je pouziti riiznych biologicky
aktivnich latek. Jsou to strukturalné a funkéné aktivni latky pritomné v zivych organismech.
V sirSim slova smyslu Ize za tyto latky povazovat vSechny slouceniny od vody az po
aminokyseliny. Dtiraz je vSak kladen na slovo aktivni. Jedna se tedy o latky vykonavajici
nebo podnécujici ¢innost a pro danou ¢innost specifické (Dfimalova, 2005).

Cilem aplikace biologicky aktivnich latek je zvySeni produkéni vykonnosti rostlin
a zlepSeni kvality produkce, jak uvadi Cerny et Javor (2004) nebo Bynum et al. (2007). Dalsi
autofi (Fecenko et al., 1997; Pulkrabek et al., 1999; Cemy et al., 2000; Hudec et al., 2001)
povazuji za biologicky aktivni latky takové slouceniny, které pozitivné ovliviuji Zivotni
funkce rostlin - podporuji, inhibuji ¢i jinak modifikuji fyziologické a morfogenetické procesy
u rostlin. Biologicky aktivni latky se pouzivaji téz jako prostiedek zmirnéni disledki stresu
vyvolaného vné&j§imi podminkami, ovliviiuji tvorbu urody a zlepSuji vyuziti genetického
potencialu odriid (Santa, 1995). Pfi péstovani polnich plodin, jako jsou obilniny, cukrovka,
fepka atd., se v praxi pouziva fada téchto piipravku - naptiklad Sunagreen (Biosfor s.r.o.,
Pardubice, CR), Hergit (Biosfor s.r.o., Pardubice, CR), Energren (EGT system spol. s.r.o.,
Otice, CR), Lexin (Lexicon s.r.o., Praha, CR) a dalsi.

2.2.1 Riistové regulatory

Jednou z kategorii biologicky aktivnich latek jsou rustové regulatory rostlin (Dfimalova,
2005).

U vSech organismt se setkavame s piisnou regulaci procesi, které vychézeji z vngjsich
ale 1 vnitinich podnéti. Rostliny pro udrzeni homeostazy vyuzivaji ristové regulatory. Tyto
latky reguluji ristové a vyvojové procesy u rostlin. Jako rust rostlin oznacujeme ireverzibilni
zménu jejich tvaru. Casto se zdiraziuje jeho kvantitativni stranka, aviak rist je spjat rovnéz
s diferenciaci, tedy se zménami kvalitativnimi, zahrnovanymi pod pojem vyvoj.

Pod oznafenim rlstové regulatory se dnes nachazeji jak latky pfirozené, tak i latky
ziskané synteticky.

Regulatory rustu (Tabulka 1) se dle Machackové (1998) déli do dvou kategorii:

1) rostlinné hormony (fytohormony)

2) dalsi latky s regulacni aktivitou
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Rostlinné hormony jsou povazovany za ptirozené regulatory ristu. Jsou to organické
sloucCeniny syntetizované v jedné casti rostliny a translokované do jiné. Pro tvorbu
fytohormonitl existuje metabolickd dréha, ktera jejich hladinu zajistuje. Na zéklad¢ aktivity
enzymi metabolickych drah pak mohou rostliny regulovat syntézu fytohormont v odpovédi
na vnitini a vnéjsi signaly, jako jsou svételné podminky, pfitomnost nutrietd, bioticky
a abioticky stres atd. Z vyzkumu zakonitosti ristu rostlin vyplyva, Ze v téchto procesech hraji
vyznamnou roli interakce jednotlivych fytohormonii. Neexistuje rustovy proces, ktery by byl
regulovan pouze jednim fytohormonem (Prochazka, 1997).

Fyziologickou reakci vyvolavaji velmi malé¢ davky - hormony jsou Casto u¢inné pii
koncentracich okolo 1uM . Témito vlastnostmi se mohou fytohormony liSit od ostatnich
biologickych latek, které se téz fadi do obecné skupiny riistovych reguldtori. To vSak neubira
rustovym regulatorim na jejich vyznamu, protoze se mohou ucastnit velice vyznamnych
procest, jako je naptiklad mezidruhovd komunikace. Navic hranice mezi fytohormony
a dal$imi latkami s regulacni aktivitou mtze byt velice uzka, protoze i tyto latky mohou stejné
jako rostlinné hormony ucinkovat za velmi nizkych koncentraci (Chiwocha et al., 2009)
a existuji pro né v rostlin¢ specifické receptory (Waters et al., 2012).

Jak fytohormony, tak i syntetické reguldtory rustu lze rozliSit na regulatory povahy
stimulacni (stimuldtory) a povahy inhibi¢ni (inhibitory). RozliSeni je vSak malo ptesné, nebot
1 stimulator mize ve vys$i koncentraci rlist inhibovat a naopak inhibitor ve velmi nizké
koncentraci muzZe pasobit stimulaéné (Machackova, 1998).

Mezi hlavni vlivy, které zplisobuji stres rostlin, patii vodni deficit, teplota, nedostatek
kysliku v pade¢, vliv imisi a dalsi. Na pasobeni téchto faktorti (stresortl) se rostlina adaptuje.
Vlivem stresorli je zasazen metabolismus rostlin, transkripce 1 translace, zvySuje se
permeabilita membran, zvedd se obsah prolinu atd. VétSina stresorii zasahuje 1 do hladiny
fytohormonii a do jejich metabolismu. Timto zplisobem se meéni rist a vyvoj rostlin

(Prochazka, 1997).

Nasledujici text je vénovan vyznamnym rustovym regulatorim a jejich funkcim
Vv piipad¢ vodniho stresu u rostlin. Diraz je kladen na brassinosteroidy a nékteré fenolické
latky (Atonik), jejichz vliv byl sledovan u zeleniny péstované v podminkach vldhového

deficitu v ramci této prace.
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Tabulka 1. Piehled hlavnich typii regulatori risstu dle Prochazky et Sebanka (1997)

Fytohormony

Nativni (ptirozené) Syntetické
A. Rustové latky (stimulétory)

Auxiny Auxiny

kyselina indolyl-3-octova (IAA)
4-chlor-1AA

kyselina fenyloctova (PAA)
kyselina indolyl-3-maselna (IBA)

Gibereliny (GA;, GA,, atd.)
Cytokininy

izopentenyladenin

trans-zeatin

dihydrozeatin

derivaty N°-benzyladeninu (BA)
difenylmocovina

tidiazuron

kyselina a-naftyloctova (NAA)

kyselina 2,4-dichlorfenoxyoctova (2,4-D)
kyselina 2,4,5-trichlorfenoxyoctova (2,4,5-T)

kyselina 2metyl-4-chlorfenoxy-
octova (MCPA)

Cytokininy

N°-benzyladenin (BA)

N®-(m-hydroxybenzyl)adenin

kinetin

B. Zéabranné latky (inhibitory)

kyselina abscisova (ABA)

xantoxin

maleinhydrazid (MH)
kyselina 2,3,5-trijodbenzoova (TIBA)

kyselina jasmonova chlorcholinchlorid (CCC)
fenolické latky ancymidol

paclobutrazol

AMO-1618

B-995 (kyselina N-dimetyljantarova)
C. Etylen kyselina 2-chloretylfosfonova (CEPA)
D. Ostatni
brassinolid benzolinon
polyaminy (spermin, spermidin) a dalsi...

oligosachariny

turgoriny
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2.2.2 Rostlinné hormony

2.2.2.1 Auxiny

Prvnim objevenym a nejlépe prozkoumanym fytohormonem je kyselina indolyl-3-
octovd (IAA). Biosyntéza TAA vychazi z aminokyseliny tryptofanu a jsou znadmy Ctyfi
biosyntetické cesty. Aktivni formou je volny auxin, jehoz zdrojem jsou u vysSich rostlin
rostouci nadzemni organy, zejména pupeny. Zakladni fyziologickou funkci auxinu je indukce
dlouzivého ristu a stimulace déleni, fototropismus a gravitropismus, apikalni dominance
a zakladani postrannich a adventivnich kofent. Ugastni se téZ procesu opadu plodi a listd
(Dtfimalova, 2005).

Kyselina indolyl-3-octova byla dlouho povazovana za jediny pfirozeny auxin.
V posledni dobé byly Vrostlinach nalezeny latky - kyselina indolyl-3-maselna (IBA)
a 4chlor-IAA, které byly diive povazované za syntetické. Pii hledani latek s rustoveé regulacni
aktivitou byla nalezena tada dalSich syntetickych latek s uc€inky podobnymi IAA, které se
oznacuji jako syntetické auxiny (Machackova, 1998).

Obsah endogenni IAA se zpravidla vlivem sucha vyrazné neméni (Kannangara et al.,
1983).

Jini autofi vSak uvadi, Ze vlivem sucha dochédzi k poklesu IAA. Auxin zvySuje
permeabilitu protoplazmy pro vodu a vydej vody z vadnoucich rostlin je urychlen (Sebanek et

al., 1997).

2.2.2.2 Cytokininy

Chemicky se jednd o derivaty adeninu se substituci v Ne-poloze. Nejvyssi aktivitu maji
latky, které jako substituent maji izoprenoidni fetézec s dvojnou vazbou (Kaminek, 1992).
Biosyntéza probihd ve vSech rostlinnych orgénech, pfevazné vSak ve vrcholové ¢asti kofent.
Zékladni fyziologickou funkci cytokininll je stimulace bunéného d€leni. Cytokininy maji
vliv na reakce ve fazi S bunééného cyklu a na replikaci DNA béhem mitozy. Spolu s auxiny
tvoii zaklad regeneracnich procest. Snizuji apikélni dominanci, zpomaluji starnuti (degradaci
chlorofylu) a udrzuji vysokou metabolickou aktivitu pletiv (Dfimalova, 2005).

Ve vztahu k reakci na stres suchem mohou cytokininy aplikované na listy pozitivné
pusobit na otevirani priaduchti a podpofit transpiraci. Vyznamnou roli vSak hraje stafi listid. Na
aplikaci Kinetinu reaguji oteviranim praducht spise starsi listy (Blackman et Davies, 1984).

Pozitivni vliv exogenné aplikovanych cytokininli na otevirani priaduchii miize souviset

sjejich kladnym vlivem na retardaci starnuti urychlovaného vlivem ABA. Hladina
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endogennich cytokinind v listech je vlivem sucha zpravidla sniZzena, nebot’ poklesne jejich

syntéza v kofenech a dojde ke snizeni transportu do lodyhy (Sebanek et al., 1997).

2.2.2.3 Gibereliny

Aktivita giberelinii (GA) je dana ent-giberelanovym skeletem a lisi se podle struktury.
Tyto fytohormony se tvoii pravdépodobné ve vSech rostlinnych organech. Nejvyssi hladiny se
nachazi v mistech aktivniho riistu a v nové se tvoficich organech. Jsou transportovany ve
floému (i kdyz byly detekovany i v xylému), coz svéd¢i o jejich syntéze v kotenech. Hlavnim
fyziologickym ucinkem giberelind je stimulace prodluzovaciho rdstu nadzemnich casti
rostlin. Tyto hormony se rovnéz podili na indukci kveteni u dlouhodennich rostlin, které ve
vegetativnim stavu tvoii pfizemni razici. Reguluji obdobi juvenility. Ovliviiuji ontogenezi pfi
kliceni semen indukci produkce enzymt mobilizujicich zasobni latky (Machackova, 1998;
Dtimalova, 2005).

Z pokust, které byly provedeny na Inu, vyplyva vztah mezi vzestupem vodniho deficitu
a poklesem obsahu giberelinti v délohach kli¢nich rostlin. Tento pokles 1ze prokazat i u jinych
rostlin. Rostliny oSetfené giberelinem vydavaji vodu béhem vadnuti rychleji, coz svédci
0 tom, Ze GA snizuji odolnost rostlin k suchu (Sebanek et al., 1997).

Exogenné aplikované latky retarda¢ni povahy méni korelaci mezi kofenem a lodyhou ve
prospéch kotene. Takto aplikované gibereliny naopak ptlisobi ve prospéch ristu lodyhy. Tento
fakt mtze vysvétlit, pro¢ také sucho, zvySujici obsah ABA a sniZujici obsah endogennich

giberelinti, podporuje vice riist kofene neZ prytu (Sebanek et al., 1997).

2.2.2.4 Kyselina abscisova

Chemicky se jedna o seskviterpen s 15 uhlikovymi atomy a cyklickou ¢asti v molekule.
Fyziologicky aktivni formou kyseliny abscisové (ABA) je vyhradné (+)-S-izomer. Nejvice se
tvoii v dormantnich organech (pupenech, semenech, hlizdch) a rychle rostoucich pletivech
(listech). Tvofi se rovnéz v kofenovych Spickach. Tvorba ABA je vyssi za kratkého dne
a silné stoupa ptfi nedostatku vldhy (Machackova, 1998). Pro své funkce je nazyvana
hormonem stresu. Snizovanim transpirace a zvySovanim odolnosti cytoplazmy brani ztratdm
vody. Stimuluje degradacni procesy a urychluje starnuti. Reguluje dormanci semen a pupentil
(Dtimalova, 2005).

ABA ma rozhodujici roli ve zprostfedkovani informace o suchu a regulaci ristu
nadzemni Casti rostliny na zacatku plsobeni stresu. Pozdéji tuto roli prebird hydraulicky

signal (Goodger et al., 2005). ZvySena hladina ABA je nejnapadnéj$i hormonélni zménou
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zptisobenou suchem (Harris et Outlaw, 1991). ABA podporuje riist kofenti a omezuje rist
pryti, takze rostliny vystavené suchu mohou mit snizeny pomér mezi pryty a kofeny
(Mansfield et Mc Ainsh, 1995). ABA stoji za kratkodobou stimulaci ristu hlavniho kofene
(Davies et Bacon, 2003). Exogenné aplikovana ABA sniZuje uzavirani priduchti a tim
ovliviiuje rezistenci rostlin vic¢i suchu (Bradford, 1983). Z toho vyplyva, ze ztraty vody
Vv rostlinach béhem vodniho stresu je mozno redukovat, a tak zvySit odolnost rostlin vici
suchu aplikaci ABA (Jeong et Ota, 1981, Marshall et al., 1991). Vydej vody béhem vadnuti
mize brzdit také oSetfeni TIBA, jak uvadi Sebanek et al. (1997).

2.2.2.5 Etylén

Biosyntéza etylenu vychazi z aminokyseliny L-methioninu. Mezi jeho fyziologické
ucinky patii Gcast na procesech starnuti, inhibice prodluzovaciho a stimulace radialniho rtstu.
Signalizuje fyziologicky stres a vyvolava ochranné reakce (Dfimalova, 2005).

Vlivem sucha se mlze zvedat produkce etylenu v rostlindich podobné jako vlivem
jinych stresovych faktort (Wright, 1977). Existuji vSak i1 odliSné udaje, které souvisi se
skuteCnosti, ze uzavieni pruduchti mize zpomalit difuzi etylenu do okolniho vzduchu
(Sebéanek et al., 1997). U nékterych druhi jsou k dispozici rostliny s nizsi hladinou etylénu,
které méné citlivé reaguji na kolisani mnozstvi pudni vody. Niz8i hladina etylénu mé za
nasledek zlepSeny rust kofent a téz ¢astecné snizuje riist listi - zmenSuje se tak plocha pro

vypar vody (Blaha, 2011).

Sebanek et al. (1997) konstatuji, Ze gibereliny a jiné ristové stimulaéni latky snizuji
odolnost rostlin k suchu, zatimco ABA, retardanty, etylen a dal§i substance, pusobici
inhibi¢né na rist, tuto odolnost zvysuji.

Zatimco Machackova (1998) uvadi 5 druhli fytohormonl (auxiny, gibereliny,
cytokininy, kyselinu abscisovou a etylen), pozdé€jsi autofi jiz mezi fytohormony fadi
1 brassinosteroidy (Oklestkova et al., 2015), kyselinu jasmonovou, salicylaty a strigolaktony

(Wasternack, 2015).

2.2.2.6 Brassinosteroidy

Brassinosteroidy jsou skupina rostlinnych steroida s ristové regulacnimi vlastnostmi.
Prvni steroid s regulacnim ucinkem byl izolovan v roce 1979 z pylu fepky — odtud trividlni
nazev brassinolid (Grove et al., 1979). Byl identifikovén jako (22 R, 23 R, 24 S) 2a-30-22,23-

tetrahydroxy-24-methyl-B- homo-7-0xa-5a-cholestan-6-on. Dnes je znamo okolo dvaceti typtu
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brassinosteroidii. Jejich charakteristickym znakem va¢i zZivociSnym steroidim jsou zmény
vjadie B a po dvou hydroxylovych skupinach v kruhu A v bocnim fetézci (Pavlova et
Fischer, 2011). Jako vSechny steroidni hormony maji i brassinosteroidy receptory v buné¢ném
jadie (Krekule et Zmrhal, 1994).

Brassinosteroidy se nachdzeji v nadzemnich ¢astech rostlin (napf. v klasech a latach
trav). Mlzeme se s nimi setkat také v kofenech, kde pozitivné ovliviiyji jejich rist a vyvoj
(Pavlova et Fischer, 2011). Jak uvadi Krekule et Zmrhal (1994) brassinosteroidy vykazuji
i daldi efekty podobné auxinu (napf. podporuji tvorbu etylénu). U¢inné koncentrace
brassinosteroidii se pohybuji v rozmezi 0,01 az 10 nM (Machackova, 1998). Vysoké
koncentrace brassinosteroidit vSak mohou mit retarda¢ni GCinky, jak ukazuji vysledky
Prochazky et al. (2011).

Brassinosteroidy vyznamné aktivuji dlouzivy rust a déleni bun¢k (Mandava, 1988).
Utastni se d&ji od kli¢eni (Tanaka et al., 2003; Divi et Krishna, 2010) po pfechod rostlin od
vegetativni k reprodukéni fazi (Suge, 1986). Na konkrétnich ptikladech byl prokazan jejich
stimulaéni vliv pfi proliferaci kalusu u Arabidopsis thaliana ¢i pfi regeneraci pletiv kvétaku
(Hu et al., 2000; Sasaki, 2002). Stimuluji rozvijeni listd a jejich odklanéni od stébla
a v generativni fazi vyvoje fidi tvorbu a dozravani zrna (Hradecka et al., 2006). Dalsi autofi
zaznamenali po aplikaci brassinosteroidii rychlejsi rist také u rostlin rodu Geranium (Swamy
et Rao, 2008), Coleus ( Swamy et Rao, 2011), druhu Vicia faba ( Pifiol et Simén, 2009) nebo
u riznych genotypt kukutice (Hola et al., 2010).

Brassinosteroidy na rust stonku neplsobi samostatné, ale interaguji s dalSimi
rostlinnymi hormony. Maji pfedevs§im doplitkovy vliv na piisobeni giberelini a synergicky
efekt s auxinem (Tong et al., 2014; Unterholzner et al., 2015).

Brassinosteroidy nejenom podporuji rist (Miissig, 2005), ale také zvySuji vynos
a zlepSuji jeho kvalitu. Rovnéz Khripach et al. (2000) povazuji tyto latky za velmi
perspektivni zptisob podpory vynosu v pripadé zemédélskych plodin. Po jejich aplikaci byl
zaznamenan vys$i vynos u dilezitych polnich plodin, jako je napf. pSenice, brambory, ryze,
fazole ¢i hotcice (Ramraj et al., 1997; Khripach et al., 2000; Zullo et Adam, 2002; Upreti et
Murti, 2004; Fariduddin et al., 2008; Janeczko et al., 2010). Pfi testovani v polnich pokusech
v Ciné jejich pouziti vedlo ke zvyseni vynosu pSenice o 8 — 15 % (Cutler, 1994).

Z hlediska zvySeni kvality produkce byl prokazan kladny vliv brassinosteroidii na
podzemnici olejnou (Vardhini et Rao, 1998) ¢i mucenku jedlou (Gomes et al., 2006).
U endivie byl po aplikaci brassinosteroidi spole¢né s piipravkem Tomex Amin zaznamenan

naruast celkové antioxidacni aktivity (Serna et al., 2013).
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V podminkach naSi republiky byl vliv brassinosteroidii posuzovan u maku. Byl
hodnocen zacatek kveteni, poléhani, zdravotni stav listl a vynos semene. Stanovovan byl
rovnéz obsah tuku v semeni a obsah morfinu v makoviné. Byl provadén postiik rostlin ve fazi
8 pravych listh a vobdobi dlouzivého rastu. Vysledky ukazaly, ze efekt oSetieni
brassinosteroidy je siln¢ zavisly na konkrétnim ro¢niku. Zatimco v roce 2006 byl vliv oSetieni
na rostliny minimalni, tak v pfedchozim roce aplikace brassinosteroidii vedla ke zvyseni
vynosu semen o 12 — 30 % (Havel, 2008).

Pti pokusech s brassinosteroidy na fep¢ cukrové (ve fazi 9 a vice listl rozvinuto, postiik
24-epibrassinolidem o koncentraci 1uM), provadénych v letech 2005 a 2007, byl prokazan
pfiznivy vliv na vynosové i kvalitativni ukazatele — vyS$i vynos bulev i bilého cukru
(Hradecka et al., 2009).

Machéckova (1998) upozoriiuje, Ze brassinosteroidy rovnéz vyznamné zvySuji odolnost
rostlin vici stresim - po jejich aplikaci pfekonavaji rostliny stres s menSimi ztratami. ZvIaste
zahradni plodiny jsou citlivé k ,,sub-optimalnim“ podminkam prostiedi a pravé aplikace
brassinosteroidt u nich slibuje do budoucna zvyseni produkce (Kang et Guo, 2011).

Ogweno et al. (2008) pii pokusech na rajéeti zjistil, ze aplikaci 24-epibrassinolidu Ize
zmirnit uc¢inky vysokych teplot. Jager et al. (2008) uvadi, ze v ramci provadénych studii bylo
prokéazano, ze vnéjsi aplikace brassinosteroidii vede také ke zlepSeni riznych aspektt ristu
rostlin v podminkach vodniho stresu.

U jednoho z brassinosteroid — 24-epibrassinolid — se pii pokusech na rajceti prokazalo,
ze hraje roli pfi zmirnéni nasledkt stresu suchem. V ramci pokusu byly rostliny rajcete
oSetfeny postiikem roztokem 24-epibrassinolidu na list a vystaveny suchu (0; 3 a 5 dni bez
zalivky). Poté byly méfeny biochemické a antioxidacni parametry u téchto rostlin. Zjisténé
udaje dokladaji, ze 24-epibrassinolid hraje roli pfi zmirnéni poskozeni rostlin nasledkem
vodniho stresu (Behnamnia et al., 2009). Vysledky méteni pii pokusech na Brassica napus
rovnéz ukazaly, ze tato latka dokaze zmirnit disledky vodniho stresu a pomoci rostlinam
piezit v neptiznivych podminkéach (Mousavi et al., 2009).

Brassinosteroidy také mirni projevy dalSich stresovych faktorii na fyziologii rostlin,
napt. v zavislosti na pouziti pesticida (Xia et al., 2006), herbicidt (Pinol et Simon, 2011) ¢i
Vv piipadé zasoleni (Nunez et al., 2003; Shahid et al. 2011).

Brassinosteroidy jsou povazovany za netoxické latky (Esposito et al., 2011), Setrné
k zivotnimu prostiedi (Kang et Guo, 2011).

Jak bylo zminéno vySe, v soufasné dobé jsou brassinosteroidy povazovany za

samostatnou skupinu fytohormont (Bishop et Yokota, 2001; Zullo et Adam, 2002).
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Pfirodni brassinosteroidy jsou vzhledem k vysoké pofizovaci cené pro praxi
nepouzitelné.

Nekteré, z dnes znamych ucinnych molekul, proto byly pfipraveny synteticky a ocekava
se jejich vyuziti v praxi. Nejcastéji pouzivanym syntetickym brassinosteroidem je dnes
24-epibrassinolid. Piesto jeho cena ponékud omezuje $irsi vyuziti (Hradecka et al., 2006).

Byla provedena tada pokusi tykajicich se plisobeni brassinosteroidi na fyziologické
procesy u rostlin. Avsak neni dosud shromazdén dostatek poznatki o skutecném dopadu
téchto rostlinnych stimulatort a jejich syntetickych analogi na kvalitu a kvantitu vynosu

u zeleniny.

2.2.2.7 Kyselina jasmonova

Kyselina jasmonova a jeji metylester jsou obsazeny ve vSech organech mnoha
rostlinnych druhli, a to vrelativné vysokych mnozstvich. Jejim nejdéle znamym
fyziologickym uc¢inkem je urychlujici vliv na starnuti listovych segment. Kumuluje se ve
starnoucich listech. Podobné jako kyselina abscisovd ma rustové inhibi¢ni vlastnosti (brzdi
rust kalusu, inhibuje klieni a rast kofentl). Vyznamny je vliv kyseliny jasmonové na
zakladani hliz bramboru. Avsak jeji nejvyznamnéjsi tlohou je jeji funkce jako signdlu pfi

reakci na dotyk (uponkaté rostliny), na patogeny a na poranéni (Machackova, 1998).

2.2.2.8 Strigolaktony

K fytohormoniim se dle Wasternacka (2015) fadi i strigolaktony, kterych je zndmo jiz
devét, napt. strigol, orobanchol, alectrol, sorgolakton a dalsi (Xie et al., 2008; Yoneyama et
al., 2008). Jejich chemicka struktura je odvozena od tetracyklické molekuly, nazvané strigol.
Strigolaktony jsou vyluovany kofenovym systémem rostliny a reguluji jeji vétveni,
modifikuji u¢inek auxinu a podili se na vzajemném pulsobeni rostlin a prostfedi, ve kterém
rostou. Hraji vyznamnou tlohu pti parazitismu (Yoneyama et al., 2008).

Semena parazitickych rostlin rodd Orobanche (zaraza) a Striga prezivaji celé roky
v dormantnim stavu. Klicit zacinaji teprve po indukci chemickym signalem (strigolaktony),
vylucovanym kotenovym systémem hostitelské rostliny do blizkého okoli. Jakmile molekula
strigolaktonu pronikne do semene, jiz béhem nékolika minut dochazi ke stimulaci
mitochondrii, béhem hodiny k nastartovani biosyntézy a poté nasleduje exprese genil
aktivujicich bunécné de€leni, rist a diferenciaci (Brewer et al., 2009). Strigolaktony jsou také

rozpoznavacim signalem pro mykorhizni mikroorganismy (Soto et al., 2010).

18



2.2.3 Dalsi latky s regulacni aktivitou

2.2.3.1 Kourové latky

Dalsi z fyzikalnich veli¢in, kterd ovliviiuje rostliny a souvisi s vldhovym deficitem, je
teplota. Diisledkem vysokych teplot jsou pak pozary. Kazdoro¢ni rozsédhlé pozary devastuji
obrovské oblasti vegetace na Zemi. Ackoliv rostliny se mohou pozaru jen tézko branit,
vyvinuly se u nich mechanismy, které umoziuji vyuzit nékterych faktord spojenych
S pozarem ve svilj prospéch. Takovym faktorem mohou byt latky obsazené v koufi ze spalené
vegetace, které pomahaji urychlit proces kliceni rostlin. Chemicka podstata téchto latek byla
odhalena v roce 2003 a slouceniny byly nazvany karrikiny. Dle chemické struktury je fadime
do skupiny butenolidd, mezi které se fadi i vySe uvedené strigolaktony.

Karrikiny se svymi u¢inky na kli¢eni a navazujici procesy vyrazn¢ podobaji ucinkiim
nckterych fytohormont, jako jsou napt. gibereliny. Dosud vSak nebyla v rostlinach
identifikovana biosyntetickd draha, kterd by k syntéze karrikint vedla (Nelson et al., 2012).
Molekularni podstata pozitivnich u¢inkd koufovych latek dosud neni objasnéna, piesto se

karrikiny ukazuji jako zajimavé latky uplatnitelné v zahradnictvi.

2.2.3.2 Polyaminy

Polyaminy se nejcastéji v rostlindich vyskytuji jako putrescin, spermin a spermidin.
Vyskytuji se v riizném poméru, a to i v dost vysokych koncentracich (az stovky pmol.g™
cerstvé hmotnosti). NejvySsi hladiny se nachazeji v meristematickych pletivech. Polyaminy
stimuluji rdst, zejména v kulturach in vitro, kde probihad intenzivni bunééné déleni. Dale
stimuluji, zejména putrescin, somatickou embryogenezi. Hraji rovnéZ vyznamnou roli
V obrang rostlin proti stresim. To je dano jejich ochrannym plisobenim na membrany a na

DNA (Machackova, 1998).

2.2.3.3 Oligosachariny

Oligosachariny jsou fragmenty bunééné stény a chemicky se jedna o oligosacharidy.
Podle monosacharidi obsazenych v jejich molekule se déli do nékolika skupin.
Xyloglukanové 1 pektinové oligosachariny inhibuji dlouzivy rist, gluk6zaminové
oligosachariny se ucastni odezvy rostlin na napadeni patogeny. Mezi tyto latky patii téz
»hodulacéni faktory* produkované bakteriemi Rhizobium, které se ucastni ranych stadii

nodulace (Machackova, 1998).
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2.2.3.4 Fenolické latky

Fenolické latky reprezentuji rozsahlou skupinu sekundérnich metaboliti. Do této
kategorie se fadi jednoduché derivaty benzenu, kyseliny benzoové a skoficové, dale
flavonoidy, antokyany a kumariny, ale i latky slozité jako jsou tfisloviny a lignin. Nékteré
zZ téchto latek maji ristove regulacni vlastnosti.

Derivaty kyseliny skoficové (p-kumarova, nerulova, kévova), kyseliny benzoové
a n¢které flavonoidy inhibuji pfirozeny dlouzivy rast i rist indukovany IAA. Tyto Gcinky se
vysvétluji vlivem zminénych fenold na odbourani IAA peroxidazou. Jiné vysvétleni spociva
Vv tom, ze derivaty kyseliny skoficové jsou piimymi prekurzory stavebni jednotky ligninu
a lignifikace omezuje dlouzivy rust (Machackova, 1998).

Pti regulaci péstebniho procesu fady plodin (jako je napt. cukrova fepa, kukufice, len,
fepka, rajce, paprika, ovocné ale i 1éCivé rostliny), jsou Casto vyuzivanymi ucinnymi latkami
nitrofenolaty (Panajotov, 1997; Babuska, 1998; Zahradnicek et al., 1998; Pulkrabek et al.,
1999; Cerny et Ondrisik, 2003; Djanaguiraman et al., 2004b; Serrano et al., 2010).

Jak uvadi Kovar et Cerny (2008), zatim neni dostatek detailnich poznatkd o reakci
rostlinné buiiky na nitrofenolaty v ramci regulace stresu. Je vSak ziejmé, ze nitroslouceniny
minimalizuji oxidativni poSkozeni prostfednictvim zvySené aktivity antioxidacnich enzymd,
coz se v konecném disledku projevi na trovni celé rostliny jeji lepsi produkéni vykonnosti
(Grassmann et al.,, 2002). Nitrofenolaty byly identifikovany jako endogenni soucast
rostlinného metabolismu stimulujici rist zménou aktivity specifickych antioxidac¢nich enzymt
(Djanaguiraman et al., 2004a). Tyto enzymy jsou zapojeny do detoxikacnich reakci
reaktivnich forem kysliku (Mittler, 2002). Pii optimalnich fyziologickych podminkéch
podléhd kyslik n€kolika metabolickym pfeméndm spojenym S tvorbou reaktivnich forem.
Oxidativni poskozeni, jako disledek stresové situace Vv buiice, je indukovano tehdy, kdyz je
produkce reaktivnich forem kysliku vyss$i neZ schopnost buiikky homeostaticky tyto reaktivni
formy detoxikovat. Z toho vyplyva, Ze produkce reaktivnich forem kysliku je vSeobecnym
syndromem stresové reakce buiky (Lichtenthaler, 1996).

Jednim z pfipravki, ktery vyuziva principti fungovéani aromatickych nitrosloucenin, je
Atonik (AT). Uginnymi latkami AT jsou 2-nitrofenolat sodny v mnozstvi 2 gl 4-
nitrofenolat sodny v mnozstvi 3 g.I*, 5-nitroguajakolat sodny v mnozstvi 1 g.I™.

Pii exogennim pouziti AT zvySuje aktivitu auxind, stimuluje proces kveteni, umoziuje
rychlou adaptaci na nepfiznivé environmentalni podminky a zvySuje vynos (Zahradnicek et

al., 1998; Cemy et al.,, 2002; Gruszczyk et Berbe¢, 2004; Kotodziej, 2004; 2008). AT
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obsahuje pfirodni slozky Setrné k zivotnimu prostfedi, pficemz stimuluje rostlinny
metabolismus bez jeho poSkozeni, resp. bez toxicity, jak prokdzaly pokusy na rajceti
a baviniku (Djanaguiraman et al., 2004c). AT zlepSuje piimo piijem mineralnich Zivin z pud,
akumulaci produktii fotosyntézy do zésobnich organli a rozvoj pidnich bakterii. Taktéz
zvysuje aktivitu nitratreduktazy (Sharma et al., 1984).

Vyrobce AT doporucuje také ke stimulaci vynosu chmele, cukrovky, fepky, raj¢at, polni
papriky, k zakofenovani tizki karafiata, stimulaci kliceni semen kvétin a zeleniny a stimulaci
rustu a vynosu maku set¢ho (Anonym, 2008).

Dalsi autofti zjistili pozitivni vliv AT na vynos a kvalitativni parametry u cukrové fepy
(Zahradnic¢ek et Pulkrabek, 2001; Zahradnicek et al., 2004a; 2004b). V piipad¢ péstovani
zeleniny sledoval Serrano et al. (2010) vliv aplikace smési nitrofenolatli na riist a dozravani
papriky. Béhem vegetace méfili hmotnost plodd, jejich barvu, vyZzivové hodnoty a bioaktivni
slozky (obsah polyfenold, karotenoidd, organickych kyselin a celkovou antioxidacni aktivitu).
Sledované¢ parametry byly po pouziti nitrofenolati prikazné vyssi. Aplikace smési
nitrofenolatl tedy vedla ke zlepSeni kvality plodl a pfedevsim ke zvySeni jejich vyzivové
hodnoty. Pti pouziti AT ve formé listové aplikace u cukrovky ve fazi BBCH 14 - 16 a 30 - 31
byl zjistén statisticky vyznamny rozdil ve vynosu bulev (Cerny et al., 2009). Pouziti AT vedlo
té k nartistu obsahu inulinu a sudiny u kofene &ekanky (Cerny et al., 2007). V piipadé
testovani u révy vinné byl prokdzan ptiznivy vliv AT na vynos i na kvalitu hroznli (Yaneva et
al., 2010).

V ramci pokusti bylo u stimuldtoru AT prokazano, Ze zmirfiuje stresové plsobeni
herbicidi na cibuli (Petfikova et al., 2006). AT rovnéZ urychlil regeneraci rostlin fepy
cukrové stresovanych aplikaci postemergentnich herbicidii (Pulkrabek et al., 2007). V ptipadé
je€mene, péstovaného v podminkach vlahového stresu, vedlo pouziti AT k mirnému zvyseni
poctu zrn v klase (Svobodova et Misa, 2004). Byl zkouméan vliv rovnéz AT o koncentraci 0,1
% na rychlost fotosyntézy, transpiraci a efektivitu vyuziti vody u rostlin cukrovky pfi aplikaci
na list v pribéhu vodniho stresu. Vysledky téchto pokust vSak nebyly presvédcivé (Hejnak,
2010).

Utinky AT pfi péstovani zeleniny v podminkach vldhového deficitu dosud nebyly
dostateCn¢ prozkoumany, i1 kdyZz pokusy provedené na polnich plodindich maji slibné
vysledky.

Sodné soli nitrofenolti jsou kromé Atoniku obsazeny téz v ptipravcich M-Fenol Mix

(AGRA GROUP a. s., Stelské Hostice, CR), Sviton (Biom s. r.0., Kamenny Ujezd, CR),
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Racine (ASAHI CHEMICAL MFG. CO., LTD., Ikomagun Nara, Japonsko), Agrostim
Nitrofenol (AgroProtec s.r.0., Kamenny Ujezd, CR) aj.

Z tady pomocnych rostlinnych pfipravki, které vyuzivaji efektu derivati kyseliny
benzoové l1ze uvést napt. Almiron (ALMIRO energy for vegetation, s.r.o., Praha, CR), Rexan,
Sunagreen a Hergit (Bisfor s.r.o., Pardubice, CR).

2.3 Vybrané zeleninové druhy

Pro pokusy v ramci disertacni prace byly vybrany tyto plodiny — cibule kuchynska
Allium cepa L. a salat hlavkovy Lactuca sativa L. var. capitata L.

2.3.1 Cibule kuchyiska

2.3.1.1 Pivod, rozsifeni

Cibule kuchynska pochazi se Stfedni Asie, odkud se rozsifila do Stfedomoti. Doklady
0 jejim péstovani ji fadi mezi nejstarsi zeleniny viibec (Maly et Petiikova, 2000).

Cibule patii k nejpéstovangj§im zeleninam v CR (Petiikova et al., 2006) a je téZ
vyznamnym druhem zeleniny v ramci celé Evropské unie. Cibule spolu s rajéaty, mrkvi
a zelim predstavuje vice jak polovinu celkové produkce zeleniny v rdmci Evropské unie
(Buchtova, 2013). Na trh je cibule dodavéana jako cerstva (suchd, s kratce sefiznutou nati,
S nati) nebo konzervovana. Svym charakterem je to zelenina kofeninova, ktera se vyuZziva
diky svym chutovym a aromatickym vlastnostem.

V soucasnosti se v na$i republice cibule kuchyiiskd péstuje na plose 1581 ha
(Buchtova, 2015), nicméné vroce 2006 péstitelské plochy Ccinily dokonce 2235 ha
(Buchtova, 2013). V roce 2014 byl pramémy hektarovy vynos cibule v Ceské republice na
urovni 20,97 tuny (Buchtova, 2015), v letech 2004 az 2013 se vynos pohyboval v rozmezi
15,28 az 24,45 tha™ (Buchtova, 2011). Petfikova et al. (2006) upozoriuje, ze Spickovi
péstitelé dosahuji hektarového vynosu 60 az 70 tha™. P¥i¢inou nizkych vynosii u cibule
V porovnani s redlnym potencidlnim vynosem je hlavné nekvalitni pfiprava pidy, vysoka
hrudovitost, nizka vzchéazivost, vysokd mezerovitost porostu a nizky pocet rostlin v dobé
sklizn¢ (Maly et Petiikova, 2000).

Rocni spotieba cibule je relativné stabilni, pohybuje se okolo 10,6 kg na osobu a rok,
pficemz asi polovina ro¢ni doméaci spotteby je kryta dovozem (Petiikova et al., 2012).

Buchtova (2013) uvadi aktualni tdaj o spotiebé - 11,2 kg na osobu a rok.
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2.3.1.2 Nutri¢ni hodnota

Cibule ma vysokou nutriéni hodnotu. Obsah suSiny u cibule ¢ini 10,5 — 15 % (Maly et
al., 1998). Sebanek (2001b) uvadi obsah susiny 14 % a Kopec (1998) udava primémy obsah
121 g.kg™. Maly et al. (1998) upozoriiuje, Ze obsah susiny zavisi na odridé a typu cibule.
Podil bilkovin v cibuli ¢ini 1,5 — 2 %, sacharidi (glukézy a sachardzy) 9,6 %, vlakniny 0,7 —
1,4 %, popelovin 0,5 — 0,6 %. Podle obsahu silic se rozlisuji odridy sladké (s nejmenSim
obsahem silic), poloostré a ostré. Cenny je obsah mineralnich latek, napt. siry, kiemiku, zinku
a zeleza (Maly et al., 1998; Maly et Petiikova, 2000). Obsah vitaminu C je uvadén v rozmezi
90 - 100 mg.kg'1 (Velisek, 2002). Ze sirnych slozek je vyznamny alliin a z ného vznikajici
allicin, ktery posiluje imunitni systém cloveéka. Jsou zde vSak také antioxidacni diallylsulfidy
a cepaeny. Pravdépodobné hlavnim faktorem IéCivych ucinkt cibule je kvercetin. Cibule

obsahuje zna¢né mnozstvi zdravi prospésné potravinové vlakniny a pektinu (Kopec, 2010).

2.3.1.3 Naroky na stanovisté

Cibule patii mezi jednod€lozné rostliny z ¢eledi Amaryllidaceae (dfive byla fazena mezi
Liliaceae). Je to dvouleta rostlina, v prvnim roce vytvati zasobni organ — cibuli, v druhém
roce kvétenstvi — lichookolik obaleny blanitym toulcem (Petiikova et al., 2012). Tvorba
cibule jakozto zasobniho organu je fyziologicky podminéna délkou dne. V naSich
podminkach dlouhého dne (asi 15 hodin svételna faze v 24hodinovém cyklu) je vhodné
péstovat odridy dlouhodenni. Hmotnost tisice semen (HTS) je 2 — 4 g (Moravec, 1994).
Cibule je péstovana V Sirokém geografickém aredlu s odliSnymi teplotnimi podminkami.
Jedna se ptivodné o stepni rostlinu, proto jsou pro ni vhodnd stanovisté teplejsi a oteviena.
Cibule vyzaduje 250 — 300 mm srazek za vegetaci, s kritickym obdobim ve fazi vrcholiciho
rustu, které nastava koncem cervna ¢i v prvni dekadé Cervence (Maly et al., 1998). Chladné
a vlhké pocasi beéhem léta zplsobuje porlstani cibule a jeji hor$i vyzravani (Vogel et al.,
1996). Cibule nema vyhranéné naroky na pudu, vhodnéjsi je vsak stfedné tézka az leh¢i ptda,
ktera neulpiva pii sklizni na cibulich. Pfili§ nizké pH (pod 5,5) je pro cibuli nevhodné
(Moravec, 1994). Za ideélni se povazuje spiSe slabé¢ alkalicka reakce, tj. pH 6,5 — 7,5. Maly et
Petiikova (2000) dale uvadeji, Ze nejvySsi vynosy dava cibule na tézSich, hlubokych
¢ernozemnich puadach v fepafské oblasti. Nevhodné jsou pudy slévavé, na nichz cibule
nestejnomérné vzchazi a vyskytuje se vice krkatych cibuli. Vyhodna jsou stanovisté chranéna

proti vétrné erozi, zvlasteé na jarte.
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Cibule patii ke sttedné€ narocnym plodindm na ziviny. Cibule se zatazuje do druhé trati,
V humoéznich pidéach i do trati tfeti. Nesnasi piim¢ hnojeni chlévskym hnojem (Maly et
Pettikova, 2000). Tato rostlina ma zvysSeny pozadavek na draslik, ktery ptiznivé ovliviiuje jeji
skladovatelnost. Podobné pusobi i dusik, pokud neni vyrazné v prebytku. ZvySena potieba
siry pro tvorbu silic je zajiStovana hnojenim siranem amonnym. Ten je také pouzivan pro
zakladni hnojeni. Pfi péstovani ze semen se provadi ptihnojeni ve fazi 4 - 6 pravych listt. Pfi
vynosu 40 t.ha® je stiedni odbér Zivin okolo 120 kg N.ha™, 24 kg P.ha’ a 132 kg K.ha™
(Vangk et al., 2012).

2.3.1.4 Péstovani a naroky na vlahu

Pti ptipravé pudy pro cibuli je nutno dosahnout optimélnich podminek vzchazeni, tzn.
30 — 40 mm svrchni vrstvy ptidy musi byt jemné drobtovité struktury a pod ni homogenni
vysevni loze, pro dosazeni kapilarniho vzlinani vody k semeni (Maly et Petiikova, 2000).

Cibule se nejcastéji péstuje z ptimych vysevli na jafe - zpravidla v prvni poloviné
bfezna - pfi tradi¢ni technologii péstovani cibule na uskladnéni. Nejvhodnéjsi je zahonovy
vysev na zahony $itky 1500 mm pfesnym secim strojem do dvoj- nebo tfitadkovych past
(Maly et Petiikova, 2000). Vyséva se do hloubky 20 — 30 mm. Obvykla hustota porostu je 70
az 100 rostlin.m™. Kli¢eni cibule je velmi pomalé, trva dva az tfi tydny, avSak probihd i za
nizké teploty (Petiikova et al., 2006). Moravec (1994) konkrétné uvadi, ze pfi teplotach 5 — 10
°C cibule vzchazi 13 — 30 dnli. Optimalni teplota pro rast rostlin je pak 13 — 24 °C (Peirce,
1987). Vzhledem k tizkolistému charakteru rostliny, ktera béhem celé vegetaéni doby
nezakryje povrch pidy, vyzaduje cibule intenzivni odplevelovani (Petfikova et al., 2012).
K potlaceni pleveld je nejvhodnéj$i kombinace mechanickych a chemickych prostredki.
Kultivace vSak musi byt mélka, aby nedosSlo k poSkozeni kofenové soustavy. Proto vétSina
péstiteld voli chemickou cestu kontroly plevelt (Peirce, 1987). Zapleveleni sniZuje nejen
vynos, ale znac¢né také ztézuje, ne-li znemoziuje sklizenn a nasledné dosouseni (Maly et
Pettikova, 2000).

Vétsi naroky na vlahu mé cibule kuchynska jen na zacatku vegetace. Hloubka
provlh¢eni by se méla pohybovat v rozmezi 10 — 20 mm. Minimalni zésoba pudni vlahy je
okolo 50 % vyuzitelné¢ vodni kapacity (VVK). Zavlahové mnozstvi za celou vegetaci Cini
okolo 60 mm s aplikaci béhem kvétna a ¢ervna (Barto$ et al., 2000). V pfipad¢ vlahového
deficitu v kritickém obdobi vzchazeni mize dojit k vyrazné redukci poctu vzeslych rostlin.
Nasledna mezerovitost porostu se pak projevi snizenim mnozstvi resp. kvality vynosu této

hospodaisky vyznamné plodiny. Singh et Alderfer (1966) zaznamenali, Ze nedostatek ptidni
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vlahy v jakékoliv fazi rstu vede ke sniZeni trzniho vynosu. Déle poznamenali, Ze cibule je
citlivéjsi na vodni stres pfi formovani konzumni ¢ésti nez v priab&hu vegetativni faze. Pelter et
al.(2004) uvadi, Ze nedostatek vody v ristové fazi 3 — 7 listd muze snizit vynos a to az 0 26 %
v porovnadni s rostlinami dostatecné zavlazovanymi. Naopak omezeni zavlahy béhem
poslednich fazi rGstu cibule je béznou praxi, diky které dochdzi k minimalizaci ztrat
zpusobenych hnilobami pii skladovani cibule (Rattin et al., 2011). Omezeni zalivky na konci
vegetace rovnéz doporucuje Kumar et al. (2007). Tito autofi téZ upozoriuji, ze zavlaha ma
vyznamny vliv i na parametry ristu cibule a nasledné ovliviiuje celkovy vynos porostu.

Enciso et al. (2009) uvadi, Ze celkové nejvyssi vynosy a nejveétsi rozmeéry cibuli byly

ziskany, pokud byla vlhkost pidy udrzovana nad hranici 30 kPa.

2.3.1.5 Sklizen

Cibule kuchynska se sklizi v dobé, kdy je polovina az dvé tfetiny naté piirozené
polehlé. Sklizi se bud’ rucné, nebo mechanizované (mechanizované vétSinou dvoufazove). Pri
vyoravce prosévacim vyordvacem se cibule nechava 7 — 10 dni proschnout. Proschla se pak
sklizi pomoci nakladacich vyoravact. Pii sklizni je nutné pied naskladnénim vytridit
vykvetlice.

Cibule se diive tiidila dle CSN 46 3161 do dvou jakostnich t¥id. V . jakostni tfidé musi
byt cibule pevné, kompaktni bez kvétniho stvolu, bez kofinkd, typického tvaru a vybarveni
pro odridu, s dobfe uzavienym, suchym krckem. V II. jakosti musi byt cibule dostatecné
pevné, kompaktni, povoluje se tvar a vybarveni netypické pro odridu, pocatek raseni
maximalné 10 % poctu nebo hmotnosti a lehké otlaky neovliviiujici skladovatelnost. U obou
jakosti musi byt rozdil mezi nejvétsi a nejmensi cibuli nejvyse 5 mm pfi priméru cibule 10 —
20 mm, 10 mm u praméru 15 — 25 mm, 15 mm u praméru 20 — 40 mm a 30 mm, je-li pfi¢ny
prumér 70 mm a vice. Minimalni priimér prodejné cibule je 10 mm (Maly et Pettikova, 2000).
Nyni se obchodni norma stanovi dle Natizeni Komise ¢. 2001/1508/ES (Petiikova et al.,
2006).

Suché cibule se skladuje obvykle volné loZzena na podlaze s vétracimi kandly. Mozné je
téz skladovani ve vétratelnych kontejnerech. Skladovaci teploty jsou v rozmezi od -2°C do
+1°C. Pti dlouhodobém skladovani by teplota neméla ptekrocit +3°C . Petiikova et al. (2012)
uvadi jako vhodnou relativni vzdusnou vlhkost skladovani 78 — 80 %, star$i udaje hovofi
o doporucené relativni vzdusné vlhkosti na trovni 65 — 75 % (Maly et Pettikova, 2000) 1 60 —

70 % (Peirce, 1987).
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Ptinosem by bylo, pokud by se pfedsetovou upravou osiva ¢i aplikaci rstovych
stimulator béhem ristu podafilo omezit ztraty, at’ uz snizenim mezerovitosti porostu nebo
lepsi adaptaci rostlin na deficitni vlahové poméry a dosdhnout tak priikkazného zvySeni vynosu
a zlepSeni jeho jakosti.

Pro testovani byly pouzity dvé reprezentativni dlouhodenni odridy "Alice” a 'Lusy’,

vhodné pro péstovani z pfimého jarniho vysevu.

2.3.2 Salat hlavkovy

Jako dalsi modelova rostlina byl pouzit salat hlavkovy.

2.3.2.1 Puavod, rozsifeni

Salat hlavkovy byl pravdépodobné vyslechtén z plané rostouci lociky kompasové

rokem 500 n. 1. (Petfikova et al., 2012). Dne$ni formy hlavkového salatu vSak byly poprvé
popsany az v 16. stoleti (Vogel et al., 1996).
Vv Cerstvém stavu (Putnam et al., 2000). Trznim zbozim jsou uzaviené hlavky Siroce vejcitych
listh riznych barev (Zlutozelené, zelené, hnédozelené¢) a textury (hladké, bublinaté,
zkadetené). Z jakostnich znakt je vyznamna kiehkost a svézest listll, pevnost a kompaktnost
hlavky (Kopec, 2010).

V poslednich letech byl na Gizemi CR salat p&stovan na 198 az 245 ha (Buchtova, 2015).
Primérny hektarovy vynos byl v roce 2011 8,26 tun a o rok pozdé&ji 9,45 tun a v roce 2014
dokonce 11,53 tun (Buchtova, 2015).

2.3.2.2 Nutri¢ni hodnota

Priimérny obsah susiny u salatu hlavkového &ini 4 - 10 %. Sebanek (2001b) uvadi 6%
obsah susiny a Kopec (1998) pouze 53 g susiny na 1000 g. Podil sacharidu ¢ini 2 — 6 %.
V piipadé vldkniny se idaje jednotlivych autord lisi - Kopec (2010) uvadi 9 g.kg™, Maly et
al. (1998) pouze 7,1 g.kg™ .

Z hlediska obsahu vitaminu C se udaje jednotlivych autortii také 1i8i. Dle Petfikové et al.
(2004) hlavkovy salat obsahuje praimérné 120 az 210 mg.kg'1 vitaminu C, VeliSek (2002)
uvadi rozsah od 60 do 300 mg.kg™ a Kopec (1998) 81 mg.kg™ .
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Z desitek pfitomnych bioaktivnich latek jsou vyznamné hotké latky (napft. laktucin).
Ochrannou slozkou pro lidské zdravi je chlorofyl (Kopec, 2010).

Listova zelenina obecné ma tendenci hromadit dusi¢nany. Dle Natizeni Komise (ES)
¢. 466/2001 je povolen maximalni obsah dusi¢nanti pro salat péstovany na poli a sklizeny
v dobé od 1. dubna do 30. zafi do 2500 mg NOs.kg™ . V piipads sklizn& v terminu od 1. fjna
do 31. biezna &ini tento maximalni limit 4000 mg NOs.kg™ (Pettikov4 et al., 2012).

2.3.2.3 Naroky na stanovisté

Salat vyzaduje leh¢i az stfedné tézké humodzni, propustné pidy s dobrou strukturou
a dobrou vodni jimavosti. (Petfikova et al., 2012). Nevhodné jsou pudy tézké, uléhavé, kyselg,
mokré nebo extrémné suché. Vhodna ptidni reakce je 5,8 az 6,5 pH (Marecek et Moravec,
2001). Petiikova et al. (2012) uvadi jako vhodny rozsah pH 6,2 — 7,5, jako prevenci pred
vyskytem okrajové nekrdzy. Tato porucha se rovnéz mize vyskytnout pii nahlém otepleni po
sérii chladnych a destivych dnt.

Na teplotu je nendro¢ny, roste jiz pii teploté nad 4 °C (Pettikova et al., 2012). Teplotni
optimum pro rust rostlin je 15 — 25 °C. Semena kli¢i pii 16 — 22 °C, pfi teplotach 25 — 30 °C
se vSak kli¢ivost snizuje (Marecek et Moravec, 2001).

Salat neni naro¢ny na zatazeni do osevniho postupu, péstuje se v druhé nebo tieti trati.
Je stfedné naro¢ny na Ziviny. Jedna tuna produkce odcerpa z pudy 2,2 kg dusiku; 0,4 kg
fosforu; 4 kg drasliku; 0,8 kg vapniku; 0,24 kg hot¢iku a 0,5 kg siry. Obezietné je tfeba hnojit
dusikem, ktery pfi nadmérnych davkach zvysuje obsah zdravotné nezddoucich nitrati. Pro
ptfihnojeni béhem vegetace piipad4d v ivahu davka dusiku do 20 kg/ha a aplikace by méla
probéhnout nejpozdéji Ctyti tydny pied sklizni (Vanék et al., 2007). Pti péstovani v systému
integrované produkce zeleniny je pro salat povolen maximalni limit 65 kg dusiku na hektar

(Petfikova et al., 2012).

2.3.2.4 Pé&stovani a naroky na vlahu

Salat je jednoletou rostlinou. Kofenova soustava se sklada z hlavniho killového kotfene
s velkym mnozstvim kofenového vlaSeni. Kofenova soustava je mélka (Burns, 1980), kiilovy
koten sah4d do hloubky 40 — 100 mm (Maly et al., 1998). Pettikova et al. (2012) uvadi, ze
v dobfte prokypiené ornici dosahuje hlavni kofenova masa do hloubky az 250 mm. Z hlediska
zavlazovani je salat problematickd plodina, nebot’ zavlaha je nutnd béhem celé¢ vegetace
a celkova potieba vody je 140 — 150 mm. Zavlahou se obvykle dodd 80 az 120 mm, jedna

zavlahova davka je 10 — 15 mm. Zavlazuje se pokazdé, kdyz vyuzitelna vodni kapacita klesne
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pod 65 % (Petiikova et al., 2006). Slechtitelské programy se v piipadé salatu zaméfily
pfedev§im na odolnost vic¢i chorobdm a na vysoky vynos, kterého je dosahovéano
v podminkach konvencniho systému produkce diky vysoké spotiebé Zivin a castému
pouzivani zavlahy (Gallardo et al., 1996). Tyto moderni odridy také vice podléhaji stresu
z nedostatku vody a zivin, protoze kofenovy systém se nachazi hlavné v horni vrstvé pudy
(Johnson et al., 2000).

Obecn¢ nedostatek vody vyrazné snizuje podil susiny a tim také konecny vynos (Wu et
al., 2008). Ale vyzkumy Rajabbeigiho et al.(2013) ukazuji, ze zatimco vynos biomasy u salatu
byl plsobenim sucha snizen, obsah suSiny nebyl plsobenim tohoto faktoru statisticky
vyznamn¢ ovlivnén.

Salat se péstuje predevs§im z predpéstované sadby. Vysev obalené¢ho osiva se obvykle
provadi do sadbovaci se 160 bunkami. Kliceni probiha nejlépe pii teploté¢ 14 — 18 °C
(Pettikova et al. 2012). Pti péstovani sadby potiebuje salat denni kolisani teplot - béhem dne
15 °C a vnoci 10°C i mén¢. Délka ptedpéstovani sadby se pohybuje od 30 dnti do 70 dnti
Vv zavislosti na ro¢nim obdobi.

Vysadba na venkovni stanovisté probihd od bfezna do konce srpna. Obvykly spon je
250 mm x 250 mm az 300 mm x 300 mm (Maly et al., 1998). Sucho, dlouhy den a vysoka
teplota podporuji nezadouci vybihani rostlin do kvétu (Pettikova et al., 2012).

2.3.2.5 Sklizen

Sklizen salatu hlavkového je provadéna rucné, probirkou. Hlavky se tiidi dle CSN 46
3110 do dvou jakostnich tfid. V obou tfidach musi byt hlavky nevybé&hlé, mohou byt
nacervenalé vlivem chladu, kostdl musi byt odfiznut tésné pod spodnimi listy. Minimalni
hmotnost hlavky je 100 g u rychleného a 150 g u polniho salatu. V ptipadé II. jakosti mohou
byt hlavky 1 méné dobte utvofené¢ (Maly et al., 1998). Jak uvadéji Marecek et Moravec
(2001), dobry porost poskytne 80 % trznich hlavek (j. 80 — 120 tis. ks.ha™).

Pro tuto praci byly vybrany dvé reprezentativni odridy hldvkového salatu "Mars’

a ‘Marsalus’.
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3 Cile a hypotéza

3.1 Cile

Cilem prace bude ovéfit ucinek vybranych rostlinnych stimulatora (Atonik a synteticky
brassinolid), jako prostiedkti omezujicich disledky vlahového deficitu pii péstovani
vybranych druhti zeleniny (cibule, salat) v riznych vlahovych podminkach (optimalnich
a deficitnich).

Dil¢im cilem bude sledovat vliv Atoniku a syntetického brassinolidu na kli¢eni
a vzchézeni rostlin a nasledné otestovat vzchazeni osiva v nadobovém a v polnim pokusu.

U salatu bude dil¢im cilem posoudit vliv téchto stimulatorG na kliceni a na rychlost
nasledného rastu rostlin a tedy na moznost zkraceni doby ptedpéstovani sadby.

Cilem bude také ekonomicky zhodnotit redlnou efektivitu pouziti uvedenych

stimulatort pii polnim péstovani v zelinaiské praxi.

3.2 Hypotéza

Rostlinné stimulatory (synteticky brassinolid 2 a, 3 a, 17 B-trihydroxy-5 a-androstan-6-on
a pripravek Atonik, ktery je tvofen smési dvou nitrofenolati a nitroguajakolatu), pouzité
Vv riznych vlahovych podminkach:
- ovlivni prikazné rist nadzemni ¢&asti cibule kuchynské Allium cepa L. pfi
péstovani z jarnich vysevl
- ovlivni prukazné rist rostlin salatu hlavkového Lactuca sativa L. var. capitata
pii péstovani sadby
- ovlivni prukazné rist nadzemni Casti salatu hlavkového Lactuca sativa L. var.
capitata péstovaného na poli ze sadby
- povedou ke zvySeni vynosu a zlepSeni jeho jakosti u obou testovanych druhi

plodin
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KLICENI OSIVA CIBULE KUCHYNSKE PO APLIKACI
BRASSINOLIDU PRI OPTIMALNI A PRI SNIiZENE VLHKOSTI

Germination of Onion Seeds after Application of Brassinolid ar Optimum and Reduced
Moisture Conditions

Jitk:t Dolezalova, Martin Koudela
K7 CZU v Praze

Abstract

The aim of this work was to investigate the effect of synthetic brassinolide (analogous to
24-epibrassinolid) as a growth stimulant promoting the germination and as a tool for increasing the
seeds’ tolerance to water stress. There were used 2 varieties of onion ("Alice’. 'Lusy’). The seeds were
treated with solution of brassinolide (concentrations were 107 M. 107 M. 10° M and 10 M).
Untreated seeds and seeds treated with distilled water only were used as dry control (S) and wet control
(M). The optimum (OPT) and deficit (STR) conditions for germination were prepared in the laboratory.
The number of germinated seeds was monitored regularly for 19 days. The positive effect of the
treatment with brassinolide (10'9 M and 10 M) was showed the sixth day in the variety 'Alice’
compared to dry seeds and seeds treated with water only. This effect was not significant in case of
variety Lusy'. The treatment with brassionlide with concentration of 10° M had mhibitory effect. The
results also showed varietal differences in response to the treatment.

Keywords: seed, vegetable, onion, 24—epibrassinolid, water stress

Souhrn

Cilem této prace bylo sledovat pisobeni syntetického brassinolidu (analogu k 24—epibrassinolidu)
jako mstového stimulatoru podporujiciho kli¢eni a prostiedku ke zvyieni odolnosti kli¢iciho osiva
k vodnimu stresu. Bylo pouzito dvou odrid cibule kuchynské ("Alice”. Lusy’). které byly odetieny
namoéenim do vodného roztoku syntetického brassinolidu v koneentracich 1.10° mol.l™, 1.107 mol1”,
1.10° moll! a 1.10"! moll?, Jako ncoicticna kontrola byl proveden vysev suchého osiva a osiva
osetieného pouze vodou. Pro kli¢eni v laboratoii byly navozeny optimélni a deficitni vlhkostni
podminky. Po dobu 19 dni byl pravidelné sledovan poéet vyklicenych semen. Osetieni osiva cibule
syntetickym brassinolidem mélo vliv na kli¢ivost osiva pevazné v prvnich dnech kli¢eni. V piipade
deficitnich vldhovych podminek se pii {Joéiténi Hrovedeném 6. den ukazal pozitivni vliv osetieni
brassinolidem o konecentraci 1.10° moll™ a 110" mol1™ u odriidy "Alice” oproti suchému osivu a
osivu odetfenému pouze vodou. V piipadé odriady Lusy’ tento vliv nebyl prikazny. Ve viech pripadech
pusobilo inhibiéné osetieni syntetickym brassinolidem o koncentraci 1.10” mol.l!. Vysledky rovnéz
ukazaly na odradové rozdily (resp. rozdily partie) v reakei na odetieni.

Keywords: osive, zelenina, cibule, 24—epibrassinolid, vodni stres

Uvod

Kli¢eni, jako prvni krok v Zivotnim cyklu rostliny, zavisi na mnoha vnéjéich faktorech. Jednim
z nich je 1 dostateéna vlhkost prostiedi. Cibule kuchyniska (Allium cepa L.) patii k nejpéstovanéjsim
zelenindm v CR (Petiikov4 et al.. 2006). Kliceni cibule je velmi pomalé, trva dva az tii tydny (Petiikova
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et al., 2006). V piipadé méné piiznivych podminek pii kli¢eni miize dojit k vyrazné redukei poétu
vzeilych rostlin a tim nasledné 1 ke ztratdim na vynosu. Pfinosem by bylo, pokud by se podaiilo
piedsefovou Gpravou osiva omezit tyto ztraty. Testuji se proto biologicky aktivni latky, které by mohly
¢asteéne eliminovat vlivy stresovych faktor. jako je napi. nedostatek vody béhem kliceni. Jednou
z téchto latek jsou rostlinné hormony - brassinosteroidy.

Brassinosteroidy jsou rozsahlou skupinou rostlinnych rastovych reguldtori na béazi sterolt
(Miissig, 2005). Tyto latky a jejich analogy hraji kli¢ovou roli v nejriiznéjéich fyziologickych procesech
véetné kliceni (Tanaka et al., 2003; Divi and Krishna. 2010), kveteni. pii vyvoji plodu, zlepsuji odolnost
rostlin viiéi biotickym a abiotickym stresum (Kang and Guo, 2011). Byla také prokazana jejich uéinnost
pi1 zmirnéni nasledki piisobeni vysokych teplot (Ogweno et al., 2008) a pii stresu suchem (Jager et al..
2008: Behnamnia et al., 2009; Mousavi et al., 2009). Brassinosteroidy maji téz piiznivy vliv na zvyseni
vynosu (Cutler, 1994: Khripach et al., 2000: Hradecka et al., 2009} a jeho k\ alitu (Koudela etal., 2012).
Uéinné koncentrace brassinosteroidii se pohybuji v rozmezi 10% az 10" mollI" (Prochazka et al..
1998). Nejvice pouzivanym syntetickym brassinosteroidem je dnes 24—epibrassinolid. ale vysoka
poiizovaci cena nicméné omezuje jeho praktické vyuziti (Hradecka et al.. 2006)

Byla provedena fada pokust tykajicich se pisobeni brassinosteroidi na fyziologické procesy u
rostlin. Aviak neni dosud shromazdén dostatek poznatki o skuteéném dopadu téchto rostlinnych
hormont a jejich syntetickych analogt na kli¢ivost osiva zeleniny. Jako pokusna plodina byla vybrana
cibule kuchyiska.

Metodika

Utelem pokusu. provedeného v laboratofi katedry zahradnictvi Ceské zemedélské univerzity v
Praze vunoru roku 2012, bylo sledovat vliv o3etieni syntetickym brassinolidem na kli¢ivost osiva
cibule kuchynské v optimalnich a deficitnich vlhkostnich podminkach. Pro pokusy byl pouzit synteticky
brassinolid 2¢.3a.17p—trihydroxy—3o—androstan—6-on vyvinuty Ustavem organické chemie a biochemie
AV CR. v.v.i. pievedeny do roztoku. Jednd se o synteticky analog k 24-epibrassinolidu a jeho piesné
slozeni podléha patentové ochrané. Pro pouziti v laboratofi byla tato latka pfipravena a dodana firmou
PHPchem, s.r.o. se sidlem v Kutné Hofe.

Jako pokusné osivo byly vybrany dlouhodenni kultivary cibule kuchyiiské "Alice” a 'Lusy’. Jsou to
rané odridy s vegetaéni dobou kolem 120 dni. uréené pro péstovani cibule ke skladovani z piimych
jarnich vysevi.

Pro testovani bylo pouzito osive kategorie § od vyrobee Semo a.s., Smrzice. Osivo bylo baleno
3/2012 v piipadé odridy Lusy a 12/2011 v piipadé "Alice”. Zaruéni doba u obou odriad byla do
12/2012.

Osetieni osiva obou odrid bylo provedeno namoéenim semen po dobu 20 mmut do 100 m.l
vodného 1oz‘rcku svrltenckeho blasmolldu v téchto koncentracmh 1.10” mol1” (B 10'3) 1.10”7 mol.I"
(B10° ) 1.10° mol.I’ (B10° ) a 1.10"" mol.l™ (Bl'D ) Osetieni bylo provedeno roztoky o bézné
laboratorni teploté. Uvedené koncentrace byly piipraveny smichdnim aktivni latky s destilovanou
vodou. Kontrolni osetfeni byla dvé: ,sucha™ kontrola (S), kdy byl proveden vysev suchého
neosetfeného osiva a ..mokra"” kontrola (M). kterd spo¢ivala v namoéeni osiva do destilované vody na
20 minut. Po osetieni bylo osivo vyjmuto z roztoku a osuseno pii bézné laboratorni teploté. Za dva dny
probéhl jeho vysev do pokusnych nadob.

Testy klicivosti byly zalozeny na zékladé metodiky pro zkoudeni osiv (Trnka, 2004). Vysev byl
proveden do pokusnych nadob na zvlhéeny filtraéni papir o gramazi 120 gm™. Pro navozeni
optimélnich vlhkostnich podminek kli¢eni byl filtraéni papir zvlhéen 30 ml destilované vody (OPT), pro
vyjadieni deficitnich podminek (STR) bylo pouzito pouze 20 ml destilované vody. Pokus byl zalozen ve
4 opakovanich vzdy po 100 semenech. Zakryté pokusné nadoby byly umistény do rustové komory
Binder KWB 400 a udrzovany ve tmeé pi1 konstantni teploté 20 °C. Sledovani bylo realizovano kazdych
24 hodin, pokazdé ve stejnou denni dobu. Jednotlivé nadoby byly vyjmuty z komeory spoleéné, vzdy po
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jednom opakovani. Pokus byl ukonéen po 19 dnech. Kli¢ivost vzork byla stanovena jako fyziologicka.

byly poéitany denni kli¢ivosti a za vykli¢ena byla povazovana semena s kofinkem 3 mm dlouhym.

Zjisténa data byla statisticky zpracovana programem STATISTICA verze 9.0, od firmy StatSoft

CR (2001).
Vysledky a diskuse

Optimalni vihkostni podminky

Z grafu 1 a z tab. 1. které popisuji kli¢eni v optimalnich vlhkostnich podminkach je patrné, ze pii
oSetieni syntetickym brassinolidem o koncentraci 1.10° mol.I"* (B10™) byl zaznamenan silny inhibiéni
vliv na kliceni osiva u obou sledovanych odriid. Retarda¢ni ucinek silnych davek brassinosteroidi

ukazuji 1 vysledky Kohouta (2001) a Prochazky et al. (2011).

Graf 1: Kli¢ivost osiva v eptimalnich vihkostnich podminkdch (kumulativneé)
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Tab. 1: Kli¢ivost osiva v optimalnich vihkostnich podminkach — kumulativaé (%)

li¢ivost 1. - 15, den od wysevu [%

DdridajOfetren T To. s Is I l& Io o liw |z |5 @ s e 7 e s

B10° 00 00 o0f 05 05 o5 o5 05 10 10 15| 15 15 15 15 20 25| 25 25

B10’ 00 15 70 225 3400 445 525 625 670 700 720l 730 7500 770l 770l 780 79.0] 785 800

B10” 0,00 05 11,00 26,0 355 525 585 625 670 705 15| 730l 735 V50| 7S5 VA5 FRS| 7RO 7RO

ALICE d
Bi™ 0,00 L0 14,00 30,00 455 5600 625 67,5 M0 740 775 795 805 81L,0| 820 830 830 835 835
M 0,0 L0 S0 260 330 49,00 530 6200 6500 650 7200 720l 750| 7500 7600 70| 70| 7e0 790
5 0,0 00 800 250 4500 5800 620 650 660 680 680| 710l 10| 50| 7ROl 70| 7ROl ool 790
B10° 00 00 00 00 25 1500 235 360 495 550| 595 640 685 725 755 780| BO0| 805 E05
8107 0,00 05 1800 590 73,5 885 935 960 965 965 975 975 975 975 975 975 975 975 975
Lusy | B0 ; 0,0 15 2900 67,5 805 905 92,00 94,5 855 960 960 9650 960 96,0 960 960 960 86,0 96,0
B 00 20 295 7000 835 G25) 945 960 965l 970 970 975l 975] 975 Gv5| 975 975 S5 975
M 00 1.0 2400 73.0] 910 S80) 950 990 %90 950 990 %90 950 990 990 950 990 S50 990
5 0,00 0,0 37,00 8.0 92,0 54,00 950 980 s80| S80 S80| s80 SB0| 980 S80| 980 980 S80 980

Patrny stimulaéni vliv ofetfeni syntetickym brassinolidem oproti kontrole byl zaznamenan druhy
den. V piipadé odridy “Alice mélo stimulaéni vliv setieni B10”, u odriidy ‘Lusy” pak osetieni B10? a

Osivo a sadba. 7. 2. 2013

161

34



B10!!. Ticti den je patmy oproti kontrolam (M. S) pozitivni vliv osctieni B10? a B107! u odridy
‘Alice’.

Z vysledkt, zaznamenanych na koneci pokusu 19. den v optimélnich vlhkostnich podminkach.
vyplyva pozitivai vliv osetieni pouze vodou (M) - odrida ‘Lusy’. Na kladny vliv osetieni osiva vodou
upozoriyji i napf. Lustinec a Zarsky (2003). V piipadé "Alice’ v optimalnich podminkach byla
zaznamenana nejvy3$ii kli¢ivost na konei pokusu pii pouziti koncentrace B107,

Deficitni vihkostni podminky

Pi1 kli¢eni v deficitnich vlhkostnich podminkach (graf 2 a tab. 2) se opét ukdzal silny inhibiéni
uéinek brassinosteroida o vysoké koncentraci (BlO'S). V piipadé odrady “Alice” mélo zpoéatku (2. den)
vysokou kli¢ivost suché osivo (S). aviak pii tzv. prvnim poéitani 6. den byl jiz patrny vliv odetieni.
Nejlepsi kli¢ivost prokazovalo osetieni B10~, urychlilo tedy kli¢eni sesty den oproti kontrole (S. MP.
V piipadé odiidy Lusy’ se vliv oSetieni projevil tieti den, kdy osivo ozetiené (B107. B10”. B10? )
mélo lepéi kli¢ivost nez kontroly (S, M).

Tab. 2: Klicivest osiva v deficitnich vihkostnich podminkach — kumulativne (%)

lifivast 1. - 19. den od vysewvu [%

Odriida| Ozetren
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V deficitnich podminkach byla na konei pokusu 19. den vyhodnocena jako nejlepsi kli¢ivost 99 %
u odriady Lusy’ pit pouziti suchého osiva (S), u odridy "Alice” pak mélo nejvyssi kliéivost 91 % osivo
odetiené vodou (M).
Statistické vyhodnoceni

Tab. 3: Klicivost 6. den v zavislosti na osetrent (%) — rozdily mezi koncentracemi*

zévlaha lodrada |B10* 810’ B10° B10™! S M

OPT ALCE  |05a 44,5 52,5d 56,0d 58,0d 49,0cd
STR ALCE [05a 785efg 850gh i 82,0fgh 73,0e 75,0 f
OPT LUSY 15,0b 88,5hij 90,51 k 92,5jk 94,0] k 98,0k
STR LUSY 53,0d 96,3 k 94,5 k 91,5ijk 99,0k 98,0k

Tab. 4: Klicivost 12, den v zavislosti na osetieni (%) — rozdily mezi koncentracemi*

zévlaha lodrada |B10* B10”’ B10° B10™! s M

DPT ALCE 152 73,0 c d 73,0cd 79,5d e 71.0b¢c 72,0bcd
STR AUCE  [2,0a 85,5e f 90,5fghj 89,5fgh 79,0cde 86,0efg
OPT LUSY 64,0b 97,5i 965,0hij 97,5 98,01 j 95,01
STR LUSY 815e 97,8 97,5i 94,0ghij 99,01 98,01 j

Tab. 5: Klicivost 19, den v zavislosti na osetieni (%) — vozdily mezi koncentracemi*

5 -7 4 -11

zavlaha |odrada [B10" B10 B10 B10 S M

OPT ALCE [2,5a 80,0 b 78,0b 835bc 79,0b 79,0b

STR AUCE |[55a 87,0 cd 90,5defh [90,0def 79,0b 91,0cdefgh
OPT LUSY 80,5b 97,58 96,0fgh 97,5 98,0gh 99,0¢

STR LUSY 88,5cd e 98,0 ¢ 97,58 940efgh [99,0g 98,0g h

*Tabulky 3 az 5 zndzowiuji pramérmné hodnoty klicivosti osiva ofetieného riznymi koncentracemi
syntetického brassinolidu v odlisnych vihkostnich podminkdch v riiznych dnech. Hodnoty klicivosti,
které jsou oznadeny v ¥ddcich wviznymi pismeny, jsou statisticky vyznamné odlisné na hladiné
wznamnosti a = 0,05.

Z hodnoceni provedeného 6. den (tab. 3) je patrné, Ze osetieni B10” a B10™" ma v deficitnich
podminkach (STR) u odridy "Alice’ statisticky prikazny pozitivai vliv na procento vykli¢enych rostlin
oproti kontrole (S, M). V optimalnich vlahovych podminkach (OPT) tento vliv oSetieni oproti kontrole
neni u odridy “Alice” patrny. V piipadé odridy "Lusy’ neni vliv oSetieni prukazny.

Hodnoceni provedené 12. den (tab. 4) ukazuje, ze vpiipadé odridy "Alice’ v deficitnich
podminkach (STR) neni rozdil mezi kontrolou M a oiectienimi B10”. B10? a B10!. Nicméné je zde
statisticky vyznamny rozdil mezi ofetienim brassinolidem B10”. B10® a B10 a pouzitim suchého
osiva (kontrola S).

Z posledniho hodnoceni provedeného 19. den pokusu (tab. 5) vyplyva, Ze v piipadé optimélnich
vihkostnich podminek (OPT) u odmidy "Alice” neni statisticky priukazny rozdil ofetieni oproti obéma
kontrolam (je zde statisticky vyznamny rozdil pouze v piipadé osetieni B107, které viak na klideni
pusobilo vylozené inhibiéné). V piipadé deficitnich podminek (STR) u téze odrudy jsou vysledky
totozné s pozorovanim provedenym 12. den.

U odriidy ‘Lusy’ pisobilo oetieni B10” inhibiéné na kli¢eni v obou vlhkostnich podminkach.
Mezi odctienimi B107. B10®. B10?! a obéma kontrolami (S, M) ncbyl zaznamenan statisticky
prukazny rozdil.
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Zavér
Z vyse uvedeného vyplyva, ze ofetfeni osiva cibule syntetickym brassinolidem muze mit piiznivy
vliv na kli¢ivost osiva, prevazné viak v prvnich dnech kliceni. Je rovnéz ticba stanovit vhodné
koncentrace. Vylozené inhibiéné pusobilo ofetieni syntetickym brassinolidem o koncentraci
1.10° mol1™. V piipadé deficitnich vlahovych podminek se ukazal v prvnich dnech kli¢eni (poéitani
provedené 6. den) pozitivni vliv osetieni syntetickym brassinolidem o koncentraci 1.10° moll’ a
1.10"" molI” u odriady "Alice” oproti suchému osivu a osivu odetiendmu pouze vodou. V pidpadé
odridy Lusy’ tento vliv nebyl prikazny.
Vysledky také poukazwji na odridové rozdily (resp. rozdily partie) v reakei na ofetieni syntetickym
brassinolidem.
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Tato prace byla podporena projektem NAZV (MZe) QHS81110 a vyzkumnym zimérem
MSM604607091.
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ARTICLE INFO ABSTRACT
Article history: Field experiments were conducted in two seasons to investigate the influence of a synthetic brassinolide
Received 14 September 2015 on the growth and yield of onion grown at two irrigation levels. The onion plants were treated with
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a synthetic brassinolide analogue (2w, 3, 17B-trihydroxy-5a-androstan-6-one) at concentrations of
100nM, 1nM and 0.01 nM. These were sprayed to foliage of two long-day cultivars (cv. Lusy and cv.

Alice). The height of the part aboveground and the diameter of the neck were measured in the plants.

ﬁ;}_’wwd—“ L After harvesting, the marketable yield, parameters of the individual bulbs and the amount of dry matter
Bullzm cepa and ascorbic acid were assessed. Under conditions with optimal irrigation the influence of the treatments

Brassinosteroids

with 1nMand 0.01 nM syntheticbrassinolide in the cultivar Alice was proven on the mass of the individual
bulbs and yield in 2013. In the case of reduced irrigation, the treatment with a concentration of 1 nM had

Growth

Water deficit a statistically significant positive influence on the mass of the individual bulbs (2013) and yield (2012)
in the cultivar Alice. With the cultivar Lusy, the treatments with a concentration of 1nM and 0.01 nM
significantly increased the marketable yield relative to the control variant in 2012.

The results confirm that it was possible to reduce the negative impact of the water deficit in the culti-
vation of onions with synthetic brassinolide. It is, however, necessary to bear in mind which parameter
of the plants should be affected and last but not least also the varying sensitivity of the cultivars to the
treatment.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Water deficit is considered to be among the most severe envi-
ronmental stresses and the major constraint on plant productivity;
losses in crop yield due to water stress probably exceed the loss
from all other causes combined (Kramer 1980). This deficit has an
evident effect on plant growth that depends on both severity and
duration of the stress (Araus et al., 2002; Bartels and Souer 2004).
The sensitivity of plants to drought differs among species, popula-
tions and varieties and also depends upon the physiological stage
of the plant (Liu et al., 2011). Water shortage considerably reduces
plant dry matter production and thus final yield (Wu et al., 2008).
Drought stress and UV irradiation are the most adverse factors for
plant growth and productivity (Rajabbeigi et al., 2013). In this con-
text, it is necessary to look for ways to reduce the negative impact
of water deficit for growing practices.

Brassinosteroids (BRs) were first discovered in oilseed rape
pollen in 1979 (Grove et al., 1979) and nowadays they are consid-
ered to function as a separate class of phytohormones (Bishop and
Yokota 2001; Zullo and Adam, 2002). The growth induced by BRs
has been related to increases in RNA and DNA amount, polymerase
activity and protein synthesis (Kalinich et al., 1985). It has been well
documented in the literature that these hormaones act mainly in the
meristem regions, causing cell lengthening and division {(Mandava
1988).

BRs seem to be involved in the expression of critical devel-
opment periods, from germination to the transition from plant
vegetative to reproductive development (Suge 1986). BRs stimu-
lated callus proliferation in Arabidopsis thaliana, regeneration in
cauliflower and embryogenesis in conifers, rice and coconuts (Hu
et al,, 2000; Sasaki 2002; Azpeitia et al., 2003; Pullman et al., 2003).
Growth promotion due to BRs application was reported earlier in
increased growth of the geranium plant (Swamy and Rao 2008),
Coleus plant (Swamy and Rao 2011), Vicia faba plants (Pinol and
Simon 2009) and maize (Hola et al., 2010). In addition to promoting
growth (Miissig 2005), the application of BRs increased the yield of
important field crops—wheat, potatoes, rice and mustard (Ramraj
et al., 1997; Khripach et al., 2000; Zullo and Adam 2002; Janeczko
et al.,, 2010). BRs have also the potential to increase yields of hor-
ticultural crops (Cutler 1994; Fariduddin et al., 2008; Kang and
Guo 2011). Their positive effect is also reflected by higher quality
of the yield. The application of BRs improved quality of ground-
nut (Vardhini and Rao 1998), head lettuce (Koudela et al., 2012),
increased total antioxidant activity of endive (Serna et al., 2013)
and soluble solids contents (Gomes et al., 2006).

These phytohormones also reduce the effects of environmental
stress on plant physiology, e.g. in relation to temperature (Ogweno
et al., 2008), pesticides (Xia et al., 2006), herbicides (Pinol and
Simon 2011), salinity stresses (Nifez et al., 2003; Shahid et al.,
2011) and water deficiency (Upreti and Murti 2004; Jager et al.,
2008; Behnamnia et al., 2009; Mousavi et al., 2009). Futhermore,
BRs are type of environmentally-friendly (Kang and Guo 2011) and
non-toxic (Esposito et al., 2011) hormone.

The application of BRs could be one way to reduce the negative
impact of water deficit in vegetable production. Therefore, the aim
of this two-year study was to examine how treatment with syn-
thetic brassinolide influences plant characteristics, including yields
and parameters of consumable part after the harvest, for onions
grown at different irrigation levels.

2. Material and methods
2.1. Field experimental design

The investigations were conducted in 2012 and 2013 at the
Demonstration and Research Station in Troja district of Prague

(50°7°21.198'N, 14°23'56.359°E). The field experiment was set up
in a randomized block design in four replications. The experimental
factors were different levels of irrigation, concentration of synthetic
brassinolide and the cultivar. Irrigation was based on current val-
ues of efficient water capacity (EWC); the critical value of the EWC
was 70% for optimally irrigated variants, and 50% for variants with
reduced levels of irrigation.

For the determination of EWC, the method following Brezny
(1970) and Benetin (1979) was used, which arises from the rela-
tionship between the soil hydrolimits and the mechanical-physical
features of the soil. The current values of EWC in the known grain
size composition of the soil were monitored by measuring the soil
moisture—using the sensor Virrib (AMET, Velké Bilovice, Czech
Republic). When the values of the soil moisture fell below the
selected level, watering was begun.

The total quantities of irrigation water during the trial: opti-
mally irrigated variants in 2012—225 mm; 2013—390 mm; reduced
irrigation in 2012—190mm; 2013—345mm.

A synthetic analogue of the natural brassinosteroid — substance
2a, 3w, 17p-trihydroxy-5a-androstan-6-one - was used for test-
ing (patent pending No. 252605 Industrial Property Office, Czech
Republic). Plants were sprayed with 100nM (B100), 1 nM (B1) or
0.01 nM (B0.01) solutions of synthetic analogue or with tap water
(BO—control, 0 concentration).

Two long-day cultivars of Allium cepa L.—cv. Lusy and cv. Alice
were assessed (Semo a.s., Czech Republic). These cultivars slightly
differ in the length of their vegetation period (‘Lusy’ is 3 days earlier
from ‘Alice”). Both cultivars have medium round bulbs with yellow
peels. The cv. Alice is one of the most widely cultivated in the Czech
Republic. The cv. Lusy is newer and should gradually replace the
cv. Alice in the growers assortment. These cultivars are intended
primarily for direct sowing in spring and they are characterized by
good storage stability.

Seeds were sown in double rows (the distance between double
rows 30cm, the distance between seeds in rows 5cm), 80 plants
per m2. Experiments were arranged in a split split-plot design with
four replicates (main plot=irrigation level, subplots=cultivars,
sub-subplots=synthetic brassinosteroide treatments). Each sub-
subplot consisted of 2 double rows with 20 seeds per row (80 seeds),
the layout of each type of plot in the field was random. Cultivation
took place between April and August of 2012 and 2013.

The plants were cultivated in accordance with techniques
recommended by Petfikova et al. (2012). Standard methods of fer-
tilizer application (following a soil sample test) and strategies of
weed management were used.

2.2. Climate and soil conditions

The experimental filed was located on a gentle slope with west-
ern exposure at an altitude of 196 m. The area has a moderately
warm climate and the district is slightly warm and dry, with mostly
mild winters. The characteristics of the precipitation, radiation
and thermal conditions during onion vegetation are presented in
Figs. 1 and 2.

The vegetative season of 2012 was subpar in terms of moisture
(minus 124 mm relative to the long period of 1961-1990), with an
average temperature 2.47 °C higher than the average. The average
temperature during growth season 2012 was 16.9°C and 15°C in
2013.

Excessive precipitation amounts were noted in June 2013, but
overall the vegetative season of 2013 was normal in terms of mois-
ture and temperature.

A pedological survey detected modal fluvisol soil on non-
calcareous alluvial with gravel subsoil terraces. At depths of
0-0.34 m the soil is humic sandy loam containing quartz pebbles up
to 50 mm. This soil is deeply cultivated, and significantly enriched
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Fig. 2. Daily maximum temperature, minimum temperature, global radiation and precipitation in growth season 2013.

by deeply embedded organic substances. It is neutral with pH val-
ues of 6.6-6.9.

2.3. Assessment of plants, bulbs and yield

Foliage of plants was sprayed with synthetic brassinolide on the
45th day after sowing; care was taken to avoid possible contam-
ination. Plants were at the maturation phase BBCH 13-14 (Meier
2001). Two weeks later the neck diameter and height of the above-
around parts of twenty plants from each replication (80 plants per
treatment) were measured.

From the economic perspective, the most important parameter
measured was marketable yield. Onion harvesting, during which
the yield was determined, was conducted in mid-August. Mar-
ketable yield assessment was evaluated using the Commission
Regulation (European Commission) No. 1508/2001 of 24 July 2001
laying down the marketing standard for onions.

After harvest, forty-eight bulbs per treatment ( twelve bulbs per
treatment and replicate) were selected and parameters — mass,
diameter and height of single bulbs — were measured.

Also some of the contained substances were measured as com-
plementary data.

The four bulbs were cut off and grouped into one subsam-
ple per replicate, rendering 4 subsamples per treatment (16 bulbs
per treatment). These subsamples were used for measurements of
ascorbic acid and dry matter. The reflectometric method (Reflec-
tometer RQflex plus10, Merck, Darmstadt, Germany) was used
for the determination of ascarbic acid. Dry matter content was
determined by drying at 105°C in a Memmert UFP500 oven (Mem-
mert, Schwabach, Germany) until constant mass was reached and
expressed as grams per 1 kg of fresh mass (Javorslky 1987).

24. Statistical analysis

The data from two years were subjected to ANOVA with interac-
tions (treatments, cultivar). Means were compared by the Fisher's
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LSD test with 0.05 level of probability to determine the statistical
significance of the differences among treatments.

All statistical evaluations were made with the STATISTICA CZ,
version 12.0 software system (Stat Soft CR s.r.o., Czech Republic).

3. Results
3.1. Optimal irrigation — Tables 1, 2

From the results of the measurement of the size of the plants in
2012 (measured as the height of the plant and the diameter of the
neck), the influence of the treatment of B1 in the cultivar Alice was
statistically conclusive. Also the values measured after treatment
in 2013 with this cultivar were higher than the values of the control
variant, although the results were not conclusive in this case.

With the cultivar Lusy no differences were recorded that were
statistically conclusive. In 2013 higher values of the parameter of
the height of the plants were measured after the use of a synthetic
brassinolide, but the results were not conclusive.

The values of the parameters of the harvested onions (height of
the bulb, diameter of the bulb) were not conclusively influenced
in 2012. In 2013 all of those treated with a synthetic brassinolide
conclusively showed a positive influence on the diameter of the
onion with the cultivar Alice. On the contrary the height of the
bulb was negatively affected in the cultivar Lusy in 2013 (B100 and
B0.01—conclusively).

Conclusively higher values of the average mass of the individ-
ual bulbs were measured in 2013 for the cultivar Alice; all of the
variations treated with a synthetic brassinolide. The cultivar Lusy
did not react positively for treatment in this parameter; in 2012 the
data measured (B100 and B0.01) with the cultivar Lusy were even
conclusively lower than in the control group.

From the perspective of the grower, the most important cate-
gory evaluated was marketable yield. In 2012 the treatment B100
led to a conclusive reduction of the marketable yield in both culti-
vars. In the following year, the highest yield was recorded for the
cultivar Alice (B1 and B0.01—conclusively as compared to the con-
trol). With the cultivar Lusy the results were not conclusive, but
the highest measured value of the yield was also with the treat-
ment B1. From the assessment of the parameters of the substances
contained, the differences in the measured values in both years
were not patently statistically conclusive—with the exception of
2012, when the treatment B0.01 led to a conclusive reduction of
the amount of dry matter with the cultivar Alice.

3.2. Reduced irrigation — Tables 3,4

The use of B1 led to a conclusive enlargement of the neck in both
years with the cultivar Alice. The highest values of the height of the
aboveground parts of the plants were measured with this treatment
(cultivar Alice), where these values were not conclusively differ-
ent from the control. With the cultivar Lusy, the use of a synthetic
brassinolide did not lead to larger plants; in 2012 a statistically sig-
nificant reduction of the average value of the height of the plants
was measured with the treatment B1.

With the values of the parameters of the bulbs (height of the
bulb, diameter of the bulb), differences were measured in the case of
the treatment B1, cultivar Alice. Whereasin year 2012, the influence
was rather negative, in the more favourable year in terms of mois-
ture 2013, the treatment B1 had a conclusively positive influence
on the parameters measured with this cultivar. Conclusively higher
values of the average mass of the individual bulbs were measured
with the treatments B100 (2012) and B1 (2013) with the cultivar
Alice. Cultivar Lusy did not react positively in this parameter to the

treatment; in 2012 the measured data (B1) were even conclusively
lower with the cultivar Lusy than the control.

In the case of the marketable yield, the treatment B1 in 2012
led to an increase with both cultivars. In the following year, these
results were not conclusive, but the values measured for B1 were
higher with the cultivar Lusy by 9.8% as compared to the control;
with the cultivar Alice they were on the same level as the control.

From the evaluation of the parameters of the substances con-
tained, statistically conclusive differences were not clear in the
measured values in both years—with the exception of 2013, when
the treatment B0.01 led to a conclusive reduction of the amount of
the dry matter in the cultivar Lusy.

4. Discussion
4.1. Size of the plants

As regards the influence of BRs on plant height or leaf num-
ber, previous studies with various plant species usually reported
positive results. Arora et al. (2008) found the positive effect of
the addition of 1 nM (but not 100 nM or 0.01 nM) solution of 28-
homobrassinolide to the growth medium on the shoot length of
maize. The shoot length of 7-days old seedlings of Indian mustard
(Brassicajuncea) also increased after pre-sowing treatment of seeds
with 100-0.01 nM 24-epibrassinolide, with the 100 nM concentra-
tion being the most effective one (Sharma and Bhardwaj 2007).
Similarly, repeated foliar spray of Arachis hypogaea plants with
brassinolide or 24-epibrassinolide solutions in 1 WM concentration
range had positive effect on the shoot length (Vardhini and Rao
1998). In sorghum, it was demonstrated that the effect of the treat-
ments with BR in leaf lengthening depended both on the hormone
concentration and the plant development stage (Amzallag 2002).
These results are also confirmed by the data we found on the pos-
itive influence of B1 on the size of the plants of the cultivar Alice
in the conditions of reduced irrigation. On the other hand, Ozdemir
et al. (2004) observed a slight decrease in the elongation of rice
shoot after soaking of seeds in 3 « 1 uM 24-epibrassinolide solu-
tion. In the sense of the reaction of the varieties to the treatment,
the data we found confirms that the effective BRs concentration
apparently also depends on plant genotype (Hola et al., 2010).

4.2. Parameters of the harvested bulbs

In some cases, the parameters of the harvested bulbs (diameter
and height, mass of the individual bulb) differed from the control
variant. The values we measured were confirmed also by the results
of Serna et al. (2012a), who presented a significant positive change
in the size of the head of the lettuces (diameter and length) after
the application of an analogue of a brassinosteroide along with the
agent Tomex Amin.

4.3. Substances contained

Regarding the amount of the measured content parameters, a
higher amount of ascorbic acid and dry matter is evident with
the variants with reduced irrigation. Similar results concerning the
amount of ascorbic acid in lettuce under the conditions of water
stress are presented also by Koudela et al. (2012). In our case, higher
values were measured (75.1-83.5mg/kg) in onions under condi-
tions with reduced irrigation, than the average value of 69 mg/kg
of vitamin C shown in the tables (Kopec 1998). The increase of
antioxidant compounds (including ascorbic acid) in plants due to
abiotic stresses is mentioned by Babu and Devaraj (2008), Nair et al.
(2008) in trials with beans and Koudela et al. (2011) in trials with
cauliflower. It further arises from our results that in the case of two
types of irrigation the differences in the amount of ascorbic acid
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Table 1

Effect of brassinosteroide analogue foliar spray on the plant parameters of onions grown at optimal irrigation.

Cultivar Treatment Plant height (mm}) Neck diameter (mm) Bulb height (mm) Bulb diameter (mm)
2012 2013 2012 2013 2012 2013 2012 2013

Alice BO 3028 e 3301 ® B754 848073 583081 50,07 b 61087 487287
B100 360.2 >4 3428 B.O55 BEI? 57.03 R 52,01 == 50.30" 54.45 %
Bl 43957 348 5 3« 10.663" 0,128 abeie 58,03 feh 51.01 @ 61077 5320
BO.O1 205 348,03 10,128 bedel B.8G3 bt 50.42h 5097 = 6227" 52,1554

Lusy BO 408,65 31033 10.302 9 0,440 abeied 54 80 % 50.74 bt 58481 50,07 3
B100 4068 32003 106377 0,666 Wbeded 53,87 def 4642 5871F 40,09 3
Bl IBE.G e 3152 0783 abeief 0,002 sbeie 53,07 riefy 47 B8 @ 50.40 40,66 ab
BO.01 4043 dF 3417 3 10.221 cief 10402 54,06 def 47,003 58.10 48403

A: Cultivar (p-value) NS NS NS 0031 <0001 <0001 0.006 0.006

B: Treatment {p-value) NS NS NS NS NS NS NS N5

A = B (p-value) 0013 NS 0012 NS NS 0.031 NS 0.009

BOis the control, B100is 100 nM brassinosteroide analogue treatment; B1 is 1 nM brassinosteroide analogue treatment, B0,01 is 0.01 nM brassinosteroide analogue treatment.
NS is not significant. Values compared by ANOVA to determine the variant effect. Means followed by different letters within a columns indicate significant differences between

treatments based on LSD test (= 0,05,

Table 2

Effect of brassinosteroide analogue foliar spray on the plant and yield parameters of onions grown at optimal irrigation.

Cultivar Treatment Mass of 1 bulb (g) Marketable yield {t'ha) Ascorbic acid (mg/kg) Dry matter (g/kg)
2012 2013 2012 2013 201z 2013 2012 2013

Alice EOD 0501 % 70,06 b 7k 2113 71,1 abede 65,63 118.12% 109,95 b
B100 0224 8742+ 1nz= 25,3 aboded BOB*® 66,4 3bed 100,86 * 104,36 *
Bl 102.01% 85.65 e 25,7 bedel 78.0 % 529 11070+ 108.45 3
BO.O1 103857 8513+ 25,5 bef 27,2 biely 75.8 cde 6333 100152 100,02 3

Lusy BO 0207 % 75.49 3bed 3147 22,53 72.4 bele 657.5 3bcd 11102+ 112,61
B100 BlGs™ 70,05 26,5 def 27,8 abede 75,3 bede 71,3 abede 111,60 #® 107,67 3
Bl B4.98 el 73.35 abed A 23,0 abed 78.7 d= 58,9 abede 11135 111.444ab
BO.O1 B0.36 bode G8.012 2840 227 abed 721 aboe 50,0 abede 108744 109.03 ab

Az Cultivar (p-value) <0001 <0.001 0.007 NS NS NS NS NS

B: Treatment {p-value) NS NS 0.004 NS NS NS NS NS

A = B (p-value) NS 0.004 NS NS NS NS NS NS

B0 is the control, B100is 100 nM brassi id I t + B1is 1 nM brassinosteroide analogue treatment, B0.01 is 0.01 nM brassinostercide analogue treatment.,

NS is not significant. Values compared by ANOVA to determine the variant effect. Means followed by different letters within a columns indicate significant differences between

treatments based on LSD test (c= 0.05).

Table 3

Effect of brassinosteroide analogue foliar spray on the plant parameters of onions grown at reduced irmigation,

Cultivar Treatment Plant height (mm) Meck diameater [mm) Bulb height (mm) Bulb diameter (mm)
2012 2013 02 2013 2012 2013 2012 2013

Alice BO 302.1 *beie 3081 Bede 7.048 *® 69333 4070 % 4301 53.02" 47,00
B100 315.() bede 302, sbode 7.332 3 7.419 3k 51.82¢ 420 SE6.G7¢ 44070
B1 3308 % 3409° B.116° 8.155° 46.56° 4715 47,40 50,05
BO.01 316.9 bede 2880 7.258 < 66187 47774 43030 4073 45058

Lusy BO 3116 bede 3077 shede 7.409 < 7.423 3k 4450k 4228 46,00 %= 4412
B100 280.1 ab 313, abode 67503 7737k 4271 ab 42153 44 51 bode 4413
B1 27373 3008 =bed 7472 abe 7447 abe 41353 40.80 2 30642 47 85 bed
BO.O1 3147 bede 31840 7.381 3 7397 abe 41.503b 40292 41,52 b 41463

A: Cultivar (p-value) 0018 NS NS NS <0.001 <0.001 <0.001 <0.001

B: Treatment (p-value) N5 N5 NS NS 0.001 NS <0.001 0.004

A = B (p-value) 0.039 NS NS NS NS 0,009 NS 0.030

B0 is the control, B100/is 100 nM brassi id, I t: : B1is 1 nM brassinosteroide analogue treatment, B0.01 is 0.01 nM brassinosteroide analogue treatment.

NS is not significant. Values compared by ANOVA to determine the variant effect. Means followed by different letters within a columns indicate significant differences between

treatments based on LSD test (e= 0.05],

from the influence of treatment with synthetic brassinolide were
not proven statistically conclusively. Similar results were also pre-
sented by Serna et al. (2012b) when using analogues of BRs (along
with the agent Tomex Amin) in red peppers, when the amount
of ascorbic acid was not significantly influenced. In the case of
the experiments on lettuce, the same author states that treatment
with a synthetic brassinolide did not change practically the over-
all amounts of the acids (Serna et al., 2012a). Koudela et al. (2012)
also confirmed that in experiments on lettuce there was no change
in the amount of ascorbic acid through the influence of treatment
with a synthetic brassinolide.

4.4. Yield

The yield increase in the onion may be related to an improve-
ment in the assimilation efficiency of photosynthetic carbon of the
sprayed plants, because some authors verified that BRs also stim-
ulated greater CO, assimilation (Gomes et al., 2003). In mustard
plants, the BRs application led to an increase in the photosynthe-
sis rates that were directly related to growth and seed production
(Hayat et al.,, 2000). The BRs application in wheat and mustard
plants stimulated photosynthetic activity expressed by accelera-
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Table 4
Effect of brassinosteroide analogue foliar spray on the plant and yield parameters of onions grown at reduced irrigation.
Cultivar Treatment Mass of 1 bulb (g) Marketable yield (t/ha) Ascorbic acid (mg/kg) Dry matter (g/kg)
2012 2013 2012 013 012 203 20mz2 2013
Alice BO 65950 5516 192% 190% 782 76.0%® 118.34 = 11112 3%
B100 76.15¢ 51444 186 16.8 % 7.0 78.4 &« 11530 et 114,81 abed
B1 63.01# G461 % 217" 1007 860 75.6% 125874 116,60 b
BO.O1 59.13% 5514 2038 163 70,4 ¢ 0.8 124814 103.598*
Lusy BO 47,434 4053 = 1272 1433 B35 bed 78.1 3« 11831 b= 12053«
Bi00 45,79 bat 43168 135 1433 845 bed 70,2 e 117.86 b 11154 3¢
B1 34704 4276 % 15,1 bed 15.7 bed 90.14 76.8 3= 12559¢ 12250«
BO.O1 40.05 ke 4135 150 1213 86.1+ 7783k 11729 b 107.223b
A: Cultivar (p-value) <0.001 <0.001 <0.001 <0.001 0.030 NS NS NS
B: Treatment [p-value) <0.001 0.001 0,003 0.006 NS NS NS 0,033
A B (p-value) NS 0.003 NS NS NS NS NS NS

B0 is the control, B100is 100 nM brassinostercide analogue treatment: B1 is 1 nM brassinosteroide analogue treatment, B0.01 is 0,01 nM brassinosteroide analogue treatment,
NS is not significant. Values compared by ANOVA to determine the variant effect. Means followed by different letters within a columns indicate significant differences between

treatments based on LSD test (o =0.05).

tion in CO, fixing, increasing protein biosynthesis and reducing
sugar amounts (Braun and Wild 1984).

Due to the morphology of the onion plant, increase in plant
height and the weight of one bulb could be directly to the effect from
BRs, since Nakaya et al. (2002 ) found that mutants of A. thaliana with
known defects in the perception of BRs develop small leaves. Treat-
ment of the mutants with BRs reversed the mutation and restored
the potential for growth to that of the wild type. BRs play a role
in regulating cell expansion and cell proliferation in the leaf (Kim
et al., 2008; Oh et al., 2011).

Increases in yields caused by B1, cv. Lusy were due to an
increased number of marketable bulbs and less to an increase of
the mass of single bulbs. It seems that the application of brassi-
nosteroide analogue supported uniformity of the harvested bulbs.
Whereas in the case of the cultivar Alice the increased yield was
realized rather through an increase of the relative mass of the
individual bulbs. The data we found on the different reactions
of varieties to the treatment is confirmed also by the results of
other authors. Hold et al. (2010) reported that dependence of
plant response to BRs treatment on the genotype is evident for
yield parameters. Other authors who simultaneously examined the
effect of exogenous application of BRs on plants of more than one
genotype of the same species have often found that the response
of individual genotypes can be markedly different (Pipattanawong
et al,, 1996; Hnilicka et al., 2007; Janeczko and Swaczynovi, 2010;
DoleZalova and Koudela, 2013).

It can be said generally that the application of BRs helps plants,
which are exposed to unfavorable environmental conditions (Kang
et al.,2007; Shahbaz et al., 2008; Vardhini and Rao 2003). This claim
is also confirmed by our results. Last but not least, the different
tolerance of the cultivar to water deficit must be taken into consid-
eration, as presented by Ghane et al. (2012}, Ennajeh et al. (2009)
or Pazderi and Koudela (2013).

5. Conclusion

Under conditions with optimal irrigation, the influence of a syn-
thetic brassinolide in the cultivar Alice was proven on the mass
of the individual bulbs and yield in 2013. With the cultivar Lusy,
the results of the treatment were not significantly positive under
optimal conditions.

In the case of reduced irrigation, the treatment with a con-
centration of 1 nM had a statistically significant positive influence
on the diameter of the neck, the mass of the individual bulbs
(2013) and yield (2012) in the cultivar Alice. With the cultivar Lusy,
the treatment with a concentration of 1nM and 0.01 nM signifi-

cantly increased the marketable yield relative to the control variant
(2012).

It this confirmed the assumption that it was possible to reduce
partially the negative impact of a water deficit in growing onions
with a synthetic brassinolide. The acquired results show that the
spray treatment of the onion plants in the initial stage of the devel-
opment with a solution of an analogue of synthetic brassinolide
with a concentration of 1 nM can be recommended for the condi-
tions of growing onions with reduced irrigation.

Although the exogenous application of BRs to plants can cer-
tainly in many ways change onion growth and, consequently,
influence both total yield and yield parameters. Prior to their use the
most effective concentration should be always taken into account,
and a particular point of view regarding which parameter of plant
is expected to be changed by the application of BRs.
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Abstract: The aim of this work was evaluation of synthetic brassinolide influence on growth of the leftuce
seedlings (cultivar "Margalus”) in optimal and reduced moisture conditions. The experiments were established
in the growth chamber. Irrigation was based on EWC; 75 % for optimally irrigated trays (OPT), and 60 % for
reduced irrigation (STR). The four variants of treatment were in both conditions: c0 — no application of
synthetic brassinolide (SB), ¢11 - application of SB concentration 1.10°"! M, ¢9 - concentration 1.10° M,
¢7 - concentration 1.107 M. The plants were treated with SB 15% day after the sowing. The growth was
assessed by harvesting 20 individuals per treatment (upper-part; root fresh weight: root length. root neck
diameter: greater leaf length and dry matter content were measured. On 21* day the highest value of average
leaf length (50.1 mm) was observed in STR, ¢9. The highest value of average length of roots (52.6 mm) was
measured in OPT, c11. The parameters were not statistically significantly different from those measured in the
control variants. On 28% day, the highest average value of length of upper-parts (65.5 mm) was found out for
variant STR, ¢9. This value was statistically significantly different from the control value (c0), variants STR
and OPT. The highest average value of length of roots (81.5 mm) was measured at OPT, ¢11 (same as 217
day). The maximum value of dry matter content (4.95 %) was found in variant STR, ¢9 treatment - statistically
significantly different from other treatments in STR wvariant. The laboratory study indicates a tendency of
treatment SB 1.10% M (c9) to support the aboveground plant size and the dry matter content in condition with
reduced irrigation. But we cannot submit that the effect would be also valid for root growth of plants or root
neck diameter.

Key-Words: lettuce, draught, brassinosteroids, vegetable, juvenile plant

Introduction The application of brassinosteroids could be one

The mnsufficient water supply may cause wilting
plants. The absence of accessible water in the soil
profile may lead to irreversible wilting [1]. The
most of vegetable species have a high transpiration
rate (from 280 to 830 ml of water per 1 g dry
matter). As limut value of efficient water capacity 1s
reported at 50 %. If there 1s a drop below this level,
vegetables suffer from lack of water [2]. Sensitivity
of plants to drought differs among species,
populations and varieties and depends upon
physiological stage of the plant and duration of
stress mmpact [3]. Water shortage considerably
lowers plant dry matter production and thus final
yield [4]. Drought stress as well as UV irradiation
15 the most adverse factors for plant growth and
productivity [5]. In this context it is necessary to
look for means to reduce the negative impact of
water deficit for grower praxis.

way to reduce the negative impact of water deficit
vegetable production. These hormones help by
reducing of environmental stress impact of plant
physiology, e.g. in connection to temperature [6]
and to water deficiency [7, 8, 9]. This growth
regulators on the basis of sterols not only promotes
growth [10], but they also have the potential to
mcrease  yield and economic parameters m
horticultural crops [11, 12, 13].

The hypothesis of this work was: application of
synthetic brassinolide can nmummize negative
mfluence of water deficit in cultivation of head
lettuce seedlings.
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Material and Methods

The trals were carried out m the laboratory
belonging to Department of Horticulture, CULS in
Prague in 2012 and 2013. The expermments were
established in the growth chamber BINDER KBW
400 with illunmnation, that allows to create constant
lighting and temperature conditions .The synthetic
analogue of the natural brassinosteroids - substance
2@, 3 a, 17 p — trihydroxy — 5 « — androstan — 6 —
one (SB) was used for testing (patent pending No.
252605 Industrial Property Office). The seeds of
cultivar ‘Marsalus” (seed category S; producer Semo
as. ) were sown (5 mm depth) m plastic seedling
trays TEKU JP3050 160 (1 seed per cell; 20 cell per
replication; four replications per treatment; 16 ml
cell capacity) in ready-mixed seed-sowing compost
based on peat (Agro CS a.s.).

Irrigation was based on current values of
efficient water capacity (EWC); the critical value of
the EWC was 75 % for optimally irrigated trays
(1rrigation OPT), and 60 % for variants with reduced
levels of wurigation (irrigation STR). The total
quantities of urigation water during test were as
follows: the variant with optimal levels of urigation
(OPT) had 39 mm; the vanant with reduced levels
of mrigation (STR) had 28 mm. The irrigation was
done by hand sprayer. Together with the first
irrigation fungicide Previcur (concentration 0.25 %)
was applied. The seedlings were cultivated in
accordance with techmiques recommended by
Petiikova et al. [14]: 20 °C /full illumination 13000
1x - 12 hours / day; 15 *C / 12 hours night.

The experiment was carried out in randomized
design. Four variants were in both (OPT and STR)
conditions: c0 — no application of SB, cll -
application of SB concentration 1.10™! M, ¢9 -
application of SB concentration 1.10° M, ¢7 -
application SB concentration 1.107 M. The plants
were treated with SB 15% day after sowing. Just
before the wusing of SB, the confrols out
measurements of plants were carried. On 217 and
28% day (DC 19 — 29, according to Vogel et al. [15])
the seedling growth was assessed by harvesting 20
individuals per treatment (five plants per each
replication). The juvenile plants were counted,
cleaned, and upper-part and root fresh weight (g /
plant) as well as the root length (mm / plant), root
neck diameter (mm / plant) and the greater leaf
length (mm / plant) were measured. For upper-part
of plant dry matter content was determined [16].

The entire experiment was repeated again. The
measured values were statistically analyzed using
the STATISTICA CZ, version 12.0 software system
for data analysis.

Results and Discussion
The first evaluation of plants was done 15% day. The
differences between the lengths of upper-parts of
plants (leaf length) were not sigmificant. The
average length of the plants m OPT was 33.1 mm
and 31.4 mm in STR variant of urigation.

The average values of the measured lettuce
seedlings parameters are given in Table 1.

On 21¥ day (sixth day after the treatment)
juvenile plants were in stage of two true leaves (DC
11 - 19). The highest value of average leaf length
(50.1 mm) was observed in vanant with reduced
urigation, treatment ¢9. The highest wvalue of
average length of roots (52.6 mm) was measured at
optimally irrigated variant, treatment c11. The
average root neck diameter (0.746 mm) has a
maximum in the control (c0) variant STR. The
maximum measured average parameters were not
statistically significantly different from those
measured in the control variants. The detailed
statistical survey results are given in Table 1. The
average values of the dry matter content of the
upper parts of the plant are shown in Fig. 1. The
highest average dry matter content (4.92 %) was
found in variant STR, c9 treatment. Conversely, the
lowest average dry matter contained samples of both
non-treated (c0) variants (STR 3.78 %, OPT 3.85
%). There were not statistically significant
differences between ftreatments. In case of the
average fresh weight of upper-parts (Fig. 2), the
highest average weight was observed at treatment
cl1 (0.145 g). wrrigation OPT. The lowest average
values were obtained for variant STR - treatment ¢7
(0.103 g).

On 28% day (13% day after the treatment)
seedlings were in stage DC 21 — 29. When the
measurement was carried out 28% day (Table 1), the
highest average value of length of upper-parts (65.5
mm) was found out for variant STR. treatment ¢9.
This value was statistically significantly different
from the control value (c0), variants STR and OPT.
The highest average value of length of roots (81.5
mm) was measured at optumally urigated variant
(OPT), ftreatment c¢l11 — as i the case of
measurements made 21* day. The average value of
root neck diameter (0.970 mm) has a maximum in
the variant OPT, treatment c¢9. The average values
of the dry matter content in the upper-parts of the
plant are shown in Fig 3. The highest average value
of dry mafter content (4.95 %) was found m variant
STR. ¢9 treatment - as in the case of measurements
made 21% day. This wvalue is statistically
significantly different from other treatments m
condition with reduced urrigation. In case of
average weight of fresh matter (Fig. 4) the highest

29|Page
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value (0.358 g) was found in variant OPT, c9
treatment. However, this wvalue did not differ
statistically sigmficantly from the value for the
treatment ¢9 (in STR) and all other treatments in
conditions with optimum irrigation (OPT). In case
of measurements carried out 21* day values of
treated variants do not differ from the control (c0),

but during measurement carried out 28% day there
are some differences already evident. It 15 mainly
the average length of upper-parts (leaf length) with
treatment c9, where the variants with reduced and
optimum irrigation statistically significantly differed
from the control variants.

Table 1 Average values of measured parameters (21% and 28% day)

21% dav 28% day
Leaf Root Root neck Leaf Root Root mneck
length length diameter length length diameter
(mm) (mm) (mm) (mm) (mm) (mm)
c0 OPT 48.6° 47.9% 0.644% 56.8° 74.6* 0.875%
STR 483* 44 1% 0.746° 51.6° 68.8* 0.854%
cll OPT 494 52.6° 0.705% 57.9° 81.5° 0.945°
STR 47.0® 41.3* 0.686% 51.6° 67.0% 0.814°
9 OPT 494 42 7% 0.629% 58.8% 74.4% 0.970°
STR 50.1° 456 0.581° 65.5° 67.0% 0.848%
c7 OPT 47.4% 43.9% 0.690% 59 4% 67.2% 0.878%
STR 45.5° 37.6° 0.662% 51.9° 60.7° 0.782°

Legend: In each column; values followed by the same letier did not differ significantly (P =

L5D test.

Fig. 1 Dry matter 21% day. upper-parts (in %)

vy raer {%)
&

20 “h Imgation

1 Imgation
STR

0.05) according to Fisher's

Fig. 2 Fresh weight 21% day. upper-parts (in g)

L0
L1
L1
LM
C]
E LR
-3
L]
2w
@
= onm
1)
L4
oz & Imigaton
] o @ a oFT
- T imigation
reatment STR
MW|Page

51



MENDELNET 2014

Mendel &
Net(DO
(2]

Fig. 3 Dry matter 28% day, upper-parts (in %)
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Also 1n this case, the treatment ¢9 variant STR is
showed promusing. However, the value of dry
matter - treatment c¢9 in vanant STR is not
statistically significantly different from the values of
c0, ¢7 and 9 treatments in optunum irigation
conditions (OPT).

As indicated by numerous studies, application of
brassinosteroids can reduce negative environmental
impacts, e.g. negative influence of pesticides [17] or
biotic stressors [18]. The positive effect of synthetic
brassinolide 15 reflected by mncrease of value of leaf
length and together with increase of dry matter
content. The obtained data show a positive effect of
treatment ¢9 m both - reduced and optimal urigation
conditions.

Although there are mnot always statistically
significant differences, the tendency 1s evident. This
finding 15 consistent with data of Prochazka et al.
[19]. who reported effective concentration from 10
to 101'M. We can also agree with the conclusions of
Mussig [10] and Pavlova et Fischer [20], who talks
about supporting effect of brassinosteroids on
growth and the size of plant, respectively.

Conclusion

The study indicates a tendency of treatment with
synthetic brassinolide concentration 1.10° M (c9) to
support the aboveground plant size and thus the
growth of the plant. We cannot, however, clearly
state that the effect would be valid completely for
root growth of plants or root neck diameter. The
positive effect of treatment ¢9 was observed in both
- reduced and optimal nrigation conditions. The
effect of application of synthetic brassinolide was
reflected in measuring carried out 28% day (ie 13%
day after the treatment). The highest average value
of length of upper-parts (65.5 mm) was find out for
variant with reduced urrigation, treatment 9. This

Fig. 4 Fresh weight 28% day, upper-parts (in g)
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value was statistically sigmficantly different from
the control value (c0), both variant - with optimal
and reduced 1rrigation. It 1s known that lack of water
m the cultivation leads to a decrease of dry matter
content [4]. The results (treatment ¢9, variant STR),
however, show that this effect can be linuted by
application of synthetic brassinolide.

It would be appropriate to verify results, obtained
m the laboratory, m cultivation of seedlings in the
greenhouse.
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Abstract

Water deficit is one of the most adverse factors for plant growth and productivity. The
experiments were conducted to investigate the influence of synthetic brassinolide analogue
at concentrations 100 nM, 1 nM, 0.01 nM and 0 nM on lettuce seedling grown at two
moisture levels (reduced, control). The plants were cultivated in growth chamber under day
/ night temperature of 20°C/15°C. The total quantities of irrigation water during the
experiment: reduced — 28 mm; control — 39 mm. The seedlings of two butter head lettuce
cultivars (cv. Mars and cv. Marsalus) were sprayed to foliage at juvenile stage of growth. The
plant parameters (length, fresh weight of shoots and roots) and dry matter content were
measured on 21° and 28" day after sowing. Significantly higher values of the average fresh
weight and length of aboveground part and roots were measured on 28t day for the cultivar
Marsalus treated with brassinosteroide analogue at concentration 1 nM in conditions with

reduced irrigation. The results showed that treatment of plants in the initial stage of the

55



development with 1 nM solution can be used to limit the consequences of reduced moisture
conditions. Prior to use the most effective concentration should be taken into account which
parameter of plant is expected to be changed and also the varying sensitivity of the cultivars
to the treatment.

Key words: Lactuca sativa L. var. capitata L., seedling, growth, water deficit, brassinolide,
vegetable, stimulant

Abbreviations

BA — synthetic analogue of the natural brassinosteroide

BRs — brassinosteroids

NS — not significant

Introduction

Water deficit is considered to be among the most severe environmental stresses and the
major constraint on plant productivity; losses in crop yield due to water stress probably
exceed the loss from all other causes combined (Kramer, 1980). The sensitivity of plants to
drought differs among species, populations and varieties and also depends upon the
physiological stage of the plant (Liu et al., 2011). Water shortage considerably reduces plant
dry matter production and thus final yield (Wu et al., 2008). In this context, it is necessary to
look for ways to reduce the negative impact of water deficit for growing practices.
Brassinosteroids (BRs) were first discovered in oilseed rape pollen in 1979 (Grove et al.,
1979).It has been well documented in the literature that these hormones act mainly in the
meristem regions, causing cell lengthening and division (Mandava, 1988). BRs seem to be
involved in the expression of critical development periods, from germination to the
transition from plant vegetative to reproductive development (Suge, 1986). BRs stimulated

callus proliferation in Arabidopsis thaliana and embryogenesis in conifers and rice (Hu et al.,
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2000; Pullman et al., 2003). Growth promotion due to BRs application was reported in
increased growth of the geranium plant (Swamy and Rao, 2008), Vicia faba plants ( Pifiol and
Simon, 2009) and maize ( Hola et al., 2010).These phytohormones also reduce the effects of
environmental stress on plant physiology, e.g. in relation to temperature (Ogweno et al.,
2008) and water deficiency (Upreti and Murti, 2004; Jager et al., 2008; Behnamnia et al.,
2009). Furthermore, BRs are type of environmentally-friendly (Kang and Guo, 2011) and non-
toxic (Esposito et al., 2011) hormone.

The application of BRs could be one way to reduce the negative impact of water deficit in
vegetable production. Therefore, the aim of this study was to examine how treatment with
synthetic analogue of the natural brassinosteroide influences plant parameters of lettuce
seedlings grown at different moisture levels.

Materials and methods

Two investigations were conducted in 2013 (July — October) in the laboratory belonging to
Department of Horticulture, Czech University of Life Sciences Prague. The object of
investigation was butter head lettuce (Lactuca sativa L. var. capitata L.), cultivars Mars and
Marsalus (produced by Semo Smrzice, Czech Republic). A synthetic analogue of the natural
brassinosteroide (BA) - substance 2a, 3a, 17B-trihydroxy-5a-androstan-6-one - was used for
testing (patent pending No. 252605 Industrial Property Office, Czech Republic). The
experimental factors were: different moisture levels (reduced irrigation and control),
concentration of BA and the cultivar. The seeds were sown (5 mm depth) in plastic seedling
trays TEKU JP3050 160 (1 seed per cell; 20 cells per replication; three replications per
treatment; 16 ml of cell capacity) in ready-mixed seed-sowing compost based on peat (Profi
Sowing Substrate; Agro CS a.s., Czech Republic). The plants were cultivated in growth

chamber (KBW 400 Binder, Germany) under day / night temperature of 20°C / 15°C
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(Pettikova et al., 2012), day - illumination 13000 Ix. The total quantities of irrigation water
during the experiment: reduced variants — 28 mm; control variants — 39 mm. Irrigation was
based on current values of available water content; the critical value was 75% for control,
and 60% for variants with reduced moisture conditions. The soil moisture was monitored
using the ECH,0 sensor (Decagon, USA). The experiment was carried out in randomized
design. Four variants were in both (reduced and control) conditions: 0 nM — no application of
BA, application of 0.01 nM, 1 nM and 100 nM concentration of BA. The plants were treated
with BA on 15™ day after sowing. On 21°" and 28" day - BBCH 12 - 13, according to Meier
(2001) - the seedling growth was assessed by harvesting 30 individuals per treatment (ten
plants per each replication). The juvenile plants were cleaned; lengths of aboveground parts
and roots (mm/plant), fresh weight (mg/plant) as well as the root neck diameter (mm/plant)
were measured. Dry matter content was determined by drying at 105 °C in a Memmert
UFP500 oven (Memmert, Schwabach, Germany) until constant weight was reached.

Two months later, the entire experiment was repeated and results were evaluated
together.

The data from two experiments were subjected to ANOVA. Means were compared by the
Fisher’s LSD test with 0.05 level of probability to determine the statistical significance of the
differences among treatments. All statistical evaluations were made with the STATISTICA CZ,
version 12.0 software systems (Stat Soft CR s.r.o0., Czech Republic).

Results and discussion

The results of measurements made on 21* day (Tab. 1,2) shows significant effect of 1 nM
treatment on length and fresh weight of roots with cv. Mars in both moisture conditions.

The length of aboveground parts was positively influenced in conditions with reduced
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irrigation. Also the means of neck diameter, length of aboveground parts and roots after
treatment 0.01 nM were significantly higher with cv. Mars in the same conditions.

The treatment 1 nM significantly influenced length of roots and aboveground parts with cv.
Marsalus in reduced conditions and fresh weight of upper parts in both moisture conditions.
The measurement carried on 28" day (Tab.3, 4) confirmed positive influence of 1 nM, cv.
Mars on length of aboveground parts and roots in conditions with reduced irrigation and
length of aboveground parts in control irrigation. From the perspective of the grower, the
most important category evaluated was fresh weight of plant. In the case of cv. Marsalus,
treatment 1 nM significantly increased fresh weight of aboveground parts and length of
roots in both moisture conditions.

Significantly higher values of the average fresh weight of roots were measured on 28™ day
for the cultivar Marsalus; all of the variations treated with a brassinosteroide analogue in
conditions with reduced irrigation. On the other hand, cv. Mars did not react significantly for
treatment in this parameter. The influence of a brassinosteroide analogue treatment 1 nM
with the cultivar Marsalus was proven on length of aboveground parts in same conditions.
Moreover, positive influence of treatment 0.01 nM on length and fresh weight of
aboveground parts was also detected with cv. Marsalus in conditions with reduced irrigation.
As regards the influence of BRs on plant height or leaf number, previous studies with various
plant species usually reported positive results. The increase in plant size could be directly to
the effect from BRs, since Nakaya et al. (2002) found that mutants of Arabidopsis thaliana
with known defects in the perception of BRs develop small leaves. Treatment of the mutants
with BRs reversed the mutation and restored the potential for growth to that of the wild
type. BRs play a role in regulating cell expansion and cell proliferation in the leaf (Kimet al.,

2008; Oh et al., 2011). Arora et al. (2008) found the positive effect of the addition of 1 nM
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(but not 100 nM or 0.01 nM) solution of 28-homobrassinolide to the growth medium on the
shoot length of maize. Similarly, repeated foliar spray of Arachis hypogaea plants with
brassinolide or 24-epibrassinolide solutions in 1uM concentration range had positive effect
on the shoot length (Vardhini and Rao, 1998). These results are also confirmed by the data
we found on the positive influence of 1 nM on the size of the plants of lettuce in the
conditions of reduced irrigation. The values we measured were proved also by the results of
Serna et al. (2012), who presented a significant positive change in the size of the head of the
lettuces (diameter and length) after the application of an analogue of a brassinosteroide
along with the agent Tomex Amin.

In the sense of the reaction of the cultivars to the treatment, the data we found confirms
that the effective concentration apparently also depends on plant genotype (Hold et al.,
2010).

Other authors who simultaneously examined the effect of exogenous application of BRs on
plants of more than one genotype of the same species have often found that the response of
individual genotypes can be markedly different (Pipattanawong et al., 1996; Janeczko and
Swaczynova, 2010; Dolezalova et al., 2016).

It can be said generally that the application of BRs helps plants, which are exposed to
unfavorable environmental conditions (Kang et al., 2007; Shahbaz et al., 2008). This claim is
also confirmed by our results with cv. Marsalus in conditions with reduced level of irrigation.
Last but not least, the different tolerance of the cultivar to water deficit must be taken into
consideration, as presented by Ghane et al. (2012) or Pazder(i and Koudela (2013).

The assumption that it is possible to reduce partially the negative impact of a water deficit in
growing of lettuce seedlings with a brassinosteroide analogue was confirmed. The acquired

results show that the spray treatment of the lettuce plants in the initial stage of the
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development with 1 nM solution of an analogue of synthetic brassinolide can be used to
limit the consequences of reduced moisture conditions. Although the exogenous application
of BRs to plants can certainly in many ways change lettuce growth and, consequently,
influence plant parameters. Prior to their use the most effective concentration should be
always taken into account, and a particular point of view regarding which parameter of plant
is expected to be changed by the application of BRs.
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Table 1. Brassinosteroide analogue effect on the plant size, root length, neck diameter and

dry matter content of lettuce seedlings grown at control level of irrigation, measured 21*

day
Cultivar Concentration Aboveground parts Neck Roots
(nM) Length Fresh Dry diamete Length Fresh Dry
(mm)* weight matter r (mm)* (mm)* weight matter
(mg)* content (g.g (mg)* content
Y (g.g™)
Mars 0 50.4 + 103.7 + 0.042£0.006° 0579+ 32.7+ 177+  0.053#
6.3 17.6 0.097™ 8.4° 4.4 0.011°
0.01 50.0 + 88.3+16.6°  0.045+ 0557+ 343+ 19.0+  0.052#
43" 0.006" 0.114° 7.6 4.2% 0.011°
1 52.5+6.1° 106.0+ 0.046 + 0573+ 403+ 228+  0.054%
14.9% 0.006" 0.080°  9.9% 4.3 0.013°
100 513+ 95.2+16.5°  0.046 + 0589+ 37.5% 19.6+  0.048+
6.0™ 0.008%° 0.102° 8.0 3.9% 0.010°
Marsalus 0 49.1+ 117.9+ 0.050+0.009° 0.627+  45.7+ 236+  0.055%
7.6 24.4" 0.143*¢  11.0" 4.5% 0.013°
0.01 50.3 + 1235+ 0.051+0.008" 0.670+ 493+  27.7+  0.056+
6.1 26.7" 0.153°  10.6° 6.8% 0.014°
1 49.7 + 141.4 + 0.045 + 0632+ 428+ 215+  0052%
4.0 22.2° 0.007% 0.119°  10.2* 3.8%¢ 0.009°
100 48.1+6.0° 1240t 0.050 +0.007° 0.660+ 47.4+ 299+ 0.059
22.4% 0.146°  11.0° 6.5° 0.012°
A: Cultivar (p-value) 0.008 <0.001 0.013 <0.001 <0.001 <0001 NS
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B: Treatment (p-value) NS NS NS NS NS NS NS

A x B (p-value) NS NS NS NS <0.001  0.002 NS

* The values followed by the same letter show no statistically significant differences

(P<0.05). Mean values * standard deviation. NS = not significant

Table 2. Brassinosteroide analogue effect on the plant size, root length, neck diameter and

dry matter content of lettuce seedlings grown at reduced level of irrigation, measured 21*

day
Cultivar Concentration Aboveground parts Neck Roots
(nM) Length Fresh Dry diamete Length Fresh Dry
(mm)* weight matter r (mm)* (mm)* weight matter
(mg)’k content (g.g° (mg)* content
2 (g.8")
Mars 0 527+ 99.7+9.2°  0.040+ 0579+ 327+ 17.7 + 0.053 +
6.5% 0.003% 0.097° 8.4° 4.4 0.011°
0.01 55.8 + 108.9 + 0.037+0.007° 0557+ 343+ 19.0 + 0.052 +
4.8 24.0% 0.114° 7.6 4.2% 0.011°
1 57.2+ 115.8+ 0.037+0.008° 0573+ 403+ 228+ 0.054 +
9.3° 21.2% 0.080°  9.9% 4.3 0.013°
100 55.4 % 106.2 + 0.038 + 0.589+ 37.5+% 19.6 + 0.048 +
5.5% 20.7° 0.005% 0.102*™ 8.0 3.9%¢ 0.010°
Marddlus 0 46.8+4.9° 1135+ 0.041 + 0.627+ 457+ 236+ 0.055 +
21.3%* 0.008% 0.143*¢  11.0" 4.5% 0.013°
0.01 465+55" 1264+ 0.038+0.009° 0670+ 493z 27.7 % 0.056 +
12.7" 0.153°  10.6° 6.8% 0.014°
1 52.2+6.0° 132.8% 0.045+0.007° 0.632+ 42.8+ 215+ 0.052 +
27.7° 0.119°  10.2* 3.8%¢ 0.009°
100 453+57% 1175% 0.036 +0.008° 0.660+ 47.4+ 299+ 0.059 +
16.3™° 0.146°  11.0° 6.5° 0.012°
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A: Cultivar (p-value)

B: Treatment (p-value)

A x B (p-value)

<0.001

<0.001

0.020

0.001

0.018

NS

NS

NS

NS

<0.001

NS

<0.001

<0.001

NS

<0.001

<0.001

NS

0.002

NS

NS

NS

* The values followed by the same letter show no statistically significant differences

(P<0.05). Each value is the mean £ SD. NS = not significant

Table 3. Brassinosteroide analogue effect on the plant size, root length, neck diameter and

dry matter content of lettuce seedlings grown at control level of irrigation, measured 28

day
Cultivar Concentration Aboveground parts Neck Roots
(nM) Length Fresh Dry diamete Length Fresh Dry
(mm)* weight matter r (mm)* (mm)* weight matter
(mg)* content (g.g (mg)* content
Y (g.g™)
Mars 0 58.5+ 2936+ 0.044 + 0579+ 327+ 177+ 0053 #
7.4% 53.3° 0.001%* 0.097 8.4° 4.4 0.011°
0.01 61.4+ 267.9+ 0.045 + 0557+ 343+ 190+  0.052%
6.0 49.5° 0.003" 0.114°  7.6™ 4.2% 0.011°
1 62.8+ 2815+ 0.043 + 0573+ 403+ 228+  0.054%
8.2° 54.9° 0.001° 0.080°  9.9% 4.3 0.013°
100 60.4 + 268.1+ 0.043 + 0589+ 375+ 196+  0.048+
5.4°¢ 38.8° 0.001° 0.102° 8.0 3.9% 0.010°
Marsalus 0 56.8+8.6° 279.1+ 0.047 £0.007° 0.627+  45.7+ 236+  0.055%
58.0° 0.143°¢  11.0° 4.5 0.013°
0.01 58.0 + 2704 + 0.039+0.007° 0.670+ 493+ 277+ 0056+
7.9° 51.4° 0153  10.6° 6.8 % 0.014°
1 59.9 + 350.6 + 0.044 + 0632+ 428+ 215+ 0052+
7.2 72.3° 0.009°" 0.119°  10.2* 3.8™° 0.009°
100 59.3 + 261.2+ 0.042 + 0660+ 474+ 299+ 0059+
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A: Cultivar (p-value)

B: Treatment (p-value)

A x B (p-value)

8 5abc
0.006
0.019

NS

55.7°
NS
0.029

NS

0.009%
NS
NS

NS

0.146°
<0.001
NS

0.001

11.0°
<0.001
NS

<0.001

6.5°
<0.001
NS

0.002

0.012°
NS
NS

NS

* The values followed by the same letter show no statistically significant differences

(P<0.05). Each value is the mean £ SD. NS = not significant

Table 4. Brassinosteroide analogue effect on the plant size, root length, neck diameter and

dry matter content of lettuce seedlings grown at reduced level of irrigation, measured 28

day
Cultivar Concentration Aboveground parts Neck Roots
(nM) Length Fresh Dry diamete Length Fresh Dry
(mm)* weight matter r (mm)* (mm)* weight matter
(mg)’k content (g.g° (mg)* content
2 (g.8")
Mars 0 57.8+ 254.0 + 0.044+ 0.001 0579+ 327+ 177+ 0053+
9.1% 45.6° e 0.097° 8.4° 4.4 0.011°
0.01 58.6 + 2309+ 0.048 + 0557+ 343+ 19.0+  0.052#
6.9 49.4% 0.005%° 0.114° 7.6 4.2% 0.011°
1 61.4+4.9° 251.7% 0.046 + 0573+ 403+ 228+ 0054+
22.8° 0.003** 0.080"  9.9% 4.3 0.013°
100 58.8 + 2347+ 0.049 + 0589+ 37.5% 196+  0.048+
5.5%° 58.3° 0.002% 0.102*™ 8.0 3.9%¢ 0.010°
Marsalus 0 516+ 191.1+ 0.051+0.010° 0.627+ 457+ 236+  0.055%
6.6° 17.5° 0.143*¢ 110" 4.5% 0.013°
0.01 56.3 + 231.8+ 0.040£0.004° 0.670+ 493+  27.7+  0.056+
11.4% 38.8%° 0.153°  10.6° 6.8% 0.014°
1 60.6 + 301.6 + 0.049 + 0632+ 428+ 215+  0052%
8.3" 65.5° 0.008% 0.119°  10.2* 3.8%¢ 0.009°
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100 543+
7 5de
A: Cultivar (p-value) <0.001
B: Treatment (p-value) <0.001
A x B (p-value) NS

189.5 +
36.3°
NS
<0.001

<0.001

0.041 + 0.004°

NS
NS

<0.001

0.660 +
0.146°
<0.001
NS

NS

474+
11.0°
<0.001
NS

<0.001

2994
6.5°
<0.001
NS

0.002

0.059 +
0.012°
NS

NS

NS

* The values followed by the same letter show no statistically significant differences

(P<0.05). Each value is the mean £ SD. NS = not significant.
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Abstract

KOUDELA, M., HNILICKA, F, MARTINKOVA, J., SVOZILOVA, L., DOLEZALOVA, J.: Yield and
quality of head lettuce after 24-cpibrassinolide application under optimal and reduced irrigation. Acta univ. agric.
et silvic. Mendel. Brun., 2012, LX, No. 3, pp. 93-100

Theaimof this work was evaluation of 24-epibrassinolideinfluence onyield and quality of head lettuce
in optimal and reduced moisture conditions and work out recommendation of 24-brassinosteroids
use for lettuce in growers praxis. Field trials were carried out on land belonging to the Demonstration
and Research Station of CULS in Prague - Troja in 2009 and 2011. Planting on 27. 8. 2009 and 20.
8. 2011 was done at planting space 0.25 = 0.30m, each variant in four repetition (single plot 4,5 m2).
Seedlings of head lettuce (cultivar Santoro — Rijk Zwaan) were used. Irrigation was carried out by
microspraying, and was based on current values of efficient water capacity (EWC); the critical value of
the EWC was 80% for optimally irrigated fields (irrigation O), and 50% for variants with reduced levels
of irrigation (irrigation S). The total amount of irrigation water during vegetation were as follows:
the variant with optimal levels of irrigation (O) had 131 mm in 2009 and 123 mm in 2011; the variant
with reduced levels of irrigation (S): 58 mm in 2009 and 63 mm in 2011 Three variants were in both
(O and S) conditions: A —no application of 24-epibrassinolide, B - 1 x 24-epibrassinolide application
immediately after planting, and C - application of 24-epibrassinolide 2 x (immediately after planting
and then after 14 days after 1* application). Concentration of 24-epibrassinolide was 10-. Following
parameters of head lettuce were set after harvesting (10.-12. 10. 2009 and 14.-15. 10. 2011): weight
of single heads, marketable heads, marketable yield (in pes/ha and t/ha) and ascorbic acid and
nitrate contents. Influence of 24-epibrassinolide on single lettuce head weight was not significant,
decrease of head weight was evident after 24-epibrassinolide application in some variants. Significant
increase of marketable heads number and their percentages were noted after 24-epibrassinolide
application in optimal moisture conditions — in variant B of 12261 heads/ha (11.1%) and in variant
C of 16279 heads/ha (14.7%) compared with non treated variant A. This trend was not visible in
reduced moisture conditions. Increase (nonsignificant) of total marketable yield (in t/ha) was noted
after 24-epibrassinolide application. No significant differences were founded among the ascorbic
acid contents in each irrigation variant. A higher ascorbic acid content (by approximately 11.9% in
variant C compared with control A) is evident after application of 24-epibrassinolide in the variant
with lower levels of irrigation - S. Contrarily, decrease ascorbic acid content is indicated in the optimal
levels of irrigation — O (by approximately 16.8% in variant C compared with control A). The influence
of 24-epibrassinolide application on the nitrate content was not significant, but the trend of nitrates
decrease in optimal irrigation conditions is evident.

24-epibrassinolide, lettuce, yield, quality, ascorbic acid, nitrates

The imbalance in the water status (more water wilting (the irreversible wilt) (Sebanek et al., 1983).
deficit) can occur wilting plants. The absence of = Asshown by (Maly ¢t al., 1998) most vegetables have
accessible water in the soil usually occurs after the  a high transpiration rate, ranging from 280 to 830ml
initial and transition stage of wilting the permanent ~ of water to 1g dry weight, the transpiration rate of
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cabbage gives Vogel, (1996) value between 500 and
580. Maly et al. (1998) also defines a limit value of
50% of the efficient water capacity, which when it
drops below the value of all vegetables are suifering
water shortages. In this context it is necessary to seek
means to reduce the negative impact of water deficit
for growers praxis. Applications of brassinosteroids
could be one way to limit the negative impact of
water defficit in vegetable production, because this
hormons help by reducing of environmental stress
impact of plant physiology, e.g. in connection to
temperarure (Ogweno etal., 2008), to water deficiency
(Jager et al., 2008) or water excess (Takematsu and
Takeuchi, 1999). The hypothesis of this work was:
application of 24-epibrassinolide during vegetation
can minimize negative influence of water defficit in
head lettuce production.

MATERIALAND METHODS

Field trials were carried out on land belonging
to the Demonstration and Research Station of
CULS in Prague - Troja in 2009 and 2011, which is
situated 195 m above sea level, in a mild warm and
dry area. Soil of the Demonstration and Research
station in Troja is clasified as modal fluvisol with
a pH of 6.6-6.9. Average temperatures during the
vegetation period were 15.8 °C in 2009 and 16.9 °C
in 2011. Planting on 27. 8. 2009 and 20. 8. 2011 was
done at planting space 0.25 x 0.30m, each variant
in four repetition (single plot 4,5 m?). Seedlings of
head lettuce (cultivar Santoro - Rijk Zwaan) were
used. Irrigation was carried out by microspraying,
with an amount 10-20mm (with respect to the
development of the vegetation) and was based on
current values of efficient water capacity (EWC);
the critical value of the EWC was 80% for optimally
irrigated fields (irrigation O — continuous line in
graphs), and 50% for variants with reduced levels
of irrigation (irrigation S - discontinuous line in
graphs). The total amount of irrigation water during
vegetation were as follows: the variant with optimal
levels of irrigation (O) 131 mm in 2009 and 123 mm
in 2011; for the variant with reduced levels of
irrigation [S): 58 mm in 2009 and 63 mm in 2011. In
the optimal conditions and also in the lower levels
of irrigation were three variants: A — no application
of 24-epibrassinolide, B — 1 x 24-epibrassinolide
application immediately after outplanting, and C -
application of 24-epibrassinolide 2 x (immediately
after planting and then after 14 days after 1¢
application). Concentration of 24-epibrassinolide
was 10 The lettuce was cultivated in accordance
with techniques recommended by Petfikova et al.
(2006). Standard fertilizer applications {according
to the analysis) and weed control practices were
used. Following parameters of head lettuce were
evaluated after harvesting (10.-12. 10. 2009 and 14.-
15. 10. 2011): weight of single heads, marketable
heads, marketable yield (in pes/ha and t/ha) and
ascorbic acid and nitrate content. The contents of
ascorbic acids, nitrates, dry martter, and values of

total antioxidative capacity were also evaluated.
The reflectometric method (Reflectoquant - Merck)
was used for ascorbic acid and nitrate content
determination. Mixed samples from three plants
from each repetition (each trial variant was grown
in 4 repetitions) were prepared for analysis. The
measured values were statistically analyzed using
the STATISTICA Cz, versions 9.0 software system
for data analysis.

RESULTS AND DISCUSSION

Average values of the evaluated lettuce parameters
are given in Table I. Influence of 24-epibrassinolide
on single lettuce head weight was not significant,
but decrease of head weight was evident after
24-epibrassinolide application in variant with lower
irrigation and 1 x application of 24-epibrassinolide -
compared to control variant. Increase of marketable
heads number and their percentages were noted
after 24-epibrassinolide application. This increase
was significant in optimal moisture conditions in
variant B with 12261 heads/ha (of 11.1%) and in
variant C with 16 279 heads/ha (of 14.7%) compared
with non treated variant A. This trend was not visible
in reduced moisture conditions.

Increase of total marketable yield was noted after
24-epibrassinolide application, but effect was not
significant. But lettuce is sold for price per piece in
praxis, therefore number of marketable heads has
a greater interpretative value for praxis.

As indicated by numerous studies, application of
brassinosteroids can reduce negative environmental
impacts, e.g. application of brassinosteroids limits
negative influence of salinisation (El-Fattah, 2007),
pesticides (Xiaet al., 2006) or biotic stressors (Masuda
et al,, 2007). The increase of marketable heads (pes/
ha) after 24-epibrassinolide is influenced mainly by
reduction of heads rooting. The aditional protective
effect is also reported by Nakashita et al. (2003).

The positive effect of brassinosteroids are
therefore not reflected only in increased volumes
of phytomass, but by its higher quality, which has
considerable significance for quality classification. It
can lead to greater profitability of production for per
piece sold vegetables such as for lettuce.

Average values of the ascorbic acid and
nitrates contents are given in Table II. However
significant differences in ascorbic acid content
was not influenced by irrigation, a higher ascorbic
acid content is evident after application of
24-epibrassinolide in the variant with lower levels
of irrigation (by approximately 11.9% in variant C
compared with control A). Contrarily, decreasing
ascorbic acid content is evident in the optimal levels
of irrigation — O (by approximately 16.8% in variant
C compared with control A).

The increase antioxidant compounds (including
ascorbic acid) in plants due to abiotic stresses is
mentioned by Babu and Devaraj (2008) in trials
with Phascolus vulgaris L., Nair et al. (2008) in trials
with Vigna unguiculata L. and Koudela et al. (2011) in
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I: Yield and quality of head lettuce
Fiax Irrigation Treatmenk Single head Marketable Markcta ble Marketahle
weight [g] heads [%] yield [pes/ha]  yield [t/ha]
A %7~ 82.79* 110390* 39.14%
(0] B 353.3% 93.37% 124490 44.09®
C 362.3* 96.56" 128750° 46.73*
2008 A 332.2%® 87.42% 116 564 38.96%
S B 330.9%® 86.66" 115550 38.35%
C 338.6% 89.33% 119112% 40.49®
The significant differences (P < 0.05) between average values are indicated in the column above by various letters (LSD test).
A 377.4% 82.85° 110464* 41.86%
(0] B 368.8% 90.66% 120886 44.64
(¢ 371.5% 93.50% 124662 46.64*
201 A 338.8% 87.42% 116 564 39.99%
S B 296.4° 86.66" 115 550% 34.49%
(¢} 341.1%® 89.33% 119112 40.98%
Thesignificant differences (P <0.05) b average values are indicated in the column above by various letters (LSD test).
A 365.1° 82.820 110427° 40.50%
(0] B 361.1% 92.02* 122688 44.36*
C 366.9* 95.032 126 706* 46.69*
Average
A 335.5% 87.42%® 116 564 39.48%
S B 313.7% 86.66" 115550 36.420
C 339.9% 89.33% 119112% 40.74%

The significant differences (P < 0.05) between average values are indicated in the column above by various letters (LSD test).

390

380

370

360

350

340

330 ~

Single lettuce head weight [g]

310

300

290

320 =25 #

A B
Treatment

(9]

=4 Imigaton O
-§- Imigaton S

1: Single lettuce head weight [g] - average of 2009 and 2011

trials with cauliflower. The effect of oxidative biotic
and abiotic stress on the increase of antioxidant
components in plants is also reported by Hernandez
etal. (2009).

The influence of 24-epibrassinolide application
on the nitrate content was not significantly different,
but the trend of nitrates decrease was confirmed in
optimal irrigation conditions. This trend may occurs

better physiological status and faster metabolism
of nitrates in lettuce leaves. Positive influence of
the brassionosteroids on the physiological status of
crops is described by Miissig (2005) such as effect on
the increase photosynthesis rate and by Yadav and
Pandey (1997) such as influence on the reduction of
the transpiration rate.
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2: Marketable lettuce heads [%] - average of 2009 and 2011

135000 T T

130000

125000

120000

115000

Marketable yield [pcshal

110000

105000

Treatment

=4= Imigation O
-H- Imigation S

3: Marketable yield of lettuce [pes/ha] - average of 2009 and 2011

CONCLUSIONS

Influence of 24-epibrassinolide on single
lettuce head weight was not significant, in some
variants was evident decrease of head weight after
24-epibrassinolide application.

Significant increase of marketable heads
number and their percentages were noted after
24-epibrassinolide  application. Increasing of
marketable heads number was significant in optimal
moisture conditions in variant B of 10421 heads/ha
(7.8%) and in variant C of 14 197 heads/ha (10.7%)
compared with untreated variant A. This trend was
not visible in reduced moisture conditions.

Nonsignificant increase of total marketable yield
was noted after 24-epibrassinolide application, but

significant increase of marketable heads number
per hectare is more valuable for praxis.

Although no significant differences between
ascorbic acid content in each irrigation variant were
found, a higher ascorbic acid content (by 11.9% in
variant C compared with control A) was confirmed
after application of 24-epibrassinolide in the
variant with lower levels of irrigation (S). Contrarily,
decrease of ascorbic acid content (by 16.8% in
variant C compared with control A) was found in the
optimal levels of irrigation (O).

The influence of 24-epibrassinolide application
on the nitrate content was not significant, but the
trend of nitrates decrease was evident in optimal
irrigation conditions.
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4: Marketable yield of lettuce [t/ha] - average of 2009 and 2011

I1: Average values of ascorbic acid and nitrates content

Year Irrigation Treatment Ascorbicacid [mg/kg]  Nitrates [mg/kg]
A 149.9%b¢ 487.34
o B 182.33bd 394.4
C 149.9% 478.2¢
2009
A 173.130d 7113t
S B 245.4>d 936.0°
C 231 b= 897.9¢
The significant differences (P < 0.05) between average values are indicated in the column above by various letters (LSD test).
A 135.1# 143.6%
o B 118.12 131.7%
C 101.6* 114.9*
2011
A 246.2¢ 248.7*
S B 229.9bd 251.8*
C 236.2% 233.2=
The significant differences (P < 0.05) between average values are indicated in the column above by various letters (LSD test).
A 141.5% 290.9°
(o] B 139.4 219.32
C 117.72 236.0°
Average
A 209.6" 480.0°
S B 23518 479.9
C 234.5° 454.8"

Thesignificant differences (P < 0.05) between average values are indicated in the column above by various letters (LSD test).

The obtained results indicated, that use of increase in quality) in praxis. 24-epibrassinolide
24-brassinolide can be recommended only for treatmentisnotable to compensate the water deficit
good moisture conditions (statistically significant  ininsufficient moisture conditions.
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SUMMARY

The aim of this work was evaluation of influence 24-epibrassinolide on yield and quality of head
lettuce in different moisture conditions. Field trials were carried out on CULS Prague - Troja in
2009 and 2011. Package seedlings of head lettuce (cultivar Santoro - Rijk Zwaan) were used (spacing
0.30 = 0.25 m). Irrigation was carried out by microspraying and was based on current values of efficient
water capacity — EWC (80% for optimal and 50% for limited irrigation). There were three treatments
of 24-epibrassinolide in each moisture variant: A - no application, B - 1 x application immediately
after outplanting, and C - 2 x application (1% application like in B and then after 14 days after 1#
application). Observed parameters: weight of single heads, marketable heads (%), marketable yield
(in pes/ha and t/ha) and ascorbic acid and nitrate contents. Influence of 24-epibrassinolide on single
lettuce head weight was not significant. Significant increase of marketable heads number and their
percentages were noted after 24-epibrassinolide application in optimal moisture conditions — in
variant B by 12261 heads/ha (11.1%) and in variant C of 16279 heads/ha (14.7%) compared with non
treated variant A. This differences was not significant in reduced moisture conditions. Differences
among marketable yields in t/ha were not significant. No significant differences were among the
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ascorbicacid contents, but there is evident the higher content (11.9% in variant C compared with A) in
the variant with limited irrigation and decrease of ascorbic acid content (16.8% in variant C compared
with A) in the optimal moisture conditions after application of 24-epibrassinolide. The influence of
24-epibrassinolide on the nitrate content was not significant, but the trend of nitrates decrease was
evident in optimal moisture conditions after 24-epibrassinolide treatment.
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KLICENI OSIVA CIBULE }{UCIV{YNS’IgE PO APLIKACI ATONIKU
PRI OPTIMALNI A PRI SNIZENE VLHKOSTI

Germination of Onion Seeds after Application of Aronik ar Optimum and Reduced
Moisture Conditions

JitkavDoleialovzi, Martin Koudela, Josef Sus, Vojtéch Ptacek
KZ, CZU v Praze

Abstract

The aim of this work was to investigate the effect of Atonik as a growth stimulant promoting the
germination and its use as a tool to limit the negative effects of water deficit. There were used
2 varieties of onion ("Alice’, Lusy’). The seeds were treated with solution of Atonik (concentrations
were 0.025 %: 0.05 %: 0.1 % and 0.2 %). Untreated seeds and seeds treated with distilled water only
were used as dry control (S) and wet control (M). The optimum (OPT) and reduced (STR) moisture
conditions for germination were prepared in the laboratory. The number of germinated seeds was
evaluated regularly for 16 days. The positive effect of the treatment with Atonik was showed at the
beginning of germination (3“’l 6" day). The treatment with Atonik 0.05 % resulted in increase of 'Alice’
germination, both in optimum and reduced moisture conditions. but effect was not significant compared
with the control. In case of Lusy’ there were no statistically significant differences between the
treatments. The results showed varietal differences in response to the treatment.

Keywords: seed, vegetable, onion, growth stimulant, water stress

Souhrn

Cilem této prace bylo sledovat piisobeni Atoniku jako ristoveého stimulatoru podporujiciho kliceni
a prostiedku pro omezeni negativnich disledki vlahového deficitu. Dvé odridy cibule kuchynskeé
("Alice’, 'Lusy’) byly osetfeny namocenim do vodného roztoku piipravku Atonik v koncentracich
0,025 %: 0,05 %: 0.1 % a 0.2 %. Jako kontrola byl proveden vysev suchého osiva a osiva osetieného
pouze vodou. Pro kliceni v laboratoii byly navozeny optimalni a deficitni vihkostni podminky. Po dobu
16 dni byl pravidelné hodnocen pocet vyklicenych semen. Vysledky ukazaly, Ze oSetieni osiva
Atonikem muze mit piiznivy vliv na klicivost osiva v deficitnich vlahovych podminkéach:; hlavne
v prvnich dnech kliceni (3. — 6. den). Osetieni roztokem Atoniku o koncentraci 0,05 % piineslo zvyseni
prumérné klicivosti u odrudy "Alice’, a to jak v podminkach s optimalni. tak s deficitni zavlahou, avsak
vysledky pokusu nejsou statisticky prikazné vici kontrole. V piipadé oditidy ‘Lusy’ nebyly statisticky
prukazné rozdily mezi osetfenimi. Vysledky poukazuji na odridové rozdily (resp. rozdily partie)
v reakci na osetient.

Kii¢ovd slova: osivo, zelenina, cibule, ristovy stimulitor, vodni stres

Uvod
Kli¢ivost semen zavisi na mnoha vnitinich a vnéjsich podminkach. K nejdillezitéjsim faktorim
uspésného kliceni patii i dostatecna vlhkost prostiedi. Vysoka citlivost vétSiny zelenin na nedostatek
vody v pudé muze zpusobit vazné poskozeni jejich vyvoje (Maly er al., 1998). Cibule kuchyiska
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(Alfium cepa L.) patii k nejpéstovandjéim zeleninam v CR (Petifkova et al.. 2006). Jeji kliceni je velmi
pomalé. cibule vzchazi za 13 - 30 dnu (Petiikova et al.. 2012). V piipadé méne piiznivych podminek pii
kliceni miize dojit k vyrazné redukci poctu vzeslych rostlin a tim nasledné i ke ztratdm na vynosu.
Piinosem by bylo, pokud by se podaiilo piedsetovou upravou osiva omezit tyto ztraty. Testuji se proto
biologicky aktivni latky, které by mohly Castecné eliminovat vlivy stresovych faktoru, jako je napi.
nedostatek vody beéhem kliceni.

Atonik (AT) je vyrobcem doporucovan ke stimulaci vynosu chmele, cukrovky. fepky. rajcat, polni
papriky. k zakoienovani fizku karatiati. stimulaci kliceni semen kvétin a zeleniny. V ramci pokusi bylo
prokazéno, ze zmirmuje stresové pusobeni herbicidd na cibuli (Petiikova er al., 2006). AT rovnez
urychlil regeneraci rostlin fepy cukrové stresovanych aplikaci postemergentnich herbicida (Pulkrabek er
al., 2007). V piipadé vlahového stresu u jecmene vedlo pouziti AT k mirnému zvyseni poctu zrn v klase
(Svobodova er Misa, 2004). Pripravek byl testovan rovnéz pro dalsi zemedélské plodiny. jako je
slune¢nice a cukrovka (Cerny et al.. 2011). Pii pouziti AT ve formé listové aplikace u cukrovky ve fazi
BBCH 14 - 16 a 30 - 31 byl zjistén statisticky vyznamny rozdil ve vynosu bulev (Cerny et al.. 2009).
Pouziti AT vedlo téz k naristu obsahu inulinu a suiiny u kofene ¢ekanky (Cerny et al.. 2007). V piipadé
testovani u révy vinné byl prokazan piiznivy vliv AT na vynos i na kvalitu hroznu (Yaneva er al.,
2010).

Vzhledem k vy$e uvedenému byla zkoumana moznost vyuziti piipravku Atonik jako prostiedku
pro omezeni diusledki stresu z vlahoveého deficitu pii kliceni osiva cibule.

Metodika

V laboratoii Katedry zahradnictvi Ceské zemédélské univerzity v Praze byly v (moru roku 2012
provedeny pokusy. jejichz cilem bylo sledovat vliv ofetfeni piipravkem Atonik na kli¢ivost osiva cibule
kuchynské v optimalnich a deficitnich vihkostnich podminkach.

Pro pokus byly vybrany dlouhodenni kultivary cibule kuchynskeé "Alice” a Lusy’. Pro testovani
bylo pouzito standardni osivo (kategorie S) od vyrobce Semo a.s.. Smuzice. Osivo bylo baleno 3/2012
v piipade odridy Lusy’ a 12/2011 v pripadé "Alice’. Zarucni doba u obou odriid byla do 12/2012.

Osetreni osiva bylo provedeno namocenim semen do vodného roztoku Atoniku. Tento piipravek je
tvofen smési dvou nitrofenolani a nitroguajakoldru. U¢innymi latkami AT jsou 2-nitrofenolat sodny
vmnozstvi 2 g/1 , 4-nitrofenolat sodny v mnozstvi 3 g/l. 5-nitroguajakolat sodny v mnozstvi 1 g/l.
Vyrobcem piipravku je Asahi Chemical Co. Ltd., 500 Takayasu Ikaruga-Cho. Tokyo - Nara Prefekture,
Japonsko. Atonik byl pouzit v nasledujicich koncentracich: 0.025 %: 0.05 %:; 0.1 % a 0.2 %. Semena
byla po dobu 20 minut ponoiena do 100 ml roztoku ve vyse uvedenych koncentracich. Kontrolni
varianty byly dvé: ,sucha™ kontrola (S). kdy byl proveden vysev suchého neosetreného osiva a ,,mokra*
kontrola (M), ktera spocivala v namoceni osiva do destilované vody na 20 minut. Po o3etieni bylo osivo
vyjmuto z roztoku a osuSeno pii bézné laboratorni teploté. Za dva dny probehl jeho vysev do misek.

Testy klicivosti byly zalozeny na zakladé metodiky pro zkouseni osiv (Trnka. 2004). Vysev byl
proveden do misek na zvlhéeny filtracni papir o gramazi 120 g.m'l. Pro navozeni doporucenych
(optimalnich) vldhovych podminek kliceni byl filtra¢ni papir zvlh¢en 30 ml destilované vody (OPT),
pro vyjadieni redukovanych vlahovych pedminek (STR) bylo pouzite pouze 20 ml destilované vody.
Pokus byl zalozen pro kazdou pokusnou variantu ve 4 opakovanich vzdy po 100 semenech (4 x 100).
Zakryté misky byly umistény do ristové komory Binder KWB 400 a udrzovany ve tmé pii konstantni
teploté 20 °C. Hodnoceni pokusu bylo realizovano kazdych 24 hodin, pokazdé ve stejnou denni dobu.
Jednotlivé nadoby byly vyjmuty z komory spolecné. vzdy po jednom opakovani. Pokus byl ukonéen po
16 dnech. Byly pocitany denni klic¢ivosti a za vykli¢end byla povazovana semena s kofinkem 3 mm
dlouhym.

Zjisténa data byla statisticky zpracovana programem STATISTICA verze 12.0, od firmy StatSoft
CR.

58 Osivo a sadba. 5. 2. 2015

80



Vysledky a diskuse

Doporuéené (optimalni) vihkostni podminky

Tabulka 1 a grafy 1 a 2 popisuji kumulativni kli¢ivost osiva obou odrid v navaznosti na rizné
urovné koncentrace Atoniku. Vysledky po prvnich Sesti dnech kliceni ukazuji grafy 1 a 2. U odridy
"Alice’ se ti'eti den se projevil stimula¢ni vliv Atoniku (0.05 %) — klicivost 22 % - oproti neosetiené

kontrole (S). A tento vliv byl patrny az do ukonceni pokusu (16. den).

V pripadé odriidy Tusy’ byla tieti den nejvyssi klicivost (52 %) zaznamenana u varianty osetiené
pouze vodou. Varianty osetieni Atonikem v koncentraci 0,025 % a 0.1 % dosahly vyssi klicivosti nez

varianta kontrolni (S).

Tab. 1: Kili¢ivest osiva v eptimdlnich vidhovych podminkdch — kumulativné (%)

Odrfida Koncentrace Kli¢rvost 1. - 16. den od vysevu (%)
(%) L2z 4 |s el 7 e o w1 ]w2fiw]ia]is]is
0,025 00 | 10 | 145]| 360 520] 650 725] 765] 790 | 810 815 @20 825 | 835 | 840 845
005 00 | 00| 220 495]|680] 720[750] 785 805 | 815|840 45| 845[ 850 850 865
ALICE 0.1 00 | 00 | 195] 420 555] 660 [ 705] 735 765 785 | 785 | 790 | 795 [ 820 | 830 [ 840
02 00 | 00 | 195]475]|3565] 650 600] 735] 765| 770| 785 790 790 | 815 | 815 [ 820
M 00 | 00 | 195 435|530 580 625]| 700 715| 740| 745 750 ] 750 | 780 | 780 [ 780
s 00 | 05 | 130 440 595|665 [ 705 740 750 | 765 | 775 790 790 | 815 | 820 [ 820
0,025 00 | 20 [ 420 755|865 ]| 920 [ 935]| 955] 955 | 960 | 960 | 960 | 960 | 960 | 960 [ 960
005 00 | 15 [ 300 865]| 970|985 [ 990] 995] 995 995 [ 095] 995 995 [ 995 | 995 | 995
— 0.1 00 | 05 [ 405 865]| 970] 980 [985]| 985] 985|985 [ 990 990 990 990 990 [ 990
02 00 | 10 [ 380 905]|970] 990 [990] 995] 995 995 [ 905] 995] 995 995 995 [ 995
M 00 | 20 [ 520 880]975] 990 [ 900] 990 990 990 990 990 990 990 990 [ 990
s 00 | 00 | 300 840 945]| 960 [ 965] 975] 980 | 985 | 985 985 | 985 | 985 | 985 | 985
Graf 1: Kli¢ivost osiva v %, 1. - 6. den, odriida Graf 2: Kli¢ivest osiva v %, 1. - 6. den, odriida

Alice, optimdlni viltkostni podminky

Lusy, optimdlni vihkostni podminky

Redukované vihkostni podminky

V pripadé redukovanych vlhkostnich podminek (tabulka 2, grafy 3 a 4) se vliv Atoniku projevil
tieti den u odridy "Alice’. kde neoSetrena kontrola méla klicivost 9.5 %. zatimco oSetiené varianty
dosahovaly kli¢ivosti 11 az 15.5 %. U odrady ‘Lusy’ se vliv Atoniku projevil rovnéz. I zde mély
oSetfené varianty vyssi klicivost (21 az 29.5 %) nez varianta neosetiend (20 %). Avsak u obou odrid
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Osivo a sadba. 5. 2. 2015

81

h



Tab. 2: Kli¢ivost osiva v redukovanych vihkostnich podminkdch — kumulativné (%)

Odriida Koncentrace Klidwost 1. - 16. den od vysevu (%)
(%) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12, 13. 14 15. 16.
0,025 00 | 00 | 155|490 | 680 | 745] 795|840 870 | 830 | 830 830 [ 880 | 880 | 885 | 880
0,05 00 | 00 | 110 490 | 715| 775|805 | 835 | 865 | 870 | 885 ] 885 | 88,5 | 200 | 900 | 900
ALICE 0.1 00 ]| 00 | 140 505 | 685 | 750 | 795 [ 815 | 830 | 840 | 845] 855 855 | 860 | 870 | 870
02 00 | 00 | 145 530 | 745| 780 | 850 860 | 870 | 875 | 880 ] 830 | 880 | 88,0 | 880 | 880
M 00 | 00 | 170 495 | 670 | 715 755 [ 820 | 845 | 855 | 865 ] 865 | 86,5 | 880 | 880 | 88.0
S 00 | 00 | 95 [ 455|645 745|770 810 825|830 | 840 | 845 845 865 | 865 | 865
0,025 00 | 05 | 285|795 | 960 | 980980 ) 980 ] 985 | 985|985 985[ 985|985 | 985 | 985
0.05 00 ] 05 | 210 815| 945|980 | 980 [ 980 | 980 | 980 | 980 ] 980 | 980 | 980 | 980 | 98.0
LUSY 0.1 00 | 05 | 230 735] 965|985 ] 985) 985 ] 985 | 985 | 985 | 985 | 985 | 985 | 985 | 985
02 00 | 00 | 335[830|905]|965]975)935]985| 985|985 985[985]| 985|985 985
M 00 | 05 | 320850 975|990 990 990] 995|995 | 995 995[ 995 995 | 995 | 995
S 00 | 00 | 200] 685 | 91.0] 970) 985 [ 990 | 990 | 990 | 990 ] 99.0 | 990 | 990 | 990 | 99.0

Graf 3: Kli¢ivost osiva v %, 1. - 6. den, odriida Graf 4: Kli¢ivost osiva v %, 1. - 6. den, odrida

Alice, redukované vihkostni podminky Lusy, redukované vihiikesini podminky
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Statistické vyhodnoceni

Statistické vyhodnoceni bylo provedeno pro 3., 4., 6. a 12. den a rovnéz 16. - posledni - den
pokusu. Vysledky jsou zaznamenany v tabulkach 3 — 7. Pro rostliny s pomalej$im kli¢enim, mezi které
patii i cibule, jsou vyznamna veskerd opatieni. ktera mohou veést k urychleni kli¢eni hlavné v prvnich
dnech po vysevu. Je to dilezité¢ z hlediska rychlosti zapojeni porosti. jejich vitality a schopnosti
konkurovat pleveltm. Zde se prokazal podptuny vliv Atoniku, jak ukazuji tabulky 3 - 5.

Tieti den (tab. 3) byla nejnizsi klicivost zaznamenana u kontrolni varianty (S) odridy "Alice’
- pouze 9.5 % - v podminkach redukované vihkosti. U téze odridy se projevil pozitivni vliv oSetieni
Atonikem. Hodnoty kli¢ivosti u oetieni 0.1 % a 0.2 % a M optimalnich vlhkostnich podminkéach byly
statisticky vyznamne rozdilné od kontrolni varianty. I v piipadé odrady Lusy byla nejnizéi klicivost
(20 %) zaznamenana u kontrolni varianty s redukovanou vlhkosti. A nejvyssi hodnoty (52 %) dosahla
klicivost u osetfeni M v optimalnich vlhkostnich podminkach. Tento ukazatel se statisticky vyznamne
lisil od vsech ostatnich hodnot.

Ctvrty den (tab. 4) v piipadé odriidy ‘Alice’ je zaznamenana nejniz$i kli¢ivost u osetieni M
v optimdlnich vlhkostnich podminkiach a u obou kontrolnich variant (S). OSetfeni Atonikem
zaznamenala vyssi klicivost, ktera se vsak statisticky nelisi od kontrolniho oSetieni. U odriidy Lusy’ je
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Kli¢ivosti bylo dosazeno u osetieni 0.2 % v doporu¢enych (optimalnich) podminkach.

Sesty den (tab. 5) v optimalnich vihkostnich podminkach byla nejvyssi klicivost (72 %) v piipadé
odridy "Alice’zaznamenana u osetieni Atonikem o koncentraci 0,05 %. Tato kli¢ivost se vsak
zaznamenana u varianty osetiené pouze vodou (58 %). Ve stejnych podminkach, v piipadé odridy
Lusy’, nebyly zaznamenany zadné statisticky vyznamné rozdily mezi odetfenimi a suchou kontrolou.
Nejvyssi klicivost byla pozorovana u osetieni 0,2 % a M (99 %). Na kladny vliv osetieni osiva vodou
upozoriji i napi. Lustinec a Zarsky (2003), avsak v piipadé odrmidy "Alice’ tento efekt nebyl
zaznamenan. V podminkach s redukovanou vihkosti nebyly rozdily mezi osetienimi vramci obou
odrid. V piipadé "Alice” byla nejvyssi klicivost (78 %) u oSetfeni 0.2 % roztokem. I zde v3iak byla

nejvyssi klicivost (99 %) byla u mokré kontroly (M).

Tab. 3: Kli¢ivost 3. den v zZdvislosti na oSetfent (%) *

zavlaha |odmida / koncentrace (%0) |0,025 0.05 0.1 0.2 S M
opr ALICE 14.5 " 220° [19.5 "‘ 19.5 ‘i 13.0 b 19.5 =4°
LUSY 12,00 |39.0Y 4057 |38.0%Y |390Y |s520F
. |ALICE 1554 [11.0*° 14.0*™ 145 [95° 17.0 >ede
SR ITosy 2857 [21.0% [23.0°7 |335°™ [200°% [32.0°%"
Tab. 4: Kilicivost 4. den v Zdvislosti na oSetieni (%)™
zavlaha |odrida / koncentrace (%0) |0,025 0.05 0.1 0.2 S M
opr ALICE 360°  [495 bd 42.0 " 47.5 "d 44.0 " 435 b
LUSY 755" |86.5™ 865" |o05'  [g4.0™Y 80"
o [ALICE 49.0 "¢ [19.0 ” 505°% |s30¢ _[ass bed 1495 b-“_-“
LUSY 79,5582 |g1 58 |735°f [g30%" [63.5°  |g5.0™Y
Tab. 5: Kli¢ivost 6. den v zdvislosti na oSetfent (%)™
zavlaha |odruda / koncentrace (%) |0.025 0.05 0.1 0.2 S M
opr [ALICE 65.0*° [720° |66.0° [65.0*" |665° |58.0°
LUSY 920° |ogs? f9s0¢ J99.0¢ |os0? |99.0¢
STR ALICE 7450 |775° 75.0°  |78.0° 745°¢ 71,5 °°
LUSY 98.0¢ [98.0% |985% J965? [97.0¢ [99.0°¢
Tab. 6: Kli¢ivost 12. den v Zdvislosti na oSetient (%)*
zavlaha |odrida / koncentrace (%) [0,025 0.05 0.1 0.2 S M
opr [ALICE 82.0°° (845" 79.0™ [79.0™" [79.0*" |75.0°
LUSY 96.0°  [995° 99.0° 99,5 ° 98.5° 99.0°
<1p [ALICE 88.0¢ [8835¢ [85.5°% [ss0® |84 [g6s°
LUSY 985° |98.0° 98.5° 98.5° 99.0° 99.5°
Osivo a sadba, 5. 2. 2015 61
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Tab. 7: Kli¢ivest 16. den v zdvislosti na ofetfent (%)*

zavlaha |odrtida / koncentrace (%) |0.025 0,05 0.1 0.2 S M
opr [ALICE 84.5 " 865" |84.0° [82.0" [82.0%° |78.0a
LUSY 96.0°  [99.5°  [99.0° [99.5° [985°  |99.0°
o [ALICE 88.0°% [90.0? [87.0° |ss.0°¢ |[86.5°¢ |88.0°?
LUSY 98.5°  [98.0° [98.5° [98.5° [99.0°  |995°

*Tabulky 3 aZ 7 ndzorigi priimérné hodnory klicivosti osiva osetreného riizmmi koncentracemi Atoniku
v odlisnveh vihkostnich podminkdach v riizmich dnech. Hodnoty klicivosti, které jsou oznaceny riznymi pismeny,
Jsou statisticky vvznamneé odlisné na hiadiné vvznamnosti o = 0,03,

Dvanacty den (tab. 6) je u obou odriid patrna pokracujici tendence vyvoje klicivosti.

U odrmidy "Alice’se projevuje u obou vlhkostmich variant pozitivni vliv odetfenim Atonikem
v koncentraci 0.05 % (84,5 %. resp. 88,5 %). Avsak tyto udaje se statisticky vyznamné nelidi od
Kli¢ivosti u kontrolni varianty S (79.0 % resp. 84.5 %). Odriida "Lusy dosdhla jiz kli¢ivosti 96 % a vice
a mezi jednotlivymi osetfenimi neni statisticky vyznamny rozdil.

Vysledky $estnactého dne (tab. 7) u odridy "Alice” potvrzuji, Ze nejvyséi kli¢ivosti bylo dosazeno
u obou vlhkostnich variant pii pouziti koncentrace 0.05 % (86.5 % resp. 90.0 %). Toto zjiSténi je
v souladu s obecnym doporucenim vyrobee tykajictho se podpory kliceni obecné, bez ohledu na tiroveil
vlhkosti. Nejnizsi klicivost byla v optimalnich podminkach u varianty osetiené pouze vodou (78.0 %) a
u deficitni zavlahy u neosetiené kontroly (S: 86.5 %).

V ptipadé odridy Lusy’ neni mezi jednotlivymi osetienimi statisticky vyznamny rozdil.

Zavér

Z dosazenych vysledkt vyplyva. ze osetfeni osiva Afonikem muZe mit piiznivy vliv na kli¢ivost
osiva v podminkach s redukovanou vlhkosti; hlavné v prvnich dnech kliceni (3 - 6. den). OSetieni
roztokem Atoniku o koncentraci 0,05 % zvysilo pramémou klicivost (12. a 16. den) u odrady "Alice’. a
to jak v podminkéch s optimalni. tak s deficitni zdvlahou. Avsak vysledky dosazené 6., 12. a 16. den
pokusu nejsou statisticky prikazné.

V piipadé odrmdy ‘Tusy’ nebyly statisticky prikazné rozdily mezi odetfenimi. Vysledky téz
poukazuji na odriidoveé rozdily (resp. rozdily partie) v reakei na osetieni Atonikem.
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Tato price byla podpoiena projektern NAZV (MZe) QHS81110 a vyzkumnym zamérem
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5 Sumarni diskuse

5.1 Synteticky brassinolid

5.1.1 Cibule kuchyiniska

5.1.1.1 Klic¢eni

Jednim ze zakladnich faktorti rychlého kliceni osiva cibule je dostatecna vlhkost
prostiedi. Pii pokusech provedenych v roce 2012 se syntetickym brassinolidem ve vlhkostné
deficitnich podminkach byl - pfi pocitani 6. den podle metodiky Trnky (2004) - prokazan
statisticky vyznamny rozdil v procentu kli¢ivosti u odrady "Alice” pfi pouziti koncentrace 1
nM a 0,01 nM v porovnani s Kontrolni variantou (suché osivo). OSetfeni roztokem o
koncentraci 1 nM bylo statisticky vyznamné lep$i i v porovnani s osivem oSetienym Cistou
vodou. Na kladny vliv oSetfeni osiva pouze vodou upozoriuji i napt. Lustinec et Zarsky
(2003).

Podobné vysledky byly zjistény i pii pocitani provedeném dvanécty den. I v tomto
ptipadé byl zaznamenan pritkazny vliv oSetieni 1 nM u odrtiidy "Alice” ve vlhkostnim deficitu.
Takto oSetfené osivo prokazovalo lepsi vysledky nez osivo suché. Oproti osivu oSetfenému
pouze vodou nebyl vliv syntetického brassinolidu prikazny. Zjisténi tykajici se kladného
vlivu syntetického brassinolidu jsou v souladu svysledky Da Silva et al. (2015), ktefi
prokazali pozitivni vliv brassinosteroidu (konkrétné 24-epibrassinolidu) na osivo papriky
zeleninové. Pfi jejich pokusech vedlo pouZiti této latky ke zkraceni doby kliceni a ke zlepSeni
enzymatické aktivity semen. Ve vlhkostné optimalnich podminkach kliceni nemélo osetieni
syntetickym brassinolidem pozitivni vliv. Stejna situace nastala i u odrady 'Lusy” — i zde se
vliv oSetfeni neprokazal. U odridy "Lusy’ to plati jak pro podminky vlhkostné optimalni, tak
i pro deficitni. Uvedena zjisténi poukazuji na odriidové rozdily (resp. rozdily partie) v reakci
na oSetfeni syntetickym brassinolidem.

Z vysledkl déle vyplyva, v pfipadé obou odrid a obou variant vlhkosti prostedi,
statisticky vyznamny negativni vliv oSetfeni brassinolidem o koncentraci 10 uM. Tyto
vysledky potvrzuji 1 zavéry Kohouta (2001) a Prochazky et al. (2011), ktefi upozoriiuji na

retardacni ucinek vyssich koncentraci brassinosteroidi.
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5.1.1.2 Péstovani na poli

Z vysledku pokusu z let 2012 a 2013 provedenych v polnich podminkach pii dvou
urovnich zavlahy (optimalni a redukované) vyplyvaji nasledujici poznatky:

V ptipad¢ optimalni zavlahy byl zjistén v roce 2012 statisticky vyznamny pozitivni vliv
oSetfeni o koncentraci 1 nM na vysku a primér krcku rostlin odriidy "Alice’. V nasledujicim
roce byly opét naméfeny u oSetieni roztokem o koncentraci 1 nM hodnoty vétsi nez u varianty
kontrolni, avSak tyto tidaje nebyly statisticky prikazné. U odridy 'Lusy” nemélo oSetfeni
syntetickym brassinolidem prikazny vliv na tyto hodnoty.

U variant s redukovanou zavlahou v piipadé odrudy 'Lusy’ nebyla zji§téna pozitivni
reakce na oSetfeni brassinolidem. OSetfeni koncentraci 1 nM vedlo u této odriidy v roce 2012
dokonce ke snizeni primérmné vysky rostlin oproti kontrole. U odridy "Alice” byla situace
jina. Zde se prokazal vliv oSetfeni koncentraci 1 NM na vétsi pramér krcéku rostlin (v obou
letech). RovnéZz hodnoty pro vysku nadzemnich ¢asti rostlin byly vétsi nez u rostlin
kontrolnich, 1 kdyz se nejednalo o statisticky pritkazné rozdily.

O pozitivnim vlivu brassinolidu na vysku rostlin nebo na pocet listti hovoti fada autort.
Naptiklad Arora et al. (2008) potvrdili vliv koncentrace 1 nM roztoku 28-homobrassinolidu
na velikost prytu u kukufice. Ke stejnym vysledkiim dosli i Vardhini et Rao (1998), ktefi pro
postiik rostlin Arachis hypogaea pouzili roztok 24-epibrassinolidu o koncentraci 1 uM.

Hodnoty méteni parametri sklizenych cibuli (primér a vyska cibule) nepfinesly vzdy
kladné statisticky prikazné vysledky. AvSak oSetfeni syntetickym brassinolidem pozitivné
ovlivnilo primérnou hmotnost jedné cibule. V roce 2013 se tak stalo u vSech variant oSetfeni
odridy "Alice” v optimalnich vlahovych podminkéach. V ptipad¢ redukované zavlahy byly
prikazné vysledky zjistény u odrudy “Alice’, oSetfeni 100 nM (rok 2012) a 1 nM (rok 2013).
U odridy "Lusy’ tyto pozitivni vysledky zaznamenany nebyly.

Osetieni syntetickym brassinolidem neovlivnilo obsah kyseliny askorbové, i kdyz jsou
Vv literatuie k dispozici poznatky o zlepSeni kvality produkce po pouZiti brassinosteroidi.
Publikovany byly napfiklad informace o zvySeni cukernatosti u mucenky jedné (Gomes et al.,
2006), o nardstu obsahu Skrobu, cukrii a celkového obsahu olejii u podzemnice olejné
(Vardhini et Rao, 1998) ¢i zvySeni celkové antioxidaéni aktivity u $térbaku (Serna et al.,
2013). Naproti tomu Serna et al. (2012b) uvadi, Ze pouziti brassinolidu nevedlo ke statisticky

prukaznému zvyseni obsahu kyseliny askorbové pii pokusech s paprikou zeleninovou.
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V ptipad¢ obsahu suSiny dosSlo ke snizeni tohoto ukazatele pfi pouziti koncentrace
0,01 nM u odrady "Alice” (v optimalnich zavlahovych podminkach, rok 2012) a rovnéz

u odridy 'Lusy” v redukované zavlaze (rok 2013) oproti kontrolnim variantam.

Z hlediska péstitele je jednim z nejvyznamnéjSich ukazatelll vynos. Proto je podstatné
zdiiraznit statisticky vyznamné zvySeni vynosu pii pouziti koncentraci 1 nM (“Alice’,
optimalni zavlaha, rok 2013 a redukovana zavlaha, rok 2012; 'Lusy’ redukovana zavlaha, rok
2012) a 0,01 nM (‘Alice’, optimalni zavlaha, rok 2013; 'Lusy’ redukovana zavlaha, rok
2012).

Tyto vysledky jsou v souladu s poznatky o zvySeni vynosu po aplikaci brassinosteroidi
zvefejnénymi v literatuie - at’ uz se jedna o pSenici (Sharma et al., 2015), salat (Serna et al.,
2012a), mucenku (Gomes et al., 2006) ¢i ryzi (Thussagunpanit et al., 2015).

Podobné jako u experimentl s klicenim osiva, i v pfipadé¢ polnich pokust se ukazala
rozdilna reakce odriid na osetieni. Pfedkladané vysledky rovnéz potvrzuji zjisténi Holé et al.
(2010), kterd upozornuje na odlisnosti v reakci riznych genotypi na oSetieni brassinosteroidy.

Z literatury (Vardhini et Rao, 2003; Kang et al., 2007; Shahbaz et al., 2008;) vyplyva,
ze pouziti brassinosteroidi pomahd rostlindm, které jsou vystaveny nepiiznivym vlivim
prostiedi. Toto tvrzeni potvrzuji i zde prezentované vysledky. Avsak je tfeba vzit v uvahu téz
riznou toleranci genotypt k vodnimu deficitu, jak plyne z praci Ghane et al. (2012), Ennajeh
et al. (2009) nebo Pazderu et Koudela (2013).

Z hlediska vynosu se pii experimentech prokazaly jako ucinné koncentrace 1 nM
a 0,01 nM. Jejich pouzitim doslo ke zvySeni vynosu ptiblizn¢ o 20 % (v zavislosti na odrude,
roku a zavlaze). Dle udaju Petiikové et al. (2012) ¢ini naklady na hektar cibule 103 000,- K¢&
pii vynosu 14,90 tha™. V piipadé pouziti syntetického brassinolidu by doslo k navyseni
nakladt ptiblizné o 600,- K¢ (potizeni piipravku + aplikace). V celkovych nakladech na
produkci se jedna o Castku zanedbatelnou. Je tieba uvést, ze synteticky brassinolid byl
nakoupen pro ucely experimentu za cenu sjednanou. Tato cena se vSak mize vyznamné lisit

od ceny trzni, pokud by byl pfipravek nabizen komer¢né.

5.1.2 Salat hlavkovy

5.1.2.1 Sadba

Pii pokusech provedenych v roce 2013 (Cervenec — fijen) se sazenicemi salatu byl 21.

den potvrzen kladny vliv osetfeni 1 nM na délku a hmotnost kotenti u odridy "‘Mars’. A to jak
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Vv pfipadé kontrolni, tak i redukované zalivky. Pfi snizené zélivce byl rovnéz prokézan vliv
osetfeni o koncentraci 0,01 nM na délku nadzemni ¢ésti rostliny, primér kréku a délku kotene
u téze odriudy. Odruda "MarsSalus” reagovala pozitivné na oSetfeni 1 nM v parametru hmotnost
nadzemni ¢asti (kontrolni i redukovana troven zavlahy) a délka kofent i nadzemni Casti
(redukovana troven zavlahy).

Pii méteni provedeném 28. den byl zaznamenan u odriidy ‘Mars” statisticky vyznamny
vliv oSetfeni 1 nM na délku nadzemni casti rostliny (kontrolni uroven zavlahy). Naopak
u odriidy ‘Marsalus” mélo toto oSetfeni vliv na hmotnost nadzemni ¢asti rostlin a na délku
kotenil. Kladn¢ Ize hodnotit i plisobeni koncentrace 0,01 nM na pramér kréku, délku
a hmotnost kofenti za stejnych podminek.

Pfi podminkéch s redukovanou zavlahou (28. den) byl prokdzan kladny vliv oSetfeni
1 nM na délku nadzemnich ¢asti a kofenli u obou odrid, navic u odridy "Marsalus” byla
rovnéz pozitivné ovlivnéna hmotnost Cerstvé nadzemni ¢asti i kofent. Pietrvaval téz pozitivni
vliv osetfeni 0,01 nM (délka nadzemni ¢asti, hmotnost nadzemni ¢asti i kofenti; odrtida
"Marsalus”).

Pokud jde o vliv brassinosteroidii na vysku rostlin nebo pocet listd, pfedchozi studie
s riznymi druhy rostlin ukazuji pozitivni vysledky. Zmeéna velikosti rostliny mtze byt pfimo
dusledkem brassinosteroidd, jak prokazal Nakaya et al. (2002) pii pokusech s Arabidopsis
thaliana (L.) Heynh. Zjistil, ze mutanti A. thaliana se znamou poruchou v biosyntéze
brassinosteroidli tvoii malé listky. OSetfenim brassinosteroidy doSlo u mutanti k obnoveni
ristového potencialu jako u ptivodniho typu rostlin. Podobné i dalsi autofi (Kim et al., 2008,
Oh et al., 2011) prokazali, ze brassinosteroidy hraji dualni roli v regulaci bunééné expanze
a proliferaci bunék v listu.

Sazenice oSetfen¢ 1 nM byly za stejnou dobu péstovani veétsi, s vySSi hmotnosti
nadzemni c¢asti i kofenl. Lze tedy usuzovat, Ze pozadovanych parametrli, vhodnych pro
vysadbu na trvalé stanovisté, by rostliny mohly dosdhnout za krat$i dobu. Tim by pouziti
syntetického brassinolidu mohlo pfispét ke zkraceni doby predpéstovani sadby.

Stejné jako v pfipad¢é pokusi provedenych na dvou odridach cibule, i v pfipadé salatu
se ukézaly rozdilné reakce na oSetfeni u ruznych kultivart. Tato zjisténi potvrzuji i prace
dalsich autorti (Pipattanawong et al., 1996; Hnilicka et al., 2007; Janeczko et Swaczynova,
2010), ktefi sledovali vliv exogenni aplikace brassinosteroidii na vice genotypil rostlin

stejného druhu a zjistili, Ze se reakce jednotlivych genotypli mohou vyrazné lisit.
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5.1.2.2 Péstovani na poli

Pti péstovani salatu hlavkového odridy "Santoro” v polnich podminkach byl prokazan
statisticky vyznamny vliv oSetfeni brassinolidem formou postiiku (koncentrace 1 pM) na
zvySeni poctu trznich hlavek u variant péstovanych s optimalni zavlahou. Pfi spole¢ném
vyhodnoceni obou péstitelskych roku (2009 a 2011) podil trznich hlavek narostl v priméru
0 9,2 resp. 12,21 procentnich bodii u varianty s dvojitou aplikaci brassinolidu. Tim doslo
pochopiteln¢ 1 K celkovému navyseni trzniho vynosu z 1 hektaru. U variant s redukovanou
zavlahou tento trend nebyl zaznamenan.

Zvyseni hmotnosti jednotlivé hlavky nebylo prokazano. Na druhou stranu Serna et al.
(2012a) prokazali nartist vynosu salatu pii pouziti analogu syntetického brassinolidu (pod
obchodnim nazvem Biobras-16). Avsak ve svych pokusech pouzivali brassinolid spole¢né
s hnojivem Tomex Amin. Nicmén¢ s ohledem na to, Ze salat je dodavan na trh na kusy, mtize
zvyseni podilu jakostnich hlavek pfinést ekonomicky zisk, i kdyz vynos z hektaru v tunach
nebude oSetfenim ovlivnén.

Z vysledkt rovnéz plyne, Ze oSetfeni syntetickym brassinolidem nemélo vliv na obsah
kyseliny askorbové a dusi¢nant. Patrny je vliv redukované zavlahy na obsah kyseliny
askorbové (rok 2011). ZvySeni obsahu antioxidantli (vCetné kyseliny askorbové) z diivodu
abiotického stresu zminuji i Babu et Devaraj (2008), Nair et al. (2008), ktefi provadéli pokusy
na fazolich a téz Koudela et al. (2011) pii pokusech s kvétdkem. Mezi oSetienimi v ramci
zavlahovych rezimt nebyl zaznamenan rozdil. Podobné vysledky uvadi i Serna et al. (2012Db)
pfi pouziti brassinolidu spole¢né s hnojivem Tomex Amin na rostliny papriky zeleninové.
Stejni autofi zminuji, Ze v pifipadé pokusii se salatem synteticky brassinolid prakticky
neovlivnil celkové mnozstvi kyselin (Serna et al., 2012a).

Pti realiza¢ni cené 4,- K¢ za 1 kus salatu lze pfi pramérné sklizni realizovat piiblizné
0 12000 hlavek z hektaru vice pfi jednom postiiku syntetickym brassinolidem o koncentraci 1
uM, coz predstavuje navic pifijem 48000,- K& Pro ucely experimentll byl synteticky
brassinolid nakoupen za cenu, ktera pii pouzit¢ koncentraci a pfi mnozstvi postiikoveé
kapaliny 300 l.ha™ ¢ini néklad pfiblizng 3500,- K& na hektar. Z vysledkd pokusi je ziejma
rentabilita pouZiti syntetického brassinolidu v dobrych vldhovych podminkéch. Je tfeba vzit
v uvahu redlnou pofizovaci cenu syntetického brassinolidu, kterda se v ptipadé¢ komeréniho

pouziti mize vyznamné liSit od ceny potizeni pro védecke ucely.
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Jak uvadéji Pulkrabek et Zahradnicek (1998), regulatory riistu nejsou samospasitelné,
ale mohou byt piinosem, pokud jsou dodrzeny zasady spravné péstitelské praxe (Zubal,
2000).

I nepatrny vliv regulatoru je mozné povazovat za pozitivni, hlavné za ptredpokladu, kdyz
je mozné oSetfeni provést jednou aplikaci spoleéné napt. s pesticidy (Pulkrabek et

Zahradnicek, 2002) nebo s listovymi hnojivy (Bugbee et White, 1984).

5.2 Atonik

52.1 Cibule kuchyiisk4

5.2.1.1 Kli¢eni

Jak bylo zminéno vySe, pro kli¢eni rostlin, zvIasté pak pro pomalu klicici cibuli, je
vyznamné, pokud dojde ke zlepSeni parametrii kliceni v poc¢atku vyvoje. V testech klicivosti,
provedenych v roce 2012 dle Trnky (2004), v riznych vlahovych podminkach, pii oSetfeni
pripravkem Atonik o riznych koncentracich, byly zaznamenany nasledujici vysledky:

Tfeti den po zaloZeni pokusu byl zaznamenan kladny vliv oSetfeni roztokem
o koncentraci 0,05 % u odridy "Alice” Vv optimdlnich vlhkostnich podminkach vii¢i osivu
neosetfenému. Nicméné tento efekt neni prikazny vaci osivu oSetfenému pouze vodou.
O kladném vlivu hydratace osiva na kligivost se zmifiuji i Lustinec et Zarsky (2003).

Sesty den, v optimalnich vlhkostnich podminkach, byla nejvyssi kli¢ivost (72 %)
Vv piipad€ odriidy "Alice” zaznamenana u oSetieni o koncentraci 0,05 %.

I kdyZ se tato kli¢ivost statisticky vyznamné neliSila od kli¢ivosti neoSetiené kontroly
(66,5 %), lisila se prikazné od hodnoty kli¢ivosti osiva oSetfeného pouze vodou. Ve stejnych
podminkéch, v pfipadé odridy "Lusy’, nebyly zaznamendny Zadné statisticky vyznamné
rozdily mezi oSetfenimi a suchou kontrolou. Nejvyssi klicivost byla pozorovana u oSetfeni 0,2
% a u osiva oSetieného jen vodou (99 %).

V podminkach s redukovanou vlhkosti (6. den) nebyly zjistény rozdily mezi oSetfenimi
Vv ramci obou odrad. V pfipadé "Alice” byla nejvyssi kli¢ivost (78 %) u oSetfeni 0,2 %
nebyly zaznamenany rozdily mezi oSetienimi.

Dvanacty den byly u odriady "Alice” (u obou vlhkostnich variant) naméteny nejvyssi
hodnoty kli¢ivosti pfi oSetfeni Atonikem v koncentraci 0,05 % (84,5 % resp. 88,5 %). Avsak

tyto tdaje se statisticky vyznamné nelis$i od kli¢ivosti u kontrolni varianty (79,0 % resp.
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84,5 %). Odrtida "Lusy’dosédhla troven kli¢ivosti 96 % a vice a mezi jednotlivymi oSetfenimi
nebyl statisticky vyznamny rozdil.

Vysledky méfeni provedeného posledni (16.) den pokusu u odridy "Alice” potvrzuji, ze
nejvyssi kli¢ivosti bylo dosazeno u obou vlhkostnich variant pfi pouziti koncentrace 0,05 %
(86,5 % resp. 90,0 %). V ptipadé optimalnich podminek se jednalo o hodnotu statisticky
vyznamng se li§ici od primérné kli¢ivosti dosazené pii oSetfeni 0siva pouze vodou.

Dosazené vysledky tedy jen Casteéné potvrzuji zjisténi autort Kovar et al. (2015),
o stimula¢nim uc¢inku Atoniku na kliceni (celkova kli¢ivost a rychlost kli¢eni) osiva trav ¢i
udaje dalsich autord (Djanaguiraman et al., 2005; Anonym, 2008) o vlivu na kliceni osiva
zeleniny. Z vysledkt rovnéz neni zcela ziejmé, Zze by ucinky Atoniku byly mnohem
vyrazn&jsi v situaci, kdy jsou rostliny vystaveny stresovym podminkam, jak uvadi ve své
praci Przybysz et al. (2014).

Naméiené hodnoty kli¢ivosti byly pfi pouziti Atoniku v nékterych pripadech vyssi nez
hodnoty zjisténé u kontrolnich variant, av$ak vysledky nebyly vzdy statisticky vyznamné
odli$né (vuci osivu neosetfenému ¢i oSetienému pouze vodou).

Rovnéz v ptipadé pouziti Atoniku, je tieba poukazat na odridové rozdily v reakci na

oSetfeni.
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6 Zavér
Z vysledkt provedenych polnich a laboratornich experimentli a analyz zpracovanych

v predkladané praci Ize v souladu se stanovenymi cili prace a hypotézami vyvodit néasledujici

zavery:

6.1 Synteticky brassinolid

Cibule — kliceni
e Vpiipad¢ vlhkostn¢ deficitnich podminek byl potvrzen pozitivni vliv oSetfeni
syntetickym brassinolidem o koncentraci 1 nM Vv prvnich dnech kliceni u odridy

"Alice”.V ptipadé odrudy Lusy’ tento vliv nebyl statisticky prikazny.

Cibule — pé&stovani na poli

e Byl potvrzen statisticky vyznamny pozitivni vliv oSetfeni o koncentraci 1 nM na
rust nadzemni ¢asti cibule kuchynské - na vysku a primér kr€ku nadzemni casti
rostlin odriidy "Alice” (optimalni zavlaha, rok 2012). U odridy 'Lusy’ nem¢lo
oSetieni syntetickym brassinolidem statisticky vyznamny vliv na tyto hodnoty.

e Priimérna hmotnost jedné cibule byla pozitivné ovlivnéna oSetfenim syntetickym
brassinolidem u odriidy "Alice” (optimalni zavlaha, rok 2013, vSechny varianty
oSetfeni). V pfipadé redukované zavlahy byly potvrzeny kladné vysledky u odrudy
"Alice’, oSetfeni 100 nM (rok 2012) a 1 nM (rok 2013). U odridy 'Lusy’ tyto
pozitivni vysledky zaznamenany nebyly.

e Obsah kyseliny askorbové nebyl oSetfenim statisticky vyznamné ovlivnén.

e Snizeni obsahu suSiny bylo potvrzeno pii pouziti koncentrace 0,01 nM (odrida
"Alice’, optimalni zavlaha, rok 2012) a u odridy "Lusy” v redukované zavlaze (rok
2013).

e Vyznamné zvySeni vynosu bylo potvrzeno pii pouziti koncentrace 1 nM ("Alice’,
optimalni zdvlaha, rok 2013 a redukovana zévlaha, rok 2012; "Lusy’ redukovana
zavlaha, rok 2012) a 0,01 nM (‘Alice’, optimalni zavlaha, rok 2013; 'Lusy’
redukovana zavlaha, rok 2012). Maximalni zvySeni vynosu, o vice jak 28 %, bylo
zaznamenano vroce 2013 u odridy "Alice” pii pouziti koncentrace 0,01 nM

Vv optimalnich zavlahovych podminkach.
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Salat — sadba

e Byl potvrzen kladny vliv oSetieni 1 nM na rist rostlin - na délku nadzemnich casti
a kofenti u obou odrid salatu, navic u odridy "Marsalus” byla rovnéz pozitivné
ovlivnéna hmotnost Cerstvé nadzemni ¢asti i kofenli (redukovana zavlaha, méteni
provedené 28. den).

V piipadé odridy "Marsalus” byl potvrzen téZ pozitivni vliv oSetfeni koncentraci

0,01 nM na délku nadzemni ¢asti a hmotnost nadzemni ¢asti i kofent (redukovana zavlaha).

Salat — péstovani na poli

e Pii spole¢ném hodnoceni obou let byl potvrzen statisticky vyznamny vliv oSetteni
postiikem syntetickym brassinolidem (koncentrace 1 uM) na zvySeni podilu trznich
hlavek salatu u variant péstovanych s optimalni zavlahou. U variant s redukovanou
zavlahou tento trend nebyl zaznamenan.

e VIiv oetfeni na zvySeni hmotnosti jednotlivych hlavek nebyl potvrzen.

e Vliv oSetfeni na obsah kyseliny askorbové a dusi¢nanli pfi hodnoceni obou let

spole¢né nebyl potvrzen.

6.2 Atonik

Cibule — kli¢eni
e V pocatku kli¢eni (3. den pokusu) byl potvrzen kladny vliv oSetfeni roztokem
o koncentraci 0,05 % u odridy "Alice” v optimalnich vlhkostnich podminkach vici
osivu suchému.
e Byl potvrzen vliv oSetfeni o koncentraci 0,05 % na kli¢ivost u odriady "Alice’
(méfeno posledni 16. den pokusu, obé vlhkostni varianty) oproti oSetfeni
provedenému pouze vodou.

e V piipad¢ odridy "Lusy” nebyl potvrzen vliv oSetfeni.

Vysledky potvrdily, Ze pouziti rostlinnych stimulatord pomaha rostlinam, které jsou
vystaveny nepfiznivym vliviim prostiedi. Je vSak tfeba vzit v uvahu, jaky parametr rostliny
ma byt aplikaci stimuldtorti ovlivnén a v neposledni fad¢ 1 to, Ze reakce riznych odriid na
oSetfeni je rozdilnd. To se potvrdilo jak u experimentt s kli¢enim osiva, tak 1 v pifipadé
nadobovych a polnich pokust.

Pti zohlednéni vSech vySe uvedenych faktorG se oSetfeni témito latkami muize stat

ucinnym agroenvironmentalné Setrnym péstitelskym opatfenim v zelinatské produkei.
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