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UVODNI SLOVO
Vézeni Gcastnici konference, milé kolegyné, mili kolegové,

setkdvame se jiz na 24. ro¢niku konference Vliv abiotickych a biotickych stresorti na vlastnosti
rostlin. Dvacet Ctyfi ro¢nikt predstavuje dostatecné dlouhou dobu na to, abychom mohli hovofit o tradici.
Zaroven je vSak kazdy dalsi ro¢nik pftilezitosti podivat se na problematiku stresové fyziologie rostlin z
trochu jiného uhlu. Velmi nés t€si, ze zajem o konferenci pretrvava a ze se zde pravidelné setkdvaji nejen
dlouholeti Gcastnici, ale také studenti, doktorandi a za¢inajici védecti pracovnici.

V letosnim roce jsme se rozhodli vénovat zvySenou pozornost kofenovému systému rostlin a jeho
uloze v reakci na abiotické a biotické stresory. Kofeny ziistdvaji naSemu pohledu vétSinou skryté, jejich
vyznam pro zivot rostliny je vSak zdsadni. Pravé kofenovy systém je mistem bezprostiedniho kontaktu
rostliny s ptidnim prostfedim, zajiStuje piijem vody a mineralnich latek a soucasn¢ predstavuje jeden z
prvnich senzori zmén vnéjsich podminek.

Vodni deficit, vysoké ¢i nizké teploty, zasoleni, nedostatek nebo nadbytek zivin, rizikové prvky,
zhutnéni pidy ¢i nedostatek kysliku vyvoldvaji zmény nejen v rlstu a architektufe kofenového systému,
ale také v jeho anatomii, metabolismu a fyziologické aktivit¢. Odezva kotenil se nasledné promitd do
fungovani celé rostliny. Zmény kotfenového systému proto nemuizeme posuzovat izolované od procesii
probihajicich v nadzemnich organech.

Stale vice si také uvédomujeme, ze kofen neni v pidé osamocenym organem. Rhizosféra
predstavuje mimoiadné dynamické prostiedi, v némz probihaji slozité interakce mezi rostlinou, pidou a
mikroorganismy. Mykorhizni houby, bakterie podporujici rist rostlin a dalsi slozky ptidniho mikrobiomu
mohou vyznamné ovliviilovat dostupnost Zivin a vody i schopnost rostlin vyrovnat se s neptiznivymi
podminkami. Studium stresové odpovédi rostlin se proto stale vice posouva od hodnoceni jednotlivych
znakl k pochopeni celého systému piida—kofen—mikroorganismy—rostlina.

Vyznam téchto otdzek nariistd také v souvislosti se zménou klimatu. Dels§i obdobi sucha a jejich
sttidani s intenzivnimi sraZkami, vysoké teploty a dalsi extrémni projevy pocasi vytvareji podminky, na
které musi rostliny reagovat velmi dynamicky. Nejde pfitom pouze o to, jak rostlina stresové obdobi
prezije. Neménég dulezita je jeji schopnost regenerace po odeznéni stresu a obnoveni ristu, piijmu vody a
zivin, fotosyntetické aktivity a produkce biomasy. Pravé schopnost zotaveni muize byt jednim z
vyznamnych znakl vyuzitelnych pii hodnoceni a vybéru tolerantnich genotypti.

Letos$ni zaméfeni na kofenovy systém vSak neznamend, Ze bychom chtéli opustit tradi¢ni Sifi nasi
konference. Tak jako v pfedchozich letech budou prezentovany vysledky vénované riiznym abiotickym 1
biotickym stresortim, jejich vzajemnym interakcim a moznostem zmirnéni jejich negativnich ucinkd.
Prostor bude vénovan rovnéz novym metodickym pfistupim. Moderni zobrazovaci, analytické a
molekularné-biologické metody ndm umoziuji sledovat procesy, které byly jesté pred nékolika lety
obtizn¢ zachytitelné. Soucasné vSak neztraceji vyznam ani klasické fyziologické a biochemické metody.
Teprve jejich vhodné propojeni ndm umoziuje ziskat komplexné&jsi obraz o skutecné reakci rostliny na
prostiedi.

Jednim z dlouhodobych cili konference je také vytvaret prostor pro setkdvani rlznych generaci
védeckych pracovnikii a propojovani pracovist’ 1 odbornych disciplin. Jsme proto velmi radi, ze se
konference Ui¢astni studenti a mladi védecti pracovnici. Pravé osobni diskuse nad vysledky, nékdy 1 nad
vysledky neocekdvanymi, mize byt pocatkem nové spoluprace, experimentu nebo spolecného projektu.

Véfime, Ze také 24. ro¢nik konference piinese nové poznatky, inspirativni diskuse a ptileZitosti ke
spolupraci. A prestoze se budeme zabyvat stresem téméetf ze vSech moznych pohledd, pfejeme vSem
ucastnikiim, aby samotna konference probéhla v tradi¢né pratelské, podnétné a pokud mozno nestresujici

1
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VPLYV KOMPOSTOV NA OBSAH CHLOROFYLU A
TVORBU BIOMASY RAJCIAKA JEDLEHO (SOLANUM
LYCOPERSICUM L.)

EFFECTS OF DIFFERENT COMPOSTS ON CHLOROPHYLL CONTENT AND
BIOMASS PRODUCTION IN TOMATO (SOLANUM LYCOPERSICUM L.)

Janka Sevéikova!, Frederika Greschnerova?, Jan Tomaskin?
'Univerzita Mateja Bela v Banskej Bystrici, Fakulta prirodnych vied, Katedra
techniky a technologii, Tajovského 40, 974 01 Banska Bystrica,
janka.sevcikova@umb.sk
Univerzita Mateja Bela v Banskej Bystrici, Fakulta prirodnych vied, Katedra
bioldgie a environmentéalnych Studii, Tajovského 40, 974 01 Banské Bystrica,
jan.tomaskin@umb.sk

Summary

The aim of this study was to evaluate the effects of two types of compost (Bokashi
— BK and home compost — DK) and a control treatment (KV) on the physiological
status and production parameters of tomato (Solanum lycopersicum L.) in a pot
experiment. Chlorophyll content (CCI), aboveground biomass weight, root system
weight, and the root:shoot ratio (R:S) were evaluated. The results were statistically
analysed using multifactor analysis of variance (ANOVA) followed by the LSD
test. Statistical analysis revealed no significant differences in mean chlorophyll
content (CCI) among the experimental treatments.  The highest mean
aboveground biomass weight was recorded in the BK treatment (72.69 g/plant),
followed by KV, whereas the lowest value was observed in DK. The BK treatment
also achieved the highest root system weight (4.12 g/plant), R:S ratio (0.057) The
results indicate a beneficial effect of Bokashi compost on the growth,
physiological status, and production potential of tomato plants.

Key words: tomato, Solanum lycopersicum L. compost, chlorophyll, root:shoot ratio

(R:S)

Stuhrn

Cielom prace bolo zhodnotit’ vplyv dvoch typov kompostov (Bokashi — BK a
doméci kompost — DK) a kontrolného variantu (KV) na fyziologicky stav a
produk¢né parametre raj¢iaka jedlého (Solanum lycopersicum L.) vo vegetacnom
Crepnikovom pokuse. Hodnoteny bol obsah chlorofylu (CCI), hmotnost
nadzemnej biomasy, hmotnost’ koreflového systému a pomer R:S. Vysledky boli
Statisticky vyhodnotené multifaktorovou analyzou variancie (ANOVA) s pouZitim
LSD testu. Priemerny obsah chlorofylu (CCI) sa medzi jednotlivymi variantmi
Statisticky vyznamne neliSil. NajvysSia priemernd hmotnost’ nadzemnej biomasy
bola zaznamenana pri variante s BK (72,69 g/rastlina), nasledovana KV, zatial’ ¢o
najnizsia hodnota bola zistena pri DK. Variant BK dosiahol aj najvy$$iu hmotnost’
korenového systému (4,12 g/rastlina), pomer R:S (0,057). Vysledky naznacuju
priaznivy vplyv Bokashi kompostu na rast, fyziologicky stav a produkcny
potencidl raj¢iaka jedlého.

Klucové slova: rajciak jedly, Solanum lycopersicum L. kompost, chlorofyl, pomer
3
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R:S

UvoD
Rastica produkcia odpadu predstavuje jeden z kliCovych environmentalnych
problémov sucasnosti.

Tradi¢ny linedarny model hospodarstva zalozeny na principe ,,vyrobit —
pouzit — vyhodit* vedie k nadmernému zatazeniu prirodnych zdrojov a k
zvySovaniu objemu odpadu ukladaného na skladky. V reakcii na tieto vyzvy sa do
popredia dostava koncept obehového hospodarstva, ktorého cielom je
minimalizécia vzniku odpadu a jeho opédtovné vyuzitie v materidlovych cykloch
/1/.

Vyznamnou zlozkou komunalneho odpadu je biologicky rozlozitelny odpad
(BRO), ktory mozno definovat ako materidl schopny rozkladu pdsobenim
mikroorganizmov /2/. Patri sem najmi kuchynsky a zdhradny odpad a jeho
skladkovanie predstavuje environmentalne riziko z dovodu vzniku metdnu —
vyznamny sklenikovy plyn /3/. Naopak BRO predstavuje cenny zdroj surovin na
vyrobu kompostu a preto legislativa Eurdpskej Unie aj Slovenskej republiky
podporuje oddeleny zber a biologické spracovanie biologicky rozloziteI'ného
odpadu /4, 5/.

Kompostovanie patri medzi najefektivnejSie metddy zhodnocovania
biologicky rozlozitel'ného odpadu (BRO). Ide o biogénny proces, pri ktorom
dochadza k premene organickych materidlov na stabilizovany humusovity produkt
— kompost /6, 7/. Proces prebieha za ucasti mikroorganizmov, ktoré rozkladaju
organicki hmotu za sucasného uvolniovania tepla, oxidu uhli¢itého a vody.
Vyslednym produktom je kompost [8], ktory predstavuje vyznamny zdroj
organickej hmoty a rastlinnych zivin. Jeho aplikécia do pddy prispieva k zlepSeniu
fyzikalnych, chemickych aj biologickych vlastnosti pddneho prostredia, ¢im
podporuje urodnost’ pody a jej dlhodobt kvalitu. /9, 10/.

V praxi sa vyuZzivaji rézne metddy kompostovania. Okrem tradicného
aerobneho kompostovania sa uplatiiuji aj alternativne biologické postupy, ako je
vermikompostovanie, zaloZzené na aktivite dazdoviek /11/, alebo technoldgia
Bokashi, vyuZivajlica anaerébnu fermentaciu organického materidlu pomocou
efektivnych mikroorganizmov. Vyhodou tejto technoldgie je moZnost’ spracovania
nielen rastlinnych zvySkov, ale aj ZivociSnych odpadov, tepelne upravenych
potravin a mlie¢nych vyrobkov. Bokashi kompostovanie je povaZované za
perspektivnu metédu najmd v mestskom prostredi a v systémoch ekologického
pol'nohospodarstva, pricom po ukonceni fermentacného procesu je potrebné
materidl zapracovat do pody, kde prebieha jeho nésledné dozrievanie /12/.
Komposty pripravené roznymi technologickymi postupmi sa mézu navzajom lisit’
obsahom, dostupnostou Zivin, rychlostou ich uvolfiovania, chemickym aj
biologickym zloZenim. Tieto rozdiely mdézu nasledne ovplyvnit’ rast, vyvoj a
fyziologicky stav rastlin vratane intenzity fotosyntézy, tvorby biomasy a celkove;j
produkcie /12/.

Z fyziologického hl'adiska je rast raj¢iaka jedlého tizko spéty s dostatocnou
dostupnost’ou dusika, ktory je nevyhnutnym prvkom pri syntéze chlorofylu, tvorbe
fotosyntetického aparatu a zabezpeceni efektivnej fotosyntetickej aktivity rastlin
/13, 14/. Raj¢iak sa zarad’uje medzi plodiny prvej trate, ktoré sa vyznacuju
vysokymi narokmi na zasobenie Zivinami, a preto vyrazne reaguju na organické
hnojenie. Sucasné poznatky poukazuju na to, Ze pestovatel'ské podmienky a
agronomické zasahy vyznamne ovplyviiuji nielen vySku a kvalitu arody, ale aj
nutricnil hodnotu plodov, pricom jednotlivé faktory prostredia a pestovatel'ské

4



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

opatrenia moézu pdsobit’ synergicky/15/.

Z hladiska fyziologie rastlin a produkénych charakteristik mozno okrem
samotného vynosu plodov hodnotit’ viaceré dolezité parametre, ako si obsah
chlorofylu, podzemna a nadzemna biomasa, ako aj ich vzajomny pomer root:shoot
ratio (R:S). V uzSom zmysle predstavuje R:S pomer suSiny korenového systému k
suSine nadzemnej Casti rastliny (RW:SW). Tento parameter je vyznamnym
ukazovatel'om alokacie biomasy medzi korenovy systém a nadzemné organy a
Casto sa vyuziva pri hodnoteni produkéného potencidlu a fyziologickej odozvy
rastlin na pestovatel'ské podmienky. V polnohospodarskej praxi uzko suvisi s
efektivnostou prijmu vody a Zzivin, toleranciou voci suchu a schopnostou
alokovat’ asimilaty do hospodarsky vyznamnych orgénov vratane plodov /16/.
Vyssie hodnoty R:S spravidla naznacuju vacsiu investiciu do rozvoja koreiiového
systému, zatiall ¢o nizSie hodnoty poukazuju na preferencny rast nadzemnej
biomasy, typicky najmd pri optimdlnych pestovatel'skych podmienkach /17/.
Hodnotenie obsahu chlorofylu v listoch je vyznamnym indikatorom
fyziologického a vyzivového stavu rastlin, ked’ze jeho koncentréacia uzko suvisi s
dostupnostou dusika a intenzitou fotosyntézy /18, 19/. Neinvazivne meranie
obsahu chlorofylu sa preto bezne vyuziva na hodnotenie reakcie rastlin na
vyzivové podmienky a pestovatel'ské zdsahy /18, 20/.

V kontexte udrzateI'ného pol'nohospodarstva je opodstatnené skumat’ vplyv
roznych typov kompostov na rast a fyziologické parametre rastlin, kedze ich
zlozenie moéze vyznamne ovplyvnit' dostupnost’ zivin a rastovi odpoved’ rastlin
/21, 22/. Porovnanie jednotlivych kompostov v kontrolovanych podmienkach
umoziuje posudit’ ich potencial ako alternativu ku konvenénému hnojeniu.

MATERIAL A METODA

Hlavnym biologickym materialom experimentu bol vybrany zastupca ¢el'ade
Iul’kovité (Solanaceae), konkrétne raj€iak jedly (Solanum lycopersicum L.). Na
ucely vyskumu bola zvolend hybridna odroda Harzfeuer F1, skory aZ poloskory
hybrid s vysokym trodovym potencidlom a dobrou odolnost'ou voci nepriaznivym
podmienkam prostredia.

Experiment bol koncipovany ako nadobovy vegetacny pokus, realizovany
na troch pestovatel'skych variantoch v priestoroch Fakulty prirodnych vied
Univerzity Mateja Bela v Banskej Bystrici (GPS: 48.7419458 N, 19.1229633 E),
v presklenom atriu pocas vegetacného obdobia od maja 2025 (vysadba priesad) do
septembra 2025. Tento priestor poskytoval optimalne svetelné podmienky pre rast
teplomilnych plodin a vdaka otvorenej vrchnej Casti umoznoval prirodzené
posobenie klimatickych faktorov, pricom zaroven zmieriioval vplyv extrémnych
vykyvov pocasia.

Experiment bol zaloZeny v troch variantoch, pricom kazdy variant bol
zastapeny tromi opakovaniami (n = 3) v nddobéach s celkovym objemom 10 I:

l. Variant KV (kontrolny variant): predstavoval kontrolnti skupinu bez
aplikacie kompostu alebo inych organickych hnojiv, s hodnotou pH pddneho
vyluhu 7,44. Sluzil na porovnanie prirodzeného produkéného potencidlu pody a
sledovanie dynamiky rastu rastlin v povodnych podmienkach.

2. Variant BK (Bokashi kompost): do zikladnej fluvizeme bol
zapracovany Bokashi kompost v objemovom pomere 1 : 9 (kompost : poda).
Material bol pripraveny v domdacich podmienkach procesom anaerdbnej
fermentacie kuchynského bioodpadu, vratane varenych maéasovych jedal,
sezonnych Supiek ovocia a zeleniny. Vzhl'adom na fermenta¢ny charakter
materialu a nameranu hodnotu pH vyluhu 4,87 bol zvoleny nizsi objemovy pomer
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kompostu k pode.

3. Variant DK (domaci kompost): zahfnial aplikdciu klasického
aerébneho kompostu v pomere 2 : 8 (kompost : pdda). Tento kompost s hodnotou
pH vyluhu 7,28, pochddzajtci z lokality Hornd Strehova (okres Velky Krtis),
predstavoval rastlinny kompost zlozeny z travy, listia a zvySkov ovocia a zeleniny,
obohateny o vaje¢né Skrupiny.

Porovnanie tychto dvoch typov kompostov (fermentovaného kompostu s
obsahom misovej zlozky a klasického zelené¢ho kompostu) umoznilo sledovat’
rozdielnu odozvu rastlin na rdozne zdroje Zzivin a ich rozdielnu dynamiku
uvolnovania.

Stanovenie obsahu chlorofylu

Obsah chlorofylu bol stanoveny neinvazivhou metodou pomocou
prenosného chlorofylmetra CCM-200plus (Opti-Sciences, USA), ktory umoziiuje
rychle a nedeStruktivne meranie relativneho obsahu chlorofylu v listoch na
zéklade merania absorbancie svetla pri dvoch vlnovych dizkach pomocou LED
svetelnych zdrojov. Vysledky st vyjadrené v bezrozmernych jednotkach CCI
(Chlorophyll Content Index), ktoré predstavuju relativny index obsahu chlorofylu
v listovom pletive. Hodnota CCI je timerna koncentracii chlorofylu a je vhodné na
porovnanie medzi variantmi aj na sledovanie zmien v ¢ase /23/.

Merania sa uskuto¢iovali kazdé dva tyzdne pocas sledovaného vegetaéného
obdobia (od 28. méja 2025 do 23. septembra 2025). Hodnoty boli zaznamenavané
na plne vyvinutych listoch nachadzajtcich sa v strednej az hornej Casti rastliny.

Na kazdej rastline bolo vykonanych desat’ po sebe nasledujucich merani na
tom istom liste, pricom jednotlivé hodnoty CCI boli zaznamenané na r6znych
castiach listovej plochy s cielom minimalizovat’ vplyv lokéalnej variability. Z
nameranych hodnét bol vypocitany aritmeticky priemer, ktory predstavoval
vysledni hodnotu obsahu chlorofylu pre danu rastlinu v konkrétnom termine
merania.

Pri ziskavani udajov boli zohladnené aktudlne podmienky prostredia.
Merania sa nevykonavali pocas priameho slnec¢ného Ziarenia dopadajuceho na
listovi plochu ani pocas zrazok, aby sa minimalizovalo moZzné ovplyvnenie
vysledkov.

Stanovenie vybranych parametrov vegetativnych organov

Rastlinny materidl (listy a plody) bol odoberany priebezne pocas celého
experimentu v zavislosti od fyziologického stavu rastlin a potrieb experimentu.
Celkova analyza fytomasy bola ukonfend po skonceni experimentu v oktdbri
2025. VSetok odobraty material (listy, stonky, plody a korefiova sustava) bol
suSeny pri kontrolovanej izbovej teplote do dosiahnutia konStantnej hmotnosti.

V ramci analyzy bola hodnotend nadzemnéd biomasa, predstavujuca sucet
hmotnosti listov, stoniek a plodov. Ked'Ze listy a plody boli odoberané priebezne,
vyslednd hodnota predstavovuje kumulativhu hmotnost’ suSiny vytvorenej pocas
celého vegetacného obdobia, vyjadrenua pre kazda rastlinu v gramoch
(g).Stanovenie suSiny vegetativnych orgdnov a plodov umoznilo objektivne
vyhodnotit’ produkciu biomasy nezéavisle od obsahu vody v pletivach /24, 25/.

Pomer R:S (Root-to-Shoot ratio)

Index alokécie biomasy bol vypocitany ako pomer hmotnosti podzemne;j
Casti rastliny (korenov) k hmotnosti nadzemnej Casti (listov, stoniek a plodov).
Tento ukazovatel sliZil na hodnotenie alok4cie biomasy medzi korefiovy systém a
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nadzemné organy rastliny, priCom odraza stratégiu rozdel'ovania zdrojov medzi
prijmom vody a Zivin prostrednictvom korefiov a tvorbu fotosynteticky aktivnej
biomasy /26/.

Statistické spracovanie dat

Ziskané experimentdlne vysledky fyziologickych (obsah chlorofylu) a
produkénych parametrov (hmotnost’ susiny nadzemnej biomasy, hmotnost’ susiny
koreniovej sustavy a pomer R:S) boli Statisticky vyhodnotené multifaktorovou
analyzou variancie (ANOVA) s pouzitim LSD testu na 95 %, resp. 99 % hladine
preukaznosti rozdielov (software Statgraphics, verzia 5.0). V rdmci Statistického
modelu boli ako hlavné faktory variability hodnotené tri experimentalne varianty:
kontrolny variant (KV), variant s aplikdciou Bokashi kompostu (BK) a variant s
aplikaciou doméceho kompostu (DK), priCom kazdy variant bol zastipeny tromi
opakovaniami (n = 3).

VYSLEDKY A DISKUSIA

Pri interpretacii vysledkov je potrebné zohl'adnit’, ze varianty BK a DK sa
lisili nielen typom a spoésobom pripravy kompostu, ale aj aplikaénym pomerom a
hodnotou pH. Vzhl'adom na fermentany charakter Bokashi kompostu a jeho
nizke pH (4,87) bol pri variante BK zvoleny niz$i aplikacny pomer (1 : 9) s
cielom minimalizovat’ riziko nepriaznivého podsobenia substritu na rastliny v
pociato¢nom §tadiu rastu. Napriek nizS§iemu podielu kompostu dosahoval variant
BK priaznivejSie hodnoty viacerych sledovanych parametrov ako variant DK
aplikovany v pomere 2 : 8 (pH 7,28).

Dynamika zmien obsahu chlorofylu pocas vegetaéného obdobia, zndzornena
na grafe 1, poukazuje na odliSny priebeh medzi jednotlivymi variantmi. Zatial’ ¢o
varianty KV a DK dosiahli maximélne hodnoty v prvej polovici sledovaného
obdobia a nasledne vykazovali klesajiicu tendenciu, variant BK si udrzal relativne
stabilnt hladinu chlorofylu s postupnym narastom v zaverecnej faze merani. Pri
variante DK bol v zéavere sledované¢ho obdobia zaznamenany mierny narast
hodn6t, ktory moze suvisiet' s postupnym uvol'fiovanim Zivin z kompostu.

Statisticka analyza pomocou LSD testu potvrdila, Ze pri kontrolnom variante
(KV) boli rozdiely vysoko signifikantné na oboch hladinach preukaznosti, zatial
¢o pri variante BK bola preukaznost’ rozdielov niZSia pri prisnejSom Kkritériu
hodnotenia. Faktor opakovania sa nepreukazal ako Statisticky vyznamny, o
naznacuje dobru reprodukovatelnost’ experimentu a porovnatelnost’ podmienok
medzi jednotlivymi opakovaniami. Sthrn vysledkov obsahu chlorofylu je uvedeny
v tabul’ke 1.

Statisticka analyza pomocou LSD testu potvrdila, Ze pri kontrolnom variante
(KV) boli rozdiely vysoko signifikantné na oboch hladinach preukaznosti, zatial’
¢o pri variante BK bola preukaznost' rozdielov niz$ia pri prisnejSom kritériu
hodnotenia. Faktor opakovania sa nepreukazal ako Statisticky vyznamny, ¢o
naznacuje dobrui reprodukovatelnost’ experimentu a porovnatel'nost’ podmienok
medzi jednotlivymi opakovaniami. Sthrn vysledkov obsahu chlorofylu je uvedeny
v tabulke 1.

Statistickd metéda: multifaktorova analyza variancie (ANOVA) s pouZitim
LSD testu na hladine vyznamnosti o = 0,05 (95 %) a a = 0,01 (99 %). Hodnoty v
rovnakom stipci oznadené odlisnymi pismenami sa $tatisticky vyznamne ligia na
hladine p < 0,05, resp. p < 0,01, zatial ¢o medzi hodnotami oznacenymi
rovnakymi pismenami neboli zistené Statisticky vyznamné rozdiely. Malé pismena
oznacuju hladinu vyznamnosti a = 0,05 a vel'ké pismend hladinu vyznamnosti o =
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Graf 1: Dynamika zmien obsahu chlorofylu (hodnoty CCI) v listoch rajciaka
jedlého (Solanum [lycopersicum L.) v zavislosti od variantu hnojenia pocas
vegetacného obdobia. Vertikalne usecky vyjadruju smerodajnu odchylku (£SD).

Tab.1: Obsah chlorofylu (CCI) v listoch

Obsah chlorofylu (CCI) LSD woos LSDaon
BK 14,62 b AB
Varianty DK 11,96 a A
Kv 16,37 b B
LSD ao0s 233
LSDaom 3,86
1 1433 a A
Opakovania 14,59 a A
3 14.02 a A
LSD wo0s 233
LSDaom 3,86

Hoci kontrolny variant vykazoval v pociato¢nej fdze merania (28. 5. 2025)
takmer dvojndsobne vyssi obsah chlorofylu (11,36 CCI) v porovnani s variantom
BK (6,08 CCI), tento rozdiel sa postupne znizoval. Kontrolny variant dosiahol
maximalnu hodnotu v juni (21,39 CCI), nasledne vSak obsah chlorofylu vyrazne
klesal az na 7,72 CCI v septembri (23. 9. 2025). Naopak, pri variante BK bol
zaznamenany postupny ndrast obsahu chlorofylu, pricom od konca jila dosahoval
vysSie hodnoty ako kontrolny variant a na konci sledovaného obdobia dosiahol
hodnotu 11,51 CCIL.Tento priebeh naznacuje, ze hoci kontrolny variant dokazal v
uvode sezény rychlo mobilizovat' chlorofyl, nedokazal si tato hladinu udrzat’.
Prave prudky pokles obsahu chlorofylu v zévere leta pri variante KV
koreSponduje s pozorovanou vysokou mierou poskodenia plodov a vyraznou
fyziologickou kuceravostou listov. Podla Ghosha et al. /27/ vysoké hodnoty
chlorofylu automaticky negarantuju vysSiu Urodu, ak nie st v rovnovédhe s
ostatnymi faktormi prostredia. Naopak, niz$i, ale stabilne stupajici trend
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chlorofylu pri variante BK mo6ze poukazovat’ na vyrovnanejsi nutricny stav rastlin,
¢o sa v konecnom doésledku prejavilo lepSim zdravotnym stavom a vysSou
vitalitou rastlin.

Tento jav mozno interpretovat ako mozny prejav tzv. vegetativnej
dominancie, pri ktorej mohla nadmerna vegetativna aktivita obmedzit’ efektivnu
alokaciu asimildtov do plodov /24, 28/. Jednym z moznych vysvetleni je
nerovnovaha vo vyzive rastlin, najmi medzi dusikom a draslikom, ktord podl'a
literarnych udajov moze viest' k zhorSenému transportu asimilatov, hromadeniu
sacharidov v listoch a naslednym zmenam ich fyziologického stavu /24, 28/.

V dalSej casti uvadzame vysledky produkénych parametrov. Najvyssia
priemernd hmotnost’ korenového systému bola zaznamenana pri variante BK (4,12
g/rastlinu), nasledovanom variantmi KV (3,32 g/rastlinu) a DK (2,69 g/rastlinu).
Napriek pozorovanym rozdielom Statistickd analyza nepreukazala vyznamny
vplyv variantu na hmotnost” korefiového systému. Na ziklade LSD testu boli
vSetky varianty (BK, DK a KV) zaradené do rovnake;j Statistickej skupiny, pricom
rozdiely medzi nimi neboli Statisticky vyznamné na hladine vyznamnosti a = 0,05
ani a = 0,01. Statisticky vyznamny vplyv nebol preukdzany ani pri faktore
opakovania.

Tab. 2: Hmotnost koreriového systéemu (g/rastlina)

Hmotnost’ korefia (g) LSD aous LSDwon
BK 4.12 a A
Varianty DK 2.69 a A
KV 332 a A
LSD w05 1,90
LSDaoo1 3,15
321 A
Opakovania 2 2,86 a A
3 4.04 A
L8D anos 1,90
LSDaoo1 3,15

Statisticka met6da: multifaktorova analyza variancie (ANOVA) s pouzitim
LSD testu na hladine vyznamnosti a = 0,05 (95 %) a a = 0,01 (99 %). Hodnoty v
rovnakom stipci oznagené odlisnymi pismenami sa $tatisticky vyznamne lisia na
hladine p < 0,05, resp. p < 0,01, zatial ¢o medzi hodnotami oznacenymi
rovnakymi pismenami neboli zistené $tatisticky vyznamné rozdiely. Malé pismena
oznacuju hladinu vyznamnosti a = 0,05 a vel'ké pismena hladinu vyznamnosti a =
0,01.

Pri hodnoteni hmotnosti suSiny nadzemnej biomasy raj¢iaka jedlého boli
medzi jednotlivymi variantmi hnojenia preukdzané Statisticky vyznamné rozdiely
(tab. 3). Najvyssiu priemernu hmotnost’ suSiny nadzemnej biomasy dosiahol
variant s aplikdciou BK (72,69 g/rastlina), nasledovany KV (68,02 g /rastlina).
Najnizs§ia hodnota bola zaznamenana pri variante s aplikdciou DK (49,61
g/rastlina). Statisticka analyza potvrdila vyznamny vplyv variantu hnojenia na
tvorbu nadzemnej biomasy. Rozdiely medzi jednotlivymi variantmi boli nésledne
vyhodnotené pomocou LSD testu na hladinidch vyznamnosti o = 0,05 a o = 0,01.
Faktor opakovania nemal na hodnoteny parameter Statisticky vyznamny vplyv.
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Hmotnost nadzemne;]
biomasy (g) L3D w05 LSDaoar
BK 72.69 b B
Varianty DK 49,61 A
KV 68,02 b AB
LSD anos 13,14
LSDeom 21,77
1 60,03 a A
Opakovania 2 62,85 a A
3 67.43 a A
LSD w5 13,14
LSDenm 21,7733
Statistickd metoda: multifaktorova analyza variancie (ANOVA) s pouZitim
LSD testu na hladine vyznamnosti a = 0,05 (95 %) a a = 0,01 (99 %). Hodnoty v
rovnakom stipci oznadené odlisnymi pismenami sa §tatisticky vyznamne li§ia na
hladine p < 0,05, resp. p < 0,01, zatial' ¢o medzi hodnotami oznacenymi
rovnakymi pismenami neboli zistené Statisticky vyznamné rozdiely. Malé pismena
oznacuju hladinu vyznamnosti a = 0,05 a vel'ké pismena hladinu vyznamnosti o =
0,01.
rf ab.4: IPomer korenovej a nadzemnej biomasy (root:shoot; R:S)
LSD.
RS L8Dun.0s 0.01
BK 0,057 a A
Varianty DK 0,055 a A
KV 0,048 a A
LSD wons 0,024
LE8D.om 0,039
1 0,055 a A
Opakovania 2 0,044 a A
3 0,059 a A
LSD anos 0,024
LS8Dx o0 0,039

Daldim hodnotenym parametrom bol pomer korefiového systému k
nadzemnej biomase (R:S) s cielom posudit’ zmeny v alokacii biomasy rastlin v
zavislosti od vyzivy. Najniz§iu priemerntt hodnotu pomeru sme zaznamenali pri
KV (0,048). Pri variantoch s aplikaciou kompostov boli zaznamenané vysSie
hodnoty, 0,055 pri variante DK a 0,057 pri variante BK. Najvys§i pomer R:S bol
teda dosiahnuty pri variante BK, o moze naznacovat’ vyssiu alokaciu biomasy do
korenového systému v porovnani s ostatnymi variantmi. Podl'a Poortera et al. /26/
je schopnost’ rastliny alokovat’ biomasu do korenového systému vyznamnym
adaptaénym mechanizmom pri prekondvani environmentalneho stresu. . Napriek
pozorovanym rozdielom Statistickd analyza nepreukdzala vyznamny vplyv
experimentalnych variantov na pomer R:S. Ziskané vysledky naznacuju, Ze v
podmienkach nasho experimentu aplikdcia kompostov neviedla k Statisticky
preukaznej zmene pomeru biomasy korefiového systému a nadzemnej Ccasti
rastliny. Statisticky vyznamny vplyv sa nepotvrdil ani pri faktore opakovania, ¢o
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naznacuje dobrii reprodukovatelnost experimentu a porovnatelnost’ vysledkov
medzi jednotlivymi opakovaniami. Podrobné vysledky st zhrnuté v tabul’ke 4.

Statistickd metoda: multifaktorovA ANOVA — 95,0 % LSD test (o = 0,05)
299,0% LSD test (0. = 0,01). Hodnoty v rovnakom stipci s odlignymi pismenami
sa liSia Statisticky vyznamne na turovni p < 0,05, resp. P < 0,01; medzi hodnotami
s rovnakymi pismenami nie su ziadne vyznamné rozdiely. Malé pismena oznacuju
hladinu vyznamnosti a = 0,05 a vel’ké pismena hladinu o = 0,01.

Variant KV poukéazal na rizikd pestovania bez organického obohatenia
substratu, najmé z hladiska nizSej stability vodného a nutricného rezimu rastlin.
Tieto rizikd mohli suvisiet' aj s niz§im pomerom R:S. Variant KV vykazoval
najnizsi pomer R:S (0,048), co podl'a Poortera et al. /26/ mdze predstavovat
limitujaci faktor pre zdsobovanie rastliny vodou pocas obdobi zvySené¢ho vyparu.
Relativne maly korenovy systém v porovnani s velkou listovou plochou a
vysokym obsahom chlorofylu zaznamenanym v jini mohol zniZzovat’ schopnost
rastlin zabezpecit’ dostatocny prijem vody pocas obdobi s vysokymi teplotami
(33,5 °C v juli) a niz§imi zrazkami (48,3 mm v septembri), ¢o sa mohlo prejavit’
fyziologickym stresom. Naopak, vysSia hodnota pomeru R:S pri variante BK
(0,057) naznacuje, ze rastliny investovali relativne viac biomasy do budovania
korenového systému, ¢o mohlo prispiet’ k efektivnejSiemu prijmu vody pocas
suchsich obdobi a k udrzaniu stabilnejSiecho obsahu chlorofylu az do zaveru
vegetacie.

Variant s domacim kompostom (DK) vykazoval odlisni odozvu, pricom sa
prejavil skor ako stabilizator podneho prostredia nez ako G€inny zdroj Zivin. Jeho
nizsia G€innost’ mohla suvisiet’ s nevyvdzenym zlozenim, v ktorom dominovala
pokosend trdva s nizkym zastGpenim uhlikatych materidlov, ¢o mohlo viest’ k
nevhodnému pomeru C:N. Aplikécia takéhoto materidlu, ako uvadza Bernal et al.
/29/, moze vyvolat” dusikovu imobilizaciu, pri ktorej mikroorganizmy vyuzivaja
dostupny dusik na vlastny metabolizmus. V désledku toho moéze dgjst’ k jeho
docasne niz8ej dostupnosti pre rastliny s vysokymi narokmi na Ziviny, akym je aj
rajCiak jedly. Namerané nizke hodnoty hmotnosti nadzemnej biomasy moézu
naznacovat niz$iu biologickll kvalitu kompostu. Okrem toho mohla byt niZSia
intenzita rastu ovplyvnena aj pritomnost'ou fytotoxickych latok vznikajucich pri
nedostatocnom rozklade organickej hmoty /29/. Zaujimavym zistenim bol vysoky
stupent kvetnatosti pri variante DK, ktory vSak kontrastoval s minimalnou
produkciou plodov. Tento jav moZe naznaCovat stresovu reakciu rastlin
smerujucu k zabezpeceniu reprodukcie v nepriaznivych podmienkach, pricom
limitujicim faktorom mohol byt nedostatok dostupnych zdrojov potrebnych na
uspesny vyvoj plodov /30/.

Variant BK sa ukazal ako najefektivnej§i vo vSetkych sledovanych
parametroch. Jeho pozitivny G€inok moZzno vysvetlit' riadenym procesom
anaerdbnej fermentdcie, ktory podporuje transformaciu organickej hmoty a
postupné uvolnovanie zivin /31/. K priaznivému uU¢inku mohlo prispiet’ aj
Specifické mikrobidlne spolocenstvo efektivnych mikroorganizmov, ktoré
podporuje rozklad komplexnych organickych zlucenin a zlepSuje dostupnost’ Zivin
pre rastliny v porovnani s klasickym aerobnym kompostovanim.

ZAVER

Vysledky realizovaného vegetacného crepnikového pokusu preukdzali, ze
jednotlivé typy kompostov rozdielne ovplyvnili fyziologicky stav a produkéné
parametre rajCiaka jedlého (Solanum lycopersicum L.). Variant s aplikaciou BK
dosiahol najvysSie hodnoty suSiny koretiového systému, nadzemnej biomasy a
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pomeru R:S, priCom pocas vegetacie vykazoval stabilnej$i obsah chlorofylu v
porovnani s ostatnymi variantmi. Tieto vysledky naznacuju priaznivy vplyv BK na
rast a vyvoj rastlin.

Kontrolny variant vykazoval v druhej polovici vegetacie pokles obsahu
chlorofylu a niz§i pomer R:S, zatial' ¢o pri variante s DK boli zaznamenané

v

vysledky poukazuju na vyznam kvality a stupiia vyzretosti kompostu pri pestovani
raj¢iaka jedlého a naznacuju potencial technoldgie Bokashi ako vhodného spdsobu
zhodnocovania biologicky rozloziteIného odpadu a jeho vyuzitia v udrzatelnom
pestovani zeleniny.

LITERATURA

/1/ Kirchherr, J., Reike, D., Hekkert, M.: Conceptualizing the circular economy: An analysis of
114 definitions. Resources, Conservation and Recycling, 127, 2017: 221-232.

/2/ Diaz, L. F., De Bertoldi, M., Bidlingmaier, W., Stentiford, E.: Compost Science and
Technology. Amsterdam: Elsevier, 2007: 380 s. ISBN 978-0-08-043960-0.

/3/ Eurépska tnia: Smernica Rady 1999/31/ES z 26. aprila 1999 o skladkach odpadov. Uradny
vestnik Eurdpskej unie, L 182, 1999: 1-19.

/4/ Slovensko: Zékon €. 79/2015 Z. z. o odpadoch a o zmene a doplneni niektorych zdkonov v
zneni neskorsich predpisov. Bratislava: NR SR, 2015.

/5/ Ministerstvo zivotného prostredia SR: ZelenSie Slovensko — Stratégia environmentalnej
politiky Slovenskej republiky do roku 2030. Bratislava: MZP SR, 2019.

/6/ Cooperband, L. R.: The art and science of composting: A resource for farmers and compost
producers. Madison: University of Wisconsin—Madison, 2002.

/7/ Cornell Waste Management Institute: The science of composting: Chapter 1 — Introduction to
the composting process. Ithaca: Cornell University, 2015.

/8/ Chen, L., De Haro Marti, M. E., Moore, A., Falen, C.: Dairy compost production and use in
Idaho. Moscow, ID: University of Idaho Extension, 2011.

/9/ Mathur, S. P.: Composting processes. In: Martin, A. M.: Bioconversion of Waste Materials to
Industrial Products. Boston, MA: Springer, 1998: 154—193.

/10/ Sun, W., Shahrajabian, M. H., Cheng, Q.: Organic waste utilization and urban food waste
composting strategies in China — A review. Notulae Scientia Biologicae, 13,2021: 10881.

/11/ Dohaish, E. J. A. B.: Vermicomposting of Organic Waste with Eisenia fetida Increases the
Content of Exchangeable Nutrients in Soil. Pakistan Journal of Biological Sciences, 23,
2020: 501-509.

/12/ Olle, M.: Review: Bokashi technology as a promising technology for crop. The Journal of
Horticultural Science and Biotechnology, 96, 2021: 145-152.

/13/ Jones, J. B.: Tomato Plant Culture: In the Field, Greenhouse, and Home Garden. 2. vyd. Boca
Raton: CRC Press, 2007: 424 s.

/14/ Rao, A. V., Rao, L. G.: Carotenoids and human health. Pharmacological Research, 55, 2007:
207-216.

/15/ Erba, D., Casiraghi, M. C., Ribas-Agusti, A. et al.: Nutritional value of tomatoes (Solanum
lycopersicum L.) grown in greenhouse by different agronomic techniques. Journal of
Food Composition and Analysis, 31, 2013: 245-251.

/16/ Sera, B.: Jak funguje pomér ,,root:shoot“. In: Blaha, L., Sera, B. (eds.): Vyznam celistvosti
rostliny ve vyzkumu, $lechténi a produkci. Praha: Powerprint, 2013: 66—74.

/17/ Agren, G. 1., Franklin, O.: Root:Shoot Ratios, Optimization and Nitrogen Productivity. Annals
of Botany, 92, 2003: 795-800.

/18/ Kalaji, H. M., Baba, W., Gediga, K. et al.: Chlorophyll fluorescence as a tool for nutrient
status identification in rapeseed plants. Photosynthesis Research, 136, 2018: 329-343.

/19/ Chen, X. et al.: Effects of Nitrogen Deficiency on Photosynthesis and Chlorophyll Content in
Oryza sativa. International Journal of Molecular Sciences, 25, 2024: 10409.

/20/ Uddling, J., Gelang-Alfredsson, J., Pikki, K., Pleijel, H.: Evaluating the relationship between
leaf chlorophyll concentration and SPAD-502 metrics. Photosynthesis Research, 91,
2007: 37-46.

/21/ Nevien, M. et al.: Impacts of Different Compost Types Application on Soil Fertility and Plant
Growth. Journal of High Institute of Public Health, 38, 2008: 633—648.

/22/ Szlicsné Szolomajer, J. et al.: The effect of various composts on vegetable green mass on two
soil types. Acta Agraria Debreceniensis, 72, 2017: 179-183.

12



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

/23/ Opti-Sciences: CCM-200plus Chlorophyll Content Meter: Product Brochure. Hudson, NH,
USA: Opti-Sciences, Inc., 2022. Dostupné z: https://opti-sciences.com/wp-
content/uploads/2022/11/ccm-200plus_brochure.pdf (pristup: 21. 2. 2026).

/24/ Heuvelink, E. (ed.): Tomatoes. 2. vyd. Oxfordshire: CABI Publishing, 2018: 384 s.

/25/ Liu, W., Liu, K., Chen, D. et al.: Solanum lycopersicum, a Model Plant for the Studies in
Developmental Biology, Stress Biology and Food Science. Foods, 11, 2022: 2402.

/26/ Poorter, H., Niklas, K. J., Reich, P. B. et al.: Biomass allocation to leaves, stems and roots:
Meta-analyses of interspecific variation and environmental control. New Phytologist, 193,
2012: 30-50.

1277/ Ghosh, M., Swain, D. K., Jha, M. K. et al.: Optimizing chlorophyll meter (SPAD) reading to
allow efficient nitrogen use in rice and wheat under rice-wheat cropping system in eastern
India. Plant Production Science, 23, 2020: 270-285.

/28/ Ganeshamurthy, A., Rupa, T. R., Kalaivanan, D. et al.: Potassium Nutrition of Fruit Crops:
Comparative Evaluation of Potassic Fertilizers. In: Potassium in Soils and Plants.
Singapore: Springer, 2023: 204-219.

/29/ Bernal, M. P., Alburquerque, J. A., Moral, R.: Composting of animal manures and chemical
criteria for compost maturity assessment. A review. Bioresource Technology, 100, 2009:
5444-5453.

/30/ Sato, S., Peet, M. M., Thomas, J. F.: Physiological factors limit fruit set of tomato
(Lycopersicon esculentum Mill.) under chronic, mild heat stress. Plant, Cell &
Environment, 23, 2000: 719-726.

/31/ Gao, F., Li, H., Mu, X. et al.: Effects of Organic Fertilizer Application on Tomato Yield and
Quality: A Meta-Analysis. Applied Sciences, 13, 2023: 2184.

Pod’akovanie

Uvedena vedecko-vyskumnd praca bola podporend projektom KEGA
015UMB-4/2025 Komplexny prehlad a inovativne pristupy k riadeniu
komundlnych odpadov: Integracia vedy, legislativy a praktickych skusenosti.

13



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

POROVNANIE MIKROORGANIZMOV IZOLOVANYCH
Z RIZOSFERY RAJCIAKA JEDLEHO (SOLANUM
LYCOPERSICUM L.) V ZAVISLOSTI OD TYPU KOMPOSTU
A RASTOVEJ FAZY

COMPARISON OF MICROORGANISMS ISOLATED FROM THE
RHIZOSPHERE OF TOMATO (SOLANUM LYCOPERSICUM L.) AS
AFFECTED BY COMPOSTTYPE AND GROWTH STAGE

Michaela Murgasova', Janka Sevéikova?, Vladimira Krempaska', Matej Vesteg!
'Univerzita Mateja Bela v Banskej Bystrici, Fakulta prirodnych vied, Katedra
bioldgie a environmentéalnych studii, Tajovského 40, 974 01 Banska Bystrica,
mmurgasova@umb.sk
Univerzita Mateja Bela v Banskej Bystrici, Fakulta prirodnych vied, Katedra
techniky a technologii, Tajovského 40, 974 01 Banska Bystrica

Summary

The rhizosphere of tomato (Solanum lycopersicum L.) hosts diverse bacterial
communities that influence plant growth and health. This study identified bacteria
isolated from the tomato rhizosphere in two types of compost during different
growth stages. The most frequently identified isolates belonged to the genera
Pseudomonas and Bacillus. According to the literature, these genera may promote
plant growth and well-being. The results contribute to knowledge of tomato
rhizosphere microbial diversity and provide a basis for further evaluation of the
biochemical and growth-promoting properties of the identified isolates and their
potential use in agriculture.

Key words: tomato (Solanum lycopersicum L.), rhizosphere, culturable
microorganisms, compost, growth stages

Stihrn

Rizosféra rajciaka jedlého (Solanum lycopersicum L.) je prostredim s rozmanitymi
bakterialnymi spoloCenstvami, ktoré ovplyviiuju rast a zdravotny stav rastlin.
Cielom studie bola identifikacia baktérii izolovanych z rizosféry raj¢iaka jedlého
pestovaného v dvoch typoch kompostu pocas réznych rastovych faz. NajcastejSie
identifikované izolaty patrili do rodov Pseudomonas a Bacillus. Podl'a dostupne;j
literatary moézu tieto rody podporovat’ rast a zdravotny stav rastlin. Vysledky
prispievaju k poznaniu diverzity mikrobidlnych spolocenstiev rizosféry rajciaka a
poskytuju zaklad pre dalSie hodnotenie biochemickych a rast podporujticich
vlastnosti  identifikovanych izoldtov a ich potencidlneho vyuzitia v
pol'nohospodarstve.

Klucove slova: rajciak jedly (Solanum lycopersicum L.), rizosféra, kultivovatelné
mikroorganizmy, kompost, rastové fazy
UVOD
Rajciak jedly (Solanum lycopersicum L.) je povaZzovany za jednu z
hospodérsky najvyznamnejSich plodin na svete /1/. Rast a zdravotny stav rajciaka
14
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su podmienené nielen genetickymi vlastnostami rastliny ¢i podmienkami
prostredia /2, 3/, ale aj komplexnymi interakciami s pdodnou mikrobiotou v
rizosfére /4/. Rastliny produkuju Siroké spektrum metabolitov, ktoré plnia rdozne
biologické a ekologické funkcie. Mnohé z tychto metabolitov sluzia ako zdroje
zivin alebo signdlne molekuly pre mikroorganizmy pritomné v rizosfére.
Organické kyseliny, ako kyselina jablénd a citronova, slizia ako atraktanty pre
zastupcov z rodu Bacillus a Pseudomonas, vyznamné baktérie podporujuce rast
rastlin /5/. Zlozenie rizosférickej mikrobioty je dynamické a meni sa pocas
ontogenézy rastliny /6/. Vyznamnym faktorom formujucim mikrobidlne
spolocenstva rizosféry je aj aplikacia organickych hnojiv, najmd kompostov.
Kompost predstavuje stabilizovany produkt rozkladu organickej hmoty za
pristupu kyslika, ktory obohacuje podu o organické latky a ziviny /7/.

MATERIAL A METODY

V polovici marca 2026 (12. 3. 2026) boli semena raj¢iaka jedlého vysiate do
plastovych nadob s vysevnym substratom. Néasledne po 2 — 3 tyzdioch po
vysadbe, boli prepikirované do vacSich nadob. V druhej polovici méja (21. 5.
2026) prebichalo zalozenie vegetatného crepnikového experimentu a presadenie
rastlin do plastovych nadob o objeme 10 1 v troch réznych variantoch. Prvy
kontrolny variant tvorila kambizem odobrana lokalne z priestorov fakulty (BPEJ:
0765232, 48°44'32.83"N, 19°7'17.56"E) a dalSie dva varianty pozostavali z
komeréne dostupnych kompostov (priemyselného a vermikompostu), ktoré boli
zmieSané s podou v pomere 8:2 (poda:kompost). Rozdiel medzi skiimanymi
kompostami spocival vo vstupnych materidloch — priemyselny kompost tvoril
najmé kuchynsky a zeleny odpad, zatial’ ¢o vermikompost pozostaval prevazne zo
zvySkov ovocia a zeleniny (surovej aj varenej), vajeCnych Skrupin, ¢ajovych
vrecuSok a kavovej usadeniny. Pokusnym materidlom bol rajc¢iak jedly (Solanum
lycopersicum L.) — odroda Slava Poryni. Mikrobidlna diverzita rizosféry bola
sledovana v dvoch rastovych fazach rastlin — vegetativnej a kvitntcej — s cielom
charakterizovat’ jej dynamiku v priebehu rastu rastlin. Orientatne bolo
mikrobidlne zastupenie stanovené aj v rizosfére kli¢iacich rastlin pestovanych vo
vysevnom substrate pred zaloZzenim vegeta¢ného ¢repnikového experimentu.

Z rizosféry jednotlivych rastlin bolo za sterilnych podmienok odobratych 10
g pddy, ktoré boli nésledne rozsuspendované v 20 ml sterilného fyziologického
roztoku (0,9 % NaCl). Pripravené suspenzie boli inkubované v teplovzdusnej
trepacke pocas 24 — 48 hodin pri teplote 27 °C a 170 rpm. Néasledne bolo
pripravené desatndsobné sériové riedenie v rozsahu 107! az 107. Z vybranych
riedeni bolo 200 pl suspenzie naockovanych rozterom na Petritho misky s TSA
médiom. Kultivacia prebiehala pri teplote 27 °C pocas 24 — 48 hodin. Na
identifikéaciu kultivovatel'nych mikroorganizmov bola pouzita metdéda hmotnostne;j
spektrometrie  MALDI-TOF MS. Spoésob pripravy vzoriek prebiehal
prostrednictvom extrakcie proteinov. Do eppendorfovej skimavky bolo pridanych
300 upl sterilnej, destilovanej vody, v ktorej bol suspendovany bakteridlny
materidl. Do suspenzie bolo pridanych 900 ul etanolu. Nasledne bola vzorka
scentrifugovand pri maximalnych otackach 14 000 rpm na 2 min. Vzniknuty pelet
bol vysuSeny pri laboratornej teplote a v zavislosti od jeho mnoZstva bolo
pridanych 10 — 40 pl 70 % kyseliny mravcej. Néasledne bol pridany rovnaky objem
100 % acetonitrilu a vzorka bola opdtovne centrifugovana. Na ocel'ova dosticku
MALDI bol aplikovany 1 pl supernatantu, ktory sa prekryl 1 pl roztoku MALDI
matrice (kyselina a-kyano-4-hydroxyskoricova). Po skryStalizovani vzorky s
matricou bola dosticka vlozena do pristroja MALDI-TOF MS a vzorky boli

15



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin

nasledne analyzované.

VYSLEDKY A DISKUSE
Z doposial’ spracovanych faz sa nam podarilo identifikovat’ bohaté spektrum

kultivovatelnych mikroorganizmov. Tabulka 1 dokumentuje identifikované
izolaty z kliCiacej fazy. Tabulka 2 zobrazuje kultivovate'né mikroorganizmy
zachytené vo vegetativnej faze. Tabulka 3 uvéadza identifikované izolaty
zachytené v kvitnucej faze. Sucastou tabuliek je aj skore zhody nasej vzorky
s referen¢nou databazou pristroja.

Vysledky naznacuju, Ze v rizosfére rajCiaka pestovaného v substratoch s
pridavkom oboch analyzovanych kompostov bolo v skimanych rastovych fazach
zaznamenan¢ vysSie zastupenie kultivovatelnych mikroorganizmov v porovnani s
kontrolnym variantom obsahujicim c¢isti podu. Tento trend mdze suvisiet’ s
aplikdciou kompostov, ktord vo vSeobecnosti podporuje abundanciu podnych
mikroorganizmov, ¢o je v sulade s vysledkami inych $tudii /8, 9/. NajcastejSie
identifikovanymi  izoldtmi v naSom prispevku boli zastupcovia rodov
Pseudomonas (P. citronellolis, P. brassicacearum, P. chlororaphis, P. koreensis,
P. putida, P. monteilii) a Bacillus (B. licheniformis, B. mycoides, B. cereus). Tieto
rody st podl’a literatiry najcastejSie izolované ako z priemyselného kompostu, tak
aj z vermikompostu /10, 11, 12, 13/.

Tab. 1: Identifikované izolaty z rizosféry rajciaka jedlého pocas klicenia. Skore
ziskané prostrednictvom MALDI analyzy indikuje spolahlivost urcenia izoldtu

9.-10.9.2026

Typ substratu Rastova faza Skore Identifikovany izolat
Vysevrny Kliciaca 2.02 Bacillus licheniformis
substrat

Vysevny Kligiaca 2.18 Brevundimonas vesicularis
substrat

Vysevny (g .

SUbstrat Kli¢iaca 1.70 Castellaniella defragrans
Vysevny o . .
e Kli¢iaca 2.17 Corynebacterium ammoniagenes
VyseV}ly Kli¢iaca 1.86 Metabacillus niabensis
substrat

Vysevpy Kli¢iaca 2.45 Micrococcus luteus
substrat

Vysevny Klig¢iaca 2.05 Novosphingobium resinovorum
substrat

Vyserly Kligiaca 1.78 Ochrobactrum intermedium
substrat

VyseV'rly Kli¢iaca 2.02 Ochrobactrum tritici
substrat

Vysevrny Kliciaca 1.91 Peribacillus simplex
substrat

VYSGVPY Kli¢iaca 2.31 Pseudomonas citronellolis
substrat

VYSGVPY Kli¢iaca 1.84 Rhodococcus globerulus
substrat
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Tab. 2: Identifikované izolaty z rizosféry rajciaka jedlého pocas vegetativnej fazy.
Skore ziskané prostrednictvom MALDI analyzy indikuje spolahlivost’ urcenia

izolatu

Typ substratu Rastova faza Skére Identifikovany izolat
Priemyselny kompost | Vegetativna 2.23 Aeromonas encheleia
Priemyselny kompost | Vegetativna 2.05 Aeromonas eucrenophila
Priemyselny kompost | Vegetativna 2.02 Mesobacillus zeae
Priemyselny kompost | Vegetativna 1.96 Pseudomonas brassicacearum
Priemyselny kompost | Vegetativna 2.35 Pseudomonas citronellolis
Priemyselny kompost | Vegetativna 2.29 Pseudomonas chlororaphis
Priemyselny kompost | Vegetativna 2.25 Pseudomonas koreensis

Vermikompost Vegetativna 1.74 Aeromonas veronii

Vermikompost Vegetativna 2.23 Bacillus mycoides

Vermikompost Vegetativna 2.38 Exiguobacterium artemiae

Vermikompost Vegetativna 221 Novosphingobium resinovorum

Vermikompost Vegetativna 2.20 Pseudomonas putida
Kontrola (kambizem) | Vegetativna 2.08 Bacillus cereus
Kontrola (kambizem) | Vegetativna 2.09 Pseudomonas monteilii

Tab. 3: Identifikované izolaty z rizosféry rajciaka jedlého pocas kvitnutia. Skore
ziskané prostrednictvom MALDI analyzy indikuje spolahlivost urcenia izoldtu

Typ substratu Rastova faza Skore Identifikovany izolat
Priemyselny kompost Kvitntica 2.27 Agromyces mediolanus
Priemyselny kompost Kvitnuca 2.10 Bacillus cereus
Priemyselny kompost Kvitnuca 1.97 Cytobacillus horneckiae
Priemyselny kompost Kvitntica 2.05 Metabacillus idriensis
Priemyselny kompost Kvitnica 2.31 Micrococcus luteus
Priemyselny kompost Kvitnica 2.03 Solibacillus silvestris
Priemyselny kompost Kvitnuca 1.72 Pseudarthrobacter scleromae

Vermikompost Kvitnica 1.86 Cytobacillus kochii

Vermikompost Kvitntica 1.81 Rheinheimera soli
Kontrola (kambizem) Kvitntica 2.28 Comamonas terrigena
Kontrola (kambizem) Kvitntica 1.70 Pseudomonas agarici

Pre rast a vyvin rajciaka jedlého st najddlezitejSie makroprvky ako dusik,
fosfor a draslik, vapnik, hor¢ik. Dusik je nevyhnutny pre silny vegetativny rast, je
klicovou zlozkou enzymov, vitaminov a chlorofylu. Taktiez podporuje skory rast,
napomaha vyvoju kvetov a zabezpeCuje plné dozrievanie plodov. Fosfor
podporuje rast korefiov raj¢iaka a tym prispieva k rychlemu zakoreneniu rastliny
bezprostredne po presadeni alebo vyseve. Draslik je nevyhnutny pre udrzanie
i6novej rovnovahy a vodného reZimu v rastline. Prispieva k rychlemu rastu
paradajok a stimuluje skoré kvitnutie a tvorbu plodov. Vapnik je klicovou
zlozkou bunkovej Struktiury, je nevyhnutny pri prevencii hniloby plodov a
zabezpeceni ich spravneho vyvoja. Horcik je dolezity pre fotosyntézu, podporuje
syntézu chlorofylu a prenos energie /14, 15/.

Mnohi zéstupcovia rodov Bacillus a Pseudomonas si v odbornej literatire
spajani s mechanizmami zvySujucimi dostupnost’ Zivin v rizosfére, vratane dusika
a draslika, a tym mozZu nepriamo podporovat’ rast a vyzivu rastlin /16, 17/.
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Konkrétne Pseudomonas putida, Bacillus licheniformis a Bacillus cereus st ¢asto
uvadzané ako baktérie schopné solubilizovat’ draslik. Pri niektorych kmenoch B.
cereus bol zaroven zaznamenany priaznivy vplyv na obsah dusika, fosforu a
draslika v rastlinnych pletivach /18, 19/.

ZAVER

V ramci tohto prispevku sa ndm podarilo pomocou metédy MALDI TOF
MS identifikovat’ niekol’ko zaujimavych izolatov z rizosféry rajciaka jedlého,
ktoré maju potencial napomahat’ rastu rastlin. Ide najmé o baktérie z rodu Bacillus
a Pseudomonas. Tieto rody sa radia medzi najrozsiahlejSie Studované prospesné
mikroorganizmy, pritomné v rizosfére vdaka ich schopnosti produkovat
metabolity podporujice rast rastlin. K tymto vlastnostiam mozno zaradit
produkciu fytohorménov, ako je kyselina indol-3-octova (IAA), rozpustanie
fosfatov, produkciu sideroforov, ktoré zlepSuju prijem Zzeleza, a potlacanie
fytopatogénov. Ich efektivna kolonizécia rizosféry a prispevok ku kolobehu zivin
d’alej podporuju vyvoj rastlin a toleranciu voci stresu. Tieto poznatky poukazuja
na potencidlny vyznam identifikovanych izoldtov z hladiska vyzivy rastlin; ich
konkrétne rast podporujtce vlastnosti je vSak potrebné overit’ d’al§imi funkénymi
analyzami.
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ALTERNATIVNI ZPUSOBY PESTOVANI ROSTLIN V PODMINKACH
MENICIHO SE KLIMATU

ALTERNATIVE METHODS OF CROP CULTIVATION IN A CHANGING CLIMATE

Radka Podlipna, Sarka Petrova, Petr Soudek
Ustav experimentalni botaniky AVCR v.v.i. Rozvojova 263, Praha 6

Summary

Hydroponic cultivation enables precise control of plant nutrition, while the composition of the
nutrient solution can substantially affect plant growth and physiological characteristics. The
aim of this study was to compare the effects of two nutrient solutions on the growth and
selected physiological parameters of six lettuce cultivars (Lactuca sativa L.) cultivated in the
Urbi hydroponic system. Two successive cultivation experiments were performed. In the first
experiment (F1), a standard fertilizer mixture based on Numazon Base and Numazon G1 was
used, whereas in the second experiment (F2), a seaweed-based fertilizer (Liquid Seaweed)
was applied. Fresh weight of leaves and roots, mineral element composition, chlorophyll
fluorescence, and photosynthetic pigment contents were evaluated. Plants grown in F2
exhibited markedly lower leaf and root biomass than plants grown in F1. The nutrient solution
used in F2 contained lower concentrations of several essential nutrients, particularly
micronutrients, while substantially higher concentrations of sodium and phosphorus were
detected. Chlorophyll fluorescence values were similar between the two treatments, although
both groups showed values below the level considered optimal for unstressed plants. In
contrast, plants grown in F1 exhibited higher concentrations of chlorophyll a, chlorophyll b,
and carotenoids. The results indicate that the composition of the nutrient solution strongly
affected lettuce growth and pigment content and highlight the importance of balanced nutrient
composition in hydroponic cultivation.

Key words: hydroponics, nutrient solution, lettuce, seaweed fertilizer, plant growth,
chlorophyll fluorescence

Souhrn

Hydroponické péstovani umoziuje piesnou regulaci vyzivy rostlin, pficemz sloZeni Zivného
roztoku muize vyrazné ovlivnit rust rostlin a jejich fyziologické vlastnosti. Cilem této studie
bylo porovnat vliv dvou Zivnych roztoktll na riist a vybrané fyziologické parametry Sesti odriid
salatu (Lactuca sativa L.) péstovanych v hydroponickém systému Urbi. Byly provedeny dva
po sobé jdouci péstitelské experimenty. V prvnim experimentu (F1) byla pouzita standardni
smés hnojiv na bazi pfipravkl Numazon Base a Numazon G1, zatimco ve druhém
experimentu (F2) bylo pouZzito hnojivo na bazi moiskych tas (Liquid Seaweed). Byla
hodnocena cerstvda hmotnost listh a kofenl, slozeni mineralnich prvkl, fluorescence
chlorofylu a obsah fotosyntetickych pigmentl. Rostliny péstované v F2 vykazovaly vyrazné
niz§i biomasu listd a kofend neZ rostliny péstované v F1. Zivny roztok pouzity v F2 obsahoval
niz§i koncentrace nékolika esencidlnich Zivin, zejména mikrozivin, zatimco byly zjiStény
podstatné vyssi koncentrace sodiku a fosforu. Hodnoty fluorescence chlorofylu byly u obou
osetfeni podobné, ackoli ob¢€ skupiny vykazovaly hodnoty pod Grovni povazovanou za opti-
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malni pro rostliny bez stresu. Naopak rostliny péstované v F1 vykazovaly vyssi koncentrace
chlorofylu a, chlorofylu b a karotenoidl. Vysledky naznacuji, Ze sloZeni Zivného roztoku mélo
vyrazny vliv na rust salatu a obsah pigmentt, a zdlraziuji vyznam vyvazeného slozeni zivin v
hydroponickém péstovani.

Klicova slova: hydroponie, Zivny roztok, salat, hnojivo z morskych vas, rust rostlin,
Sfluorescence chlorofylu
UvVoD

Hydroponie predstavuje zptusob péstovani rostlin bez pudy, pfi kterém jsou rostlindm
potfebné ziviny dodavany prostiednictvim vodného Zivného roztoku. Rostliny mohou byt
pestovany pfimo v zivném roztoku nebo v bezpidnim péstebnim médiu, které zajisStuje
mechanickou oporu kofenového systému. Hydroponické a dalsi bezpidni systémy umoznuji
presnéjsi kontrolu dostupnosti vody a minerdlnich zivin a poskytuji moZznost regulovat
podminky v kofenové zon¢€ nezévisle na vlastnostech pudy /1,2/.

Hydroponické systémy lze podle zplisobu nakladani s zivnym roztokem rozdélit na
oteviené (necirkulacni) a uzaviené (cirkulacni) systémy. V otevienych systémech neni zivny
roztok po prichodu kofenovou zénou znovu vyuzivan, zatimco v uzavienych systémech je
zachycovan, upravovan a recirkulovan zpét k rostlindm. Recirkulace mlze vyznamné
zvySovat efektivitu vyuziti vody a Zivin a soucasné omezovat jejich ztraty do prostiedi. Na
druhou stranu vyZzaduje pribézné sledovani a regulaci sloZzeni zivného roztoku, protoze
jednotlivé ziviny jsou rostlinami piijimany v rozdilné mife a jejich koncentrace i vzajemné
poméry se béhem kultivace méni.

Vyznamnou piednosti hydroponie je moznost péstovat plodiny v kontrolovaném
prostiedi s efektivnim vyuZitim prostoru, vody a Zivin. Tyto vlastnosti podporuji vyuZiti
hydroponickych systéml zejména pro produkci zeleniny, bylin a dalSich plodin s kratkym
produkénim cyklem. Soucasné umoziuje kontrolované péstebni prostiedi regulovat podminky
ovlivitujici rist, vynos a kvalitu produkce. Hydroponie proto predstavuje vyznamnou
technologii bezpudniho péstovani, zejména v oblastech charakterizovanych omezenou
dostupnosti zemédélské ptidy nebo vody

Zakladem hydroponického systému je Zivny roztok, ktery musi poskytovat rostlinam
vSechny esencidlni mineralni prvky v odpovidajicich koncentracich a chemickych formach.
Mezi makroelementy patii dusik (N), fosfor (P), draslik (K), vapnik (Ca), hot¢ik (Mg) a sira
(S), zatimco Zelezo (Fe), mangan (Mn), zinek (Zn), méd’ (Cu), bor (B), molybden (Mo), chlor
(Cl) a nikl (Ni) jsou potiebné v mensich mnoZzstvich. Dostupnost jednotlivych prvka vSak neni
urena pouze jejich celkovou koncentraci, ale také chemickymi procesy probihajicimi v
zivném roztoku, zejména rozpousténim a precipitaci, dale pH, chemickou formou prvka a
jejich vzéjemnymi interakcemi a kompetici pii pfijmu rostlinou /3/.

SloZeni a stabilita Zivného roztoku proto piedstavuji kliCové faktory ovliviiujici rist,
vyvoj a kvalitu hydroponicky péstovanych rostlin. Tradi¢ni kontrola zivného roztoku zalozena
pfedevSim na meétfeni elektrické vodivosti nemusi vzdy piesné odraZzet koncentrace
jednotlivych iontd, protoze rGzné ziviny jsou pifijimany rostlinami rozdilnou rychlosti.
Moderni pfistupy proto vyuzivaji také sledovani jednotlivych iontd, modelovani spotieby
Zivin a senzorové technologie s cilem optimalizovat ddvkovani zivin a prodluzovat dobu
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efektivni recirkulace zivného roztoku /4/.

Ptes své vyhody vSak hydroponické systémy predstavuji také specifické péstitelské
vyzvy. Vzhledem k piimému kontaktu kofend s Zivnym roztokem mohou zmény jeho
chemickych a fyzikalnich vlastnosti rychle ovlivnit dostupnost zivin a fyziologicky stav
rostlin. Zvlastni pozornost proto vyzaduje kontrola pH, koncentrace zivin, elektrické
vodivosti, teploty a okysli¢eni kofenové zony. V recirkulacnich systémech navic mohou
zmény koncentraci jednotlivych iontl, jejich vzajemné interakce a piipadné hromadéni
nekterych slozek ovlivilovat nutriéni rovnovahu systému. Efektivni fizeni Zivného roztoku je
proto zasadni pro stabilitu kofenového prostfedi, optimalni piijem Zivin a dosazeni vysoké
produktivity a kvality produkce /5/.

MATERIAL A METODA
Experimentalne Hydroponicky systém Urbi firmy GreeenVille Tech s.r.o. byl instalovan

v Laboratofi rostlinnych biotechnologii UEB AV CR na konci srpna 2025. Jedna se o
cirkula¢ni hydroponicky systém typu Deep Water Culture (DWC), v némz jsou koteny rostlin
ponoieny v provzdusiiovaném zivném roztoku. Vyska zafizeni je 188,8 cm, §itka 160,6 cm a
hloubka 81,6 cm. Péstebni plocha je rozdé€lena do 6 polic s 39 otvory pro usazeni grodanti se
semeny. Systém obsahuje Sest péstebnich polic a celkovy objem cirkulujiciho zivného roztoku
je ptiblizné 260 1. Rostliny byly péstovany pod LED osvétlenim. V experimentu bylo pouZito
Sest odrtid hlavkového salatu (Lactuca sativa L.) — Scamander, Kimani, Lamarre, Bonarda,
Sungari a Gibbard (Obr.1).

Obr. 1. Hydroponicky system Urbi firmy GreeenVille Tech s.r.o.

Experiment zahrnoval dvé po sob¢ nésledujici vysadby. Prvni experiment (FARMA 1)

byl zaloZen 29. 8. 2025 a rostliny byly sklizeny 13. 10. 2025. Druhy experiment (FARMA 2)
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byl zaloZen 23. 10. 2025 a sklizen prob¢hla 9. 12. 2025.

V experimentu ,,FARMA 1“ byla pouzita standardni smés hnojiv Numazon Base a
Numazon G1 bézné pouzivana v hydroponickych systémech firmy GreeenVille Tech s.r.o. V
experimentu ,,FARMA2“ bylo pouzito hnojivo Liquid Seaweed na bazi extraktu z motskych
fas. Ob¢ hnojiva byla poskytnuta spole¢né€ s hydroponickym systémem.

U rostlin byly hodnoceny parametry ruastu, mineralni slozeni, fluorescence chlorofylu a
obsah fotosynteticky aktivnich pigmentii. Po sklizni byla stanovena Cerstva hmotnost listl a
kofenti. Nasledné byly vzorky lyofilizovany a zvazeny.

Fotosynteticka aktivita byla hodnocena pomoci fluorescence chlorofylu pfistrojem
FluorPen 100. Jako indikator funk¢niho stavu fotosystému II byla sledovana hodnota Fv/Fm.

Obsah chlorofylu a, chlorofylu b a karotenoidii byl stanoven spektrofotometricky dle
/6/.

Prvkové slozeni jak zivného roztoku, tak rostlinného materialu, bylo analyzovano
pomoci ICP-OES. Mineralizace rostlinnych vzorki probihala v mikrovlnném rozkladném
systému Anthon PAAR Multiwave PRO35.

VYSLEDKY A DISKUSE
Ruist rostlin

Pouzity typ zivného roztoku vyrazn¢ ovlivnil rast rostlin. Primérna cerstva hmotnost
listlh byla u rostlin v podminkach FARMA 2 (F2) vyrazn€ niz8i nez u rostlin z FARMY 1
(F1). Rozdil byl patrny u vSech sledovanych odrid. Hmotnost kofenli vykazovala mezi
experimenty mensi rozdil, ptesto byla v F1 pfiblizné dvojnasobna oproti F2 (Obr. 2).
Vysledky tak naznacuji vyrazné negativni vliv hnojiva Liquid Seaweed na produkci listové
biomasy.
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Obr. 2. Priimérna cCerstva hmotnost rostlin (FW) po skonceni experimentu (6 tydnii).
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Obr. 2. Priimérna Cerstva hmotnost rostlin (FW) po skonceni experimentu (6 tydn

Mineralni sloZeni Zivnych roztoki

Vyrazné rozdily mezi obéma variantami byly zjiStény ve slozeni zivnych roztoku.
Zatimco priimérna koncentrace vétSiny makroprvkl v F1 odpovidala doporu¢enym hodnotam,
u F2 byly koncentrace fady esencidlnich zivin vyrazné niz$i (Tab.1). Vyrazny rozdil byl
pozorovan také u mikroprvki, zejména u zeleza, jehoz koncentrace byla v F1 podstatné vyssi
nez v F2. Soucasné¢ byly v F2 zaznamenany vyrazn¢ vys$$i koncentrace sodiku a fosforu.
Nizka dostupnost nekterych esencialnich prvkil (Fe), zejména mikroprvki (Cu, Zn, Mn), se
projevila i v jejich obsahu v listech (Tab. 2) a pfispé€la tak k omezenému rastu rostlin F2. Také
neobvykle vysoké koncentrace sodiku v médiu vedly k naruSeni iontové rovnovahy a
k snizenému piijmu drasliku (Tab. 2). Na a K maji podobné fyzikaln¢-chemické vlastnosti a
pti zvysSené koncentraci Na mlze dochazet k omezeni pfijmu K, poruchdm regulace priiduchii,
naslednému snizeni fotosyntézy a ristu /7/.

Tab. 1. Primérna hodnota obsahu (z 10 odbéru behem péstebniho cyklu) jednotlivych prvkii v
Zivném roztoku ve srovnani s doporucenymi hodnotami.

mg/L Ca Cu Fe K Mg |Mn| Na P s Zn

Doporudend hodnota (mg/1) | 150-180 | 0,05 | 2,0-3,0 | 200-250 | 40-50 | 0,5 | 0-20 | 30-40 | 50-70 | 0,050,

FARMA 1 132.14| 0.13 3.04| 12406| 3359| 032| 1869 3233| 7949 035

FARMA 2 58.65] 0.02 0.08] 116.56| 23.71| 0.02] 51.33] 81.54| 35.04 0.04

Fluorescence chlorofylu

Priimérné hodnoty fluorescence chlorofylu Fv/Fm byly v obou experimentech podobné
a niz§i nez hodnota ptiblizné 0,83 uvadeénd pro optimalné fungujici fotosystém II. Obé¢
skupiny rostlin tedy vykazovaly zndmky mirného stresu, avSak mezi pouZitymi zivnymi
roztoky nebyl v tomto parametru vyrazny rozdil.
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Tab. 2 Obsah mineralnich prvki v listech (mg/g DW)

FARMA 1

Ca Cu Fe K Mg Mn Na P S Zn
SCAMANDER 7.818 0.019 0.114 39955 2.286 0231 0.917 9176 2953 0.071
KIMANI 10.623 0.020 0120 43.940 3.082 0.174 1.043 10973 3.177 0.077
LAMARRE %_??3 0.020 0.160 33.699 4273 0238 1.080 10.126 3.268 0.068
BONARDA 40306 0.016 0.147 38.178 2.905 0.138 0.797 12236 3.204 0.072
SUNGARI 10.110 0.016 0.129 52.745 2778 0.198 0.745 9172 2.793 0.051
GIBBARD 7616 0.015 0.111 56.055 2.668 0.145 0.558  13.039 3.388 0.059
primeér 10.208 0.018 0.130 44.096 2.999 0.187 0.857 10.787 3.130 0.066
FARMA 2

Ca Cu Fe K Mg Mn Na P S Zn
SCAMANDER 11910 0.012 0.084 31.465 2343 0.164 3.340 5.599 1.347 0.089
KIMANI 8833 0.012 0.055 21.877 1.967 0.110 2526 4.106 0.983 0.054
LAMARRE 11.523 0.012 0.077 23329 2581 0.108 3.428 4.655 1.187 0.056
BONARDA 8373 0.011 0.089 22906 1.385 0.061 3.197 3.400 1.086 0.031
SUNGARI 8.836 0.011 0.086 32.498 2.051 0.083 3.093 4.639 1.110 0.047
GIBBARD 6.279 0.012 0.084 21.398 1.236 0.056 2181 4113 1.020 0.030
primér 9.292 0.012 0.079 25.579 1.927 0.097 2.961 4.419 1.122 0.051

Fotosyntetické pigmenty

Na rozdil od fluorescence chlorofylu byly mezi variantami zjistény vyrazné rozdily v
obsahu fotosynteticky aktivnich pigmenti. Rostliny péstované v F1 vykazovaly vyssi
koncentrace chlorofylu a, chlorofylu b i1 karotenoidl neZ rostliny v F2. Nejvyraznéjsi rozdil
byl pozorovan u karotenoidli. ZhorSeny fyziologicky stav rostlin v experimentu F2 je velmi
dobfte patrny z poméru chlorofylu a ku chlorofylu b (Obr. 3). Vysledky tak ukazuji, ze sloZeni
zivného roztoku mohlo vyznamné ovlivnit pigmentové sloZeni listll, pfestoze rozdily ve
fluorescenci chlorofylu byly mezi obéma variantami relativné malé.

chl a/chl b
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00
SCAMANDER KIMANI LAMARRE BONARDA SUNGARI GIBBARD
EFARMA1 EFARMA 2

Obr. 3. Pomer chlorofylu a ku chlorofylu b jako indikator fyziologického stavu rostlin.
ZAVER

Vysledky ukazaly, ze sloZeni zivného roztoku vyrazn€ ovlivnilo rist a nékteré
fyziologické charakteristiky hydroponicky péstovaného salatu. Standardni mineralni hnojivo
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pouzité v F1 poskytovalo vhodnéjsi podminky pro tvorbu listové a kofenové biomasy a bylo
spojeno s vys§im obsahem chlorofylu a a b a karotenoidd. Naproti tomu hnojivo na bazi
moftskych tas pouzité v F2 se vyznacovalo nizkymi koncentracemi tady esencialnich Zivin a
soucasn¢ zvySenym obsahem sodiku. Fluorescence chlorofylu vSak mezi obéma variantami
nevykazovala vyrazné rozdily. Vysledky tak potvrzuji vyznam komplexniho hodnoceni
zivného roztoku, protoZze samotna celkova koncentrace Zzivin nebo jediny indikator
fyziologického stavu nemusi dostatecné¢ charakterizovat vhodnost zivného roztoku pro
hydroponickou produkci.
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SERPYLLUM UNDER THE INFLUENCE OF DIFFERENT SUBSTRATE
TYPES IN THE EXPERIMENTAL SYSTEM
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Summary

Thymus serpyllum L. (Lamiaceae) is a low, prostrate subshrub native to Europe and Siberia. It
is a characteristic species of Koelerio-Corynephoretea psammophilous grasslands. It is also
found in open pine and birch forests, as well as on dry, sandy slopes and roadsides. This small
shrub can form dense mats reaching heights of 10-30 cm. Its tiny, two-lipped flowers form
dense, head-like inflorescences ranging in color from pink to lilac. It is also characterized by a
relatively long flowering period, blooming in July and August. Due to its ease of cultivation,
it is recommended for home gardens, serving effectively as a groundcover and a plant that
attracts pollinators. Given its wide range of potential uses, selected physiological parameters
associated with cultivating Thymus serpyllum on various substrates were investigated. Under
controlled laboratory conditions - maintaining constant lighting and watering - different
growing substrates based on marble, brick, and expanded clay were tested. Plant condition
was assessed by measuring selected indicators of photosynthetic activity (content of
photosynthetic pigments, selected Chlorophyll a fluorescence parameters characterizing PSII
functionality) and oxidative stress (e.g., 2,2-Diphenyl-1-picryl-hydrazyl, malondialdehyde,
H>0») as well as mineral content (in both plants and substrates) and biomass allocation. Our
results indicate that Thymus serpyllum exhibits high physiological plasticity linked to high
photosystem efficiency. Flavonoid and anthocyanin production plays only a minor role in the
plant's response to environmental stress. Among the parameters studied, MDA proved to be
the best indicator of stress for wild thyme. Based on our research, Thymus serpyllum can be
recommended for home gardens planting due to its low maintenance requirements and high
adaptability.

Keywords: wild thyme,; growing substrate; physiological plasticity; chlorophyll,
fluorescence, oxidative stress; malondialdehyde

Souhrn
Thymus serpyllum L. (Lamiaceae) je nizky, poléhavy poloket pivodem z Evropy a Sibife. Je
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charakteristickym druhem psamofilnich travnikl ttidy Koelerio-Corynephoretea. Vyskytuje
se také ve svétlych borovych a biezovych lesich, na suchych pisc¢itych svazich a podél cest.
Tento drobny poloket muiize vytvaret husté porosty dosahujici vysky 10-30 cm. Drobné,
dvoupyské kvéty vytvareji hustd, hlavkovitd kvétenstvi rizové az sSefikové barvy. Druh se
vyznacuje také pomérn¢ dlouhou dobou kveteni, ktera pfipada na ¢ervenec a srpen. Vzhledem
ke snadnému péstovani je doporucovan pro vysadby v zahradach, kde muze slouzit jako
pudopokryvna rostlina a soucasné jako rostlina atraktivni pro opylovace. Vzhledem k Sirokym
moznostem vyuziti byly hodnoceny vybrané fyziologické parametry souvisejici s péstovanim
Thymus serpyllum na raznych typech substrati. V kontrolovanych laboratornich podminkach,
pfi konstantnim osvétleni a zavlaze, byly testovany rizné péstebni substraty na bazi mramoru,
cihelného materialu a keramzitu. Stav rostlin byl hodnocen na zakladé¢ vybranych ukazatelt
fotosyntetické aktivity (obsahu fotosyntetickych pigmenti a vybranych parametra
fluorescence chlorofylu a charakterizujicich funkci fotosystému II — PSII), ukazateld
oxidacniho stresu (napt. 2,2-difenyl-1-pikrylhydrazyl — DPPH, malondialdehyd — MDA a
H20:), obsahu mineralnich prvkl v rostlindch i substratech a distribuce biomasy. Vysledky
ukazuji, ze Thymus serpyllum vykazuje vysokou fyziologickou plasticitu spojenou s vysokou
ucinnosti fotosystému. Produkce flavonoidii a antokyanid hraje v reakci rostlin na
environmentalni stres pouze mensi Glohu. Ze sledovanych parametrii se jako nejvhodnéjsi
indikator stresu u matefidousky uzkolisté ukazal obsah MDA. Na zakladé ziskanych vysledkt
lze Thymus serpyllum doporucit pro vysadby v zahradach vzhledem k nizkym narokiim na
péci a vysoké adaptacni schopnosti.

Klicova slova: Thymus serpyllum; péstebni substrat; fyziologicka plasticita; fluorescence
chlorofylu a; oxidacni stres;, malondialdehyd
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THE ROOT CELL WALL MODIFICATION OF DROUGHT-STRESSED
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RAST PODPORUJUCICH KVASINIEK
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Summary
Plant growth-promoting yeasts (PGPY) are promising biostimulants that enhance plant growth
and improve tolerance to abiotic stress. The plant cell wall plays a significant role in drought
adaptation through structural and compositional modifications that help maintain cellular
integrity. This study focuses on the effects of PGPY on cell wall modifications in drought-
stressed maize (Zea mays L.) grown in soil for 21 days. We found that the total carbohydrate
content was higher in drought-stressed plants than in control plants, whereas it decreased in
the yeast + drought treatment. Next, the lignin content was elevated in all treatments
compared to the control. The protein content did not change across treatments, whereas both
drought stress and yeast application affected calcium content. Understanding these
interactions may help develop sustainable biostimulant-based strategies to improve crop

resilience under water-deficit conditions.

Key words: biostimulant, cell wall, drought, maize, yeast

Souhrn

Kvasinky podporujuce rast rastlin (z angl. PGPY) sa javia ako perspektivne biostimulanty,
ktoré zlepSuju rast rastlin a zvySuju ich odolnost’ voci stresu. Bunkové stena zohrdva doleziti
ulohu pri adaptacii rastlin na stres zo sucha, a to prostrednictvom zmien v jej Struktire a
zlozeni, ktoré prispievaju k zachovaniu bunkovej integrity. V praci sa zameriavame na vplyv
PGPY na zmeny bunkovej steny kukurice siatej (Zea mays L.) pestovanej v pdde 21 dni a
vystavenej suchu. Celkovy obsah sacharidov sa zvysSil v rastlinich vystavenych suchu v
porovnani s kontrolou, zatial’ o kvasinka + sucho ho znizili. Obsah ligninu sa zvysil vo
vSetkych variantoch v porovnani s kontrolou. V obsahu proteinov sme nezistili preukazné
zmeny, avSak sucho aj aplikacia kvasinky ovplyvnili obsah vapnika (Ca). Objasnenie tychto
interakcii moéze prispiet k rozvoju udrzatenych stratégii pol'nohospodarstva s vyuzitim
biostimulantov, ktoré by mohli zlepsit’ odolnost’ rastlin voci stresu zo sucha.

Klucove slova: bunkova stena, biostimulant, kukurica, kvasinka, sucho

INTRODUCTION

Drought stress is one of the most severe environmental constraints limiting agricultural
productivity. The increasing frequency and intensity of drought events, driven by climate
change and irregular precipitation patterns, pose a major threat to global food safety /1/. Water
deficit adversely affects plant growth, development, and metabolism, leading to significant
reductions in crop yield and quality. In agronomic systems, drought stress disrupts
physiological processes, including photosynthesis, nutrient uptake, stomatal regulation, and
cellular homeostasis, impairing plant performance during critical developmental stages /2/.

In recent years, the application of plant growth-promoting microorganisms (PGPM) has
emerged as a promising, eco-friendly approach to mitigate abiotic stress in crops. These
beneficial microorganisms enhance plant growth and stress tolerance through multiple
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mechanisms, including phytohormone production, nutrient solubilization, osmolyte
accumulation, activation of antioxidant systems, and modulation of stress-responsive
pathways /3/. While bacterial and fungal biostimulants have been extensively studied,
increasing attention has been directed toward plant growth-promoting yeasts (PGPY) due to
their adaptability, metabolic diversity, and ability to colonise plant-associated environments.
Yeasts can produce biologically active compounds, such as indole-3-acetic acid, siderophores,
and volatile organic compounds, which enhance plant growth and improve tolerance to
environmental stresses, including drought. Moreover, yeast-based biostimulants represent a
sustainable alternative to chemical inputs and are currently gaining importance in climate-
smart agriculture /4/.

One of the critical targets of drought-induced damage and adaptation in plants is the cell
wall. The plant cell wall is a dynamic, highly organised structure composed primarily of
cellulose, hemicelluloses, pectins, structural proteins, and lignin. Beyond providing
mechanical support and maintaining cell shape, the cell wall plays a significant role in stress
perception, signalling, water regulation, and cellular protection under adverse environmental
conditions /5/. Drought stress can alter cell wall composition, architecture, and mechanical
properties, thereby influencing cell expansion, tissue elasticity, and plant survival. Alterations
such as increased lignification and changes in pectin methylation, remodelling of
hemicellulose networks, and modifications in cellulose organisation are considered important
adaptive responses that help maintain cellular integrity during water deficit /6/.

Understanding cell wall modifications under drought stress is essential for elucidating
the mechanisms of plant adaptation and resilience. Furthermore, interactions between plants
and beneficial microorganisms may influence cell wall remodelling processes, thereby
enhancing drought tolerance. Despite growing interest in microbial biostimulants, the effects
of PGPY on maize cell wall dynamics under drought conditions remain unknown.

The present study focuses on the cell wall modifications in drought-stressed maize
plants grown in soil for 21 days in response to treatment with PGPY. By examining structural
and compositional changes in maize cell walls under drought stress, this work aims to
contribute to a deeper understanding of yeast-mediated drought-adaptation mechanisms and
their potential application in sustainable agriculture.

MATERIALS AND METHODS

The maize grains (Zea mays L., hybrid Luciana) were surface sterilised in ethanol and
rinsed under running distilled water. Next, the grains were immersed in a yeast suspension at
the selected concentration, chosen based on our unpublished results (the yeast genus and
concentration used are unspecified due to the patent-protected material). The yeast strain was
obtained from the Culture Collection of Yeasts (CCY) at the Institute of Chemistry, SAS,
Bratislava, Slovakia. The grains were placed in a standard horticultural substrate with
precisely defined field water capacity and subjected to control and drought conditions. The
conditions of cultivation were as follows: temperature of 25/20 °C, photoperiod of 16 h light/8
h dark, photosynthetic photon flux of 350 photons pmol m™? s, and 40% air humidity. The
plants were either well-watered (70% field water capacity — optimal water content for maize
/7/) or watered to simulate drought (35% of field water capacity). The drought treatments
were regularly monitored by a gravimetric method. The pots were irrigated to a constant
weight corresponding to the monitoring treatments (control, drought, control + yeast, drought
+ yeast), and after 21 days of cultivation, the roots were harvested and thoroughly cleaned of
soil. Afterwards, the roots were dried at 50 °C for 3 days. The dried roots (10 g) were
hydrated in distilled water and homogenised using an X-press (at -40 °C, 100 kPa). The
material was then filtered through Miracloth and lyophilised. The crude cell walls were
cleared from long fatty acids in the Soxhlet apparatus using chloroform:methanol (ratio 2:1, 4
h), then suspended in 50 mM phosphate buffer containing 0.5% a-amylase (at ambient
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temperature, 24 h). The next day, for the deactivation of a-amylase, the suspension was heated
to 100 °C (10 min) and filtered through glass Frit S4. The material was then dialysed and
lyophilised again. The crude cell walls were characterised by total carbohydrate content,
Klason lignin content, insoluble protein content, and calcium (Ca) content. The completed
method of cell wall isolation and purification, as well as methods for cell wall
characterisation, is illustrated in our previously published papers /8,9/. The obtained data were
evaluated for differences among individual experimental groups using one-way ANOVA
followed by Tukey's test.

RESULTS AND DISCUSSION

The drought stress, as well as yeast application, significantly affected the total
carbohydrate content in maize root cell walls (Fig. 1). In drought-stressed plants, the content
was increased by 29.7% when compared to control plants. However, in the drought + yeast
treatment, it decreased by 18.3% compared with drought stress alone. No significant
differences were observed between yeast treatment and control plants. The increase in total
carbohydrate content under drought stress may be explained by the accumulation of soluble
sugars and structural carbohydrates as part of the plant defence response. Under water deficit,
maize plants often accumulate carbohydrates that function as osmoprotectants, helping to
maintain cell turgor, stabilise membranes, and protect cellular structures against dehydration
and oxidative damage /10/. In contrast, the decrease in total carbohydrate content after yeast
application under drought stress indicates that the biostimulant alleviated the intensity of
stress. Yeast treatment might improve water status, nutrient availability, and antioxidant
defence, thereby reducing the need for excessive carbohydrate accumulation as an osmotic
adjustment mechanism /11/. Furthermore, improved metabolic activity in yeast-treated plants
could promote carbohydrate utilisation for growth and recovery rather than storage or stress
protection.
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Fig. 1: The content of total carbohydrates in the maize (Zea mays L.) root cell walls. Different
letters denote statistically significant differences between treatments at p < 0.05; values
represent means + standard errors.

The Klason lignin content increased in all treatments compared with control plants (Fig.
2). The largest increase was observed in drought-stressed plants (26.7%). In the treatment of
drought + yeast, Klason lignin content decreased by 12.3% compared to drought-stressed
plants. Enhanced lignification under drought stress is commonly associated with reduced cell
wall permeability, increased mechanical stability, and protection against oxidative damage
from reactive oxygen species /12/. Increased lignin deposition may help maintain cellular
integrity under dehydration stress. These results are consistent with the study /13/, which
reported higher lignin accumulation, paralleled by increased peroxidase activity in wheat

31



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

(Triticum aestivum L.) exposed to drought. Also, lignin accumulation under stress conditions
can improve the structural integrity and cell wall extensibility /14/. On the contrary, reduced
lignin accumulation in the drought + yeast treatment may suggest that yeast-treated plants
maintained more flexible cell walls and a more balanced allocation of carbon between
structural and metabolic processes than drought-stressed plants.
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Fig. 2: The content of Klason lignin in the maize (Zea mays L.) root cell walls. Different
letters denote statistically significant differences between treatments at p < 0.05; values
represent means + standard errors.

The protein content in maize cell walls was not affected by yeast treatment, drought
stress, or their combination compared with the control plants (Fig. 3). In the cell walls of
grasses and grains, structural proteins are less abundant than in dicots, and their function in
relation to cell wall remodelling during abiotic stress is still relatively unknown. This issue
might be due to the difficulty of isolating cell wall proteins without contamination by
cytoplasmic proteins or proteins from other cell wall components /15/.
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Fig. 3: The content of proteins in the maize (Zea mays L.) root cell walls. Different letters
denote statistically significant differences between treatments at p < 0.05; values represent
means * standard errors.

The calcium (Ca) content varied across all treatments (Tab. 1). The drought treatment
increased Ca content by 22.2% compared to the control. However, drought + yeast decreased
Ca content by 21.1%. In cells, Ca acts as a secondary messenger, helping maintain cell wall
integrity and membrane stability /16/. Increased Ca content in the cell wall during stress might
be linked to increased cross-links between Ca and homogalacturonan (pectin), thereby
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strengthening the wall structure and reducing its permeability. The lower Ca content observed
in the drought + yeast treatment compared with drought stress alone may indicate that yeast
application alleviated the negative effects of drought and reduced the need for stress-induced
Ca accumulation in the cell wall.

Tab. 1: The content of calcium (Ca) in the maize (Zea mays L.) root cell walls. Different
letters denote statistically significant differences between treatments at p < 0.05; values
represent means + standard errors.

Ca [pg/g]
Control 1465 + 2.89°
Drought 1820 + 5.77°
Yeast 1520 + 5.77°
Drought + yeast 1435 + 8.66"

CONCLUSION

To this day, there is still limited information on cell wall changes after the application of
PGMYs to plants under non-stress or stress conditions. Our results indicated that the cell wall
remodelling involves modification in lignin, as evidenced by the largest change in its content,
followed by changes in total saccharides. These modifications in the crude cell walls of
drought-stressed maize plants described above constitute the first part of this study. The
protein content was not affected, whereas Ca content increased in drought-stressed plants.
Next steps will include isolating polysaccharide fractions comprising pectin, hemicellulose,
and the lignocellulose complex, with more detailed analyses.
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Summary
The aim of this study was to explore the effect of different yeasts on wheat plants under
drought conditions and to select the yeast that has a positive effect on plant growth. The yeast
strains Vishniacozyma tephrensis (CCY 17-34-1), Cystofilobasidium macerans (CCY 10-1-
17), and Filobasidium magnum (CCY 17-16-14) were used in experiments. The grains were
imbibed in yeast suspensions of various concentrations. After sowing, the plants were
cultivated for 5 weeks in a growth chamber. The number of leaves and tillers, the fresh and
dry weights of the above-ground parts and roots, were compared between the yeast-treated
and untreated plants. Our results suggested a positive effect of the yeast strain Filobasidium
magnum on wheat growth under drought conditions. It increased the number of tillers and
leaves, the biomass was not significantly increased.

Key words: drought, fresh and dry weight, leaves, tillers, wheat, yeasts

Stihrn
Cielom tejto Stadie bolo preskumat” vplyv roznych kvasiniek na rastliny pSenice v
podmienkach sucha a vybrat' kvasinky, ktoré maja pozitivny vplyv na rast rastlin. V
experimentoch boli pouzité kmene kvasiniek Vishniacozyma tephrensis (CCY 17-34-1),
Cystofilobasidium macerans (CCY 10-1-17) a Filobasidium magnum (CCY 17-16-14). Zrna
boli imbibované v suspenziach kvasiniek roznych koncentracii. Po zasiati boli rastliny
kultivované 5 tyzdnov v kultiva¢nej komore. Porovnavali sme pocet listov a odnozi, Cerstvl a
suchi hmotnost’ nadzemnych ¢asti a korefiov medzi rastlinami oSetrenymi a neoSetrenymi
kvasinkami. Nase vysledky naznacuju pozitivny efekt kmena kvasiniek Filobasidium magnum
na rast rastlin pSenice v podmienkach sucha. Tato kvasinka zvySila pocet odnozi a listov,
biomasa nebola Statisticky preukazne ovplyvnena.

Klucové slova: cerstva a suchda hmotnost, kvasinky, listy, odnoze, psenica, sucho
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INTRODUCTION

Drought is an important abiotic factor that slows plant growth and reduces fruit
formation by disrupting water uptake by plants and water retention in the soil /1/. Plants can
defend themselves against drought stress, for example, by reaching deeper into the soil with
roots, by osmotic regulation, increasing the production of some phytohormones (e.g., ABA)
and changing their transport, and by modifying gene expression and secondary metabolite
production /2,3/. In addition, various biostimulants are used to improve the plant growth in
drought stress, e.g. soil microoganisms /4,5/.

In recent years, plant growth-promoting yeasts have become an important group of eco-
friendly plant stimulants for agriculture /6,7/. Yeasts are most commonly found in the
rhizosphere and have positive effects on plant growth by producing phytohormones,
increasing water and nutrient uptake by roots, solubilising phosphorus and its compounds, and
by secreting enzymes or chelating agents. They also help plants improve growth and increase
biomass under various stress conditions /6,8/.

Here, the yeasts Vishniacozyma tephrensis (CCY 17-34-1), Cystofilobasidium macerans
(CCY 10-1-17), and Filobasidium magnum (CCY 17-16-14) were used in the experiment.
These yeast strains were selected for their isolation sites and roles in the plant microbiome.
They could potentially help plants survive drought stress and improve their growth under
stress conditions. Vishniacozyma tephrensis was found in the wheat phyllosphere and can
inhibit the growth of the fungal pathogen Fusarium graminearum /9/. Filobasidium spp.
yeasts were identified in wheat grains /10/, while F. magnum produces enzymes (lipase,
protease, pectinase, B-glucosidase, cellulase, and amylase) that improve nutrient availability
for microorganisms and plants in soil /11/. The species C. macerans produce carotenoid
pigments, which have protective function in cells under stress conditions /12,13/.
Furthermore, C. macerans strain WUT145 is able to synthesise lipases and has a proteolytic
activity /13/.

MATERIALS AND METHODS

In our experiments, we used wheat plants (7riticum aestivum L., cultivar Lennox). The
grains were surface decontaminated in ethanol (95%, for 5 min) and subsequently washed in
distilled water. Then, we imbibed the grains in distilled water (control and drought) or yeast
suspensions, Vishniacozyma tephrensis (CCY 17-34-1), Cystofilobasidium macerans (CCY
10-1-17), and Filobasidium magnum (CCY 17-16-14), of various concentrations (104 cells
ml™, 105 cells ml™, 106 cells ml™!, 107 cells ml™, 108 cells ml™, 109 cells ml1) for 3 hours in
the dark. The yeast strains were obtained from the Culture Collection of Yeasts at the Institute
of Chemistry of the Slovak Academy of Sciences. Subsequently, grains were sown in
horticultural substrate in pots and cultivated for 5 weeks at 19 °C, 40% humidity, and a 16h/8h
photoperiod. The yeast-untreated plants (control) were cultivated in optimal watering (80% of
field water capacity), and treatments in drought (with or without yeasts) were cultivated in the
soil with 40% of field water capacity. The number of leaves and tillers of individual plants
and the fresh and dry weight of the above-ground parts and roots were determined after 5
weeks of cultivation. The number of biological replicates was 15. Statistical differences were
evaluated using a post hoc Tukey test following a one-way analysis of variance (ANOVA)
utilising the Statistica software (StatSoft).
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RESULTS AND DISCUSSION

Our results confirmed the negative impact of water stress on plants. The drought decreased the
number of tillers (from 61% to 73%) and leaves (from 57% to 60%) in plants as well as the fresh and
dry weight of the above-ground parts (from 64% to 76% and from 62 % to 64%, respectively) and
roots (from 53% to 56% and from 31 % to 51%, respectively) compared to the control (Figures 1, 2,
3).
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Figure 1: Number of tillers and leaves (A), fresh weight (B) and dry weight (C) of above-
ground parts and roots of wheat plants cultivated in control or drought conditions after
application of the yeast Vishniacozyma tephrensis at different concentrations. Different letters
indicate statistically significant differences between the treatments at p < 0.05. D+104 —
drought + yeast suspension at concentration of 104 cell ml-1; D+105 — drought + yeast
suspension at concentration of 105 cell ml'; D+106 — drought + yeast suspension at
concentration of 106 cell ml''; D+107 — drought + yeast suspension at concentration of 107
cell mI''; D+108 — drought + yeast suspension at concentration of 108 cell ml’'; D+109 —
drought + yeast suspension at concentration of 109 cell ml.
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The growth parameters of wheat plants after application of V. tephrensis were not changed in
drought conditions (Fig. 1). In addition, the fresh weight of roots decreased after application of the
yeast strain V. tephrensis in a concentration of 107 cells ml-1 by 77% compared to the drought. The
positive effects of microorganisms on plants are not guaranteed even though they might have high
potential. For example, Meyerozyma guilliermondii (strains Mg-11 and Mg-62) promoted tobacco
seedling growth, whereas Saccharomyces cerevisiae (strain Cs-4 and Sc-45) inhibited tobacco
seedling growth /14/.
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Figure 2: Number of tillers and leaves (A), fresh weight (B) and dry weight (C) of above-ground
parts and roots of wheat plants cultivated in control or drought conditions after application of the
yeast Cystofilobasidium macerans at different concentrations. Different letters indicate statistically
significant differences between the treatments at p < 0.05. An explanation of the treatment
designations is in Fig. 1.
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The yeast C. macerans did not have a positive effect at any of the used concentrations. The
number of tillers, the number of leaves, the fresh and dry weight of the above-ground parts and roots
were not different from the drought (Fig. 2). Similarly, yeasts Candida apicola (strain Ca-40),
Hanseniaspora uvarum (strain Hu-25), S. cerevisiae (strain Cs-4 and Sc-45) had no effect on maize
growth /14/.
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Figure 3: Number of tillers and leaves (A), fresh weight (B) and dry weight (C) of above-ground
parts and roots of wheat plants cultivated in control or drought conditions after application of the
veast Filobasidium magnum at different concentrations. Different letters indicate statistically
significant differences between the treatments at p < 0.05. An explanation of the treatment
designations is in Fig. 1.
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The yeast strain F. magnum improved the growth of wheat plants in drought (Fig. 3). The
number of wheat tillers (Fig. 3A) and the number of leaves (Fig. 3B) increased in concentration of
106 cells ml"' compared to the drought .

The fresh and dry weights of roots and above-ground plant parts were not affected by the yeast
strain F. magnum at any of the concentrations used (Fig. 3C, D).

Similarly, Gagné-Bourque et al. /15/ reported that Brachypodium distachyon treated with
Bacillus subtilis (strain B26) showed an increase in number of leaves, shoot and root dry weights,
when compared with non-inoculated plants in drought conditions. The consortium of five Bacillus
strains improved maize growth under drought conditions, as reflected in increased shoot and root dry
biomass /16/. The addition of bakery yeast powder to the irrigation water increased the maize growth
in drought stress (plant height and dry mass) /17/.

CONCLUSION

We found that despite of their biostimulant potential, selected yeast strains affected the
wheat growing under drought stress differently. The yeast strains C. macerans (CCY 10-1-17)
and V. tephrensis (17-34-1) had no positive or slightly negative (V. tephrensis) impact on
wheat growth parameters. However, the potential of the yeast strain F. magnum (CCY 17-16-
14) was also determined after its application to wheat plants. The number of tillers and leaves
increased after grain imbibition in a yeast suspension at the concentration of 106 cells ml™.
The differences among the yeasts might be attributed to their possible affinity for wheat,
temperature, or specific drought conditions.
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DYNAMIKA RASTLINNYCH SPOLOCENSTIEV NARODNEJ
PRIRODNEJ REZERVACIE HRANOVNICKA DUBINA V KONTEXTE
ZMIEN MANAZMENTU A KLIMATICKEJ ZMENY

DYNAMICS OF PLANT COMMUNITIES IN THE HRANOVNICKA DUBINA
NATIONAL NATURE RESERVE IN THE CONTEXT OF MANAGEMENT CHANGES AND
CLIMATE CHANGE
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Summary
The Hranovnicka dubina National Nature Reserve is one of the most important localities of
natural oak forests in Slovakia. The aim of this paper is to evaluate the current state of
vegetation and changes in habitats. A total of 13 phytosociological relevés were recorded in
both forest and non-forest habitats within the reserve, and the floristic inventory was
supplemented with more than 40 newly recorded taxa of vascular plants. The results
confirmed the high diversity of vegetation, the pronounced habitat heterogeneity, and
highlighted the importance of long-term monitoring and appropriate conservation
management for maintaining the area's biodiversity.

Key words: vegetation dynamics, phytosociology, xerothermic species, oak forests, Western
Carpathians

Stihrn

Narodna prirodna rezervacia Hranovnicka dubina patri medzi najvyznamnejSie lokality
prirodzenych dubovych lesov na Slovensku. Cielom prispevku je zhodnotit’ sucasny stav
vegetacie a zmeny biotopov. Na tzemi rezervacie bolo vyhotovenych 13 fytocenologickych
zapisov v lesnych aj nelesnych biotopoch, pri¢om floristicky zoznam bol doplneny o viac ako
40 novozistenych taxénov cievnatych rastlin. Vysledky potvrdili vysokt diverzitu vegetacie,
vyraznl heterogenitu biotopov a poukazali na vyznam dlhodobého monitoringu a vhodného
manazmentu ochrany pre zachovanie biodiverzity tizemia.

Klucove slova: dynamika vegetacie, Hranovnicka dubina, xerotermné taxony, dubové lesy

UvOoD

Vyziva Narodna prirodnd rezervacia Hranovnickd dubina je zndma najmé
najsevernejSim autochtonnym vyskytom duba zimného (Quercus petraea) na Slovensku a
vyskytom teplomilnych rastlinnych spolocenstiev vo vysS$ich nadmorskych vyskach.
Botanicky vyznam lokality dokumentuju prace /5,17,19,20/. Na malej ploche sa tu striedaju
dubové lesy, xerotermné travnaté porasty, skalné biotopy, kroviny a ihli¢naté lesy, ¢o vytvara
pestru mozaiku stanovist s vysokou druhovou diverzitou. Vynimocnost’ tizemia podciarkuje
aj vyskyt europsky vyznamného taxonu Iris aphylla subsp. hungarica.

Napriek dlhodobej ochrane vegetacia Hranovnickej dubiny podlieha prirodzenym aj
antropicky podmienenym zmendm. Sukcesné procesy, zmeny v manazmente ochrany, Gstup
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tradi¢ného hospodarenia a klimaticka zmena vo v§eobecnosti ovplyviuju Struktiru rastlinnych
spolocenstiev a podporuju rozsirovanie krovinovych porastov /2,4,6,10/. Podobné trendy boli
zaznamenané aj v d’alSich chranenych uzemiach strednej Eur6py a Karpat /8,9,24/.

Sucasny vyskyt xerotermnych druhov spolu s druhmi viazanymi na chladnejsSie a vlhsie
stanoviStia poukazuje na vysoki ekologickii heterogenitu Uzemia, ktora podporuje
koexistenciu druhov s rozdielnymi ekologickymi narokmi /11,16,18/.

Predlozeny prispevok nadvdzuje na predchadzajuci floristicky vyskum a hodnoti
sucasny stav vegetacie, charakteristiku rastlinnych spoloCenstiev a zmeny biotopov so
zameranim na sukcesné procesy dokumentované porovnanim historickych a sucasnych
ortofotoméap. Zaroven poukazuje na vyznam dlhodobého monitorovania a aktivneho
manazmentu ochrany pre zachovanie biologickej rozmanitosti izemia /4,26 /

MATERIAL A METODY

Vyskum bol realizovany v rokoch 2022—-2024 na uzemi Narodnej prirodnej rezervacie
Hranovnické dubina (Obr. 1). Cast’ vysledkov bola publikovand v praci Vaskova et al. (2026).
Predlozeny prispevok sa zameriava na interpretdciu zmien vegetacie, sukcesnych procesov a
manazmentu Uzemia. Zahfnal floristicky prieskum pocas vegetacnych obdobi (april — august),
zamerany na zachytenie druhového zloZenia cievnatych rastlin a sezénnej dynamiky
vegetacie, ako aj fytocenologicky vyskum uskuto¢neny v roku 2024 podla Standardnej
metodiky ZiiriSsko-montpeliérskej Skoly. Stucast'ou spracovania bola aj klasifikacia biotopov,
excerpcia literarnych tdajov a vyhodnotenie dostupnych fytocenologickych zapisov. Celkovo
bolo vyhotovenych 13 fytocenologickych zapisov, z toho Sest’ v lesnych a sedem v nelesnych
biotopoch. Velkost’ vyskumnych ploch bola prispdsobena charakteru vegetacie — od 16 m? v
travinnobylinnych spolocenstvach po 400 m? v lesnych porastoch. Druhové zloZenie bolo
zaznamenané samostatne pre jednotlivé vegetacné etdze (machorasty, bylinné, krovinné a
stromové poschodie) a pokryvnost druhov bola hodnotend podla upravenej Braun-
Blanquetovej stupnice /1/. Na kazdej ploche boli zaznamenané aj zakladné stanovistné
charakteristiky, ako geograficka poloha, nadmorska vyska, expozicia a sklon svahu.
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Obr. 1: Lokalizacia skumaného vizemia Narodnej prirodnej rezervacie Hranovnicka dubina.
Zelenou prerusovanou ciarou su vyznacené hranice troch casti rezervacie. Mierka 1 : 25 000.
Zdroj: TuristickaMapa.sk.

Syntaxonomicka interpretacia zapisov bola vykonana expertnym pristupom porovnanim
druhového zloZenia s aktudlnymi prehl'admi vegetacie Slovenska. Biotopy boli klasifikované
podl'a Katalégu biotopov Slovenska /23/. Nomenklatira taxénov bola zjednotena podla
Standardnych floristickych zdrojov /13/. Legislativna ochrana jednotlivych druhov bola
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posudzovana podla platnej Vyhlasky MZP SR ¢. 170/2021 Z. z. o chranenych druhoch rastlin
/25/. Kategorie ohrozenosti taxénov boli ur¢ené podla Cerveného zoznamu flory Slovenska

/3/ a hodnotenie nepovodnych druhov podl'a Zoznamu nepovodnych druhov fléry Slovenska
/14/.

VYSLEDKY A DISKUSIA

Na zéklade 13 fytocenologickych zdpisov bolo na uzemi Nérodnej prirodnej rezervécie
Hranovnicka dubina identifikovanych 11 typov biotopov vratane viacerych prechodnych
spoloc¢enstiev. Dominantnt ¢ast’ uzemia tvoria subkontinentalne teplomilné dubové lesy (Quercion
petraeae) (Obr. 2), ktoré miestami plynulo prechadzaji do véapnomilnych jedlovych lesov
(Lonicero alpigenae-Fagion sylvaticae) (Obr. 3). V nelesnych cCastiach rezervacie prevladaji
subpandnske travinno-bylinné porasty, xerotermné kroviny a teplomilné lemové spolocenstva.
Floristicky vyskum zaroven rozsiril doterajsi zoznam cievnatych rastlin o 46 novozistenych taxénov
a potvrdil vyskyt viacerych chranenych a ohrozenych druhov, ako st Iris aphylla subsp. hungarica,
Lilium martagon a Dactylorhiza fuchsii.

NajvyznamnejSim zistenim vyskumu je vysoka ekologickd heterogenita tzemia, kde sa na
malej ploche striedaji teplomilné dubové lesy, xerotermné travnaté porasty, krovinové
spolocenstva, sutinové lesy aj jedl'ové porasty. V dosledku clenitého reliéfu, geologického podlozia
a rozdielnych mikroklimatickych podmienok sa tu v tesnom susedstve vyskytuji xerotermné aj
mezofilné az horské druhy, co predstavuje v podmienkach Slovenska pomerne ojedinely jav,
potvrdeny uz viacerymi autormi a overeny aj nasim vyskumom. Porovnanie so starSimi botanickymi
pracami /12,15,21,22/ ukézalo, Ze napriek zachovaniu zdkladného charakteru vegetacie dochadza k
postupnym zmenam v Struktire biotopov.

Obr. 2: LES03.6 - Sukontinentdlne teplomilné dubové lesy. Zdroj: viastna galéria, rok
2024.
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Obr. 3: Prechodny lesny biotoibéro azgne-Faglon slaticae. Zdroj: vlastma galéria, rok
2024.

Obr. 4: Xerotermné kroviny so Spiraea media. Zdroj: viastnd galéria, rok 2024.

Porovnanie historickej ortofotomapy z roku 1950 s ortofotomapou z roku 2010 poukazuje na
vyrazné rozsirenie krovinovych porastov na ukor otvorenych travinno-bylinnych spolocenstiev s
xerotermnou vegetaciou /6/ (Obr. 5). Samotné ortofotomapy neumoziiujii jednoznacne urcit
druhové zloZenie tychto porastov, preto nemozno s istotou potvrdit, Ze iSlo o Spiraea media uz v
minulosti. Vzhl'adom na stfasnu dominanciu tohto druhu v sukcesne zarastajicich castiach
rezervacie, jeho rozsiahly vyskyt pocas terénneho vyskumu a charakter pozorovanych zmien sa vSak
mozno opravnene domnievat,, ze vyznamnu Cast’ expandujucich krovinovych porastov tvori prave
Spiraea media. Tento predpoklad podporuju aj obdobné vyskumy zo strednej Eurépy, ktoré

45



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

dokumentuju sukcesné Sirenie krovin po ustupe tradiéného manazmentu a opustani extenzivneho
hospodarenia /9,24/. Dlhodobé zmeny krajinného pokryvu v chranenych uzemiach zéroven
poukazujii na vseobecny trend rozsirovania lesnych a krovinovych porastov a extenzifikacie
vyuZzivania krajiny /8/.
Ortofoto Ortofoto
Rok 1950 7 ' Rok 2010 _

BEEODS SLOWAKY

CEURGSENSE
o
5 ONTW el e

o ’ 4 Wase : >, N3 % o
Obr. 5. Porovnanie historickej ortofotomapy (1950) a sucasnej ortofotomapy (2010) uzemia
Narodnej prirodnej rezervacie Hranovnickda dubina, dokumentujiice zmeny vegetacného krytu v
dosledku sukcesnych procesov. Zdroj: Historicka ortofotomapa © GEODIS SLOVAKIA, s. r. o.;
Historické LMS © Topograficky ustav Banska Bystrica; Ortofotomapa © EUROSENSE, s. r. 0. a
GEODIS SLOVAKIA, s. r. 0.; ZBGIS © GKU Bratislava; TU Zvolen.

ZAVER
Vysledky poukazuju na potrebu dlhodobého monitorovania vegetacie a aktivneho
manazmentu otvorenych xerotermnych biotopov. Napriklad mozaikovité odstraiiovanie
krovinovych porastov, aktudlne najmi Spiraea media, moze prispiet k zachovaniu
subpandnskych travinno-bylinnych porastov a populacii Iris aphylla subsp. hungarica.
Hranovnicka dubina tak predstavuje vyznamnu modelovu lokalitu na sledovanie zmien
vegetacie pod vplyvom sukcesie, zmien manazmentu a klimatickej zmeny.
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FYZIOLOGICKA ODEZVA VYBBANYCH ODRUD REVY VINNE NA
VODNI DEFICIT

PHYSIOLOGICAL RESPONSES OF SELECTED GRAPEVINE CULTIVARS TO WATER
DEFICIT

FrantisSek Hnilicka', Radek Sotolar?, Oldfiska Sotolarova?®, Tomas Rygl'
'Cesk4 zem&d&lské univerzita v Praze, FAPPZ, katedra botaniky a fyziologie rostlin,
Kamycka 129, 165 21 Praha — Suchdol, hnilicka@af.czu.cz
2 Mendelova univerzita v Brn&, Zahradnicka fakulta, Ustav vinohradnictvi a vinaistvi,
Valticka 337, 691 44 Lednice
3 Mendelova univerzita v Brn&, Zahradnicka fakulta, Ustav zelinafstvi a kvétinafstvi, Valticka
337, 691 44 Lednice

Summary

The physiological response to reduced water availability was evaluated in three grapevine
cultivars (Vitis vinifera L.): Blue Portugal, Miiller Thurgau and Sauvignon Blanc. Plants were
grown in perlite under greenhouse conditions and exposed to five irrigation levels ranging
from 120 to 15 mL per container. Pigment content, chlorophyll fluorescence, gas exchange
and leaf water potential were monitored during six weekly measurements. Progressive
reduction in irrigation generally decreased physiological performance. Miiller Thurgau
showed the strongest reduction in chlorophyll content and gas exchange and was the most
sensitive cultivar. Blue Portugal maintained relatively stable pigment content and leaf water
status, while Sauvignon Blanc showed an intermediate response with relatively high stomatal
conductance. The results confirm marked cultivar-specific differences and demonstrate the
value of combining gas exchange, pigment, fluorescence and water-status traits when
assessing grapevine responses to water deficit.

Key words: Vitis vinifera, water deficit, cultivars, gas exchange, pigments, chlorophyll
fluorescence, water potential

Souhrn

Fyziologickd odezva na snizenou dostupnost vody byla hodnocena u tfi odriid révy vinné
(Vitis vinifera L.): Modry Portugal, Miiller Thurgau a Sauvignon Blanc. Rostliny byly
péstovany v perlitu ve sklenikovych podminkach a vystaveny péti trovnim zavlahy od 120 do
15 ml na nadobu. V pribéhu Sesti tydennich méteni byl sledovan obsah fotosyntetickych
pigmentt, fluorescence chlorofylu, vyména plyni a vodni potencial listii. Postupné omezeni
zavlahy obecné vedlo ke sniZzeni fyziologické vykonnosti. Nejvyraznéjsi pokles obsahu
chlorofylu a parametri vymény plynt byl zjistén u odrady Miller Thurgau, kterd se v
experimentu jevila jako nejcitlivéjsi. Modry Portugal si pfi omezené dostupnosti vody
udrzoval relativné stabilni pigmentovy aparat a vodni stav, zatimco Sauvignon Blanc
vykazoval piechodny typ reakce a relativné vysokou priduchovou vodivost. Vysledky
potvrzuji vyrazné odrtidové rozdily a vyznam spoletného hodnoceni vymény plynid,
pigmentd, fluorescence a vodniho rezimu pii posuzovani reakce révy na vodni deficit.

Klicova slova: Vitis vinifera, vodni deficit, odrudy, vymena plynu, pigmenty, fluorescence
chlorofylu, vodni potencial
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UvOoD

Réva vinna je plodinou s vyraznou genetickou variabilitou v reakci na nedostatek vody.
Vodni deficit ovlivituje rist, vodni rezim, praduchovou regulaci, fotosyntézu a pigmentovy
aparat a pii vyS$i intenzit¢ mulze naruSovat také fotochemické procesy fotosystému II.
Jednotlivé odrady se piritom lisi strategii hospodaieni s vodou, coz je vyznamné jak pro vybér
stanoviste, tak pro fizeni zavlahy v podminkach rostouci klimatické variability /1,2/.

Fyziologické charakterizace odrid umoziuje zachytit rozdily, které nemusi byt patrné
pouze z morfologického hodnoceni. Kombinace parametrii vymény plynt, obsahu pigmentd,
rostlina pii omezené dostupnosti vody predevsim omezuje transpiraci, udrzuje fotosyntetickou
aktivitu nebo vykazuje znamky poskozeni fotosyntetick¢ho aparatu. Cilem prace bylo
porovnat reakci odrid Modry Portugal, Miiller Thurgau a Sauvignon Blanc na gradient
dostupnosti vody a identifikovat rozdily v jejich fyziologické stabilité. Piispévek vychazi z
vysledkl publikovanych /3/.

MATERIAL A METODY

Pokus se uskute¢nil ve skleniku Ceské zemédglské univerzity v Praze. Dievité fizky odriid
Sauvignon Blanc, Modry Portugal a Miiller Thurgau pochézely z Vinice sv. Klary Botanické zahrady
hl. m. Prahy. Rostliny byly péstovany jednotlivé v nadobach o objemu 825 cm? ve sterilnim perlitu
pii denni/nocni teplote 25/19 °C, fotoperiodé 14/10 h a relativni vlhkosti vzduchu piiblizn€ 66 %. Na
zacatku experimentu byl substrat zavlaZen priblizn€ na 70 % objemové vlhkosti.

Nasledn¢ bylo vytvoieno pét zavlahovych variant: kontrola 120 ml na nadobu a stresové
varianty D1 = 90 ml, D2 = 60 ml, D3 =30 ml a D4 = 15 ml. Davky byly aplikovany opakované a
predstavovaly gradient dostupnosti vody, nikoli absolutni urovné ptudniho vodniho deficitu.
Objemova vlhkost substratu byla kontinudlné sledovana sondou ThetaProbe. Fyziologicka méfeni
probihala v tydennich intervalech, celkem v Sesti terminech, na mladych rostlinach ve vegetativni fazi
BBCH 14-16.

Obsah fotosyntetickych pigmentd byl stanoven po extrakci listovych diski v
dimethylformamidu /4/. Fluorescence chlorofylu véetné Fv/Fm byla méfena systémem iFL (ADC
Bioscientific). Stejnym piistrojem byly stanoveny cista rychlost fotosyntézy (Pn), transpirace (E) a
praduchova vodivost (gs) pii hustoté toku fotonti 650 pmol m= s a teplot€ 25 °C. Vodni potencial
listt byl hodnocen pfistrojem WP4C. Kazda varianta méla Ctyfi biologickd opakovani. Data byla
vyhodnocena faktorovou ANOVA s naslednym Tukeyovym HSD testem pfi p < 0,05 a doplnéna
analyzou hlavnich komponent (PCA).

VYSLEDKY A DISKUSE

Snizovani zavlahové davky vedlo k postupnému poklesu obsahu celkového chlorofylu,
Nejvyraznéjsi ztratu chlorofylu vykazoval 'Miiller Thurgau', zatimco 'Modry Portugal' si
udrzoval relativné vyS$$i obsah pigmenti 1 pii silném stresu. Pokles chlorofylu pti nedostatku
vody je spojovan s oxidanim stresem, destabilizaci tylakoidnich membran a urychlenou
degradaci pigment. Odridové rozdily proto ukazuji, Ze stabilita pigmentového aparatu je
jednou ze slozek rozdilné reakce révy na sucho. Naproti tomu obsah karotenoidl zlstaval
relativné stabilni nebo se pfi silném stresu zvySoval. To odpovida jejich fotoprotektivni tloze
pfi disipaci prebyte¢né excitacni energie a ochrané fotosyntetického aparatu pred oxidaénim
poskozenim /5/.

Fluorescen¢ni parametr Fv/Fm se s rostoucim vodnim deficitem sniZoval, zejména ve
variant¢ D4. Kontrolni rostliny dosahovaly hodnot odpovidajicich dobfe fungujicimu
fotosystému II, zatimco silny stres vedl k poklesu maximalni kvantové ucinnosti PSII. Tento
vysledek ukazuje, ze pfi vyrazném omezeni vody jiz reakce nezlistavd pouze na urovni
priduchové regulace, ale zasahuje také fotochemické procesy. Primérné rozdily mezi
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odridami nebyly u Fv/Fm vzdy statisticky priikazné, nicméné 'Sauvignon Blanc' vykazoval
ponékud nizs§i hodnoty a 'Modry Portugal' si zachovaval stabilnéjsi kombinaci fluorescence a
pigmentd. V souvislosti s ostatnimi parametry to podporuje rozdilnou schopnost odrid chranit
fotosynteticky aparat pfi progresivnim stresu.

Vyraznou a ¢asnou odezvu predstavovala priduchova vodivost. Hodnoty gs klesaly s
omezenim zavlahy; mezi kontrolou a variantou D1 nebyl rozdil vyrazny, zatimco u D3 a D4
doslo k podstatnému omezeni. Pokles gs odpovidd snaze rostlin snizit transpiraci pii
klesajicim vodnim potencidlu listi. Soucasné¢ vSak omezuje difuzi CO2 a nasledné
fotosyntézu. Tento mechanismus je u révy dobfe znam a tvoii zéklad regulace vodniho
hospodarstvi pfi deficitni zévlaze /1,2/. V naSem experimentu méla nejvyssi primérnou gs
odrida 'Sauvignon Blanc', zatimco nejniz$i 'Miiller Thurgau', coz ukazuje na odliSnou
intenzitu pruduchové regulace mezi odradami.

Fotosyntéza a transpirace sledovaly zmény dostupnosti vody a praduchové vodivosti,
ale jejich odezva nebyla mezi odridami totoznda. Pfi mirném stresu lze prevladajici omezeni
fotosyntézy spojovat pfedevsim s uzaviranim praduchii, zatimco pii silném vodnim deficitu se
pravdépodobné zvysuje vyznam nepruduchovych omezeni, coz odpovidad sou¢asnému poklesu
Fv/Fm a chlorofylu /6/. '"Modry Portugal' vykazoval relativné stabilni vyménu plynti spolu s
lep§im zachovéanim pigmentd, zatimco 'Miiller Thurgau' reagoval vyraznéjSim poklesem vice
sledovanych parametri. 'Sauvignon Blanc' si udrzoval relativné vysokou pruduchovou
vodivost a fotosyntetickou aktivitu i pfi zhorSujicim se vodnim stavu, coz ukazuje na odliSnou
strategii hospodateni s vodou.

Vodni potencial listi se s klesajici zavlahou postupné posouval k negativnéjSim
hodnotdm a u D4 dosahoval urovné odpovidajici stfednimu az silnému vodnimu stresu.
Prestoze primérné rozdily mezi odridami nebyly statisticky prikazné, 'Modry Portugal' mél
tendenci udrzovat méné negativni hodnoty nez 'Sauvignon Blanc'. Vztah mezi vodnim
potencidlem a gs ukazuje, ze hodnocené odridy nelze jednodusSe rozdélit na striktné
izohydrické a anizohydrické typy; vhodnéjsi je chapat je jako rtizné pozice na kontinuu téchto
strategii. 'Sauvignon Blanc' se v podminkach experimentu projevoval spiSe tendenci k
anizohydri¢téjSimu chovani, zatimco 'Modry Portugal' a 'Miiller Thurgau' vykazovaly znaky
siln€jsi priduchové regulace. Takové odriidové rozdily jsou vyznamné i pifi uvahach o fizené
deficitni zavlaze /1/.

PCA integrovala jednotlivé fyziologické ukazatele do spolecného obrazu. PC1 byla
pozitivné spojena s fotosyntézou, gs, obsahem chlorofylu a Fv/Fm a vyjadfovala ptedevsim
gradient dostupnosti vody; kontrolni rostliny a siln¢ stresované varianty D3-D4 se proto
oddé€lovaly podél této osy. PC2 byla vice ovlivnéna karotenoidy a transpiraci a zachycovala
odridové rozdily v pigmentové a vodni reakci. 'Modry Portugal' se vyznaCoval vyS$Sim
zastoupenim znakil spojenych se stabilitou pigmentl a vodniho stavu. Multivariacni vysledek
tak potvrzuje, Ze odolnost k vodnimu deficitu nelze odvozovat z jediného parametru, ale z
koordinované odezvy vodniho rezimu, vymény plynt a fotosyntetického aparatu.

Z praktického pohledu ukazal gradient péti zdvlahovych reZzimi, Ze mezi odriidami
existuji rozdilné¢ fyziologické strategie. 'Modry Portugal' kombinoval relativné stabilni
pigmentovy aparat, vyménu plynli a vodni stav, 'Miiller Thurgau' vykazoval vyrazngjsi pokles
chlorofylu a dalSich fyziologickych charakteristik a 'Sauvignon Blanc' si pfi poklesu vodniho
potencidlu zachovaval relativné vyssi gs, viz tab. 1. Vysledky proto podporuji odridove
diferencovany piistup k hospodafeni s vodou. U materidli se stabilngjsi fyziologickou
odezvou lze uvazovat o SirSim prostoru pro deficitni zavlahu, zatimco u citlivéjSich odrtd je
potfebné presn€j$i nastaveni prahli, aby omezeni vody nevedlo k vyraznému utlumu
fotosyntetické funkce.
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Tab. 1: Zjednodusené srovnani fyziologické odezvy hodnocenych odrud révy vinné (upraveno
podle /3/).

Odrida Charakteristicka odezva v experimentu Celkové hodnoceni reakce

Relativné stabilni pigmenty, vy3si karotenoidy Vysi fyziologicka stabilita pfi

Modry Portugal a piiznivéjsi vodni stav;c stabilngjsi vymeéna omezené vods
plyni
Miiller Thurgau Nejvyraznéjsi po’klevs Chloroizylu a parametril NeryfsSJ Cl‘[llVO.St
""""""" vymény plynta v podminkéach experimentu
Vys$i obsah chlorofylu a priduchova Pfechodny/intermediarni typ

""""""""""""" vodivost, proménlivéjsi fotochemicka odezva reakce

ZAVER

Gradient omezené zavlahy prokazal odridové specifické rozdily ve fyziologické reakci
révy vinné. Vodni deficit obecné snizoval fotosyntetickou aktivitu, priduchovou vodivost,
transpiraci, obsah chlorofylu a vodni potencial listi. V podminkach experimentu vykazoval
Modry Portugal relativné stabilnéj$i pigmentovy aparat, vyménu plynt a vodni stav, zatimco
Miiller Thurgau reagoval vyrazné€jSim poklesem chlorofylu a parametri vymény plynt.
Sauvignon Blanc vykazoval intermedidrni strategii s relativné vysokou praduchovou
vodivosti. Pro hodnoceni reakce odrid na vodni deficit je vhodné kombinovat vice
fyziologickych parametrt a vysledky nasledné ovétrovat v polnich podminkach.

LITERATURA

/1/ Chaves, M.M., Zarrouk, O., Francisco, R., Costa, J.M., Santos, T., Regalado, A.P., Rodrigues, M.L., Lopes,
C.M., 2010: Grapevine under deficit irrigation: hints from physiological and molecular data. Annals of
Botany, 105: 661-676.

/2/ Gambetta, G.A., 2016: Water stress and grape physiology in the context of global climate change. Journal of
Wine Economics, 11: 168—180.

/3/ Hnilicka, F., Sotolar, R., Sotolarova, O., Rygl, T., Kodet, J.K., Zika, L., 2026: Cultivar-Specific Physiological
Responses of Grapevine (Vitis vinifera L.) to Water Deficit. Horticulturae, 12: 128.

/4/ Porra, R.J., Thompson, W.A., Kriedemann, P.E., 1989: Determination of accurate extinction coefficients and
simultaneous equations for assaying chlorophylls a and b extracted with four different solvents.
Biochimica et Biophysica Acta, 975: 384-394.

/5/ Yang, X., Lu, M., Wang, Y., Wang, Y., Liu, Z., Chen, S., 2021: Response mechanism of plants to drought
stress. Horticulturae, 7: 50.

/6/ Manivannan, P., Jaleel, C.A., Somasundaram, R., Panneerselvam, R., 2008: Osmoregulation and antioxidant
metabolism in drought-stressed Helianthus annuus under triadimefon drenching. Comptes Rendus
Biologies, 331: 418-425.

Podékovani
Prace vznikla za finan¢ni podpory projektu NAZV QK 210110178: Implementace
ekosystémovych sluzeb se zaméfenim na vodni bilanci ve vinohradnické praxi.

51



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

MEDZIODRODOVA VARIABILITA PgENIC:E TVRDEJ (TRITICUM
DURUM L.) V ODPOVEDI NA ABIOTICKY STRES VYVOLANY
NADBYTKOM ZINKU

INTER-CULTIVAR VARIABILITY OF DURUM WHEAT (TRITICUM DURUM L.)
IN RESPONSE TO ABIOTIC STRESS INDUCED BY ZINC EXCESS

Daniela Moti¢akova, Patrik Mészaros, René Belacek
Univerzita Konstantina Filozofa v Nitre, Katedra botaniky a genetiky, Nabrezie mladeze 91,
949 74 Nitra, daniela.moticakova@ukf.sk

Summary
The aim of this study was to evaluate the tolerance and physiological response of 74 durum

wheat cultivars (Triticum durum L.) exposed to a toxic concentration of 2.5 mM zinc under
controlled conditions. Biometric parameters (shoot length and fresh biomass) as well as
photosynthetic pigments and free proline content were analyzed. The tolerance index (TI)
revealed significant inter-cultivar variability. While shoot length remained relatively stable,
fresh biomass and proline content showed strong cultivar-dependent changes. Cultivar PI
264934 exhibited the highest overall tolerance based on fresh biomass (TI = 96.8 %), whereas
cultivar Duromax showed the lowest biomass tolerance (TI = 50.6 %) and cultivar
IWAS8611094 was identified as the most sensitive genotype overall.

Key words: Triticum durum L., zinc toxicity, tolerance index, proline, photosynthetic pigments

Stihrn
Ciel'om prace bolo zhodnotit’ mieru tolerancie a fyziologickli odpoved’ 74 odrdd pSenice
tvrdej (Triticum durum L.) vystavenych toxickej koncentracii 2,5 mM zinku v riadenych
podmienkach. Hodnotili sa biometrické ukazovatele (dizka a Gerstva biomasa vyhonkov) a
obsah fotosyntetickych pigmentov aj volného prolinu. Vypocitany index tolerancie (TI)
preukazal vyznamnii medziodrodova variabilitu. Zatial ¢o dizka vyhonkov bola relativne
stabilnd, biomasa a akumuldcia prolinu vykazovali vyrazné odrodové rozdiely. Odroda PI
264934 dosiahla najvysSiu toleranciu na zaklade biomasy (TI = 96,8 %), kym odroda

cvwe

vyhodnotena ako celkovo najcitlivej$i genotyp.

Klucové slova: Triticum durum L., toxicita zinku, index tolerancie, prolin, fotosyntetické
pigmenty

UvOD

Antropogénna cinnost, intenzifikacia polnohospodarstva a nespravne nakladanie s
priemyselnymi odpadmi vedd k postupnej kontaminacii pol'nohospodarskych pod tazkymi
kovmi. Zinok (Zn) patri medzi esencialne mikroelementy zohrdvajice kI'icova ulohu ako
Struktirny a katalyticky kofaktor vo viac ako 300 enzymoch /1/. Podiel'a sa na syntéze
proteinov, membranovej integrite a regulacii expresie génov /1/.
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Ak vSak koncentracia zinku v podnom roztoku prekro¢i kritickll hranicu, zinok sa stava
pre rastliny toxickym /2/. Nadmerny prijem Zn2+ i6nov vedie k inhibicii delenia a
predlZzovania buniek, k naruSeniu prijmu inych esencidlnych kationov a k vyvolaniu
oxidac¢ného stresu prostrednictvom nadmernej tvorby reaktivnych foriem kyslika (ROS) /2, 3/.
ROS nasledne indukuju peroxidaciu lipidov v bunkovych membranach a degradaciu
fotosyntetickych pigmentov /3/.

Psenica tvrdd (Triticum durum L.) patri medzi kliCové obilniny s vysokou
technologickou hodnotou zrna, ktoré je primarnou surovinou na vyrobu semoliny, krupice a
cestovin. Pochopenie vnutrodruhovej variability a toleranénych mechanizmov pSenice tvrdej
voci zino¢natému stresu je nevyhnutnym predpokladom pre identifikdciu tolerantnych
genotypov. Rastliny si vyvinuli r6zne adaptivne mechanizmy na zmiernenie toxicity kovu,
medzi ktoré patri akumuldcia kompatibilnych osmolytov (ako napr. prolin), stimulacia
antioxidantného systému a exkluzia kovu /4/.

Cielom predlozZenej prace bolo posudit’ t€inok toxickej koncentracie zinku (2,5 mM) na
biometrické a fyziologicko-biochemické ukazovatele siboru 74 odrdd pSenice tvrdej, stanovit’
index tolerancie a identifikovat’ genotypy s najvyssou a najnizSou odolnost’'ou.

MATERIAL A METODY
V pokuse bolo hodnotenych 74 odrod psSenice tvrdej (Triticum durum L.) v troch

biologickych opakovaniach. Semend boli povrchovo sterilizované v 0,25 % (v/v) roztoku
chlérnanu sodného (SAVO) pocas 15 mintt za staleho mieSania a trikrat premyté destilovanou
vodou. Po dvoch dioch naptcania na sterilnom filtraénom papieri pri teplote 23 °C boli
vykli¢ené semend prenesené do polohydroponického systému v priehl'adnych kultivaénych
nadobach vystlanych bunicitou vatou. Pestovanie prebiehalo v rastovej komore Fitotron HGC
1514 s riadenymi podmienkami: fotoperidda 16 h svetlo / 8 h tma, teplota 23/20 °C (defi/noc),
rel. vihkost' vzduchu 60 % a svetelna intenzita pmol.m™.s! (cca 18 000 lux).

Pokus pozostaval z dvoch variantov:

* Kontrolny variant (K): modifikovany Hoaglandov Zivny roztok bez pridavku zinku /5/.

* Stresovy variant (Zn): Hoaglandov zivny roztok obohateny o 2,5 mM ZnS04.7H20.

Do oboch variantov bol pridany fungicid Magnicur Energy (1 ml.dm-1). Expozicia
zinku trvala 7 dni (odber na 10. deni od zah4jenia cyklu).

Po ukonéeni expozicie sa odmerala dizka vyhonkov (SL) a stanovila erstva biomasa
(FW) na analytickych vahach KERN AEJ-200-4NM. Miera odolnosti bola vyjadrena
pomocou Indexu tolerancie (TI).

Obsah chlorofylu a, chlorofylu b a celkovych karotenoidov bol stanoveny
spektrofotometricky (RayLeigh UV-2601) po homogenizacii biomasy (0,1 g) v 80 % acetone
za pritomnosti 0,5 g MgCOs3 podla Lichtenthalera a Wellburna (1983) /6/. Obsah volI'n¢ho
prolinu bol stanoveny spektrofotometricky z cerstvej biomasy (0,2 g) po extrakcii v 3 %
kyseline sulfosalicylovej a reakcii s kyslym ninhydrinovym ¢inidlom a toluénom pri 520 nm
podl'a Batesa et al. (1973) /7/.

Statistické vyhodnotenie nameranych dat bolo realizované v programe MS Excel s
vyuzitim Studentovho t-testu. Celkova tolerancia odrdd bola posudzovand komplexnym
vyhodnotenim vSetkych Siestich ukazovatel'ov (SL, FW, chlorofyl a, b, karotenoidy, prolin).
Ako celkovo tolerantné boli definované genotypy vykazujiuce vysoké hodnoty TI rastovych
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parametrov subezne so stabilitou asimilaénych pigmentov a aktivhou akumuléaciou prolinu;
citlivé genotypy vykazovali paralelné zhorSenie vo vSetkych sledovanych parametroch.

VYSLEDKY A DISKUSIA

Kultivacia 74 odrdd psenice tvrdej (Triticum durum L.) v prostredi s toxickou
koncentraciou zinku (2,5 mM ZnSO4-7H20) odhalila Statisticky vyznamné medziodrodové
rozdiely v morfologickych aj fyziologicko-biochemickych parametroch.

Sledovanie biometrickych ukazovatel'ov ukézalo, ze dizka nadzemnej Gasti vyhonkov
vykazovala v podmienkach zino¢natého stresu pomerne vysoku mieru stability. Hodnoty
Indexu tolerancie (TI) pre diZku vyhonkov sa pohybovali v rozmedzi 74,0 % az 100,8 %,
pricom vicsina hodnotenych odréd nevykazovala vyrazni inhibiciu predlzovacieho rastu.
Najtolerantnejsou odrodou z pohl'adu dizky vyhonku bola PI 264934 s hodnotou TI = 100,8 %,
pri ktorej nedoSlo k ziadnemu skrateniu vyhonku v porovnani s kontrolou. Naopak,
najvyraznejsiu inhibiciu a najnizsi index tolerancie dizky vykazovala odroda MVTD12-22
(TI=74,0 %), pri ktorej sa dizka vyhonkov zniZila v priemere o 26,0 % oproti kontrolnému
variantu.

Hmotnost’ &erstvej biomasy vyhonkov sa v porovnani s ich diZkou ukézala ako vyrazne
citlivej$i a variabilnej$i ukazovatel' ucinku zinku. U vsSetkych stresovanych odrod bol
zaznamenany pokles biomasy, pricom hodnoty TI pre hmotnost’ sa pohybovali v SirSom
rozpiti od 50,6 % do 96,8 %. Najvyssiu toleranciu biomasy dosiahla odroda PI 264934 (TI =
96,8 %), pri ktorej pokles hmotnosti predstavoval iba 3,23 % v porovnani s kontrolnymi
rastlinami (Graf 1). Najvyraznejsi negativny u¢inok nadbytku zinku na biomasu sa preukazal
pri odrode Duromax, ktord vykazovala najniz$iu toleranciu s hodnotou TI=50,6 %, co
zodpovedd takmer polovicnému poklesu biomasy (o 49,36 %) (Graf 2). Ziskané vysledky
potvrdzujli, Ze stanovenie hmotnosti biomasy lepSie odzrkadluje fyziologické naruSenie
buniek vyvolané toxicitou tazkého kovu neZ samotny linedrny rast rastliny.

Obsah fotosyntetickych pigmentov reagoval na aplikdciu zinku pomerne stabilne a
neboli pozorované Ziadne zretelné vizuadlne symptémy toxicity. Pri chlorofyle a bol u 52
odrdd zaznamenany mierny pokles a u 18 odrdd narast jeho obsahu, priCom Statisticky
vyznamné zmeny sa potvrdili len pri odrodich MV-VEKADUR (nérast o 12,75 %) a
MAAMOUR (pokles o 12,98 %). Chlorofyl b a karotenoidy vykazovali vysokt mieru
stability u prevaznej vd¢Siny hodnotenych odrdd. Zachovanie stabilnej hladiny karotenoidov
je dolezitym ochrannym mechanizmom, nakol'ko karotenoidy pdsobia ako neenzymatické
antioxidanty chraniace fotosynteticky aparat pred fotooxidaciou vyvolanou reaktivnymi
formami kyslika (ROS).

Akumulécia volného prolinu vykazovala v teste vyrazni variabilitu. Po navodeni
zino¢natého stresu bolo u 38 odrod zaznamenané zvySenie jeho obsahu, zatial’ Co u zvys$nych
odrdd dochadzalo k jeho poklesu. Vyrazny a Statisticky vyznamny néarast akumulécie prolinu
bol zaznamenany pri odrodach 1211 (p=0,014) a Cv. Alaska (p=0,024), ¢o naznacuje aktivne
zapojenie prolinu do osmoregulacie a zhaSania vol'nych radikalov. Najvyssiu absolutnu

hodnotu prolinu v stresovanom variante dosiahla odroda AURADUR (72,25 uM),
najnizsiu odroda MVTD16-21 (9,58 uM).
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Graf 1: Namerané hodnoty hmotnosti vyhonkov (mg) a indexu tolerancie — TI (%) vybranych
tolerantnych odréd psenice v zavislosti od variantu pokusu. Legenda: kontrola =
neexponované rastliny; Zn = rastliny vystavené 2,5 mM Zn; TI = index tolerancie (%). Stipce
grafu zobrazuju priemerné hodnoty + STDEV. Hviezdickou (*) su oznacené Statisticky
vyznamné odchylky v porovnani s kontrolou pri p < 0,05.
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Graf 2: Namerané hodnoty hmotnosti vvhonkov (mg) a indexu tolerancie — TI (%) vybranych
citlivych odrod psenice v zavislosti od variantu pokusu. Legenda: kontrola = neexponované
rastliny; Zn = rastliny vystavené 2,5 mM Zn; TI = index tolerancie (%). Stipce grafu
zobrazuju priemerné hodnoty £ STDEV. Hviezdickou (*) st oznacené Statisticky vyznamné
odchylky v porovnani s kontrolou pri p < 0,05.
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Na zaklade komplexného vyhodnotenia vSetkych Siestich ukazovatel'ov bola odroda PI
264934 identifikovana ako celkovo najtolerantnejSia. Vyznacovala sa mimoriadnou rastovou
stabilitou (TISL = 100,8 %, TIFW = 96,8 %), zachovanim asimila¢nych pigmentov a
vyraznym narastom prolinu. Naopak, najcitlivejSia odroda IWA8611094 vykazovala paralelné
zhorsenie vo vSetkych sledovanych parametroch — popri redukcii rastu u nej doslo k hlboke;j
degradacii chlorofylu a (pokles o 4,82 mg.g-1 FW), chlorofylu b (pokles o 1,76 mg.g-1 FW) a
karotenoidov (pokles o 1,89 mg.g-1 FW) v dosledku nedostatocnej aktivacie detoxikacnych
mechanizmov.

ZAVER
Vysledky potvrdili existenciu vyraznej vnutrodruhovej variability v reakcii pSenice

tvrdej (Triticum durum L.) na toxické koncentracie zinku. Biomasa vyhonkov a akumulacia
volného prolinu sa ukdzali ako najcitlivejSie indikatory tolerancie. Odroda PI 264934
preukazala vysoku schopnost” osmoregulécie a udrzania biomasy, vd’aka ¢omu predstavuje
cenny geneticky zdroj pre Slachtitel'ské programy zamerané na zvySenie odolnosti plodin.
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FYZIOLOGICKA ODPOVED DVOCH KULTIVAROV PETRZLENU
(PETROSELINUM CRISPUM MILL.)
NA ZASOLENIE

PHYSIOLOGICAL RESPONSE OF TWO CULTIVARS OF PARSLEY
(Petroselinum crispum Mill.) TO SALINITY

Maria Padysakova, Marko Bajus, Zuzana Vivodova
Department of Glycobiotechnology, Institute of Chemistry of Slovak
Academy of Sciences,Dubravska cesta 9, 845 38 Bratislava, Slovakia

Summary
The aim of this study was to determine the effect of salinity stress on two cultivars of parsley

(Petroselinum crispum Mill.). We assessed the influence on shoot growth, early stress markers
such as abscisic acid concentration and electrolyte leakage, and on the concentration of
selected secondary metabolites (phenolics, flavonoids). Plants were grown for three months in
the cultivation chamber. We observed a detrimental effect on shoot growth in both cultivars,
with higher sensitivity showcased by the curly-leaved cultivar. We have also observed
comparable heightened stress response (ABA concentration, electrolyte leakage) in both
cultivars. The effect of salinity on secondary metabolites was dependent on the cultivar used,
as both displayed different responses.

Key words: flavonoids, parsley, phenolic secondary metabolites, salinity, stress response

Suthrn
Cielom $tudie bolo preskimat’ vplyv zasolenia na dva kultivary petrZzlenu zdhradného

(Petroselinum crispum Mill.). Zamerali sme sa na vplyv na rast nadzemnej Casti, skoré
markery stresovej odpovede, ako napriklad koncentracia kyseliny abscisovej a vytok
elektrolytov, ako aj na vplyv zasolenia na vybrané sekundarne metabolity (fenolové latky a
flavonoidy). Rastliny sme pestovali po dobu troch mesiacov v kultiva¢nej komore. Pozorovali
sme nepriaznivy U¢inok zasolenia na rast nadzemnej Casti v oboch kultivaroch, pri¢om
kuceravy kultivar reagoval citlivejSie. Zaznamenali sme porovnatelne zvySenu stresovi
odpoved” (ABA, vytok elektrolytov) v pripade oboch kultivarov. Vplyv zasolenia na
koncentraciu sekundarnych metabolitov zévisel od konkrétneho kultivaru, pricom oba
reagovali rozdielne.

Klucove slova: fenolové latky, flavonoidy, odpoved na stres, petrzlen, zasolenie

INTRODUCTION

Global demand for crop production increases along with the growing population. The
productivity of agriculture grows more slowly than the global demand, which is mostly
caused by various biotic or abiotic stressors. Among the factors most detrimental to plant
productivity is salinity, which is caused by increased salt content in the soil. Although saline
soil is a natural phenomenon in certain areas, there is no doubt that agricultural practices, such
as increased irrigation during the warm weather and other human activities, substantially
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contribute to further salinization /1/. Salinity leads to impaired nutrient uptake and disrupted
ion homeostasis, mainly by increasing concentrations of ions in the soil, which results in ionic
stress.

Physiological drought, another symptom of salinity, is a state in which a plant cannot
absorb water from the substrate due to osmotic stress. Both effects reduce crop growth and
productivity, posing a challenge to efforts to meet global agricultural demands. Moreover,
prolonged exposure to excessive salt concentrations may result in ion accumulation in tissues,
leading to oxidative stress and further disruption of the plant metabolism /2/.

Parsley is an economically important aromatic herb used both in culinary and medicinal
practices. It is recognized for numerous bioactive compounds it contains, including phenolic
compounds, flavonoids and vitamin C, which contribute to its antioxidant capacity. There are
numerous cultivars of parsley, grown either for the root or for the stems and leaves. These
cultivars vary vastly in the presence and abundance of their secondary metabolites. This can
have an influence on the stress acclimation of the given cultivar /3/. The aim of this study was
to evaluate the effect of salinity on physiological and biochemical parameters of two parsley
cultivars differing in shoot morphology.

MATERIALS AND METHODS

Two cultivars of parsley — curly-leaved (Petroselinum crispum Mill. var. crispum) and
plain-leaved (Petroselinum crispum Mill. var. neapolitanum) — were grown for three months
under controlled conditions (temperature 25/20 °C, photoperiod 16 h/8 h, light intensity 200
pmol m-2 s-1, 60% air humidity). Plants comprising our treatment group were treated with
potassium salt (KCl) at a concentration of 5 g/150 ml (0.45 M) once a week as an aqueous
solution. The control group was watered with regular water. The treatment groups were as
follows: CC — curly-leaf control, CS — curly-leaf saline stress, PC — plain-leaf control, PS —
plain-leaf saline stress. We measured the shoot length of the plants every two weeks
throughout the experiment, starting on the 17th day of cultivation. After three months, the
plant material was harvested for further analyses, including electrolyte leakage, abscisic acid
(ABA) concentration, total phenolic content (TPC), and flavonoid concentration in the tissue.
The leakage of electrolytes was determined according to Lutts et al. /4/ using the OK-104
conductometer, and TPC was determined according to Thaipong et al. /5/. Abscisic acid
concentration was determined using an ELISA kit — enzyme-linked immunosorbent assay and
according to Bajus et al. /6/. Both TPC and ABA concentration were measured using a
Mithras2 LB 943 Multimode reader. Statistical analyses to assess differences between the
experimental groups (one-way analysis of variance (ANOVA) at p < 0.05 followed by
Tukey’s test) were performed using the software Statistica (StatSoft, Tulsa, USA).

RESULTS AND DISCUSSION

The cultivars are of different morphologies, and their heights vary. We therefore
assessed the effect of salinity on the progressive growth of each cultivar to observe the
possible relationship between salinity and shoot growth. Salinity stress affected the growth of
both cultivars (Fig. 1). In curly-leaved plants we observed the first differences between treated
and control plants on the 31st day of the experiment, with statistically significant differences
observed at the 45-day mark. At the end of the experiment the height of the control group
averaged 22.3 cm, while the shoots of the treatment group averaged only 16.8 cm. We
therefore observed 25% growth inhibition. The plain-leaved cultivar has shown a delayed
response to salinity compared to the curly-leaved cultivar. Significantly shorter shoot length
was observed during the last measurement on the 93rd day of the experiment. The shoots
grown under control conditions were 31.8 cm long on average, whereas shoots of the treated
plants were only 25.3 cm long. We therefore observed 20% inhibition. A similar trend was
reported in three cultivars of rice (Oryza sativa L.) grown under saline conditions /7/, as well

as on salt-sensitive and salt-tolerant cultivars of wheat (Triticum aestivum L.) /8/.
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Fig. 1: Shoot length of curly-leaved parsley plants (A) and plain-leaved parsley plants (B)
over 93 days. The values are expressed as means = SE (standard error). Different letters
denote statistically significant differences between individual treatments at p < 0.05.

Abscisic acid (ABA) is one of the early markers of stress in plants. It mediates drought
responses by closing stomata and reducing transpiration, thus conserving water. We have
observed an increase in ABA concentration in both cultivars (Fig. 2A), with a 44% increase in
the curly-leaved cultivar and a 39% increase in the plain-leaved cultivar. We have not
observed significant differences in the increase in ABA content between the two cultivars. An
increase in ABA as a response to dehydration is well documented across many plant species.
Similar results were noted in two grapevine cultivars (Vitis vinifera L.) /9/. Activation of ABA
signaling and a subsequent increase in its concentration were also observed in wheat /10/.
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Fig. 2. Concentration of abscisic acid (4) and the electrolyte leakage (B) of parsley plants.
CC — curly-leaved cultivar, control. CS — curly-leaved cultivar, saline stress. PC — plain-
leaved cultivar, control. PS — plain-leaved cultivar, saline stress. The values are expressed as

means + SE (standard error). Different letters denote statistically significant differences
between individual treatments at p < 0.05.

Electrolyte leakage is a typical response of a plant cell to a stressor. The main cause is
the efflux of K+ and anions out of the cell due to stress exposure. There are multiple ways
through which the efflux is facilitated, such as mechanical damage to the membrane or

passive efflux through K'-permeable channels. Quantification of this leakage is used as a
method to measure the tolerance of a given plant to a stressor, which we utilized during our
experiment /11/. We observed an increase in the leakage of electrolytes in both cultivars (Fig.
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2B). In the curly-leaved cultivar, we observed a 7-fold increase, while in the plain-leaved
cultivar the increase was approximately 4.1-fold. We have not observed significant
differences between the cultivars. Similar increase due to salinity was observed in lettuce
(Lactuca sativa L.), New Zealand spinach (Tetragonia tetragonioides Pall.) and common
purslane (Portulaca oleracea L.) /12/, as well as in durum wheat (Triticum turgidum subsp.
durum Desf.) /13/.

We observed no significant differences in the total content of phenolic secondary
metabolites (TPC) between the cultivars grown under control conditions (Fig. 3A). We have,
however, observed a statistically significant increase due to salinity in the curly-leaved
cultivar (by 19.6%), while we observed a decrease in TPC in the plain-leaved cultivar (by
24.2%). An increasing trend was observed in sea milkwort (Lysimachia maritima L.), whereas
no changes in TPC were observed in salt sandspurry (Spergularia marina L.) plants /14/. A
similar trend was reported in buckwheat (Fagopyrum esculentum M.) under increased salinity
and exposure times up to 7 days /15/. A study on artichoke (Cynara scolymus L.), however,
reported that while mild salinity can increase TPC, severe salinity can drastically decrease the
content /16/.
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Figure 3. Total phenolic content (TPC) (A) and the flavonoid concentration (B) of parsley
plants. CC — curly-leaved cultivar, control. CS — curly-leaved cultivar, saline stress. PC —
plain-leaved cultivar, control. PS — plain-leaved cultivar, saline stress. The values are
expressed as means + SE (standard error). Different letters denote statistically significant
differences between individual treatments at p < 0.05.

Similarly, we observed different trends in flavonoid concentration (Fig. 3B). We found
no significant differences in concentrations under control conditions. We have, however,
observed a decrease in their concentration in the curly-leaved cultivar (by 31.5%) due to
salinity, while observing no change in the plain-leaved cultivar. No changes due to salinity
stress were observed in S. marina L. either /14/. A study carried out on Spanish sage (Salvia
lavandulifolia L.) has reported decreasing concentrations of flavonoids at moderate salinity
levels, but increasing concentrations at higher salinity /17/. Another study using two hybrids
of princess tree (Paulownia tomentosa L.) has reported a rising concentration of flavonoids
under high salinity after 10 days, but an unchanged concentration at the 25-day mark when
compared to the control group /18/.

CONCLUSION

We can conclude that salinity stress has a significant effect on numerous characteristics
of a growing plant, quantitative or qualitative. Ultimately, both cultivars have shown a certain
degree of sensitivity to higher salinity levels, especially under prolonged exposure, with a
more visible detrimental effect on the curly-leaved cultivar. We observed a similar increasing
trend in both cultivars in terms of ABA concentration and electrolyte leakage. We also
observed various results and trends in terms of the phenolic secondary metabolites. It is
important to note that the production and accumulation of phenolic secondary metabolites,
including flavonoids, is strongly affected by numerous factors such as genetics, duration and
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intensity of stress. To have a conclusive answer as to why we have observed such results, a
series of additional experiments needs to be carried out. Our results therefore serve as
preliminary evidence, possibly usable as a basis for further research into phenylpropanoid
metabolism of aromatic plants under saline stress, along with the ability of these plants to
tolerate and adjust to suboptimal conditions.
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Summary
Puschkinia scilloides Adams, an ornamental species native to the Caucasus and Asia Minor,

was evaluated for its allelopathic effects on Sinapis alba L. and Festuca arundinacea Schreb.
Aqueous extracts (0.5%, 1%, and 2%) from flowers with pedicels, leaves, and bulbs were
tested using a Petri dish assay. Germination, seedling growth, biomass, and electrolyte
leakage were assessed. The extracts inhibited germination and seedling growth in both
species, with stronger effects at higher concentrations, confirming the allelopathic potential of
P. scilloides.

Key words: allelopathy, aqueous extracts, seed germination, seedling growth, Sinapis alba,
striped squill, Festuca arundinacea

Souhrn
Puschkinia scilloides Adams, okrasny druh pochézejici z Kavkazu a Malé Asie, byl hodnocen
z hlediska alelopatickych ucinkti na Sinapis alba L. a Festuca arundinacea Schreb. Vodné
extrakty (0,5 %, 1 % a 2 %) z kvétd se stopkami, listll a cibuli byly testovany pomoci Petriho
misek. Hodnotila se kliivost, rist a biomasa semenackti a unik elektrolytt. Extrakty
inhibovaly kli¢eni a riist semenackd u obou druhti, pricemz ucinky byly vyrazngjsi pii vyssich
koncentracich. Vysledky potvrzuji alelopaticky potencial P. scilloides.

Klicova slova: alelopatie, vodné extrakty, kliceni semen, riist sazenic, Sinapis alba, puskinie
ladonkovita, Festuca arundinacea

INTRODUCTION
Allelopathy is an important mechanism of plant—plant interaction in which biologically

active substances released by plants can affect the germination, growth, and development of
neighbouring species. Allelopathic compounds can be released from different plant organs,
and their effects depend, among other factors, on their concentration and the sensitivity of the
recipient species. Allelopathic interactions may therefore influence plant competition and
community structure and are also considered one of the traits contributing to the success of
some invasive plant species /5, 7/.

Puschkinia scilloides Adams (Asparagaceae Juss.), commonly known as striped squill,
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is a bulbous geophyte native to southeastern Tiirkiye, the Caucasus, and northwestern Iran. It
is also cultivated as an ornamental plant and has been introduced into several regions of
Europe /6, 10, 11/. Despite its botanical and horticultural importance, its allelopathic potential
has not yet been sufficiently investigated.

The present study aimed to assess the allelopathic potential of P. scilloides using
aqueous extracts obtained from flowers with pedicels, leaves, and bulbs. Their effects on seed
germination and early seedling growth were assessed using Sinapis alba L. as a representative
dicotyledonous species and Festuca arundinacea Schreb. as a representative
monocotyledonous species.

MATERIALS AND METHODS
Flowers with pedicels, leaves, and bulbs of Puschkinia scilloides were dried at room

temperature in the shade, ground, and used to prepare aqueous extracts at concentrations of
0.5%, 1%, and 2%. The extracts were left for 24 h, filtered, and stored at approximately 8 °C.

Seeds of Sinapis alba and Festuca arundinacea were sterilised for 1 min in 1% acetone
and rinsed three times with distilled water. Twenty-five seeds were placed on sterile Petri
dishes lined with filter paper moistened with the appropriate extract or distilled water
(control). The dishes were incubated in the shade at approximately 21 °C. Germination was
recorded every 24 h for 7 days (S. alba) or 14 days (F. arundinacea). Each treatment was
performed in triplicate. Germination percentage (GP) was calculated as the ratio of the
number of germinated seeds to the total number of seeds used, expressed as a percentage.

After the incubation period, seedling length, fresh and dry mass, and water content were
determined. Seedlings were divided into aboveground and belowground parts, measured to the
nearest 0.1 cm, weighed, and dried at 105 °C for 24 h. The inhibition percentage (IP) was
calculated as: IP (%) = [1 — (LE/LC)] x 100, where LE is the seedling length in the extract
treatment and LC is the seedling length in the control. Water content (WC) was calculated as:
WC (%) =100 — [(DM x 100)/FM], where DM is dry mass and FM is fresh mass.

Electrolyte leakage was measured in five replicates per treatment using a
conductometer. Seedlings were placed in Falcon tubes containing 30 mL of distilled water and
shaken before measuring electrolyte leakage. The samples were then frozen at —25 °C for 24
h, thawed, and measured again to determine total electrolyte leakage. The percentage of
electrolyte leakage (EL) was calculated as: EL (%) = (E1/E2) x 100, where El is the
electrolyte leakage from living seedlings and E2 is the total leakage measured after freezing.

The effects of the treatments on seedling length, mass, and electrolyte leakage were
analysed using one-way ANOVA followed by Tukey’s post hoc test at p < 0.05. Statistical
analyses were performed using STATISTICA 13.1 (StatSoft Inc., Poland, 2018).

RESULTS AND DISCUSSION

An experiment was conducted to Aqueous extracts of Puschkinia scilloides organs
affected seed germination in both tested species, with the magnitude of the effect depending
on the plant organ and extract concentration. In Sinapis alba, the strongest inhibition was
observed for leaf extracts, particularly at concentrations of 1% and 2% (Fig. 1B), whereas
bulb extracts had a relatively weak effect (Fig. 1C). Flower extracts caused moderate
inhibition, particularly at the highest concentration (Fig. 1A). Festuca arundinacea showed a
stronger inhibitory response to the extracts. Flower and leaf extracts clearly reduced
germination in a concentration-dependent manner, with the strongest inhibition observed at a
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concentration of 2% (Fig. ID-E). Bulb extracts showed considerably weaker effects (Fig. 1F).
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Fig. 1: Germination of Sinapis alba (4, B, C) and Festuca arundinacea (D, E, F) on aqueous
extracts of flowers with pedicels (A, D), leaves (B, E), and bulbs (C, F) of Puschkinia
scilloides at concentrations 0.5%, 1% and 2% during 7 and 14 days of the experiment;, mean

values (n = 3) marked with different letters differ statistically according to the Tukey test at p
<0.05.

Concentration-dependent responses are commonly observed in allelopathic bioassays,
although their intensity may vary depending on the donor and recipient species /4, 9/. The
stronger inhibitory effects observed for leaf extracts may indicate differences in the amount or
composition of biologically active compounds among P. scilloides organs. Differences in
allelopathic activity among plant organs have also been demonstrated in other species, with
leaves showing the strongest activity in some plant taxa /1, 9/.

Aqueous extracts of P. scilloides affected seedling growth and biomass in both tested
species, with the response depending on the plant organ and extract concentration (Tab. 1-2).
In S. alba, the strongest inhibitory effects were observed with leaf extracts, particularly at
concentrations of 1% and 2%. Flower extracts also inhibited seedling growth, whereas bulb
extracts generally showed weaker effects and, in some cases, resulted in seedling lengths
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comparable to or higher than those of the control (Tab. 1). F. arundinacea showed a stronger
response to flower and leaf extracts, particularly at higher concentrations. This may indicate
species-specific sensitivity to the compounds present in the extracts. Allelochemicals can
affect plants through different physiological processes, and their effects may vary depending
on the interacting species /4/.

Tab. 1: Comparison of seedling length (cm) of Sinapis alba (A) and Festuca arundinacea (B)
watered with aqueous extracts of the organs of Puschkinia scilloides at concentrations of
0.5%, 1%, and 2%, and germination inhibition index (IP, %); mean values (n = 3) followed
by different letters are significantly different according to Tukey’s test at p < 0.05.

0,
Type of Aboveground Underground ‘Whole seedling IP (%) above- unc{frg;?md
extract part (cm) part (cm) (em) ground part part
0,
(%) A | B A | B A | B A | B A | B
Flower and pedicel
448a] 6.76a | 1066a| 470a| 1514a | 1146a
Control | 154 | 2094 | 4182 | 2068 | 2298 | +1.33 0 0 0 0
152b| 636a | 052b | 156b| 204b | 7.92ab R
0.5 4058 | 310 | 2048 | +1.82 | =1.04 | =ago | 9607 | 392 | 9512 66.81
000b | 480a | 024b | 014b | 114b | 494ab
1 1016 | 2240 | 2015 | =015 | =019 | =24 | /°°1 | 2899 | 97795 1 97.02
098b| 410a | 0.16b | 010b| 114b | 4200
2 2027 | %255 | 2005 | 2000 | =028 | =255 | /813 | 3935 | 9850 | 9787
Leaf
448a] 6.76ab | 1066a| 470a| 1514a | 1146a
Control | 154 | 2094 | +182 | 068 | 2298 | +1.33 0 0 0 0
1460 | 798a | 018b | 1.26b | 164b | 924ab
0.5 1027 | +150 | 2008 | 061 | =030 | =~1go | 6741 | T18.05 | 9831 | 73.19
090b | 580ab | 0.12b | 045b| 1.02b | 625¢
1 1016 | =156 | 2004 | =021 | =015 | =134 | /291 | 1420 | 98.87 | 9043
395b 005D 400cd
2 +1.77 +0.07 +1.84 4157 98.94
Bulb
448a] 6.76b | 1066a| 470a| 1514a | 1146a
Control | 154 | 094 | +182 | 068 | 2298 | £133 0 0 0 0
586a| 872a | 870a | 438a| 1456a | 13.10a
0.5 1042 | 2066ab| 2259 | £132 | 2256 | =155 | 20-80| +2899 | 1839 | 681
584a| 726 | 258b | 442a| 842b | 11.68a
1 1050 | 094 | 2091 | 2075 | =108 | =130 | T3036| F740 | 7580 | 5.96
612a| 868a | 330b | 414a| 942b | 1282a
2 +123 | 100 | 2153 | 043 | =154 | =0go | 72061 | 72840 | 69.04 | 1191

Note: The plus sign and grey colour indicate values that stimulate rather than inhibit the
growth of seedlings in length.

Leaf and flower extracts also reduced seedling biomass compared with the control
group, whereas bulb extracts generally had weaker effects and, in some cases, stimulated
seedling biomass (Tab. 2). Similar contrasting responses have been observed in allelopathic
assays, including stimulation at lower concentrations and inhibition at higher concentrations
/91.

Increased electrolyte leakage was observed particularly following treatment with leaf
and flower extracts, whereas bulb extracts generally did not increase electrolyte leakage
compared with the control. Electrolyte leakage is associated with plant responses to various
stresses and is largely related to the efflux of ions from plant cells, particularly K* /2/.
Therefore, the increased leakage observed in the present study may indicate alterations in
cellular ion homeostasis and plasma membrane function, suggesting that leaf and flower
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extracts induced greater physiological stress than bulb extracts.

Tab. 2: Fresh mass (FM), dry mass (DM), and total water content (WC) in seedlings of
Sinapis alba (A) and Festuca arundinacea (B) watered with aqueous extracts of the organs of
Puschkinia scilloides at concentrations of 0.5%, 1%, and 2%, mean values (n = 5) followed
by different letters are significantly different according to Tukey’s test at p < 0.05.

Type of extract FM (g) DM (g) DM (%) WC (%)
(0) A | B A | B A | B A | B
Flower and pedicel
Control 0044 a 0.010a 0.004 a 0.001a 822a 1357a | 9178a | 8643a
+0.014 +0.002 +0.002 +0.001 +2.75 +5.79 +2.75 +5.79
0.5 0018b 0013a 0001b 0.002 a 583a 1856a | 9417a | 81 44a
: + 0.004 +0.003 + 0.000 +(0.001 +1.15 +2.69 +1.15 +2.69
1 0012b 0.010a 0001b 0.002 a 112923 1863a | 8871a | 8137a
= 0.003 +0.002 + 0.001 +(0.001 +429 +6.29 =429 +6.29
5 0.015b 0.011a 0.002 ab 0.002 a 11.72a 1969a | 88.28a | 8031a
= 0.003 +=0.003 + 0.001 = 0.000 + 6.66 +0.44 +6.66 +0.44
Leaf

Control 0.044 a 0.010a 0.004 a 0.001 a 8§22a 1357a | 91.78a | 8643a
+0.014 +=0.002 +0.002 +=0.001 +275 +£579 =275 +579
05 0026b 0013a 0.002 a 0.002 a 8§20a 1781a | 9180a | 8219a

; = (0.008 +=0.002 + 0.001 +0.001 +301 + 833 =301 + 833
1 0.030 ab 0013 a 0.002 a 0.002 a 500a 1794a | 9500a | 8206a

+ 0.007 +0.002 + 0.001 =+ (0.000 +168 1.15 + 168 1.15
5 0.013a 0.002 a 1541a 84.59a
+0.003 +0.000 +331 +331

Bulb

Control 0044a | 0010b | 0004a | 000la | 822a | 1357a | 91.78a| 8643 a
+0.014 +0.002 + 0.002 +(0.001 +2.75 +5.79 +2.75 +5.79
05 0.050a 0.015a 0.003 a 0.002 a 529a 1396a | 94.71a | 86.04a
; = 0.007 +=0.003 + 0.001 +=0.001 +1.10 + 168 =110 +168
1 0.057a 0.014 ab 0.003 a 0.002 a 459a 1588a | 9541a | 8412a
+ 0.004 +0.003 + 0.001 =+ (0.000 +1.59 +2.06 +1.59 +2.06
5 0051a 0016a 0.003 a 0.002 a 6.08a 13693 | 9392a | 8631a

= 0.005 +0.002 + 0.001 =+ (0.000 +2.45 +1.11 +2.45 +1.11

The allelopathic potential of P. scilloides depends on both the plant organ and extract
concentration. The leaves showed the strongest inhibitory effects, followed by the flowers
with pedicels, whereas the bulbs generally showed the weakest effects. Although other species
belonging to the same family have demonstrated confirmed allelopathic properties /3/,
laboratory results obtained using aqueous extracts cannot be directly extrapolated to natural
habitats. In soil, allelopathic compounds interact with soil components and microorganisms,
which may modify their availability and phytotoxicity /8/. Therefore, further chemical
analyses and field studies are necessary to determine the ecological significance of the
allelopathic potential of P. scilloides.

CONCLUSION
The results showed that aqueous extracts from the organs of Puschkinia scilloides

Adams inhibited the germination and seedling growth of both tested species, Sinapis alba L.
and Festuca arundinacea Schreb. Higher extract concentrations intensified the allelopathic
effects, primarily by reducing seedling growth. Leaf and flower extracts reduced seedling
biomass compared with the control, whereas bulb extracts increased this parameter. Among
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the organs investigated, the leaves of striped squill showed the strongest allelopathic activity,
while the bulbs had the weakest effect. Some extracts adversely affected the seedlings of the
tested species, causing damage to cell membranes. Increased electrolyte leakage indicated
cellular membrane damage and stress induced by extracts from striped squill organs. Overall,
the results suggest that P. scilloides has allelopathic potential, which may contribute to its
competitive interactions with other plant species, particularly under environmental conditions
favorable to its growth. However, the Petri dish assay results cannot be directly extrapolated
to natural habitats.
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Summary
The present study investigated the responses of seven willow (Salix sp.) genotypes to

simultaneous exposure to five heavy metals in hydroponic culture. Willows are characterized
by rapid growth, high biomass productivity, and considerable potential for the
phytoremediation of contaminated soils. Exposure to the combined metal treatment generally
reduced aboveground biomass and photosynthetic pigment concentrations and was
accompanied by decreased chlorophyll fluorescence, indicating impairment of photosynthetic
performance under metal stress. Differences within a species were as large as differences
between species, so clone identity mattered as much as species identity. Based on biomass
production under the applied treatment, the “Gab¢ikovo™ genotype appears to be a promising
candidate for further assessment of its phytoremediation potential in metal-contaminated
substrates.

Key words: fast growing trees; heavy metal contamination; willows (Salix sp.).

Stihrn
Tato Stadia sa zameriava na sledovanie reakcii siedmich genotypov vib (Salix sp.) na sti¢asné

vystavenie piatim tazkym kovom v hydroponickom médiu. Viby sa vyznacuju rychlym
rastom, vysokou produkciou biomasy a znaénym potencidlom pre fytoremediaciu
kontaminovanych pod. Vystavenie kombinovanému vplyvu kovom vo vSeobecnosti zniZilo
produkciu nadzemnej biomasy a koncentracie fotosyntetickych pigmentov a bolo sprevadzané
znizenou fluorescenciou chlorofylu, ¢o naznacuje zhorSenie fotosyntetického vykonu pri
strese z kovov. Rozdiely v rdmci druhu boli rovnako velké ako rozdiely medzi druhmi, takze
identita klonu bola rovnako doélezita ako identita druhu. Na zaklade produkcie biomasy sa
genotyp ,,Gabcikovo* javi ako sl'ubny kandidat na d’alSie posudenie jeho fytoremediacného
potencidlu v substratoch kontaminovanych kovmi.

Klucové slova: kontamindcia tazkymi kovmi; rychlorastuce stromy; viby (Salix sp.).
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INTRODUCTION
Soil contamination resulting from historical mining activities represents a significant

environmental risk for organisms inhabiting affected areas /1,2/. Mine tailings, waste heaps,
and other deposits of mining residues often contain elevated concentrations of potentially
toxic elements. Through environmental processes such as erosion, microbial activity, and
wind action, these elements may be released into the surrounding environment in bioavailable
forms and dispersed over wider areas, where they typically occur as mixtures of several
elements rather than singly /3-5/.

One potential approach to the management of contaminated sites is the application of
fast-growing woody species in phytoremediation. Owing to their high biomass productivity,
these plants can contribute to soil surface stabilization, reduce erosion, and reinforce the soil
profile /6/, thereby limiting the dispersal of potentially toxic elements through wind and
precipitation. Furthermore, appropriate selection of tree species or genotypes may minimize
the transfer of contaminants into plant tissues, potentially allowing the subsequent energetic
utilization of woody biomass /7-9/.

In the present experiment, we evaluated the effects of simultaneous exposure to five
heavy metals on seven Salix genotypes. By comparing biomass production, photosynthetic
pigment concentrations, and chlorophyll fluorescence parameters, the objective was to
identify suitable willow genotypes for future assessment of their phytoremediation potential
using naturally contaminated substrates originating from mining-affected sites in Slovakia.

MATERIALS AND METHODS
Plant material

Seven willow genotypes (Salix sp.) were included in the experiment: Torhild (S.
viminalis x S. schwerinii), Olof (S. viminalis % S. schwerinii), Gab¢ikovo (S. viminalis),
Corvinus (S. alba), Sven (S. viminalis % S. schwerinii), Yord (S. viminalis % S. schwerinii),
and TH (S. alba).

The genus Salix was selected because of its rapid growth, high biomass productivity,
adaptability to diverse environmental conditions, and widespread application in studies
focused on metal uptake, transport, tolerance, and phytoremediation. Plant material was
obtained from the National Forest Centre, Research Station Gabc¢ikovo, Slovakia.

Plant cultivation and experimental design

Stem cuttings approximately 15 cm in length and 1 cm in diameter were initially
cultivated hydroponically for three weeks in modified Hoagland nutrient solution without
metal addition to allow acclimation and root development. Subsequently, plants were exposed
for an additional three weeks to one of two treatments: (i) control conditions (modified
Hoagland solution (10)) and (i1) the same solution supplemented with a mixture of Cd, Cu, Ni,
Zn and Pb (MIX). Each metal in the MIX treatment was applied in the concentration and the
form as indicated here: 5 uM Cd(NOs3), - 4H,0, 5 uM CuSOs4 - 5H>0, 25 uM NiCl, - 6H>0,
50 uM ZnSO4 - 7TH20 and 5 uM Pb(NO3)..

Plants were cultivated in 7-L opaque plastic containers to prevent light exposure of the
root system. Cuttings were maintained vertically in the container lids. Three containers were
used per treatment, each containing two plants of each genotype. The nutrient solution was

replaced weekly.
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Growth conditions were maintained at 25/23 °C (day/night), 60% relative humidity, a
16-h photoperiod, and a photosynthetic photon flux density of 200 umol m-? s-'.

Biomass determination

At the end of the experiment, the fresh biomass of the aboveground plant parts was
determined. Samples were subsequently dried at 70 °C for three days in a laboratory drying
oven (Ventiline 105, VWR) until constant weight, after which dry biomass was determined.

Chlorophyll fluorescence measurements

Chlorophyll fluorescence was measured at the end of the three-week exposure period
using a portable fluorometer (Fluorpen FP110-LM/S, PSI, Czech Republic). Prior to
measurement, plants were dark-adapted for 60 min to ensure complete adaptation to dark
conditions. Minimum fluorescence (Fv) and maximum fluorescence (Fm) were subsequently

recorded, and the maximum quantum yield of photosystem II (QY) was calculated as QY =
(Fm — Fv)/Fm.

Measurements were performed on the central portion of the leaf blade of the third leaf
from the plant apex. Three measurements were conducted per plant and averaged before
analysis.

Spectrophotometric determination of photosynthetic pigments
Chlorophyll and carotenoid concentrations were determined using the third fully

developed leaf from the apex. Leaves from a minimum of four plants were used to prepare
composite samples weighing 0.02-0.05 g. The plant material was homogenized with sea sand
and MgCO:s in the presence of 80% acetone.

Samples were centrifuged for 6 min at 6,000 rpm and 4 °C (Centrifuge Mega Star 1.6R,
VWR). The resulting supernatant was analysed spectrophotometrically using a 6705 UV/Vis
spectrophotometer (Jenway). Absorbance was measured at 663.2 nm for chlorophyll a, 646.8
nm for chlorophyll b, and 470 nm for carotenoids. An 80% acetone solution was used as a
reference. Pigment concentrations were calculated according to Lichtenthaler /11/.

Statistical analysis

Data were tested for normality and homogeneity of variance before analysis.
Differences between control and metal-treated plants within each genotype were then
evaluated by one-way analysis of variance, followed by a multiple range test at P < 0.05. All
calculations were performed in Statgraphics Centurion XV. Values in the figures are means of
six plants per genotype and treatment, and error bars show standard deviation.

RESULTS AND DISCUSSION
Soil Biomass production
Comparison of biomass production revealed substantial differences among the studied

genotypes. Under control conditions, the highest aboveground biomass production was
observed in “Torhild” and “Gabcikovo”, whereas the lowest production was recorded in
“TH”.

Under simultaneous exposure to the metal mixture, “Gabcikovo” produced the highest
aboveground dry biomass. In contrast, “Torhild” responded negatively to metal exposure and
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exhibited lower dry biomass production compared with the control. Interestingly, the “Yord”
genotype showed an opposite response, with the presence of metals stimulating aboveground
biomass production (Fig. 1). This increase was statistically significant. An increase in growth
under mild stress is often described as hormesis, in which a low dose of a toxic element
stimulates growth before toxicity becomes dominant. Of the seven genotypes, only Torhild
and Yord differed significantly between treatments. In the remaining five, aboveground
biomass under the metal mixture did not differ from the control, which indicates that biomass
alone is not a sensitive indicator of metal stress in willows over six weeks. Chlorophyll
fluorescence separated the treatments in every genotype (Fig. 2).
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Fig. 1. Dry weight of aboveground biomass of Salix plants. Genotypes: Torhild (1), Olof (2),
Gabcikovo (3), Corvinus (4), Sven (5), Yord (6), and TH (7). Values represent means of six
plants (two plants in each of three containers), and error bars show standard deviation.

Different letters above the bars indicate a significant difference between control and metal-
treated plants within a genotype at P < 0.05.
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Chlorophyll fluorescence
Chlorophyll fluorescence measurements revealed significant differences in the

response of the photosynthetic apparatus to the applied metal treatment. All willow genotypes
cultivated under metal stress exhibited reduced QY values (0.70-0.75), indicating impairment
of photosynthetic performance, with the greatest decrease observed in the “Sven” genotype.

Similar reductions in chlorophyll fluorescence following exposure to a combination of
Pb, Cd, and Ni in Salix plants were reported by Pajevi¢ et al. /12/, who recorded QY values of
approximately 0.69. In contrast, control plants showed QY values equal to or higher than 0.81,
with the highest fluorescence value recorded in “Gabc¢ikovo”. According to Maxwell and
Johnson /13/, these values are within the range characteristic of non-photoinhibited plants,
indicating that photosynthetic processes were not substantially impaired under control
conditions (Fig. 2). Each metal in the mixture was applied at half the concentration used in the
corresponding single-element treatment, so the reduction in QY occurred at doses lower than
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those applied to any metal individually.
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Fig. 2. Chlorophyll fluorescence values in leaves of Salix plants. Genotypes: Torhild (1), Olof
(2), Gabcikovo (3), Corvinus (4), Sven (5), Yord (6), and TH (7). Values represent means of
six plants (two plants in each of three containers), and error bars show standard deviation.
Different letters above the bars indicate a significant difference between control and metal-
treated plants within a genotype at P < 0.05.

Photosynthetic pigment concentrations

Spectrophotometric  analysis revealed differences in photosynthetic pigment
concentrations among the studied genotypes. However, exposure to the combined metal
treatment resulted in a significant reduction in chlorophyll concentrations in all genotypes
compared with control plants. Similar inhibitory effects of heavy metals on chlorophyll
accumulation in willow leaves have previously been reported by Sirgedaité-SéZiené et al. /14)/
and Nikoli¢ et al. /15/.

The observed reduction in pigment concentrations corresponded with visible symptoms
of leaf chlorosis and was consistent with the chlorophyll fluorescence data. Carotenoid
concentrations were also significantly reduced following metal exposure in all studied
genotypes.

Interspecific and intraspecific variability

The genotypes studied here allow both an interspecific and an intraspecific comparison.
Corvinus and TH belong to S. alba, Gabc¢ikovo to S. viminalis, and Torhild, Olof, Sven and
Yord are hybrids of S. viminalis and S. schwerinii. Variation within a single group was at least
as pronounced as variation between groups. TH produced the lowest aboveground biomass
under control conditions, while the second S. alba clone did not. Torhild and Yord share the
same parentage, yet they responded to the metal mixture in opposite directions. Clone identity
therefore appears to matter as much as species identity when willows are screened for
phytoremediation.

72



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

CONCLUSION

The studied willow genotypes exhibited substantial variability in the evaluated
parameters under control conditions, likely reflecting differences in their genetic background.
Simultaneous exposure to the combined metal treatment generally resulted in reduced
aboveground biomass production and decreased concentrations of photosynthetic pigments,
accompanied by lower chlorophyll fluorescence parameters, indicating metal-induced
impairment of photosynthetic performance.

Based on its biomass production under multi-metal stress, the “Gabcikovo™ genotype
appears to be a suitable candidate for further assessment of its phytoremediation potential in
metal-contaminated substrates. However, a comprehensive evaluation of its suitability will
require further investigation of metal accumulation and translocation characteristics. Two
limitations should also be kept in mind. The plants were grown hydroponically, so metal
availability differed from that in real mine substrates. High biomass production under metal
stress also indicates tolerance rather than removal efficiency.

REFERENCES

/1/ Okereafor, U., Makhatha, M., Mekuto, L., Uche-Okereafor, N., Sebola, T., & Mavumengwana, V. (2020).
Toxic metal implications on agricultural soils, plants, animals, aquatic life and human health.
International journal of environmental research and public health, 17(7), 2204.

/2/ Sanchez-Castro, 1., Molina, L., Prieto-Fernandez, M. A., & Segura, A. (2023). Past, present and future trends in
the remediation of heavy-metal contaminated soil-Remediation techniques applied in real soil-
contamination events. Heliyon, 9(6).

/3/ Molnarova, M., Ruzickova, J., Lehotska, B., Takadova, A., & Fargasova, A. (2018). Determining As, Cd, Cu,
Pb, Sb, and Zn in leaves of trees collected near mining locations of Male Karpaty Mts. in the Slovak

/4/ Wang, F., Yang, L., Zhao, Y., Zhao, Z., Oh, K., & He, C. (2022). Response of castor seedling roots to
combined pollution of Cd and Zn in soils. Sustainability, 14(17), 10702.

/5/ Nieder, R., & Benbi, D. K. (2024). Potentially toxic elements in the environment—a review of sources, sinks,
pathways and mitigation measures. Reviews on Environmental Health, 39(3), 561.

/6/ Ghadge, S. A., & Trivedi, P. (2026). Evaluation on the biological aspect of plant, contaminant types and
application of phytoremediation for environmental and economical sustainability. Journal of Advances in
Biology & Biotechnology, 29(1), 75-95.

/7/ Vidican, R., Mihaiescu, T., Plesa, A., & Crisan, 1. (2020). Opportunities for the utilization of phytoremediation
biomass rich in heavy metals. ProEnvironment Promediu, 13(43), 77-81.

/8/ Shen, X., Dai, M., Yang, J., Sun, L., Tan, X., Peng, C., ... & Naz, 1. (2022). A critical review on the
phytoremediation of heavy metals from environment: Performance and challenges. Chemosphere, 291,
132979.

/9/ Subbulakshmi, G., Thiruneelakandan, R., & Priya, G. P. (2023). Phytoremediation: sustainable and organic
technology for the removal of heavy metal contaminants. In Phytoremediation: Management of
Environmental Contaminants, Volume 7 (pp. 69-74). Cham: Springer International Publishing.

/10/ Hoagland, D. R. (1950). The water-culture method for growing plants without soil. Circular. California
agricultural experiment station, 347, 1.

/11/ Lichtenthaler, H. K. (1987). [34] Chlorophylls and carotenoids: pigments of photosynthetic biomembranes. In
Methods in enzymology (Vol. 148, pp. 350-382). Academic Press.

/12/ Pajevi¢, S., BoriSev, M., Nikoli¢, N., Krsti¢, B., Pilipovi¢, A., & Orlovi¢, S. (2009). Phytoremediation
capacity of poplar (Populus spp.) and willow (Salix spp.) clones in relation to photosynthesis. Archives of
Biological Sciences, 61(2), 239-247.

/13/ Maxwell, K., & Johnson, G. N. (2000). Chlorophyll fluorescence—a practical guide. Journal of experimental
botany, 51(345), 659-668.

/14/ Sirgedaité-Séziené, V., Striganaviéiate, G., Silanskiené, M., Kniuipyté, I., Praspaliauskas, M., Vaskevi¢iené,
L., ... & Vaitiekiinaite, D. (2025). Evaluating Populus tremula L. and Salix caprea L. for phytoremediation:
growth, metal uptake, and biochemical responses under arsenic, cadmium, and lead stress. Frontiers in
plant science, 16, 1617432.

/15/ Nikoli¢, N. P., Boriev, M. K., Pajevi¢, S. P., Arsenov, D. D., Zupunski, M. D., Orlovi¢, S. S., & Pilipovié, A.
R. (2015). Photosynthetic response and tolerance of three willow species to cadmium exposure in
hydroponic culture. Archives of Biological Sciences, 67(4), 1411-1420.

73



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

Acknowledgements

This work was supported by the Slovak Research and Development Agency under
projects APVV-23-0318 and APVV SK-TW-24-0008, and by the Scientific Grant Agency of
the Ministry of Education, Research, Development and Youth of the Slovak Republic and the
Slovak Academy of Sciences under project VEGA 2/0047/25. The authors thank Ing. Martin
Bartko, PhD., from the National Forest Centre, Research Station Gabc¢ikovo, for providing the
plant material.

74



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

EFFECT OF PLASMA-ACTIVATED WATER ON GROWTH OF BUSH
AND CLIMBING COMMON BEAN VARIETIES

VLIV PLAZMOU AKTIVOVANE VODY NA RUST KERICKOVYCH
A POPINAVYCH ODRUD FAZOLE OBECNE

Mustafa Ghulam', BoZena Serd’, Ramin Mehrabifard’, Marianna Molndrova’, Zdenko
Machala®

I Department of Environmental Ecology and Landscape Management, Faculty of Natural
Sciences, Comenius University Bratislava, Mlynska dolina, llkovicova 6, SK-842 15
Bratislava, Slovak Republic, mustafa.ghulam@uniba.sk
2 Division of Environmental Physics, Faculty of Mathematics, Physics and Informatics,
Comenius University Bratislava, Mlynska dolina, SK-842 48 Bratislava, Slovak Republic

Summary

Plasma-activated water (PAW) positively affected the growth of common bean; however, its
effectiveness depended on both plant growth habit and application method. In the climbing
bean variety, seed priming proved to be the most effective treatment, significantly increasing
plant length and biomass accumulation. In contrast, foliar spraying produced the strongest
growth-promoting effects in the bush bean variety, whereas seed priming primarily enhanced
seedling emergence. The combined application of seed priming and foliar spraying did not
provide greater benefits than the most effective individual treatment. These findings indicate
that the optimal use of PAW is dependent on plant growth habit and should be tailored
accordingly.

Keywords: plasma-activated water; Phaseolus vulgaris;, seed priming, foliar spraying;
growth habit; plant morphology

Souhrn
Plazmou aktivovana voda (PAW) pozitivné€ ovlivnila rist fazole obecné, avSak uc¢inek zavisel
na habitatu rostliny a zpisobu aplikace. U popinavé fazole byl nejucinnéjsi PAW-priming
semen , ktery vyrazné zvysil délku rostlin 1 biomasu. U kefickové fazole piinesl nejlepsi
vysledky PAW postiik na list, zatimco PAW-priming zlepsil vzchazivost semen. Kombinace
obou aplikaci nebyla u¢innéjs$i nez nejlepSi samostatné oSetfeni. Vysledky naznacuji, Ze
optimalni vyuZziti PAW zavisi na riistovém habitu rostliny.

Klicova slova: plasma-activated water, Phaseolus vulgaris; seed priming; foliar spraying;
growth habit; plant morphology

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is an important grain legume cultivated for its
nutritional value and wide adaptability. Two main growth habits are recognized: determinate
bush types and indeterminate climbing types, which differ in architecture, biomass allocation
and environmental responses /1-3/.

Plasma-activated water (PAW) contains reactive oxygen and nitrogen species generated
by cold plasma treatment of water and has emerged as an environmentally friendly
biostimulant /4,5/. PAW contains a significant amount of hydrogen peroxide (H20:), which is
generated during the activation process by cold plasma treatment of water. This potent
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oxidizing agent is one of the key active components responsible for the biological effects of
PAW on plants /6/.

Previous studies demonstrated beneficial effects of PAW on germination and growth in
several crops, while responses vary among species, genotypes and application methods /7-9/.
The aim of this study was to compare the responses of climbing and bush common bean
varieties to PAW applied as seed priming, foliar spraying, or their combination under outdoor
conditions.

MATERIALS AND METHODS

Experiment 1: Climbing bean

An outdoor pot experiment was conducted in Bratislava during summer 2024 using an
indeterminate climbing bean variety. Four treatments were compared: control, PAW seed
priming, PAW foliar spraying, and priming combined with spraying. Seeds were primed in
freshly prepared PAW for 6 h. Foliar applications were performed repeatedly during
vegetative growth. Emergence, shoot growth and biomass parameters were evaluated at
harvest. Detailed information on PAW preparation, seed treatment, cultivation procedures,
and data collection is available in Ghulam et al. /10/.

Experiment 2: Bush bean

A similar outdoor pot experiment was conducted in summer 2025 using the determinate
cultivar Casablanka 10103. The same four treatments and cultivation procedures were applied.
Emergence traits, shoot growth, root and shoot morphology, and plant biomass were assessed.
All obtained data were analysed by one-way ANOVA followed by appropriate post hoc tests
atp <0.05.

RESULTS

Experiment 1: Climbing bean

Seedling emergence was not significantly affected by treatments. However, PAW seed
priming significantly increased shoot length (+35%), dry shoot biomass (+52%), fresh root
biomass (+55%) and dry root biomass (+76%) compared with the control. The combined
treatment improved plant growth but did not exceed priming alone.

Experiment 2: Bush bean

Seed priming improved emergence, increasing final emergence from 69.0% to 86.9%
and reducing T50 from 6.78 to 5.90 days. Foliar spraying produced the strongest vegetative
response, increasing plant length by 54%, fresh weight by 60% and dry weight by 52%
relative to the control. The combined treatment showed no advantage over the best individual
treatment.

DISCUSSION

The results indicate that PAW effectiveness depends on both plant growth habit and
application method. Climbing bean responded most strongly to seed priming, whereas bush
bean benefited primarily from foliar spraying. Similar positive effects of PAW on growth and
establishment have been reported in pea, lettuce, maize and rice /8, 11-13/.

The absence of additional benefits from combined priming and spraying suggests that
PAW responses may reach saturation after a single effective treatment. Similar variability of
responses to repeated PAW applications has been reported previously and is influenced by
species, genotype and treatment regime /13-15/.

One of the most interesting findings is the increased activity of antioxidant enzymes
(climbing beans). Specifically, these are the enzymes SOD (superoxide dismutase), G-POX
(guaiacol peroxidase), CAT (catalase), APX (ascorbate peroxidase) and GR (glutathione
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reductase), which all exhibited significantly higher activity in plants treated with PAW /10/.
The positive effects of PAW are associated with the presence of reactive oxygen and nitrogen
species in this activated water. The research tested three application methods: PAW priming,
PAW spraying and their combination. The findings obtained suggest that PAW increases
growth and physiological parameters of beans, making it a promising agent for practical
agricultural applications.

Differences between growth habits may reflect variation in plant architecture and
developmental patterns. Although the experiments were conducted in different growing
seasons, the identical experimental design provides support for the conclusion that growth
habit influences the optimal PAW application strategy.

CONCLUSION

PAW enhanced common bean growth, but the optimal application method depended on
growth habit. Seed priming was most effective in the climbing variety, whereas foliar
spraying produced the strongest growth stimulation in the bush cultivar. Combined
application did not improve performance beyond the best individual treatment. These findings
suggest that PAW application strategies should be tailored to plant growth habit and genotype.
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Summary

The application of plasma-activated water (PAW) during the vegetative growth of crops
appears to be a promising method to improve the establishment of the stand. This study aimed
to compare the following treatments: PAW seed priming (P), repeated PAW foliar spraying
(S), and their combination (PS) in common bean (Phaseolus vulgaris L. 'Casablanka 10103")
grown in outdoor pots. Priming treatment alone increased chlorophyll b levels, suggesting
improved light-harvesting adaptation in dense canopies. This PAW application also increased
the levels of its precursor (chlorophyll a) and total carotenoids. The total carotenoid content in
the PS group was lower than in the control group (0.602 vs. 0.626 mg/mg DM). Although
total proteins and protein thiol groups were higher than in the control, only higher protein
thiol group content was statistically significant for priming seeds, indicating a higher level of
oxidative stress. Therefore, the foliar application of PAW appears to be the most effective
method because of its easy integration into mechanized spraying systems, whereas seed
priming could also be suitable.

Keywords: seed priming, foliar application, oxidative stress, photosynthetic pigments,
plasma-activated water.

Stihrn

Aplikacia plazmou aktivovanej vody (PAW) pocas vegetativneho rastu plodin sa javi ako
sl'ubny sposob zlepSenia zakladania porastu. Cielom tejto Stidie bolo porovnat’ nasledujuce
spOsoby oSetrenia: priming semien pomocou PAW (P), opakovany postrek listov PAW (S) a
ich kombinacia (PS) pri pestovani na fazuli zdhradnej (Phaseolus vulgaris L. 'Casablanka
10103") v nddobach vonku. Samotny priming zvysil obsah chlorofylu b, ¢o naznacuje lepSiu
adaptaciu na zachytavanie svetla v hustych porastoch. Tato aplikdcia PAW zvysila aj obsah
jeho prekurzora (chlorofylu a) a celkovych karotenoidov. Celkovy obsah karotenoidov v
skupine PS bol niz$i nez v kontrolnej skupine (0,602 oproti 0,626 mg/mg suSiny). Hoci
celkové bielkoviny a proteinové tiolové skupiny dosahovali vysSie hodnoty nez v kontrole, v
pripade primingu semien bol Statisticky vyznamny iba vyssi obsah proteinovych tiolovych
skupin, o poukazuje na vysSiu uroven oxidacného stresu. Za najucinnejSiu metoddu sa preto
javi listova aplikacia PAW, a to najmd pre moZnost jej lahkého zaclenenia do
mechanizovanych postrekovych systémov, hoci vhodnou metédou modze byt aj priming
semien.
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Klucoveé slova: priprava semien, listova aplikdcia, oxidacny stres, fotosyntetické pigment,
plazmou aktivovanda voda.

INTRODUCTION

The common bean (Phaseolus vulgaris L.) is a part of common crop systems and
contributes to agroecosystem health as a legume that improves and sustains soil fertility
through atmospheric nitrogen fixation. Their shortened vegetative phase of 45 to 65 days
makes beans suitable for intensive rotations at higher latitudes. Therefore, any pre-sown or in-
season treatment can be used within this narrow development phase /1,2/. One of the
emerging and environmentally sustainable technologies that shows considerable promise in
improving seed germination, plant growth, and the biocontrol of pests and diseases is plasma-
activated water (PAW) /3/. PAW is produced by exposing water to cold atmospheric plasma
(CAP), resulting in the formation of various short- and long-lived reactive oxygen and
nitrogen species that are transported from the plasma into the liquid /3/. Non-equilibrium
plasma reactions can produce reactive oxygen and nitrogen species (RONS), which are
transported from the plasma into the liquid, including hydrogen peroxide, a typical long-lived
RONS in PAW /3, 4/. There are two principal PAW applications: a) seed priming, where
seeds are soaked before sowing, and b) foliar spraying, which is applied repeatedly to the
canopy during vegetative growth. The combination of these methods may enhance the results
/5-7/. Protein thiol (-SH) groups can indicate a higher oxidative stress. Therefore, we chose
this parameter to determine whether the presence of PAW changed the balance between
oxidants and antioxidants. Carotenoids are not only accessory light-harvesting pigments, but
also antioxidants /8/. Therefore, this study aimed to compare the effects of PAW treatments
on seedling emergence, photosynthetic pigments, protein thiol groups, and total proteins to
evaluate the practical implications of architecture-specific PAW responses for different bean
cropping systems.

MATERIALS AND METHODS

Ripe, intact, and surface-untreated (unpeeled) seeds of determinate bush bean
(Phaseolus vulgaris L. 'Casablanka 10103'; from Osiva Moravia, Czech Republic) were
placed into 90 1 outdoor plastic pots filled with commercial peat substrate (Substrat
univerzalny zédhradny, Nature Garden, Slovak Republic) in summer 2025. Three seeds in each
of nine holes per pot at a depth of 3-4 cm (27 seeds per pot) were sown in three replicates for
the following treatments in a completely randomized design: a) control (tap water priming,
“C”), b) priming (seeds primed with PAW, “P”), c) spraying (plants receiving foliar PAW
application during vegetative growth, “S”), and d) priming+spraying (seed PAW priming
combined with plant foliar PAW, “PS”). Plasma-activated water (PAW) was prepared as in /3/
with a multi-needles transient spark (TS) discharge (21 needles), with 1 kHz frequency, 43.7
W power (all needles) with 10 min activation of tap water. Seed priming was performed by
immersing 150 seeds in 0.1 L of freshly prepared PAW for 6 h in a glass container covered
with aluminium foil. Before sowing, the seeds were dried at laboratory temperature for two
days. Foliar spraying began at the three-leaf stage and was repeated after 19, 25, 32, and 39
days of plant growth with a high-pressure nozzle bottle with approximately 3 mL PAW per
plant per application (total approximately 12 mL PAW during all four foliar applications).
During the vegetative growth period, young leaf samples were collected, immediately frozen
in liquid nitrogen, spread on aluminium foil, and air-dried in the shade. Approximately 40 mg
of dry mass (DM) was homogenised in 6 mL of 95% ethanol, and this homogenate (0.67%
w/v) was used to determine photosynthetic pigments (PP) (chlorophyll a, chlorophyll b, total
carotenoids), total proteins, and protein thiol (-SH) groups. The 0.67% (w/v) homogenate (0.5
mL per each analysis) was used for photosynthetic pigment determination according to
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Lichtenthaler and Welburn /9, 10/, for total protein concentration determination according to
Bradford /10, 11/ and protein thiol groups with using Ellman’s reagent /10, 12/. For total
protein quantification, the mixture was incubated for 10 min at laboratory temperature, and
bovine serum albumin dissolved in distilled water was used to generate a calibration curve.
The other steps were the same as those in the original method /11/. Statistical evaluation was
performed using Excel (Microsoft 365, USA) and jamovi 2.7.33.0 (Australia) software with
one-way ANOVA with Tukey’s post-hoc test. Normality and homogeneity were evaluated
using the Shapiro-Wilk test and Levene’s test. Pearson’s correlation coefficient (r) was used
for the correlation analyses.

RESULTS AND DISCUSSION

The measured concentrations of photosynthetic pigments and their ratios are shown in
graphs la,b. All PAW applications increased the chlorophyll and total carotenoid content,
except for total carotenoids in PS group, where the concentration was lower than in the
control (0.602 vs. 0.626 mg/mg DM in the graph 1). Only in seeds that were improved by
priming (P), the statistical significance was confirmed in the increase in the (at+b)/car ratio
against their control (p < 0.05, graph 1b). The synthesis of chlorophyll b includes the
oxidation of the 7-methyl group of chlorophyll a to form a formyl group under the enzyme
catalysis of chlorophyllide a oxygenase (CAO, chlorophyll b synthase, EC 1.14.13.122) /13/.
If there is some interaction with this conversion, the changes are observed between
chlorophyll b and chlorophyll a concentration, which is visible, for example, when the a/b
ratio (graph 1b) for priming seeds (P), where the lowest value (1.990) was calculated. This
result indicates decreased synthesis of chlorophyll a or higher conversion of chlorophyll a into
chlorophyll b compared to other PAW applications. Higher levels of total carotenoids were
determined for the P and S applications, while levels were lower than those in the control in
the case of PS application (graph 1a). Because no changes were statistically significant, we
can conclude that the level of total carotenoids as antioxidants did not change.

a) 6 4 b) 12 -
S s - °
3 & : |
w 4 A = 8 o 1
£ o
< 3 - * c
'é” I 2
£ 2 . ® 4 -
~ I I ®
T 1 . : : :
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Graph 1: Photosynthetic pigment (PP) content (a) and their relationships (b) in Phaseolus
vulgaris leaves. Means with their standard deviations (SD) are shown in the graphs (n = 3).
One-way ANOVA with Tukey’s post-hoc test was used, where *p < 0.05 against the control
group for chlorophyll b; and op < 0.05 against the control group for (a+b)/car. Legend: C =
control; chl a = chlorophyll a; chl b = chlorophyll b, car = total carotenoids;, DM = dry
mass, P = priming; PS = priming and spraying; S = spraying.

Although increasing concentrations were observed for seed and plant improvements in
proteins and protein thiol groups (graph 2), these changes were not statistically significant,
except for priming seeds (P). All studied parameters were evaluated using a correlation matrix
in tab. 1. A positive correlation between all tested photosynthetic pigments was extremely
statistically significant (p < 0.001, tab. 1). A positive but not statistically significant

correlation was observed between photosynthetic pigments and total proteins, respectively
81



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

protein thiol groups, as shown in tab. 1.
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Graph 2: Protein thiol (-SH) groups (a) and total proteins (b) in Phaseolus vulgaris leaves.
Means with their standard deviations (SD) are shown in the graphs (n = 3). One-way ANOVA
with Tukey’s post-hoc test was used, where *p < 0.05 against the control group. Legend: C =
control; DM = dry mass; P = priming; PS = priming and spraying; S = spraying.

Tab. 1: Correlation matrix with Pearson’s correlation coefficient r for studied parameters in
the leaves of Phaseolus vulgaris. Legend: chl a = chlorophyll a; chl b = chlorophyll b; car =
total carotenoids, -SH = protein thiol groups.

chla chl b car a+b a/b (a+b)/car -SH
chla —
chl b 0.958%** —
car 0.935%** 0.862%**
at+b 0.994%%* 0.983%** 0.917%** —
a’b -0.383 -0.629* -0.248 -0.478 —
(atb)/car 0.457 0.581% 0.127 0.507 -0.652% —
-SH 0.475 0.569 0.262 0.514 -0.571 0.726%* —
proteins  0.516 0.563 0.329 0.538 -0.462 0.723** 0.516

Note. *p < 0.05, ¥*p < 0.01, ***p < 0.001

In previous experiments with common bean and PAW applications in laboratory
conditions, the increased activity of more antioxidant enzymes was observed, including
superoxide dismutase (SOD), guaiacol peroxidase (G-POX), catalase (CAT), ascorbate
peroxidase (APX) and glutathione reductase (GR) that are linked to reactive oxygen and
nitrogen species in PAW /3/. In the present research we confirmed higher concentrations of
protein thiol groups as protective effect of plants against oxidative stress for priming seeds
/12, 14/. The principle of protein thiol group determination is that reduced thiol (sulfhydryl)
groups (-SH) in the protein as amino acid cysteine react with 5,5'-dithiobis(2-nitrobenzoic
acid) (DTNB) to form a product with an absorption maximum at 412 nm /12, 15/. Thiols serve
a central role in protein-based and low-molecular-weight redox system including glutathione
or glutathione reductase /14/. Although this may seem like an imbalance in the level of
oxidative stress, on the other hand, we didn’t observe significant changes in total carotenoids
as possible antioxidants.
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CONCLUSION

All applications of PAW improved the parameters tested against the control group. A
positive effect was observed for photosynthetic pigments that had a highly positive significant
correlation including the sum of chlorophylls (a+b). Because no additive effect was measured
in the combination of priming and foliar spraying, we can conclude that both tested
applications could be useful for improving the state of the seed during germination and/or
growth.
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Summary

Cadmium (Cd) severely impairs root growth by disrupting cellular organization and
microtubule stability. This study investigated whether sodium benzoate (BS) alleviates Cd-
induced stress in oilseed rape (Brassica napus L.). Plants were grown hydroponically with Cd
and/or BS, and growth, Cd accumulation, and cortical microtubule organization were
analysed. Although BS did not improve plant growth, it increased Cd retention in roots and
reduced Cd translocation to shoots. Confocal microscopy demonstrated that BS partially
preserved the transverse cortical microtubule arrangement under Cd stress, indicating a
protective effect on cytoskeletal organization and enhanced cellular tolerance to cadmium
toxicity.

Key words: Brassica napus, cadmium, root anatomy, microtubules

Souhrn

Kadmium (Cd) véazné€ ovlivituje rast kofenti naruSenim bun&éfné organizace a stability
mikrotubuld. Tato studie zkoumala, zda benzoat sodny (BS) zmirfiuje stres vyvolany Cd u
fepky olejné (Brassica napus L.). Rostliny byly péstovany hydroponicky s Cd a/nebo BS a byl
analyzovan rist, akumulace Cd a organizace kortikalnich mikrotubuld. Ackoli BS nezlepsil
rust rostlin, zvysil retenci Cd v kotenech a snizil translokaci Cd do vyhonkii. Konfokalni
mikroskopie prokazala, ze BS Ccastecné zachoval uspofaddni pficnych kortikalnich
mikrotubulti v podminkach Cd, coZ naznacuje ochranny Uc¢inek na organizaci cytoskeletu a
zvySenou buné€nou toleranci vici toxicité Cd.

Klicova slova: repka olejka, kadmium, anatomie korene, mikrotubuly

INTRODUCTION

Cadmium (Cd) is one of the most hazardous environmental pollutants affecting
agricultural soils due to its high toxicity, persistence, and mobility. Unlike essential
micronutrients, Cd has no known biological function in plants, yet it is readily absorbed by
the root system and accumulates primarily in root tissues, where it disrupts cellular
homeostasis and inhibits root growth /1/. Oilseed rape (Brassica napus L.) is considered both
an economically important oil crop and a promising species for phytoremediation because of
its relatively high capacity to accumulate Cd. However, exposure to elevated Cd
concentrations severely impairs root development, ultimately reducing plant productivity and
limiting its remediation potential /2/.

The root is the primary target of Cd toxicity, where it accumulates rapidly in both the
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apoplast and symplast, inducing profound anatomical and ultrastructural alterations. Cadmium
exposure causes inhibition of cell elongation and division, thickening of cell walls, disruption
of vascular tissue differentiation, increased lignification, and deformation of cortical cells.
These structural modifications are closely associated with excessive production of reactive
oxygen species, oxidative damage to cellular membranes, and disturbances in cell wall
metabolism, which together reduce root functionality and water and nutrient uptake /1, 3/.

Among the earliest cellular targets of Cd are cortical microtubules (MTs), which
regulate cell division, directional cell expansion, and cellulose microfibril deposition. Cd-
induced oxidative stress destabilizes the MTs cytoskeleton, leading to depolymerization,
fragmentation, and disorganization of MTs arrays. Consequently, altered MTs dynamics
impair mitotic spindle formation, cytokinesis, and proper cell wall assembly, contributing to
abnormal root architecture and inhibited root elongation. Preservation of MTs organization is
therefore considered an important indicator of cellular tolerance to heavy metal stress /4/.

Recent studies have demonstrated that mitigation of Cd toxicity involves maintaining
cell wall integrity, regulating antioxidant defence, and limiting oxidative damage in root
tissues. Compounds capable of enhancing antioxidant capacity have been shown to preserve
root structure and improve stress tolerance in B. napus /5, 6/. Sodium benzoate (BS), the
sodium salt of benzoic acid, has recently attracted attention as a potential stress-modulating
compound because benzoates may influence redox homeostasis and plant defence signalling.
However, little is known about its effect on Cd-induced anatomical changes and MTs
organization in oilseed rape roots. Therefore, this study aimed to evaluate whether BS
alleviates structural damage induced by high Cd concentrations, with particular emphasis on
root anatomy and cortical MTs organization.

MATERIAL AND METHODS

Seeds of oilseed rape (Brassica napus, cv. Ladoga were germinated in perlite for 6 days.
Seedlings were transferred into a hydroponic medium and cultivated in a growth chambre
under long-day conditions (16 h light/8 h dark) with a temperature of 22 °C and humidity
55%. Plants were grown for 14 days in a modified Hoagland medium (pH 5.7) with 5 uM Cd
as CdClz-2H:0 and/or 10 uM sodium benzoate (BS). The nutrient solution was replaced every
three days. Overall, four treatments marked as C (control), Cd, BS, and Cd+BS were tested.

Roots and shoots were harvested separately for elemental analysis. Dry plant material
was digested in a mixture of HNO3:H202 (9:2, v/v) in a microwave oven (Start 1500, MLS
GmbH) using a temperature step gradient (maximum of 210 °C). Metal concentrations were
measured by ICP-OES (GBC INTEGRA XL, Australia).

Immunofluorescence labelling of MT was performed according to a modified protocol
based on /7/. Root tips were fixed in 4% paraformaldehyde prepared in MTSB buffer under
reduced pressure (40-50 kPa) for 2.5 h. After washing in MTSB buffer, the samples were
incubated in 0.05% pectolyase Y-23 for 1.5 h, followed by treatment with methanol at —20 °C
for 15 min and rehydration in PBS for 10 min. The samples were then blocked with 2% BSA
and incubated sequentially with the primary monoclonal mouse anti-o-tubulin antibody
DMIA (Sigma-Aldrich, St. Louis, MO, USA) and a TRITC-conjugated secondary anti-mouse
antibody. Finally, the samples were mounted in 50% glycerol in PBS and examined using a
Zeiss LSM 880 confocal laser scanning microscope. The acquired images were processed
using ZEN software (Zeiss) at Charles University.
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RESULTS AND DISCUSSION

Obsahy uhlika, First, we evaluated whether the applied concentration of BS affected
plant growth. For this purpose, root length as well as the fresh weights of the shoots and roots
were measured in control plants and plants treated with Cd, BS, or Cd + BS (Tab. 1). The
results showed that plants grown in the presence of BS did not exhibit any significant
reduction in growth and were phenotypically indistinguishable from the control plants. In
contrast, plants exposed to Cd or Cd + BS showed significantly reduced growth. The addition
of BS did not alleviate the growth inhibition caused by Cd under the tested conditions.

Tab. 1: Root length (cm) and fresh weight of roots and aerial parts (mg) in oilseed rape (cv.
Ladoga) grown hydroponically for 14 days in medium with or without the addition of Cd, BS
or Cd + BS (n = 6). Error bars represent means + SE. Values in columns marked with the
same letter are not significantly different according to Tukey's test (P < 0.05).

root length root FW leaf FW
C 18.12+7.874 3.38+0.824 36.10+£3.374
Cd 9.05+3.568 1.86+0.578 22.38+3.71B
BS 16.38+1.844 3.10+0.734 32.87+4.374

Cd+BS 9.67+1.328 1.66+0.458 18.29+2.80B

A comparable, or even slightly higher, Cd concentration was detected in the shoots
than in the roots (Fig. 1). This efficient root-to-shoot translocation suggests that this species
may possess characteristics of a potential Cd hyperaccumulator. This is further supported by
the translocation factor (TF), which exceeded 1 in the Ladoga cultivar under Cd treatment. In
the Cd+BS treatment, Cd accumulation in the roots was significantly higher than in plants
exposed to Cd alone, whereas Cd translocation to the shoots was reduced (Fig. 1). A possible
explanation is that BS promotes the synthesis or activity of metal-chelating compounds,
enhancing Cd sequestration into root vacuoles. This may reduce cytosolic Cd concentrations,
thereby limiting transport to the shoots. A similar effect has been reported for glutathione-
treated oilseed rape /8/ or rice /9/, in which glutathione decreased Cd translocation by
promoting Cd sequestration in the roots.
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Fig. 1: Cadmium accumulation in root and leaves, and translocation factor in oilseed rape (cv.
Ladoga) grown hydroponically for 14 days in medium with or without the addition of Cd, BS or Cd
+ BS (n = 6). Error bars represent means + SE. Values in columns marked with the same letter are
not significantly different according to Tukey's test (P < 0.05).

The plant microtubule cytoskeleton is a highly dynamic network essential for cell
division, cell expansion, intracellular transport, and cell wall organization. Because of its
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rapid turnover, the microtubule network is highly sensitive to environmental stress. Recent
studies have shown that Cd rapidly induces disorganization of cortical MTs, leading to
impaired cell expansion, disturbed mitosis, and inhibition of root growth /10/.

First, the effect of short-term Cd exposure on the organization of MTs in root cortical
cells was investigated. Root cortical cells in the control treatment exhibited the typical

transverse arrangement of cortical MTs, with no visible signs of MTs depolymerization (Fig.
2A).

Fig. 2: Mictrotubule arrangements in
roots of oilseed rape (cv. Ladoga)
grown hydroponically for 48 hours in
medium with Cd. A — control, B — 50
uM Cd, C— 100 uM Cd, D — 150 uM
Cd. Scale — 10 um.

Fig. 3: Mictrotubule arrangements in
roots of oilseed rape (cv. Ladoga) grown
hydroponically for 14 days in medium
with Cd and/or BS. A — control, B —Cd,
C—-BS, D—-BS+(Cd. Scale — 10 um.

Disruption of the MTs network was evident even at the lowest Cd concentration tested
(50 uM; Fig. 2B), as evidenced by the loss of the characteristic transverse orientation. This
alteration in MTs organization was also evident at the higher Cd concentrations. At the two
highest Cd concentrations (100 and 150 uM), the disruption was accompanied by pronounced
MTs depolymerization, resulting in a substantial loss of filament integrity (Fig. 2C, D). These
observations are in close agreement with recent findings in Arabidopsis, where short-term Cd
exposure induced rapid cortical MTs disorganization, increased reactive oxygen species
accumulation, and disturbed auxin transport through PIN2 mislocalization before the
appearance of visible growth defects /10/. The preservation of transverse MT orientation is
essential for anisotropic cell expansion; therefore, its disruption likely contributes directly to
the inhibition of root elongation commonly observed under Cd stress.

The progressive loss of MTs integrity observed in our study is consistent with the
current view that Cd-induced oxidative stress destabilizes tubulin polymers and interferes with
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MTs-associated proteins /10, 11/. Supporting this hypothesis, a recent proteomic study in
Arabidopsis revealed that Cd exposure significantly downregulated proteins involved in
microtubule organization and primary cell wall biosynthesis, demonstrating that cytoskeletal
impairment is closely linked with defects in cell expansion and root development /12/.
Together, these findings suggest that disruption of the cortical MTs network represents a
conserved cellular response to Cd toxicity across plant species.

The second set of experiments investigated the effect of BS application on cortical MT
sorganization under Cd stress. As shown in Fig. 3A, root cortical cells of the control treatment
exhibited the typical transverse arrangement of cortical MTs. A similar organization was
observed in the BS-treated variant (Fig. 3C), although the MT bundles appeared thinner and
more numerous, resulting in a denser MTs network than in the control. These observations
further indicate that BS application alone did not adversely affect MTs organization or root
cell morphology. In contrast, Cd-treated roots exhibited pronounced disruption of MTs
organization, characterized by the loss of the transverse arrangement and extensive
microtubule depolymerization (Fig. 3B). The combined BS+Cd treatment partially alleviated
these Cd-induced alterations. Although MTs depolymerization was not completely prevented,
BS partially preserved the transverse MTs arrangement compared with Cd-treated roots.

Comparable cytoskeletal protection has been reported in other plant species, treated with
natural stress-alleviating compounds. In Arabidopsis, brassinosteroid signalling directly
controls cortical MT organization through BRI1-associated microtubule proteins, highlighting
a mechanistic link between hormone signalling and cytoskeletal stability /13/. In Vicia faba,
thyme essential oil significantly reduced Cd-induced disturbances in MTs organization,
mitotic progression and actin filament architecture, largely through mitigation of oxidative
damage /14/.

CONCLUSION

These findings demonstrate that BS partially protects cortical MTs organization during
Cd stress, thereby enhancing cellular tolerance despite having no significant effect on overall
plant growth. The ability of BS to maintain the transverse MT array under Cd stress likely
contributes to preserving root cell architecture and sustained cell expansion, thereby
improving root resilience to heavy metal toxicity. Future studies combining live-cell imaging
with analyses of ROS homeostasis, tubulin post-translational modifications and MT-
associated proteins will help elucidate the molecular mechanisms through which BS stabilizes
the plant cytoskeleton under Cd stress.
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Summary

The aim of this study is to obtain information on the concentrations of hazardous elements in peat after the
addition of wood ash, to assess the effect of wood ash application on the concentrations of these elements,
and to compare the results with Slovak Republic legislation in order to assess the safety of wood ash use for
substrate preparation. The wood ash used in the demonstration cases was obtained from an energy
production facility located in Hriftiova (Hriflovska energeticka s. r. 0.) that uses wood chips as fuel;
specifically bottom ash was used. Statistical evaluation showed statistically significant differences in the
concentrations of the monitored hazardous elements among the individual variants of wood ash, peat, and
their mixtures. After performing the analyses, we found that all concentrations of the monitored elements
were considerably below the limits established by legislation.

Key words: wood ash, peat, risk elements, recycling, substrate preparationof

Stihrn

Cielom tejto prace je ziskat’ poznatky o obsahoch rizikovych prvkov v raseline po pridani drevného
popola, posudit’ vplyv aplikdcie drevného popola na obsahy danych prvkov a porovnat’ vysledky s
legislativou Slovenskej republiky za t¢elom zhodnotenia bezpecnosti pouzitia drevného popola pri
priprave substratov. Drevny popol, ktory bol pouzity pri demonstraénych ukazkach, bol ziskany z
prevadzky spal’ujicej drevnu Stiepku za ucelom vyroby energie nachadzajucej v Hrinovej (Hrinovska
energeticka s. 1. 0.), konkrétne sa pouzival rostovy popol. Statistické vyhodnotenie ukazalo Statisticky
vyznamné rozdiely v obsahoch sledovanych rizikovych prvkov medzi jednotlivym variantami popola,
raSeliny a ich zmesi. Po vykonani analyz sa zistilo, Ze vSetky obsahy sledovanych prvkov boli zna¢ne
pod limitmi stanovenych legislativou.

Klucové slova: drevny popol, raselina, rizikové prvky, recyklacia, priprava substratov

UvoOD

Ako vedl'ajsi produkt spalovania vznikd drevny popol /5/. Popol zo spalovania drevnej
biomasy je vSeobecne uznavany ako potencidlne neskodny pre zivotné prostredie /8/. Drevny
popol je vedlajsi produkt pri vyrobe energie, ktory sa mdze recyklovat’ v lesoch na opitovné
ziskanie Zivin a zabranenie okysl'ovaniu /5/. Rastice nédklady na likvidaciu a obmedzena
dostupnost’ sklddok podnietili zdujem o alternativne vyuzitie drevného popola /4/. Popol z
dreva produkovany spalovanim je obzvlast sl'ubny, pretoze zvySuje pH pddy a poskytuje
ziviny, ako je vapnik, hor¢ik, draslik a fosfor /9/. Vysoky obsah vapnika a draslika, niekedy aj
sodika zabezpecuje charakteristicku zasaditost’ (pH 7,8 — 13,5) drevného popola, preto sa
pouziva na
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zmiernenie kyslosti pddy /1/. Niekol'ko stidii naznacuje, Ze drevny popol zvysSuje dostupnost’
zivin, stabilitu pH a mineralizaciu dusika, o vedie k zlepSeniu rastu plodin /2/. Drevny popol
moze zlepsit' Struktiru, schopnost’ zadrziavat’ vodu, dostupnost’ zivin a tlmiva kapacitu pody,
ako aj d’alsie fyzikalno-chemické a biologické vlastnosti pody /9/. Napriek vyssie uvedenym
vyhoddm predstavuje moznd kontaminédcia tazkymi kovmi hlavni prekdzku rozsiahleho
vyuzitia drevného popola v pol'nohospodarstve /2/. Chemické vlastnosti drevného popola
zavisia od mnohych faktorov (druh dreviny, stanoviSte, typ vedlajSicho paliva, systém
spalovania a ro¢né obdobie). Kvalitativne zloZenie drevného popola sa vyrazne 1i$i v ramci
technologie pouzivanej na spalovanie biomasy /6/. Preto je pre efektivne pouzivanie drevného
popola ako hnojiva nevyhnutné dlhodobé monitorovanie dynamiky Zivin /4/. Drevny popol sa
mdze za urcitych podmienok pouzit’ ako potencialne lesné hnojivo /8/.

V Nérodnom lesnickom centre prebiecha medzinarodny projekt Upgrade LignoSilva
(Horizon Europe). Tento projekt sa venuje recyklacii zivin z drevného popola v agrolesnictve.
Demonstracné ukazky, ktoré boli zalozené v ramci projektu, sa nachadzaju v
Biotechnologickom parku Straz (BTP Strdz) a vo Vyskumnej stanici v Gabcikove (VS
Gabcikovo). V Biotechnologickom parku StraZz sa zalozili tri ukazky. V prvej ukazke bola
zmiesana raselina s drevnym popolom v dvoch réznych pomeroch. Do zmieSanej vyslednej
zmesi boli zasadené tri dreviny, borovica lesnd, smrekovec opadavy a buk lesny, ktoré st
pestované vo foliovniku. V druhej ukazke bol drevny popol aplikovany na pole, v dvoch
réznych mnozstvach, kde boli zasadené rovnaké tri dreviny. V tretej ukazke sa postupovalo
rovnako ako pri prvej ukazke, ale drevny popol bol nahradeny celulézovym kalom. Aj vo
Vyskumnej stanici v Gabcikove boli zalozené tri ukazky. Pri prvej ukéZke sa postupovalo
rovnako ako pri zalozeni prvej ukazky v BTP Straz, ale dreviny tam boli vysadené — dub
letny, lipa malolisté a brest vdzovy. V druhej ukaZke boli tieto isté dreviny vysadené na poli v
areali VS v Gabcikove a nasledne boli aplikované zmesi drevného popola a raseliny. V tretej
ukéazke sa uskutoctiuje kompostovanie pouZzitim Stiepky, pokosenej travy a drevného popola.
Cielom tohto prispevku je posudit’ vplyv aplikacie drevného popola na obsahy rizikovych
prvkov a porovnanie vysledkov s legislativou Slovenskej republiky.

MATERIAL A METODY
Material

Drevny popol pouzity v demonstracnych ukaZkach bol ziskany z prevadzky spal'ujicej
drevnu Stiepku za ucelom vyroby energie, nachadzajucej sa v Hrinovej (Hrilovska energeticka
s..0.) na Slovensku. PouZity bol iba roStovy popol, ktory sice obsahuje menej vyZzivovych prvkov,
ale aj menej rizikovych prvkov. Na tento druh popola ziskal producent povolenie, Ze moze byt’
pouzity ako podna pomocna latka. Na pripravu substratov bola pouzitd komercne dostupna raselina
od producenta Gramoflor GmbH & Co KG. Substraty boli pripravené zmieSanim v plastovej
nadobe v dvoch pomeroch, a to 0,5 kg drevného popola na 1 kg raseliny (RPM) a 0,75 kg drevného
popola na 1 kg raseliny (RP+). Tieto substraty boli naplnené do sadbovacov, umiestnené do
plnoautomaticky zavlaZzovaného foliovnika a nasledne boli zasadené semena borovice lesne;.

Preduprava vzoriek 5
Vzorky boli po prijati do laboratoria predupravené podl'a CSN ISO 11464 /3/. Tento postup
zahina susenie, drvenie a sitovanie vzoriek. VSetky analyzy boli vykonané z takto predupravenych
vzoriek.

Ortut
Obsah ortuti bol stanoveny na pristroji AMA 254 Advanced Mercury Analyser od vyrobcu
Altec s.r.o., ktory vyuziva techniku generovania par kovovej ortuti s naslednym zachytenim a
obohatenim na zlatom amalgamatore, ¢im je dosiahnuta vysoka citlivost’ stanovenia. Vysledky boli
vyhodnotené
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softwarom AMA 254 5.0.3.

Ostatné prvky
Celkové obsahy prvkov boli stanovené v mineralizate lucavky kral'ovskej, ktory bol
pripraveny podla STN ISO 11466 /11/. Mineralizaty boli nésledne zmerané na ICP-AES ES 725
Varian (STN EN ISO 11885). Ziskané vysledky boli vyhodnotené softwarom ICP Expert II
1.1.3.263 a preratané na susinu, ktora bola ziskand suSenim vzoriek v suSiarni VENTI-line 180
Prime pri teplote 105 + 5 °C do konstantnej hmotnosti podl'a STN ISO 11465 /10/.

Statistické vyhodnotenie
Zékladné popisné Statistiky boli vypocitané v programe MS Excel 365. Nésledne bola na
Statistické zhodnotenie vysledkov pouzita jednofaktorova analyza rozptylu (ANOVA) a Duncanov
test mnohonasobnych porovnani pouzitim Tibco Statistica 14. Ako hodnotiace kritérium bola
pouzitd hladina vyznamnosti 95 % (p = 0,05).

VYSLEDKY A DISKUSIA

Vo vzorkach drevného popola a raseliny boli stanovené obsahy Osmich rizikovych
prvkov, konkrétne ortut’, kadmium, olovo, chrém, arzén, med’, nikel a zinok. Nasledne boli
stanovené obsahy prvkov aj v zmesiach drevného popola a raseliny. Obsahy prvkov boli
sledované v dvoch experimentalnych pomeroch pocas rokov 2024 a 2025. Vo vzorkach zmesi
RPM a RP+ boli tieto ukazovatele stanovené v defi ich zmieSania. Dalsie vzorky boli
odoberané v roku 2024 v pravidelnych intervaloch raz za mesiac a v roku 2025 boli odobrané
vzorky v polro¢nom intervale za ucelom sledovania zmien v obsahoch tychto prvkov. Ziskané
vysledky st zhrnuté v Tabul'ke 1 a Tabulke 2. V tabulkach st uvedené aj limity pre jednotlivé
rizikové prvky v substratoch s raselinou a pre pddne pomocné latky. VsSetky sledované
ukazovatele boli znacne pod tymito limitmi v drevnom popole aj v pripravenych substratoch.

Obsah ortuti sa pohyboval v rozmedzi 0,0030 — 0,0496 mg/kg. Najvyssi obsah ortuti bol
zaznamenany v raSeline, zatial ¢o v samotnom drevnom popole bol vyrazne nizs§i. Obsah
kadmia sa pohyboval v rozmedzi 0,056 — 0,605 mg/kg, chrom bol v rozmedzi 0,5 — 41,5
mg/kg a olovo dosahovalo 6,3 — 17,1 mg/kg. Obsah arzénu sa pohyboval v rozmedzi 0,54 —
4,87 mg/kg. V pripade medi to bolo 7,1 — 65,0 mg/kg. Obsah niklu sa pohyboval v rozmedzi
3,1 — 16,0 mg/kg. Zinok dosahoval 21,4 — 128 mg/kg. Statistické vyhodnotenie ukézalo
Statisticky vyznamné rozdiely v obsahoch sledovanych rizikovych prvkov medzi jednotlivym
variantami drevného popola, raseliny a ich zmesi. Obsahy ortuti, kadmia a olova boli v
samotnom drevnom popole signifikantne nizSie ako v Cistej raSeline. Pri chrome, arzéne,
medi, niklu a zinku to bolo opacne.

V praci sme sa zamerali aj na porovnanie obsahov rizikovych prvkov pri prvom a
poslednom odbere vzoriek. Obsah ortuti vykazoval v oboch pomeroch klesajuci trend. V RPM
klesla ortut’ z 0,0222 mg/kg na 0,0178 mg/kg. V RP+ bol pokles vyraznejsi, z 0,0260 mg/kg
na 0,0150 mg/kg. Pri pomere RPM neboli zmeny signifikantné a pri pomere RP+ boli zmeny
signifikantné. Podobny trend ako pri ortuti bol pozorovany aj pri kadmiu. V RPM obsah
kadmia klesol z 0,278 mg/kg na 0,218 mg/kg. V RP+ doslo k zniZeniu z 0,308 mg/kg na 0,203
mg/kg. Pri oboch pomeroch neboli tieto zmeny signifikantné. Pri chréme bol naopak
zaznamenany vyrazny narast. V RPM sa obsah chrému zvysil z 12,0 mg/kg na 30,7 mg/kg. V
RP+ to bolo zvysenie zo 14,1 mg/kg na 26,7 mg/kg. Pri oboch pomeroch boli tieto zmeny
signifikantné. Pri olove sa experimentalne pomery spravali rozdielne. V RPM sa obsah olova
zvysil zo 7,1 mg/kg na 8,6 mg/kg a v RP+ klesol z 11,0 mg/kg na 7,0 mg/kg. Pri pomere RPM
boli zmeny signifikantné, pri pomere RP+ neboli zmeny signifikantné. Obsah arzénu v
pomere RPM klesol z 2,34 mg/kg pri prvom odbere na 1,18 mg/kg pri poslednom odbere. V
pomere RP+ doslo k poklesu z 2,98 mg/kg na 1,32 mg/kg. Pokles obsahu arzénu bol v oboch
pomeroch vyrazny. Pri pomere RPM boli zmeny signifikantné, pri pomere RP+ neboli zmeny
signifikantné. Pri medi bol zaznamenany opacny trend. V RPM sa obsah zvysil z 24,2 mg/kg
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na 27,6 mg/kg. V RP+ bol ndrast miernejsi, z 29,7 mg/kg na 31,3 mg/kg. Pri pomere RPM
neboli zmeny signifikantné, pri pomere RP+ boli zmeny signifikantné. Najvyraznej$i néarast
bol pozorovany pri nikle. V RPM sa obsah zvysil z 3,3 mg/kg na 13,6 mg/kg. V RP+ vzréstol
obsah niklu z 4,5 mg/kg na 11,4 mg/kg. Napriek vyraznému zvySeniu obsahov nikla zostali
obsahy vyrazne pod sledovanou limitnou hodnotou. Pri oboch pomeroch neboli tieto zmeny
signifikantné. Pri zinku bol medzi experimentalnymi pomermi zaznamenany rozdielny trend.
V RPM sa obsah zvysil zo 61,5 mg/kg na 66,4 mg/kg a naopak, v RP+ klesol z 93,0 mg/kg na
78,6 mg/kg. Pri pomere RPM boli zmeny signifikantné a pri pomere RP+ neboli zmeny
signifikantné.

Tab. 1 Obsahy ortuti, kadmia, olova a chromu v drevnom popole, raseline a ich zmesiach a
prislusné limity

Ukazovatel’ Ortut’ Kadmium Olovo Chréom

Jednotka mg/kg mg/kg mg/kg mg/kg
Popol 0.0030 = 0.0002 0.061 = 0,006 12,2+ 0.55 41.5x1.2

Rasdelina 0.0496 = 0,0009 0,338 £ 0.054 17.1+0.91 0.5+0.1
RPM 25.3.24 0.0222 £ 0.0017 0.278 = 0.020 7.1+£0.74 12.0+0.3
RPM 9.4.24 0.0274 = 0.0006 0.274 £ 0,018 7.6 £0.43 20.0£0.3
RPM 7.5.24 0.0205 =0.0013 0.254 0,012 9.3 +0.50 149+0.1
RPM 10.6.24 0.0173 £0,0014 0,315+ 0,021 7.3+0.24 159+0.1
RPM 11.7.24 0.0224 = 0.0017 0.400 = 0.022 7.1+£0.32 23404
RPM 20.8.24 0.0280 = 0.,0012 0.579 = 0,054 7.6 = 0,26 224+04
RPM 19.9.24 0.0293 =0.0018 0.275+0.013 8.3+0.27 21.8+0.2
RPM 11.11.24 0.0202 = 0.0007 0.056 + 0.0006 7.1 £0.31 22.8+0.02
RPM 29.7.2025 0.0210 = 0.0010 0.274 £ 0.012 6.6 £0.07 325=0.1
RPM 12.11.2025 | 0.0178 = 0.0009 0.218 = 0,003 8.6x0.14 30.7£0.03
RP+25.3.24 0.0260 = 0,0029 0,308 £ 0,016 11,0+ 1,04 14.1+£0.1
RP+ 9.4.24 0.0201 = 0.0011 0.402 + 0,022 6.9+0.15 152+0.2
RP+ 7.5.24 0.0165 = 0.0016 0.487 £ 0.017 7.2+£0.43 17.5£0.02
RP+ 10.6.24 0.0127 = 0.0007 0.605 = 0,025 7.2+0.15 17.3 £0.02
RP+11.7.24 0.0177 = 0,0009 0.515 0,023 6.3+0.13 252+0.2
RP+ 20.8.24 0.0245 = 0.0005 0.469 = 0.019 6.5+0.23 241+ 0.1
RP+ 19.9.24 0.0239 = 0.0006 0.292 £ 0,013 10.6 £0.38 23.6+£0.3
RP+11.11.24 0.0175 = 0.0012 0.097 = 0,004 6.9+0.17 253=x0.1
RP+ 29.7.2025 0.0169 = 0,00006 0.312 = 0,003 6.5+ 0.00 324=x0.1
RP+12.11.2025 | 0.0150 £0.0014 0.203 = 0.008 7.0+ 0.10 26.7x0.1

Limit* 1 2 100 100

*limitné hodnoty rizikovych prvkov pre substrat s raselinou, podla Vyhlasky MP SR ¢.
577/2005, ktorou sa ustanovuju typy hnojiv, zlozenie, balenie a oznacovanie hnojiv, pripustné
odchylky a limitné hodnoty pre hospodarske hnojiva

Vysledky ukazali, Ze aj pomerne vysoké primesi popola pouzité pri tvorbe substratov
nezvysili obsahy rizikovych prvkov zdsadnym sposobom a nebudu predstavovat’ fytotoxické
riziko pre pestovanie lesnych drevin. Niektoré Stadie preukazali, Ze drevny popol moze mat
vysoky obsah toxickych t'azkych kovov a preto existuji obavy, ze moze zvysit’ akumuléaciu
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tychto prvkov v rastlinach. Obsah t'azkych kovov, najmad kadmium, je dovodom na obavy pri

recyklacii drevného popola /5/.

Tab. 2 Obsahy arzénu, medi, niklu a zinku v drevnom popole, raseline a ich zmesiach a

prislusné limity

9.-10.9.2026

Ukazovatel’ Arzén Med' Nikel Zinok

Jednotka me/ke me/kg me/ke me/ke
Popol 1.69 = 0,19 65.0x 259 153072 12803
Razelina 1.08 £0.12 7.1=0,39 31027 214+031
RPM 25.3.24 2.34x0.2] 242 = 0,68 33+£0.27 61,523
RPM 2.4.24 1,71 £ 0,14 242026 5.2£0.16 6353 +0.49
RPM 7.5.24 3.38=0.10 24.6=0,21 10,3 =043 T08+0,358
EFPM 10.6.24 2.61+£007 227007 13.4=0,17 51,9035
EPM 11.7.24 279+£019 26.8 =039 12.4+0,54 56.9+0,91
EFPM 20.5.24 46=0,13 234041 9.5=0,13 53.5=0,70
EPFM 15.9.24 1.41 =007 21,2032 16.0=029 4010728
EPM 11.11.24 487 +0,15 24 80,08 11.4=0,10 50.0£0.20
RPM 29.7.2025 1.43 =006 25.7=0,11 10.9=008 67.5+0.15
RPM 12.11.2025 1.18 = 0,03 27.6x0,17 13.6=0,17 66.4+0,11
RP+25.3.24 2,08 +£026 207085 4.5=0,59 930+ 6,10
RP+95.4.24 4.12+0,18 32,6 =055 6.5+0,33 55.2+1.01
RP+7.5.24 1.09 = 0,11 27.6=0,08 11.5=043 58,1034
RP+10.6.24 1.59 £0.18 427048 12.1=0,23 60.9 =085
RP+11.7.24 1.73 £0.16 28.0x0.34 13.2=0,52 659017
RP+20.58.24 3.56+0,12 27.2x0,23 11.0=0.25 504+025
RP+19.9.24 0.54=001 21.5=0,07 14.7=0,28 535090
REP+11.11.24 430+0.12 30,3011 12.8x0.27 500+019
RP+29.7.2025 0.98 = 0,03 305016 11.6=0,15 Ta1+0.18
REP+12.11.2025 1.32 £ 0,05 313014 11.4=006 T8.6+047

Limit* 15 (**10) 100 50 400

*limitné hodnoty rizikovych prvkov pre substrat s raSelinou, podla Vyhlasky MP SR ¢.
57772005, ktorou sa ustanovuju typy hnojiv, zlozenie, balenie a oznacovanie hnojiv, pripustné
odchylky a limitné hodnoty pre hospodarske hnojiva

**limitné hodnoty rizikovych prvkov pre pédne pomocné latky obsahujuce aj odpady, podla
Prilohy ¢. 3, tab. 4 k vyhlaske MP SR z 23.5.2005, ktorou sa ustanovuju typy hnojiv, zloZenie,
balenie a oznacovanie hnojiv, analytické metody skusania hnojiv, rizikové prvky, ich limitné
hodnoty pre hospodarske hnojiva, Zb. zakonov ¢. 575/2005

ZAVER

Na zéklade vysledkov mozno konStatovat, Ze obsahy sledovanych rizikovych prvkov vo
vSetkych analyzovanych vzorkdch neprekrocili prislusné legislativne limitné hodnoty
stanovené pre rizikové prvky vo vyhlaske MP SR ¢. 577/2005. Vysledky ukézali, ze obsahy
sledovanych prvkov zostali pod stanovenymi limitnymi hodnotami pocas celého sledovaného
obdobia. Obsahy prvkov boli sledované v dvoch experimentalnych pomeroch pocas rokov
2024 a 2025. Vo vzorkach zmesi RPM a RP+ boli tieto ukazovatele stanovené v den ich
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zmie$ania. Dal§ie vzorky boli odoberané v roku 2024 v pravidelnych intervaloch raz za
mesiac a v roku 2025 boli odobrané¢ vzorky v polrocnom intervale za tcelom sledovania
zmien obsahov tychto prvkov. Napriek tomu, Ze v ziadnej z analyzovanych vzoriek nebolo
zaznamenan¢ prekrocenie prislusnych limitov, je dolezité aj nad’alej sledovat’ zmeny, ktoré
modzu v tychto zmesiach ¢asom nastat’. V sucasnosti su zalozené demonstraéné ukazky aj z
inych pomerov zmiesania drevného popola s raSelinou. Planované su aj analyzy biomasy z
drevin, ktoré sa v tychto zmesiach vypestuji a porovnanie s kontrolnymi vzorkami
vypestovanymi v Cistej raseline.
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METHYLOBACTERIUM SYMBIOTICUM JAKO NAHRADA
MINERALNICH HNOJIV?

METHYLOBACTERIUM SYMBIOTICUM AS A SUBSTITUTE FOR MINERAL
FERTILIZERS?

Jan Ptevlocky, Zuzana Kovalikova
Univerzita Hradec Kralové, Prirodovédecka fakulta, Katedra biologie, Rokitanského 62, 500
03 Hradec Kralové, jan.prevlocky@uhk.cz

Summary

During the 2026 growing season, 3 species of forest trees were grown (Fagus sylvatica,
Quercus robur and Picea abies), on which the effectiveness of Methylobacterium
symbioticum (MS) and its effect on nitrogen metabolism and physiology of trees were tested.
The plants were divided into 4 variants with different amounts of watering and with or
without MS inoculation. Preliminary results suggest that MS cannot fully replace mineral
nitrogen fertilization in forest tree seedlings, but may contribute to maintaining physiological
performance under reduced nitrogen uptake; its effectiveness appears to be strongly dependent
on the host and conditions.

Key words: Methylobacterium symbioticum, symbiotic nitrogen fixation, mineral fertilizers,
woody plants

Souhrn

V pribéhu vegetacni sezony 2026 byly péstovany 3 druhy lesnich dievin (Fagus sylvatica —
buk lesni, Quercus robur — dub letni, a Picea abies — smrk ztepily), na kterych byla testovana
ucinnost Methylobacterium symbioticum (MS) a jeho vliv na metabolismus dusiku a celkovou
fyziologii. Rostliny byly rozdéleny do 4 variant s riznym mnozstvim zalivky a s nebo bez
inokulace MS. Predbézné vysledky naznacuji, Ze MS nemuzZe plné nahradit mineralni dusikaté
hnojeni u sazenic lesnich stromt, ale muze piispét k udrzeni fyziologické vykonnosti za
sniZzeného piijmu dusiku; jeho Gc¢innost se zda byt siln¢ zavisla na hostiteli a podminkach.

Klicova slova: Methylobacterium symbioticum, symbioticka fixace dusiku, minerdlni hnojiva,
dreviny

UvOoD

V poslednich letech roste snaha o zavadéni ekologicky Setrn&jSich zplisobt
hospodatfeni. Mezi tato opatfeni patfi naptiklad omezeni aplikace mineralnich hnojiv, které
muze pfispét ke zmirnéni degradace piidy, eutrofizace a zne€isténi vodnich zdroji. Soucasné
se hledaji alternativni zpusoby vyzivy rostlin s cilem zajistit dostatecny pfisun mineralnich
zivin, zejména dusiku, napiiklad prostiednictvim biologické fixace za pomoci
mikroorganismil. VétSina rostlin v§ak nema vytvoieny stabilni symbioticky vztah s bakteriemi
schopnymi fixace dusiku.

Methylobacterium symbioticum je bakterie, ktera byla teprve nedavno izolovana ze spor
houby Glomus iranicum var. tenuihypharum. Jedna se o gram negativni ty¢inkovitou bakterii
dosahujici délky 1,2-1,6 um a Sitky 0,8—1 um. Je striktné aerobnim organismem schopnym
methylotrofie, tedy vyuZivani jednouhlikatych sloucenin jako zdroje energie /1/.

Muze vyskytovat v rGznych prostfedich, naptiklad v pidé, vzduchu, vodé nebo na
povrchu rostlin /2, 3, 4/. Je schopen pronikat povrchem rostlin prostfednictvim priduchti a
nasledné se S§ifit xylémem do dalSich casti rostliny, kde vytvaii endofytickd bakterialni
spoleCenstva /5/. Zaroven podporuje rust rostlin prostiednictvim mechanismu charakte-
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ristickych pro bakterie podporujici rist rostlin (plant growth-promoting bacteria, PGPB), mezi
které¢ patii naptiklad produkce nebo regulace fytohormonii /6/. Cilem studie bylo vyhodnotit
efektivitu utilizace dusiku bakteriemi M. symbioticum a snizit tak potiebu vyuzivani
chemickych hnojiv. Dil¢i cile se podrobnéji zaméfili na (i) dynamiku dusikatého
metabolismu; (ii) ristové parametry a dynamiku obsahu chlorofylu v listech; (iii) dynamiku
fotosyntézy. V¢étSina dosavadnich studii zaméfenych na tuto problematiku se zabyva
jednoletymi rostlinami, proto jsme chtéli ovéfit jeho ucinnost také u trvalych rostlin,
konkrétné u lesnich dievin. Pouziti bakterie Methylobacterium symbioticum ve form¢ inokula,
které bylo vyuzito napiiklad ve studiich zamétenych na salat zahradni /7/, olivovnik evropsky
/8/ a kukufici setou /9/, miuze vést ke zvySeni celkového obsahu dusiku v rostlindch diky
schopnosti fixovat vzdusny dusik. Mnozstvi takto fixované¢ho dusiku je vSak srovnatelné s
hodnotami dosahovanymi voln¢ zijicimi mikroorganismy schopnymi fixace dusiku /10, 11,
12, 13/. Dale ma Gcinek na zvyseni fotosyntetické aktivity, na coz poukazuje studie provadéna
na kukufici a jahodniku [5]. Rovnéz mlze pozitivné ovliviiovat rust rostlin, tvorbu biomasy a
vynos zrna, jak bylo testovano naptiklad u pSenice péstované v suchych podminkach Australie
/14/.

MATERIAL A METODA

Pro experiment byly vybrany 2-3leté sazenice tii druht dfevin: Fagus sylvatica (buk
lesni — B), Quercus robur (dub letni — D) a Picea abies (smrk ztepily — S), které byly ziskany
od spolecnosti Lesoskolky s.r.o. Nitrofilni bakterie M. symbioticum kmene SB0023/3T,
aplikovana ve formé biostimulantu Utrisha® N od spolecnosti Corteva Agriscience™, byl
aplikovany posttikem na listovou plochu vybranych dievin. U druhlt Quercus robur a Fagus
sylvatica probéhla aplikace mezi vyvojovymi fdzemi BBCH 31 (rlst vyhonktl) a BBCH 61
(pocatek kveteni), zatimco u druhu Picea abies byla provedena ve fazi BBCH 19 (vyvoj
jehlic). Koncentrace aplikovaného pfipravku a termin postfiku byly stanoveny na zikladé
doporuceni vyrobce. Celkem bylo péstovano 72 rostlin (24 jedinci od kazdého druhu) ve 21
kvétina¢ich naplnénych zahradnickym substratem FloraSelf Select od spole¢nosti AGRO CS
a.s. Rostliny byly péstovany ve venkovnich podminkéach v aredlu Univerzity Hradec Kraloveé
a zé&vlaha byla udrZzovana na urovni 80 %. Rostliny byly rozdéleny do ¢tyf experimentalnich
variant liSicich se mnoZstvim dodaného dusikatého hnojiva (smés KRISTALON™ Start od
spolecnosti AGRO CS a.s.) a aplikaci postfiku: 100N — kontrolni varianta bez aplikace
postiiku + 100 % dusiku; MS100N — aplikace postiiku + 100 % dusiku; MS50N — aplikace
postiiku + 50 % dusiku; MSON — aplikace postiiku + 0 % dusiku. Béhem vegetacni sezony
bylo stanoveno pét termint hodnoceni riistovych, fyziologickych a biochemickych parametrt.
Prvni odbér vzorkl probéhl tyden po aplikaci biostimulantu, dalsi ¢tyfi odbéry nésledovaly v
mésicnich intervalech.

Pro stanoveni obsahu dusi¢nant, aktivity nitrat reduktazy, celkového obsahu dusiku a
obsahu chlorofylti a karotenoidti bylo z kazdé rostliny odebrano 3—5 listd v zavislosti na
velikosti koruny a optimalni zralosti listd. Z odebraného materidlu byly nasledné vytvoreny
smésné vzorky pro jednotlivé experimentalni skupiny. Obsah celkového dusiku v rostlinném
materidlu byl stanoven Kjeldahlovou metodou.

Intenzita fotosyntézy, transpirace a vodivost pruduchi byly stanoveny nedestruktivni
metodou pomoci pfistroje LI-6800 (LI-COR). Pro méfeni fluorescence chlorofylu byl pouzit
fluorometr OS1p (Opti-Sciences). Méfeni probihala vzdy v ¢asovém rozmezi 10:00-13:00 za
ucelem minimalizace vlivu dennich vykyvi fyziologické aktivity rostlin.

VYSLEDKY A DISKUSE

Aplikované varianty dusikaté vyzivy ovliviiovaly sledované fyziologické a biochemické
parametry rozdiln¢ v zavislosti na druhu dieviny a terminu méfeni.

U buku a dubu byla v prubéhu experimentu patrnd tendence ke zvySovani celkového

obsahu dusi¢nanil u v§ech sledovanych variant (Graf 1). U smrku byl pozorovan obdobny
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trend s vyjimkou vysokych hodnot naméfenych pii prvnim odbéru u variant MSS0N a MSON,
které¢ dosahovaly pfiblizné 0,288 pmol g-1 FW. Pii nasledujicim méieni tyto hodnoty klesly
na 0,03-0,04 pmol g FW. V dalsim priibéhu experimentu jiz obsah dusi¢nanii vykazoval
rostouci tendenci obdobnou jako u buku a dubu (Graf 1). U smrku byly pozorovany celkové
niz§i hodnoty dusi¢nand.

Koncentrace dusi¢nanti se béhem experimentu obecné zvySovaly, ale vysoka variabilita
a absence konzistentniho rozdilu mezi rostlinami oSetfenymi bakterii a kontrolnimi rostlinami
nepodporuji jeji jasny vliv na akumulaci dusi¢nant.
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Graf 1: Obsah dusicnanit u buku (4), dubu (B) a smrku (C) v zavislosti na intenzité
dusikatého hnojiva a aplikace M. symbioticum.

Aktivita NR vykazovala v priibéhu jednotlivych odbérii prevazné rostouci trend (Graf
2), nejzietelnéji u dubu a smrku, coz odpovida rostoucim hodnotam dusi¢nanti. U buku byly
pfi prvnim a tfetim méfeni hodnoty NR u varianty MS100N nékolikanasobné vyssi nez u

ostatnich variant. Obecné byly hodnoty NR u dubu nejniz$i ve srovnani s ostatnimi
sledovanymi druhy.
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Graf 2: Aktivita nitrat reduktdazy u buku (A), dubu (B) a smrku (C) v zavislosti na intenzite
dusikatého hnojiva a aplikace M. symbioticum.

U buku byla nejnizsi primérna intenzita fotosyntézy zaznamenana u varianty 100N,
zatimco varianta MSON dosahovala pfiblizné stejnych primérnych hodnot jako MS100N.
Také u dubu byly nejnizs§i hodnoty fotosyntézy zaznamenany u varianty 100N, zatimco
nejvysSich hodnot dosahovala varianta MS100N. Varianta MS50N zaroven vykazovala mirné

vy$si primérnou hodnotu nez kontrolni varianta 100N, takze snizeni ddvky mineralniho
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dusiku na polovinu pii soucasné aplikaci M. symbioticum nebylo spojeno s poklesem
pramérné intenzity fotosyntézy pod troven kontrolni varianty 100N. U smrku byly hodnoty
variant 100N, MS100N a MS50N témé&f totozné, zatimco nejnizsi hodnota byla zaznamenana
u varianty MSON. U zadného ze tii sledovanych druhti nebyla priimérna intenzita fotosyntézy
u varianty MS50N niz§i nez u kontrolni varianty 100N (Graf 3).
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Graf 3: Intenzita fotosyntézy u buku (A), dubu (B) a smrku (C) v zavislosti na intenzité
dusikatého hnojiva a aplikace M. symbioticum.

Mnozstvi chlorofylii a+b vykazovalo u buku a dubu v prib¢hu jednotlivych odbért
prevazné klesajici trend (Graf 4). U buku i dubu bylo pfi prvnim odbéru nejvyssich hodnot
dosahovala varianta MSS50N, u buku nasledovana variantou MS100N. V nasledujicich
odbérech se rozdily mezi variantami postupné¢ zmenSovaly. Zajimavé je, ze pifi poslednim
odbéru bylo nejvyssi mnozstvi chlorofyld a+b zaznamendno u varianty MSON. U smrku se
mnozstvi chlorofylti a+b pohybovalo na vyrazné nizsi urovni, prevazné okolo 1 mg g' FW, a
jeho vyvoj v case se lisil od buku a dubu. Mezi prvnim a druhym odbérem doslo pfevazné k
poklesu, pii tietim odbéru k opétovnému narlstu a pii ¢tvrtém odbéru hodnoty u vétSiny
variant znovu poklesly. Pii tfetim odbéru dosahovala nejvy$sitho mnozstvi chlorofylii a+b
varianta 100N, zatimco pii1 poslednim odbéru byla nejvyssi hodnota zaznamenana u varianty
MSON. Pii porovnani jednotlivych variant napii¢ sledovanymi druhy je patrné, Ze varianty
MS50N a MSON v tfadé odbérti dosahovaly podobnych, nebo dokonce vyssich hodnot nez
varianta 100N.
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Graf 4: Obsah chlorofylu a+b u buku (A), dubu (B) a smrku (C) v zavislosti na intenzité
dusikatého hnojiva a aplikace M. symbioticum.

Obsah chlorofylu a+b nevykazoval jednotnou pozitivni reakci na inokulaci napfic tfemi
druhy stromi. To je v kontrastu s kukufici, kde MS zvysil retenci chlorofylu a zpozdil /15/,

ale souhlasi s jinymi studiemi, které¢ uvadéji omezené G€inky MS na stav dusiku v rostlinach a
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parametry souvisejici s chlorofylem /9/. Nicméné¢ udrzeni fotosyntetické aktivity u rostlin
MSS50N na urovnich srovnatelnych nebo vyssich nez kontrola 100N naznacuje, ze MS muze
¢aste¢n¢ kompenzovat snizeny pfisun mineralniho dusiku, zejména u buku a dubu. Podobna
schopnost snizovat hnojeni dusikem bez ohroZeni fotosyntetického vykonu byla pozorovana u
kukuftice a jahod /5/.

U celkového mnozstvi dusiku byla nejvyraznéjsi odpovéd’ zaznamenana u dubu, kde
vSechny varianty s MS dosahovaly pfi jednotlivych odbérech podobnych hodnot nebo
dokonce vyssich nez kontrolni varianta 100N (Graf 5), coz odpovida vysledkim polnich
pokust s kukufici /15/. U buku a smrku byla odpovéd’ podstatné variabilnéjsi a jednoznacny
efekt inokulace nebyl patrny. K podobnému zavéru dospéli také autofi studie zaméfené na
kukufici, v niz byly provadény jak polni, tak nadobové pokusy /9/.

W 100N  MS100N ®EDMSSON ®=DMMSON

Graf 5: Celkové mnozstvi dusiku v suSiné v zavislosti na intenzité dusikatého hnojiva a
aplikace M. symbioticum.

ZAVER

Nase predbézné vysledky naznacuji, ze MS nemuze pln¢ nahradit minerdlni dusikaté
hnojeni u sazenic lesnich stromi, ale mize prispét k udrzeni fyziologické vykonnosti za
sniZzeného piijmu dusiku; jeho Gc¢innost se zda byt siln¢ zavisla na hostiteli a podminkach.
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MECHANISMY PRIJMU AKTINOIDU ROSTLINAMI A JEJICH
VYZNAM PRO SANACI KONTAMINOVANYCH STANOVIST

MECHANISMS OF ACTINIDE UPTAKE BY PLANTS AND THEIR IMPORTANCE FOR
THE REMEDIATION OF CONTAMINATED SIT

Petr Soudek, Sarka Petrova, Ptemysl Landa, Daniel Haisel, Lenka Langhansova, Radka
Podlipné, Katetina Motkova
Laboratof rostlinnych biotechnologii, Ustav experimentalni botaniky AV CR, Rozvojova 263,
16502 Praha 6 — Lysolaje, soudek@ueb.cas.cz

Summary

The presentation summarizes studies on the uptake of uranium and thorium by plants and their
physiological and molecular responses to exposure to these actinides. Experiments with
hydroponically grown tobacco and Arabidopsis thaliana showed that both uranium and
thorium accumulate predominantly in the root system, while their translocation to
aboveground plant parts is limited. Their uptake and distribution are strongly influenced by
the chemical composition of the growth medium, particularly phosphate availability, pH, and
the presence of organic acids or polyamines. Phosphate deficiency may enhance actinide
uptake, whereas nano-hydroxyapatite reduces thorium toxicity. Transcriptomic analyses
indicate that thorium activates stress and defense mechanisms and disrupts phosphate
nutrition, metal homeostasis, and plant water relations. These findings contribute to a better
understanding of plant—actinide interactions and to assessing the potential use of plants for the
remediation of contaminated sites.

Key words: uranium, thorium, uptake, oxidative stress

Souhrn

Prezentace shrnuje studium pfijmu uranu a thoria rostlinami a jejich fyziologickych a
molekularnich odpovédi na piisobeni téchto aktinoidd. Experimenty s hydroponicky péstovanymi
tabakem a Arabidopsis thaliana ukézaly, ze uran 1 thorium se akumuluji pfedevS§im v kofenovém
systému a jejich transport do nadzemnich ¢asti je omezeny. Piijem a distribuci silné ovlivituje
chemické sloZeni prostredi, zejména dostupnost fosfati, pH a pfitomnost organickych kyselin ¢i
polyamini. Nedostatek fosfatih miize zvysit piijem aktinoidd, zatimco nano-hydroxyapatit snizuje
toxicitu thoria. Transkriptomické analyzy ukazuji, Ze thorium aktivuje stresové a obranné
mechanismy, naruSuje fosfatovou vyzivu, homeostazu kovli a vodni rezim rostlin. Ziskané
poznatky pfispivaji k pochopeni interakce aktinoidll s rostlinami a k posouzeni moznosti jejich
vyuZziti pii sanaci kontaminovanych stanovist’.

Klicova slova: uran, thorium, prijem, oxidativni stres

UVOD

Aktinoidy pfedstavuji skupinu prvkd, jejichz pfitomnost v zivotnim prostiedi je spojena
jak s pfirozenymi geochemickymi procesy, tak s antropogenni ¢innosti. Z environmentalniho
hlediska je vyznamnd zejména kontaminace pid radionuklidy pochédzejicimi z tézby a
zpracovani uranovych rud, jaderného primyslu, naklddani s radioaktivnimi odpady nebo
havarii jadernych zatizeni. Mezi nejvyznamnéjsi aktinoidy v kontaminovanych ekosystémech
patfi uran (U), thortum (Th), plutonium (Pu), neptunium (Np) a americium (Am). Jejich
dlouhodoba ptitomnost v pidnim prostfedi miize pfedstavovat riziko nejen vzhledem k jejich
radioaktivité, ale v nékterych ptipadech také v diisledku jejich chemické toxicity.

Chovani aktinoidil v systému pida—rostlina je ur€ovano komplexnimi interakcemi mezi
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fyzikéalné-chemickymi vlastnostmi ptidy, chemickou formou daného prvku a biologickymi
procesy probihajicimi v rhizosféfe. Vyznamnou ulohu hraji zejména pH pudy, redoxni
podminky, obsah organické hmoty, pfitomnost jilovych minerdli a koncentrace
anorganickych 1 organickych liganda. Tyto faktory ovliviiuji speciaci, rozpustnost a mobilitu
aktinoidd, a tim také jejich biologickou dostupnost pro rostliny. Piestoze aktinoidy nejsou pro
rostliny esencidlni, jejich ionty nebo komplexy mohou vstupovat do kotfenii prostfednictvim
transportnich systému urcenych pro piijem nezbytnych mineralnich Zivin.

Kofenovy systém pfitom nepfedstavuje pouze pasivni misto vstupu kontaminanti.
Rostliny prostfednictvim kotfenovych exudat, zmén pH rhizosféry a interakci s pldnimi
mikroorganismy aktivné ovliviiuji chemické prostfedi v bezprostfednim okoli kofeni.
Organické kyseliny, fenolické slouceniny a dals$i latky uvoliiované kofeny mohou ménit
rozpustnost a komplexaci aktinoidii a nasledné jejich dostupnost pro pfijem. Po vstupu do
kotfene mohou byt aktinoidy vazany na bunécné stény, komplexovany intracelularnimi
ligandy, ukladany do vakuol nebo v nizké mife transportovany prostiednictvim xylému do
nadzemnich ¢asti rostliny. Pomér mezi retenci v kofenech a translokaci do vyhont se lisi v
zavislosti na konkrétnim prvku, jeho chemické formé 1 rostlinném druhu.

Porozuméni t€émto mechanismim je dilezité nejen pro hodnoceni vstupu radionuklida
do potravnich fetézcl, ale také pro vyvoj biologickych metod sanace kontaminovanych
stanovist. Vyuziti rostlin k odstranéni, imobilizaci nebo omezeni Sifeni kontaminantt,
souhrnné oznacované jako fytoremediace, predstavuje potencidlné Setrnéj$i a ekonomicky
méné narocnou alternativu ke konvencnim sanacnim technologiim. V pfipadé aktinoida lze
podle vlastnosti kontaminantu a stanovisté uvazovat piedevsim o fytoextrakei, pfi niz dochazi
k pfijmu kontaminantu a jeho akumulaci v odstranitelné rostlinné biomase, nebo o
prostiedi.

Uspé&né vyuziti rostlin pii sanaci stanovist kontaminovanych aktinoidy proto vyzaduje
detailni znalost procesi urcujicich jejich biologickou dostupnost, pfijem koteny, intracelularni
distribuci a transport do nadzemnich organl. Studium mechanismi interakce aktinoidd s
rostlinami tak propojuje zakladni poznatky z oblasti fyziologie rostlin, piidni chemie a
radiochemie s jejich praktickym vyuZitim v environmentalnich technologiich. Zvlastni
pozornost je pfitom tieba vénovat rozdilim mezi jednotlivymi aktinoidy, protoze jejich
odli$na chemie z4sadné€ ovliviiuje mobilitu v ptidé, mechanismus piijmu rostlinami i moZnosti
nasledné fytoremediace.

ZAVER

Vysledky ukazuji, Ze uran a thorium jsou rostlinami pfijimany, avSak pfevdzna cast
ptijatych aktinoidl zstava akumulovéna v kotenech a jejich transport do nadzemnich casti je
pomérné¢ omezeny. Mira jejich piijmu je vyrazné ovlivnéna sloZenim Zivného prostiedi,
predevsim dostupnosti fosforu, ale také genotypem rostliny. Mezi jednotlivymi genotypy byly
zjiStény vyrazné rozdily v akumulaci thoria, coz naznafuje moZznost selekce rostlin s
vlastnostmi vhodnymi pro fytoremediaci. Expozice thoriu soucasné vyvolava fyziologickou a
antioxida¢ni odpoveéd, jejiz intenzita zavisi na genotypu a podminkéach kultivace. ZvySeni
hodnoty DEPS po piidavku thoria poukazuje také na aktivaci fotoprotektivnich mechanismi.
Vysledky tak ukazuji, Ze vhodnou kombinaci genotypu a podminek prostfedi Ize ovlivnit
nejen piijem a akumulaci aktinoidd, ale také schopnost rostlin tolerovat jejich ptfitomnost, coz
ptredstavuje dilezity predpoklad pro dalsi rozvoj radiofytoremediace.
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BY INVASIVE BLACK LOCUST (ROBINIA PSEUDOACACIA L.)

SKRINING ZMIEN PODNEHO PROSTREDIA SPOSOBENYCH INVAZNYM AGATOM
BIELYM (ROBINIA PSEUDOACACIA L.)
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Summary

Drought Since invasive black locust (Robinia pseudoacacia L.) produces allelochemicals,
which can pose stress to the surrounding vegetation, in this work we screened soil for them as
well as for changes in microbiome as its intermediate. We found relatively high concentration
of gallic acid equivalent in soil from the Ambrdzy’s park of the Mlynany Arboretum IFE SAS
(oak-hornbeam forest) compared to that from neighbouring black locust forest, and cultivation
of black locust seedlings in the park soil / surface coverage by black locust leaves (lab
experiments) caused its partial decomposition. On the other hand, the park soil showed
relatively poor microbial diversity (species richness, Chaol and Shannon index), but the black
locust roots / leaves slightly supported it. Thus, our hypothesis was not confirmed.

Key words: soil, invasive black locust, phenolic allelochemicals, microbial diversity

Suhrn

Invdzny agat biely (Robinia pseudoacacia 1.) sa presadzuje aj prostrednictvom
allelochemikalii, ktoré mozu pre okolitu vegetaciu predstavovat’ stres. Preto sme sa v tejto
praci zamerali na skrining ich obsahu v pdde a tieZ zmien pddneho mikrobiému ako jeho
sprostredkovatela. Dospeli sme k zaveru, ze péda z povodného Ambrézyho parku Arboréta
Mlyiiany UEL SAV (dubovo-hrabovy les) vykazovala oproti tej zo susedného agatového lesa
relativne vysokl koncentraciu ekvivalentu kyseliny gallovej, a kultivacia semenacov agatu v
nej resp. inkubdcia listov agéatu na jej povrchu v rdmci laboratornych pokusov viedla k
znizeniu jeho obsahu. Na druhej strane, pdda z parku bola podstatne chudobnejSia na
mikrobidlny Zivot (druhova pocetnost’, Chaol a Shannonov index), no korene alebo listy
agatu znamenali pre fiu urcitl podporu. NaSa hypotéza teda nebola potvrdena.

Klucove slova: poda, invazny agat biely, fenolické allelochemikalie, mikrobidlna diverzita

INTRODUCTION

Black locust (Robinia pseudoacacia 1.) was the first North-American tree species
imported to Europe (in 1601) and started to be widely planted in the 18th century in the
Central Europe. As an N-fixing plant improving soil fertility, it became important for
afforestation of degraded soils. This species exhibits fast growth and production of a durable
timber commonly used for flooring, poles as well as firewood. Beside this, it is very popular
among bee-keepers /1/.

However, black locust belongs to highly invasive plant species with a transformative
effect on the understorey vegetation. In the Central Europe, it creates conditions more
favourable for shade-tolerant and nitrophilous species, such as Alliaria petiolata, Anthriscus
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sylvestris, Chelidonium majus, Galium aparine, Sambucus nigra and Urtica dioica. Besides
changes in the environmental resources, allelochemistry can also be taken into account /2/.

In this work, we outline changes to the soil environment, namely concentration of
allelochemicals and microbial composition, caused by roots, leaf litter or both, which can
represent stress to the surrounding vegetation.

MATERIAL AND METHODS

In a series of lab/external pot trials, effects of black locust (Robinia pseudoacacia L.)
root exudates, leaf leachates or both on soil phenolics load and microbiome were studied.
First, top soil (depth up to 10 cm) from the original Ambrozy’s park (oak-hornbeam forest) of
the Mlynany Arboretum IFE SAS (Park) and neighbouring black locust forest, 11 years after
coppicing (BL forest) was collected in half of May 2018. To see effect of common Sycamore
maple (Acer pseudoplatanus L., PSE) on the soil properties, its seedlings were cultivated
externally in these two substrates (9 cm square pots) for 2 months (half-shadow, regular
watering). Furthermore, the park soil was studied in 2 separate lab experiments (PAR = 100
umol m-2 s-1, photoperiod 16/8 h, t = 25/22 °C) after 3 months (3M) lasting cultivation of
black locust seedlings (BL plants) or exposure to black locust leaves (BL leaves) spread on
the soil surface (1% w/w) with regular hydration.

Phenolic compounds were extracted from the soil samples according to Carlsen et al. /3/
with slight modifications. To 5 g of soil 5 mL of 70% methanol (v/v) was added. Samples
were sonicated for 10 min and subsequently extracted overnight at room temperature under
orbital shaking (21 rpm). After centrifugation (4200 rpm, 10 min), the supernatants were
collected and filtered through 0.2 pm nylon membrane filters (Pall Corp., USA) prior to
chromatographic analysis.
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Graph 1: Representative HPLC-DAD chromatogram of a soil extract recorded at 280 nm
with corresponding DAD spectra of the detected peaks. The spectrum of expected robinetin

standard (A) is also shown. However, this flavonoid (RT = 4.09 min) was not detected in any
soil sample.

HPLC-DAD analysis was performed using an Agilent 1260 Infinity system equipped
with a Diode Array Detector (DAD) (Agilent Technologies, USA). Chromatographic
separation was achieved on a Poroshell 120 EC-C18 column (2.7 um, 4.6 x 150 mm) at 30
°C. The mobile phase consisted of 0.1% formic acid in water (A) and 0.1% formic acid in 80
%
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acetonitrile (B). Gradient elution was applied from 95% A/5% B to 5% A/95% B within 15
min. The flow rate was 0.850 mL min™', with an injection volume of 20 uL. Flavonoids were
monitored at 280 nm using DAD detection.

Soil samples for DNA isolation were pre-treated with the Qiagen DNeasy PowerSoil
Pro kit with lysozyme: Five hundred pL of freshly prepared lysis buffer (EDTA 40 mM, Tris—
HC1 50 mM pH 8, saccharose 0.75 M and lysozyme 20 mg.mL-1) was added to the sample,
the mixture briefly vortexed and incubated at 37 °C for 30 min. Fifteen pL of Proteinase K
(19 mg mL-1) was added and incubated at 55 °C for 30 min and subsequent 30 min at 70 °C.
Then, 300 puL of CD1 solution was introduced to the mixture, followed by incubation for 10
min at 65 °C and horizontally shaking for 15 min at maximum speed. We continued with the
DNA isolation protocol.

Obtained DNA was amplified by PCR and subjected to whole-genome sequencing using
the Oxford Nanopore MinlON platform (Oxford Nanopore Technologies, UK) with R10.4.1
flow cells. Sequencing libraries were prepared using the Ligation Sequencing Kit V14 (SQK-
LSK114) in combination with the PCR Barcoding Expansion Pack 1-96 (EXP-PBC096),
according to the manufacturer's protocol. The generated data were processed through the
following workflow: basecalling using Dorado (v1.4.0), adapter trimming and read filtering,
de novo genome assembly using Flye (v2.9.6), and taxonomic classification using Kraken2
(v2.1.3). Taxonomic annotation was subsequently performed using the PFPlus database
within the Galaxy platform.

RESULTS AND DISCUSSION

HPLC-DAD analysis revealed several UV-absorbing compounds. The major early-
eluting peak (Peak I; RT = 1.15 min, Graph 1) showed substantial variation among soil
samples with concentrations ranging from 0.35 to 182.57 pg GAE g soil (Tab. 1). Peak I
was quantified semi-quantitatively using a gallic acid calibration curve and expressed as gallic
acid equivalents (GAE).

Tab. 1: Quantification of selected UV-absorbing compounds in the soil samples expressed as
gallic acid equivalents (GAE). Values are presented as mean + SE of 3 technical replicates.

Peak 1 (ug GAE g') Peak 2 (ug GAE g™)

Park C 179.39 £ 3.91 0
BL forest C 0.35+0.07 0
Park PSE 36.66 £ 0.98 2.81+0.03

BL forest PSE 80.40+£0.75 0
C plants 3M 182.57 £0.78 0
BL plants 3M 89.26 £1.32 0
C leaves 3M 46.32 £2.72 0
BL leaves 3M 36.82 +0.30 0

The highest concentrations were observed in the control soil from the park (Park C and
C plants_3M), whereas the lowest one was detected in the BL forest C soil. The second peak
(Peak II; RT = 2.4 min) was detected only in Park PSE soil, at 2.81 + 0.03 ng GAE g soil.
An additional UV-absorbing peak was observed at RT = 12.9 min, with absorption maxima
around 230 and 280 nm. Because its chemical identity could not be established using the
available reference standards, this compound was not quantified. Thus, gallic acid equivalent
is almost missing in the BL forest soil and its consumption from the park soil was stimulated
by BL plants/leaves. On the other hand, cultivation of the Sycamore maple was associated
with its consumption in the park soil and accumulation in the BL forest one.
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The observed taxonomic richness, representing the count of distinct genera in each
sample, exhibited significant variations (Graph 2). BL forest C showed the highest genera
number (22). This sample dominated also in Chaol index (41), an estimator taking into
consideration potential undetected rare genera, as well as Shannon diversity index (2.25), a
metric accounting for both genera richness and evenness. Thus, both BL plants and BL leaves
slightly enlarged the microbial diversity of the park soil (a diversity, Shannon index). On the
other hand, cultivation of the Sycamore maple in the park soil supported the diversity but
when the BL forest soil was applied, decrease was recorded.

Observed Chao1 Shannon
20- 50-
2.1-

40-

30-

.
20- | .

Alpha Diversity Measure

(8]
(I ]
= - o
cccccc &

e
::::::

Sample

Graph 2: Alpha diversity as well as Chaol and Shannon diversity index of microbial life in
the sudied soil samples.

Generally, the most abundant phylum was Pseudomonadota and genus Bradyrhizobium
(Graph 3). In the soil sample from the BL forest also genera like Alloacidobacterium,
Cellulomonas, Collimonas, Mucilaginibacter, Mycobacterium, Mycolicibacterium and
Rhodanobacter were confirmed. Cultivation of black locust seedlings in the park soil
supported growth of Hypericibacter, Mucilaginibacter and Rhodococcus while BL leaves that
of Alloacidobacterium and Mycobacterium.

In a study of Wang et al. /4/, total flavonoids in the black locust seedling rhizosphere
levelled at 80 pg.g-1 and quercetin represents only 0.1 pg.g-1. However, phenolic acids
showed 100 pg.g-1 with gallic acid as one of the mostly present. Cacace et al. /5/ stated, that
black locust doubled the concentration of phenolics in a degraded soil as compared with the
native vegetation.

Although duration of a black locust coppice plantation had no effect on the diazotrophic
bacterial community, significant growth of Bradyrhizobium was observed /6/. According to
Zhang et al. /7/, both bacterial and fungal diversity increased with longevity of the black
locust presence in a forest stand but no trend was shown at the phylum level. Furthermore,
black locust leaf litter caused significant decrease of Chaol index of soil fungal diversity in
Chinese forest-steppe habitats /8/.
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Graph 3: Absolute vs. relative abundance of microbial phyla (4) and relative abundance of
genera (B) in the studied soil samples.

CONCLUSIONS

We can conclude that: 1. black locust plants support decomposition of gallic acid
metabolites in the soil; 2. they enlarge soil microbial diversity; 3. our hypothesis was not
confirmed.
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REAKCE KORENOVEHO SYSTEMU NA ABIOTICKY STRES: OD
PERCEPCE STRESU K ADAPTIVNI PRESTAVBE KORENOVE
ARCHITEKTURY

ROOT SYSTEM RESPONSES TO ABIOTIC STRESS: FROM STRESS PERCEPTION TO
ADAPTIVE REMODELLING OF ROOT ARCHITECTURE

Franti$ek Hnilicka!, Ladislav Bldha?, Tom4s Rygl!
! Ceska zemédélska univerzita v Praze, FAPPZ, katedra botaniky a fyziologie rostlin,
Kamycka 129, 165 21 Praha — Suchdol, hnilicka@af.czu.cz
2 U Starovny 674, 156 00, Praha Zbraslav, emeritni pracovnik CARC Praha Ruzyné,
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Summary

The root system is a dynamic interface between plants and soil and one of the first organs to
perceive changes in water potential, salinity, oxygen and nutrient availability, toxic elements
and mechanical resistance. This review summarizes the main morphological, anatomical,
physiological and hormonal mechanisms underlying root responses to abiotic stress, with
particular emphasis on drought. Root system architecture, root-to-shoot allocation, rooting
depth and angle, axial root number, cortical aerenchyma and hydraulic traits are discussed
together with the roles of the rhizosphere, arbuscular mycorrhiza and beneficial bacteria.
Responses to flooding and salinity are also considered. Current evidence indicates that no
single root phenotype is universally optimal; useful root ideotypes must be matched to the
stress type, soil profile, crop and production environment. Integrating root phenotyping with
physiological, microbial and molecular indicators and post-stress recovery assessment is
therefore a promising strategy for breeding stress-resilient crops.

Key words: root architecture, water deficit, rehydration, hypoxia, salinity, rhizosphere,
mycorrhiza, phytohormones, stress tolerance

Souhrn

Kotenovy systém piedstavuje dynamické rozhrani mezi rostlinou a plidou a soucasné jeden z
prvnich organt, ktery registruje zmény vodniho potencialu, salinity, dostupnosti kysliku a
Zivin, ptitomnosti toxickych prvkid i mechanického odporu pidy. Piehled shrnuje hlavni
morfologické, anatomické, fyziologické a hormondlni mechanismy kofenové odpovédi na
abioticky stres se zvlastnim dlrazem na vodni deficit. Pozornost je v€novéana plasticité
architektury kotfenového systému, alokaci biomasy, hloubce a uhlu zakofenéni, poctu
axidlnich kofend, tvorbé kortikalniho aerenchymu a hydraulickym vlastnostem. Diskutovana
je rovnéz uloha rhizosféry, arbuskularni mykorhizy a prospésnych bakterii, stejn€ jako reakce
na zaplaveni a salinitu. Pro $lechténi nelze definovat jediny univerzalné optimalni kofenovy
fenotyp; vhodny ideotyp musi odpovidat typu stresu, pidnimu profilu, plodin€ a produkénimu
prostiedi.

Klicova slova: korenova architektura, vodni deficit, rehydratace, hypoxie, salinita, rhizosféra,
mykorhiza, fytohormony, stresova tolerance
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UvOoD

Kofenovy systém plni vedle mechanického ukotveni rostliny zdsadni funkci pfi piijmu
vody a mineralnich zivin a soucasné predstavuje misto intenzivni komunikace rostliny s
pudnim prostiedim. Na rozdil od nadzemnich organi je vystaven znacné prostorové
heterogenité: v ramci jediného piidniho profilu se mohou na centimetrové Skale ménit obsah
vody, koncentrace zivin a soli, teplota, provzdusnéni, mechanicky odpor i slozeni
mikrobidlnich spolecenstev. Kofen proto nelze chapat pouze jako pasivni absorpcni orgén. Je
senzorem, ktery lokédlni podnéty ptevadi na hormonalni, hydraulické, elektrické a metabolické
signaly a tim ovliviiuje funkci celé rostliny.

Architektura kotfenového systému (root system architecture, RSA) zahrnuje pocet,
délku, pramér, thel rastu a prostorové usporaddani primarnich, lateralnich, adventivnich a u
obilnin také semennych a korunnich kofent. Je vysledkem interakce genotypu s prostiedim a
vykazuje vysokou plasticitu. Pravé tato plasticita umoziiuje ménit strategii prizkumu pudy
podle toho, zda je limitujicim zdrojem voda, dusik, fosfor nebo kyslik. Moderni pfistupy proto
stale Castéji hodnoti kofenové znaky jako funkéni fenotypy vyuzitelné pti Slechténi plodin pro
podminky klimatické zmény /10,17/.

Cilem tohoto ptehledového pfispévku je syntetizovat soucasné poznatky o
morfologickych, anatomickych, fyziologickych a hormonalnich reakcich kofenového systému
na hlavni abiotické stresory, se zvlasStnim dirazem na vodni deficit. Pozornost je vénovana
také interakcim kofeni s rhizosférou a mikroorganismy, schopnosti regenerace po odeznéni
stresu a moznostem vyuziti kofenovych znakdl pifi fenotypovani a Slechténi stresové
tolerantnich genotypi.

KOREN JAKO SENZOR STRESU A HORMONALNI REGULATOR

Kofenova S$picka, meristematickd zéna a zoéna elongace citlivé reaguji na zmény
vodniho potencialu, iontového slozeni, koncentrace kysliku, teploty a mechanického odporu.
K cCasnym signdlim patii zmény toku Ca*', reaktivnich forem kysliku (ROS), pH,
membranového potencidlu a hydraulické vodivosti. Nasleduje ptfestavba genové exprese,
metabolismu a ristu. Vyslednd odpovéd’ je systémova: signaly vznikajici v kofeni mohou
meénit stomatalni regulaci, fotosyntézu, riist listtl i alokaci asimilatd.

Vyznamnou ulohu mé kyselina abscisovd (ABA), zejména pii vodnim deficitu a
salinit€. ABA se podili na regulaci vodniho hospodateni a interaguje s auxinem, cytokininy,
ethylenem, gibereliny a brassinosteroidy. Auxin je zisadni pro gravitropismus, iniciaci
lateralnich a adventivnich kofenti a smérovy rast, zatimco cytokinin obvykle moduluje
bunécné déleni a rovnovahu mezi kofenem a nadzemni ¢asti. Vysledkem stresu tedy neni
jednoduché ,,zapnuti“ jedné hormondlni drahy, ale zména jejich vzajemného pomeéru a
prostorové distribuce /5,11/, viz obr. 1.

Smeérové reakce jsou nazornym piikladem propojeni percepce a riistu. Hydrotropismus
umoziuje kofenim ménit smér ve prospéch oblasti s vy$Sim vodnim potencidlem; u
Arabidopsis je s hydrotropni odpovédi spojena signalizace ABA a proteiny MIZ1/MIZ2,
zatimco vyznam auxinu se mezi druhy li§i /4/. Pii zasoleni se mlZe uplatnit halotropismus,
tedy smérovy rust vici gradientu soli. U fady rostlin vede asymetricka redistribuce auxinu k
odklonu kofene od siln€ zasolené zony, zatimco u nékterych halofytl byly popsany odlisné
strategie /12/.

VODNI DEFICIT A PLASTICITA KORENOVEHO SYSTEMU

Vodni deficit patii mezi nejvyznamnéjsi faktory omezujici produktivitu rostlin. Koten
reaguje na vysychani plidy zménou hydraulické vodivosti, osmotickou regulaci, ristem
kofenovych vlaskli a piestavbou prostorového uspofadani kofentl. Castym adaptaénim
smérem je piesun investic do vrstev pudy, v nichz ziistava dostupna voda. Tento obraz vSak
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neni univerzalni: reakce zavisi na intenzité a délce sucha, ontogenetické fazi, druhu, genotypu
a prostorovém rozlozeni vody. Meta-analyza /14/, zalozena na 997 velikostech ucinku ze 76
studii, ukazala, ze silné az extrémni sucho miize snizovat délku, plochu a pramér kofentl,
zatimco silné sucho zvySovalo hustotu kotfenového pletiva; odezva se zaroven liSila mezi
funk¢énimi skupinami rostlin.

Padnf stres Percepce v kofeni Signalizace Adaptace Vysledek
sucho « sl + hypoxi Ww « ROS « Ca?* ABA « auxin « CK RSA « hydraulika pfijem vody/zivin
8 t

kontaminanty « zhutng ionty = mechanicky signal | | ethylen « GA/BR aerenchym « exudaty | tolerance * regenerace

Kofen propojuje lokalni vnimani pldniho prostiedi se systémovou odpovédi celé rostliny.

Obr. 1. Koncepcni schéma propojeni pudniho stresu, percepce v koreni, hormonalni
signalizace a adaptivni odpovédi.

Pii suchu muze klesat absolutni délka kofenu, avSak rostlina muze soucasné relativné
vice investovat do podzemni biomasy. ZvySeni poméru kofen:nadzemni ¢ast muze zlepsit
pomér mezi absorpéni kapacitou a transpiraéni plochou, ale jeho vyznam zavisi na tom, zda
novd biomasa skutecné umozni pfistup k dostupné vode. Samotna velikost kotfenového
systému proto neni dostateCnym kritériem tolerance. Dulezitad je prostorova distribuce
kotenové délky, hloubka zakofenéni, Uhel ristu, jemnost kotenii a jejich hydraulicka
funk¢nost /6,7/.

Pro prostfedi, kde se voda a dusi¢nany v pribéhu sezény piesouvaji do hlubsich
horizontti, byl formulovan koncept ,steep, cheap and deep®. Kombinuje strméjsi rust
axidlnich kotenli s niz§imi metabolickymi néklady na prizkum pidy /8/. MenSi pocet
axialnich ¢i korunnich kofenti mize snizit vnitfni konkurenci mezi kofeny a umoznit vétsi
investici do prodluzovani téch zbyvajicich. Soufasné¢ mize tvorba kofenového kortikalniho
aerenchymu snizit mnozstvi zivého respiracné aktivniho pletiva. Vyssi tvorba kortikalniho
aerenchymu byla u kukufice spojena s niz§imi metabolickymi naklady kotene a lepsi
vykonnosti v podminkéch omezené vody /2,9/.

Je vSak nutné odlisit adaptacni znak od pouhého symptomu poSkozeni. Napiiklad
redukce lateralniho vétveni mtze za urcitych podminek podporovat hlubsi prunik kotfend, ale
pfi kratkodobém povrchovém zvlhéeni mize naopak omezovat vyuziti vody v horni vrstvé
pudy. Podobné vétsi primér kofene mize souviset s vys$si mechanickou odolnosti a vodivosti,
ale zaroven zvySuje naklady na tvorbu kotfenové délky. Optimalni RSA je proto vysledkem
kompromisu mezi rychlosti priizkumu ptdy, naklady na udrZzovani pletiv a schopnosti vyuzit
zdroje v konkrétnim pidnim profilu /10,17/.

PRIJEM VODY, HYDRAULIKA A REGENERACE PO REHYDRATACI

Ptijem vody je vysledkem funkce kontinualniho systému pluda—rhizosféra—koten—
xylém-list. Pii vysychani pidy roste hydraulicky odpor nejen uvnitt kotfene, ale pfedevsim na
rozhrani puda—koten, kde mize dochéazet k poklesu hydraulické vodivosti rhizosféry. Rostlina
soucasn¢ reguluje aktivitu aquaporintl, suberizaci exodermis a endodermis a vodivost xylému.
Tyto procesy mohou chranit rostlinu pted ztratou vody, ale sou¢asn¢ omezuji rychlost jejiho
pfijmu. Z funk¢niho hlediska je proto diilezité hodnotit nejen mnozstvi kofenové biomasy, ale
také jeji hydraulickou efektivitu.
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Pro zeméd¢lskou produkci je vedle tolerance béhem stresu zdsadni schopnost
regenerace po obnoveni zdsobeni vodou. Rehydratace vyzaduje obnovu hydraulické vodivosti,
rustu meristémtl, iontového transportu a metabolismu. Souc¢asné musi byt odstranény nebo
opraveny nasledky oxida¢niho stresu a znovu nastavena hormonalni rovnovaha. Genotyp,
ktery béhem sucha udrzuje vysoky vykon za cenu poskozeni vodivych pletiv, nemusi po
rehydrataci regenerovat 1épe nez genotyp s konzervativngjsi strategii. Pro selekci je proto
vhodné rozliSovat rezistenci béhem stresu a rezilienci, tedy rychlost a uplnost navratu funkce
po stresu.

Hodnoceni recovery faze by mélo kombinovat kofenové a nadzemni parametry. Vedle
délky, hloubky a Zivotnosti kofent lze sledovat relativni obsah vody, vodni potencial,
stomatalni vodivost, transpiracni rychlost, fotosyntézu, chlorofylovou fluorescenci, obsah
prolinu a markert oxidativniho poSkozeni. Takovy pfistup umoziuje propojit strukturalni
adaptaci kotenti s funkénim vysledkem na trovni celé rostliny a je vhodny zejména pro
experimenty s opakovanymi cykly sucho-rehydratace.

RHIZOSFERA, MIKROBIOM A MYKORHIZA

Koftenova stresova odpoveéd’ probiha v t€sném spojeni s rhizosférou. Kotfenové exudaty
obsahujici cukry, organické kyseliny, aminokyseliny, fenolické latky a dal§i metabolity méni
chemické vlastnosti bezprostiedniho okoli kofene a soucasné selektuji mikrobialni
spoleCenstvo. Stres mize ménit mnozstvi 1 slozeni exudat, a tim nepfimo ovliviiovat
dostupnost zivin, agregaci pudy a interakce s bakteriemi a houbami. Soucasné pojeti proto
chépe odolnost rostliny jako vlastnost systému rostlina—koten—rhizosféra—mikrobiom, nikoli
izolovaného genotypu.

w7

efektivni absorpéni prostor kofene a mohou podporovat piijem fosforu, dusiku a vody. Jejich
ucinek za sucha je komplexni: zahrnuje zmény vodniho stavu, osmotické regulace,
antioxidaéni ochrany, hormonalni signalizace a fotosyntézy. Recentni piehled /3/ shrnuje tyto
mechanismy napfi¢ modelovymi i zeméd¢lskymi druhy; globalni meta-analyza rovnéz
ukazuje, Ze U¢inek AMF na biomasu a dostupnost Zivin za sucha zavisi na pidnim pH,
hostitelském druhu a Zivinovém rezimu /15/.

Podobné mohou prospésné rhizosférni bakterie (PGPR) zvySovat toleranci k suchu
prostfednictvim tvorby fytohormonti, modulace ethylenu, exopolysacharidl, tékavych
organickych latek a stimulace rstu kofenii. Pfehled zdaraznuje, Ze inokulace tolerantnimi
PGPR miZe zlepSovat elongaci kofenli i fyziologickou stabilitu rostlin za sucha /16/.
Prakticka uc¢innost mikrobidlnich inokulanti vSak zavisi na pidnim prosttedi, kompatibilité
hostitele a schopnosti inokulovaného kmene etablovat se v konkurenci pavodniho
mikrobiomu. Proto je vhodné laboratorni a nddobové vysledky vzdy ovétovat v plidnich a
polnich podminkéch.

MINERALNI VYZIVA V PODMINKACH STRESU

Dostupnost zivin je v pudé prostorové heterogenni a kofenovy systém na tuto
heterogenitu reaguje zménou transportni aktivity i rdstu. U dusiku se uplatituje lokalni
regulace transportérii pro nitrat a amonné ionty a zmény lateralniho vétveni; u fosforu jsou
vyznamné kofenové vlasky, jemné kofeny, exudace organickych kyselin a mykorhizni
symbioza. Stres suchem vSak soucasné omezuje difuzi Zivin v pidé a jejich transport k
povrchu kofene. Nedostatek vody se tak Casto sekundarné projevi i jako porucha mineralni
VyZivy.

Vztah mezi vyzivou a kofenovou architekturou je obousmérny. Dostupnost N a P
ovliviiuje tvorbu lateralnich kofenli a kofenovych vlaski, zatimco architektura ur€uje, jak
velky objem plidy miiZe rostlina prozkoumat. Novéjsi syntézy zdlraznuji, ze pfi suchu nelze
optimalizovat piijem vody oddé€len¢ od piijmu Zivin, protoze stejné kofenové znaky mohou
mit pro jednotlivé zdroje rozdilné dusledky. Hlubsi kofenovy systém miize byt vyhodny pro
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vodu a nitrat, zatimco intenzivni proliferace jemnych kotenli v povrchové vrstvé miize byt
vyznamna pro malo pohyblivy fosfor /8/.

ZAPLAVENI, HYPOXIE A ANOXIE

Zaplaveni pudy vyrazn¢ omezuje difuzi plynii a vede k poklesu koncentrace kysliku v
rhizosféfe. Nedostatek O. omezuje aerobni respiraci, tvorbu ATP a energeticky néaro¢ny
iontovy transport. Rostlina pfechazi ve vétsi mife na fermentativni metabolismus, ktery ma
podstatné nizsi energeticky vytézek. Dusledkem muize byt omezeni ristu kofend, snizeni
pfijmu mineralnich latek, zména hydraulické vodivosti a nasledné poruchy vodniho rezimu
nadzemnich organa /13/.

Kli¢ovou anatomickou adaptaci je tvorba aerenchymu, ktery vytvati vzdusné prostory a
usnadiiuje vnitini transport kysliku ke kofenovym S$pickam. U tolerantnich druhti mize byt
doplnén bariérou proti radidlnim ztratam kysliku. Vyznamna je také tvorba adventivnich
kofenti v blizkosti povrchu, kde je dostupnost kysliku vyssi. Ethylen se v zaplavenych
pletivech snadno akumuluje a spole¢né s auxinem se podili na indukci adventivnich kofent a
dalsich morfologickych zmén. Tvorba aerenchymu je tedy ptikladem znaku, ktery mulize byt
vyhodny jak pii hypoxii, tak v nékterych situacich pii suchu, avSak z odliSnych funkénich
davodu.

ZASOLENI, TOXICKE PRVKY A MECHANICKY STRES

Salinitni stres mé rychlou osmotickou a pozdé¢jsi iontovou slozku. SniZzeni vodniho
potencidlu omezuje piijem vody, zatimco akumulace Na® a Cl- naruSuje iontovou
homeostazu, enzymové procesy a redoxni rovnovahu. Kofeny reaguji zménou elongace,
vétveni, transportu iontli a tvorbou bariér omezujicich nekontrolovany apoplasticky tok.
Smérova reakce kofenli na gradient soli — halotropismus — mtize vést k vyhybani se vysoce
zasolenym mistim. Mechanisticky je spojovana zejména s asymetrickou distribuci auxinu a
regulaci transportérit PIN; do odpovédi vstupuji také ABA, ROS a Ca?* signalizace /12/.

Toxické kovy a metaloidy zasahuji kofen jako prvni orgén kontaktu s kontaminovanym
substratem. Ve vySSich koncentracich inhibuji bunécéné déleni a elongaci, poSkozuji
membrany, méni redoxni homeostdzu a mohou naruSovat pfijem esencialnich prvka.
Vyznamnou obrannou linii je vazba kovli v bunécné sténé, chelatace organickymi ligandy a
jejich sekvestrace do vakuol. Z pohledu environmentalni fyziologie je dulezité rozliSovat
toleranci zalozenou na vylouceni toxického prvku z citlivych pletiv a toleranci zaloZenou na
jeho detoxikaci po vstupu do bunck.

Mechanicky odpor zhutn€lé pldy omezuje elongaci kofeni a méni jejich pramér,
vétveni a trajektorii rGstu. Vysledna reakce je ovlivnéna vlhkosti plidy, protoze sucha a
zhutnéla pida kombinuje hydraulicky a mechanicky stres. Pro praktické hodnoceni
kotenovych fenotypil je proto nezbytné znat objemovou hmotnost, penetra¢ni odpor a vodni
stav pidy; bez téchto udaji 1ze rozdily v hloubce zakofenéni mezi genotypy snadno
interpretovat nespravne.

KORENOVE ZNAKY JAKO CIL FENOTYPOVANI A SLECHTENI{

Kofenova architektura ptedstavuje perspektivni cil Slechténi plodin pro podminky
klimatické zmény. Mezi sledované znaky patii hloubka zakofenéni, uhel kotfenli, pocet
axialnich kotend, intenzita lateralniho vétveni, délka a hustota kofenovych vlaski, specificka
délka kofenl, primér kofenli a anatomické znaky ovliviiuyjici metabolické néklady a
hydrauliku. U plodin se pozornost soustieduje také na QTL a geny regulujici thel ristu,
gravitropismus a plasticitu RSA /7,17/.

Hlavnim metodickym problémem ziistava fenotypovani kotfenti v pudé. Tradi¢ni
vykopové metody, monolity, ptidni vrty a root washing poskytuji cenné udaje, ale jsou pracné
a Casto destruktivni. Rhizotrony a minirhizotrony umoziuji casové sledovani casti kofenového

systému; zobrazovaci techniky, jako rentgenova pocitacova tomografie a magneticka
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rezonance, mohou v experimentalnich podminkéch zachytit trojrozmérnou architekturu bez
destrukce. Automaticka analyza obrazu a metody strojového uceni dale zvysuji prichodnost
fenotypovani, ale jejich vysledky musi byt validovany proti biologicky relevantnim znakiim a
polnimu vykonu /6/.

Pro slechténi je zasadni, Ze neexistuje univerzalné optimalni kofenovy fenotyp. Hluboké
kofeny jsou vyhodné tam, kde je dostupnd voda v hlubSich horizontech, zatimco pfi
kratkodobych srazkach muze byt dulezitd rychld proliferace jemnych kotfend v povrchové
vrstveé. Vysoka hustota kofenit miize zvysit piijem zdroja, ale také respiracni naklady. Vybér
znaki proto musi vychazet z cilového produkéniho prostfedi a z ocekavaného typu stresu.
Perspektivni je kombinovat kofenové znaky s fyziologickymi ukazateli nadzemni Casti a se
schopnosti regenerace po stresu, nikoli hodnotit kofenovou morfologii izolované.

SYNTEZA: OD JEDNOTLIVYCH ZNAKU K FUNKCNIMU IDEOTYPU

Soucasné poznatky ukazuji, ze stresova tolerance kofenového systému nevznika jednim
mechanismem. Jde o koordinaci alespon cCtyf urovni: (i) percepce stresu a hormonalni
signalizace, (ii) hydraulicka a metabolickd regulace, (iii) morfologicka a anatomicka plasticita
a (iv) interakce s rhizosférou a mikrobiomem. Stejny znak muze mit navic odliSnou hodnotu v
ruznych prostfedich. Aerenchym napitiklad snizuje respiracni naklady kotent pfi suchu, ale pfi
zaplaveni predevsim usnadiiuje vnitini transport kysliku. Hlubs$i zakofenéni miize zvysit
vyuziti zasob vody, avSak pouze tehdy, pokud hlubsi horizont skute¢n€ vodu obsahuje.

Pro experimentalni praci z toho vyplyva potfeba spojovat ¢asovy priabéh stresu s
prostorovym popisem pudniho prostiedi. U sucha je vhodné rozliSit nastup stresu, jeho
maximalni intenzitu a fazi rehydratace. U kazdé faze 1ze propojit vodni stav pudy a rostliny s
kotenovou architekturou, fyziologii nadzemni ¢asti, biochemickymi markery a mikrobidlnimi
charakteristikami. Takovy design 1épe odliSuje znaky spojené s vyhnutim se stresu, toleranci
bcéhem stresu a naslednou regeneraci.

Tabulka 1. Hlavni reakce korenového systému na vybrané abiotické stresy.

Stres Primarni podnét Typicka kofenovi reakce Funkéni vyznam
Vodni deficit pokles Ww, hydraulicky | zména hloubky a thlu kofeni; R:S; pfistup k vodé, sniZeni
o etict signal, ABA aerenchym nakladi
H ie/ R tr: 't O2 hovani
ypoxie ! nedostatek O, ethylen aerenchym, adventivni kofeny ansSport &k, Zachovant
zaplaveni metabolismu
. osmoticky a iontovy . . . vyhnuti se soli, iontova
Salinita stres. ABA/auxin omezeni ristu, halotropismus, bariéry homeostdza
I - . . detoxik: i
Toxické prvky | ROS, iontova toxicita omezeni elongace, chelatace, sekvestrace .e oxikace a omezent
transportu
. P o “ . . inik piidou, k i
Zhutnéni mechanicky odpor silngj8i/kratdi kofeny, zména trajektorie p{um] lad )}? 10U, ROUIProtis $
ZAVER

Kofenovy systém je aktivnim senzorem a regulatorem zmén plidniho prostiedi. Jeho
odpovéd’ na stres zahrnuje rychlé fyziologické a hormondlni signdly i dlouhodobéjsi prestavbu
architektury, anatomie a vztahll s mikroorganismy, jak doklada tab. 1. Pii vodnim deficitu
jsou vyznamné hloubka a uhel zakofenéni, pocet axialnich kofenl, metabolické naklady
kotenovych pletiv a hydraulickd regulace. Pii hypoxii se uplatituje tvorba aerenchymu a
adventivnich kotfent; pfi salinité iontova homeostdza a smerové ristové reakce. Rhizosféra a
mykorhizni ¢i bakterialni symbionti mohou tyto reakce dale modifikovat.

Pro budouci vyzkum a S$lechténi je proto vhodné hodnotit koten nikoli jako soubor
izolovanych morfologickych znakl, ale jako dynamicky funkéni systém propojujici
architekturu, anatomii, hydrauliku, metabolismus a mikrobialni interakce. ZvlaStni vyznam
ma schopnost rostlin regenerovat po odeznéni stresu. Kombinace kofenového fenotypovani,
fyziologickych a biochemickych ukazatelii a charakterizace rhizosféry miize pfispét k
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identifikaci genotypii s vyS$8i stabilitou produkce v proménlivych podminkach
sttedoevropského zemédélstvi.
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Summary
The root system represents a complex and highly dynamic component of plant biology.

It serves as a key regulatory interface between plant development, environmental adaptation,
metabolic activity, and interactions with associated microorganisms. Although Cannabis
sativa L. has attracted considerable attention due to the valuable compounds produced in its
aerial tissues, the biological functions and biotechnological potential of its belowground
organs remain largely unexplored.

Our research focuses on unravelling the functional complexity of C. sativa L. roots by
investigating root architecture, anatomy, development, metabolic activity, and interactions
with associated microorganisms. Root morphological and anatomical traits are studied to
understand genotype-dependent variation in root system development, including differences
in rooting capacity, adventitious root formation, and responses to culture conditions.

To investigate root functional and developmental plasticity, different in vitro systems
are established, including adventitious root cultures and stable hairy root cultures generated
through Rhizobium rhizogenes transformation. These platforms enable studies of root growth
regulation, metabolic activity, and the biosynthesis of biologically active compounds. In
parallel, callus cultures are developed as experimental models for investigating cellular
plasticity, regeneration capacity, and metabolic flexibility under different autotrophic and
heterotrophic in vitro growth conditions.

Another research direction focuses on the regulation of C. sativa L. metabolism through
elicitor-mediated plant responses. Root-applied elicitors are investigated using hydroponically
cultivated plants to evaluate induction of different defence pathways. Particular attention is
given to the modulation of primary and secondary metabolism, and regulation of bioactive

117



Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

compounds production in different C. sativa L. varieties.

The ecological role of C. sativa L. roots is further examined through studies of
rhizosphere interactions and plant-associated microorganisms. Endophytic bacterial strains
exhibiting plant growth-promoting (PGP) traits are isolated and characterized, providing a
basis for the development of synthetic microbial consortia (SynComs) with potential
applications as biostimulants in agricultural and biotechnological systems.

By integrating root biology, plant biotechnology, microbiology, and metabolic research,
our approaches aim to reveal the multifunctional role of Cannabis sativa L. roots as regulators
of plant adaptation, sources of bioactive compounds, and promising platforms for sustainable
agricultural and biotechnological applications.

Key words: root system,; Cannabis sativa, PGP; morphological and anatomical traits

Souhrn
Kofenovy systém predstavuje komplexni a vysoce dynamickou soucast biologie rostlin.

Funguje jako klicové regulacni rozhrani propojujici vyvoj rostlin, adaptaci na podminky
prostfedi, metabolickou aktivitu a interakce s asociovanymi mikroorganismy. Pfestoze
Cannabis sativa L. pfitahuje zna¢nou pozornost diky cennym latkdm produkovanym v
nadzemnich organech, biologické funkce a biotechnologicky potencidl jeho podzemnich
organt ziistavaji dosud pomérné malo prozkoumany.

Na§ vyzkum se zaméfuje na objasnéni funkéni komplexity kofenti C. sativa L.
prostfednictvim studia architektury kofenového systému, anatomie, vyvoje, metabolické
aktivity a interakci s asociovanymi mikroorganismy. Morfologické a anatomické vlastnosti
kotenil jsou studovany s cilem charakterizovat genotypové podminénou variabilitu ve vyvoji
kotenového systému, véetné rozdilli ve schopnosti zakofenovani, tvorbé adventivnich kofeni
a reakcich na kultiva¢ni podminky.

Pro studium funkéni a vyvojové plasticity kofenového systému jsou vytvareny rizné in
vitro systémy, vcetné kultur adventivnich kofent a stabilnich kultur transformovanych kotenti
(hairy roots) ziskanych transformaci pomoci Rhizobium rhizogenes. Tyto systémy umoznuji
studovat regulaci riistu kofent, jejich metabolickou aktivitu a biosyntézu biologicky aktivnich
latek. Paraleln¢ jsou zakladany kalusové kultury jako experimentidlni modely pro studium
bunééné plasticity, regeneracni schopnosti a metabolické flexibility v riznych autotrofnich a
heterotrofnich podminkéch kultivace in vitro.

Dalsi smér vyzkumu je zaméten na regulaci metabolismu C. sativa L. prostfednictvim
reakci rostlin indukovanych elicitory. U hydroponicky péstovanych rostlin je studovana
aplikace elicitorii prostfednictvim kofenového systému s cilem vyhodnotit aktivaci riznych
obrannych drah. Zvla$tni pozornost je vé€novana modulaci primarniho a sekundarniho
metabolismu a regulaci produkce biologicky aktivnich latek u riznych odrid C. sativa L.

Ekologicka uloha kotent C. sativa L. je déle studovana prostiednictvim interakci v
rhizosféfe a vztahli rostlin s asociovanymi mikroorganismy. Jsou izolovany a
charakterizovany endofytické bakterialni kmeny vykazujici vlastnosti podporujici rist rostlin
(plant growth-promoting, PGP). Ty pfedstavuji zéklad pro vyvoj syntetickych mikrobidlnich
spolecenstev (synthetic microbial communities, SynComs) s potencidlnim vyuzitim jako
biostimulanty v zemédélskych a biotechnologickych systémech.

Propojenim biologie kofenového systému, rostlinnych biotechnologii, mikrobiologie a
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vyzkumu metabolismu se naSe pfistupy zaméfuji na objasnéni multifunkéni tlohy kofenii
Cannabis sativa L. jako regulatori adaptace rostlin, zdroje biologicky aktivnich latek a
perspektivni platformy pro udrzitelné zemé&délské a biotechnologické aplikace.

Klicova slova: korenovy system; PGR,; Cannabis sativa, morfologické a anatomické znaky
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METHODS FOR BREAKING SEED DORMANCY IN CORNELIAN
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Summary

Cornelian cherry (Cornus mas L.) is a shrub or small tree whose generative reproduction is
accompanied by deep seed dormancy. Studying methods for breaking this dormancy is
important for promoting the natural regeneration of its populations as well as for horticultural
production. This paper provides an overview of the methods used to break seed dormancy in
C. mas. Among the most commonly applied and effective methods are the application of
different temperature regimes during stratification and the use of phytohormones. Seed
germination can be significantly influenced by the timing of sowing.

Key words: shrubs, generative reproduction, pre-sowing treatment, stratification, seed
germination

Stihrn

Drien obycajny (Cornus mas L.) je ker alebo nizsi strom, ktorého generativne rozmnozovanie
je sprevadzané hlbokou dormanciou semien. Stadium jej prelomenia je vyznamné z hladiska
podpory prirodzenej generativnej obnovy jeho populécii, ako aj pre ovocinarsku prax. V
prispevku uvaddzame prehl'ad metdd pouZivanych na prelomenie dormancie semien C. mas.
Medzi najCastejSie pouzivané a zdarovenl najuinnejSie metoddy patri aplikacia roznych
teplotnych reZimov stratifikacie a fytohormoénov. Kli¢ivost’” semien mdze byt vyznamne
ovplyvnena aj terminom ich vysevu.

Klucové slova: kry, generativne rozmnozovanie, predsejbovda priprava, stratifikacia, klicivost

UvOD

Kry st doélezitou zloZkou krajinnej vegetacie, v ktorej plnia ekologické, produkéné a
krajinotvorné funkcie. K najvyznamnej$im z nich patria podpora biodiverzity, poskytovanie
potravnych zdrojov a ukrytovych moZnosti pre zivocichy, tvorba plosok a liniovych prvkov,
ktoré¢ zvySuji ekologickti konektivitu krajiny /16/. Z lesohospodarskeho hladiska maja
vyznam napr. ako krycie a vychovné dreviny a ako pionierske dreviny pri zalestiovani
degradovanych pod /10/. Ich porasty st ohrozené ruderalizaciou a eutrofizéciou, nevhodnymi
hospodarskymi zasahmi, ako aj nedostato¢nou generativhou obnovou krov, ktora je kl'icova
pre ich zachovanie v krajine.

K typickym krom teplomilnych krovinovych a lesnych porastov na prirodzenych
stanoviStiach s presychavymi pddami na karbonitovom alebo vyvrelinovom podlozi patri
drieti obyCajny (Cornus mas L.) z ¢elade Cornaceae. 1de o ker alebo nizsi strom, ktorého
kvety uz v skorom jarnom obdobi poskytuju pel’ a nektar opelovacom a svojou Zltou farbou
vtlacajii porastom typicky farebny aspekt. V letnom obdobi st jeho cervené kdstkovice
zdrojom potravy pre vtaky a iné Zivo¢ichy. Vd’aka plodom vhodnym na priamu konzumaciu
a aj na spracovanie si rozmanité odrody drienia pestované v zahradach. Ide tiezZ o tradi¢nu
liecivu rastlinu, ktorej plody sl bohaté na vitamin C a bioaktivne latky s antioxida¢nou a

antidiabetickou aktivitou /1, 3, 7, 14/. Pestované odrody sa vyznacuju okrem kvality a
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kvantity plodov aj mrazuvzdornostou, odolnostou voci chorobam a suchu
(www.domovstromov.sk). Schopnost’ znasat’ rez, fruktifikovat’ aj na dreve starSom ako desat’
rokov a spominand odolnost’ voci suchu zvyhodiiuje pestovanie a aj propagaciu driefia v
krajine v porovnani s inymi ovocnymi drevinami, obzvlast' v suvislosti s aktudlnymi prejavmi
zmeny klimy.

Drien sa rozmnozuje vegetativne aj generativne. Vyhodou vegetativneho
rozmnozovania je dopestovanie jedincov s pozadovanymi vlastnostami a rychlejsi néstup
obdobia plodnosti. Generativne rozmnozovanie driefia sa v ovocinarskej praxi pouziva
predovsetkym na dopestovanie kvalitnych podpnikov, uréenych na ockovanie alebo
vrabl'ovanie /12, Vass in verb/. Preto pri vybere spdsobu jeho rozmnozovania je potrebné brat’
na zretel ucel produkcie sadbového materialu.

Drient patri medzi ovocné dreviny s vyrazne komplikovanym generativnym
rozmnozovanim. Jeho semend st zndme dlhym obdobim dormancie, ktord trva 15 az 17
mesiacov /9, 12/. Jej dovody nie su v literatire jednotne klasifikované. Tylkowski /15/ ju
oznacuje ako fyziologicku, ale zmienuje sa aj o vysokej mechanickej odolnosti osemenia.
Rezni¢ek /11/ ju charakterizuje ako dvojiti dormanciu — mechanicka a fyziologicki,
Moghimifam a Haghighi /5/ povazuju dormanciu driefia len za fyziologickd. Svoj pristup
zddévodiuju pritomnost'ou inhibiénych latok v endosperme semien, na o poukazuji vo svojej
praci uz Nikolaeva a Poljakova /6/. Moghimifam a Haghighi /5/ sa odvoldvaju aj na pracu
Falleri /2/, ktory S$tudoval dormanciu semien Cornus sanguinea. Podla Falleri /2/ by
mechanickd dormancia semien C. sanguinea nemala byt povaZzovand za samostatny typ
dormancie, ale skor za prejav alebo sucast’ fyziologickej dormancie. Piotto a Di Noi /8/
oznacuju dormanciu semien C. mas terminom komplexna, teda takd, ktori nie je mozné
prekonat’ beznymi metédami predsejbovej pripravy semien pouzivanymi napr. v lesnych
Skolkach.

Vysledky doteraz realizovanych experimentov odhalili niektoré osobitosti
generativneho rozmnozovania C. mas (napr. Moghimifam a Haghighi /5/, Reznigek, /11/,
Tylkowski, /15/), ale neposkytli navod na dosiahnutie vyssej kli¢ivosti jeho semien v kratSom
Case. V prispevku podavame prehl'ad najCastejSie pouzivanych postupov na prelomenie
dormancie semien C. mas a dosiahnutych vysledkov.

SPRACOVANIE PLODOV A PRiPRAVA OSIVA

Semena C. mas sa ziskavaju zo zrelych plodov, ktoré boli zbavené oplodia a preprané.
Pipinis et al. /9/ hned’ po zbere odstranili z plodov oplodie, semend ocistili pomocou sit a
tecucej vody a vysuSili v laboratornych podmienkach. Pre ulahcenie odstranenia oplodia
odporuca Szot /12/ ponechat’ plody zaliate malym mnoZstvom vody na 2 — 3 tyzdne, vd’aka
¢omu oplodie zmékne. Podl'a Markovica et al. /4/ je odstranenie oplodia kdstkovic potrebné,
pretoZe obsahuje latky inhibujuce klicenie semien. Tylkowski /15/ pri experimentoch pouZil
Cerstvé nesuSené semena s vys$Sim obsahom vody (31.4 %) a po zbere suSené, s obsahom vody
14.2 % a 12.6 %. VysuSenie kostok zvysilo kli¢ivost’ semien driefia na 49.5 — 65.5 %.
Reznigek /11/ pred experimentom mécal semena 24 hodin vo vode.

METODY PRELOMENIA DORMANCIE SEMIEN CORNUS MAS

Na prelomenie dormancie semien C. mas pouzil Tylkowski /15/ kombindciu teplej
stratifikacie (20; 10 ~ 20; 15 ~ 25; 20 ~ 30 °C) 14, 16, 18 alebo 24 tyzdnov a studenej
stratifikacie (3; 3 ~ 15; 3 ~ 20 °C) 15 — 24 tyzdiiov. Dosiahnuté vysledky sa lisili v zavislosti
od teplotnych podmienok pocas teplej fazy. Semena dosiahli najvyssiu klicivost’ (nad 60 %)
ak pocas teplej fazy boli vystavené striedaniu teplot 15 ~ 25 alebo 20 ~ 30 °C. Pri striedani
niz$ich teplot (10 ~ 20 °C) dosiahli semend len nizku kli¢ivost’ (menej ako 10 %), pri
konStantnej teplote (20 °C) vobec nevyklic¢ili. Uvedené vysledky naznacuju, ze klaCovym
oSetrenim pre prelomenie dormancie semien C. mas je striedanie teplot pocas teplej fazy, a to
najmad 15 ~ 25 alebo 20 ~ 30 °C.
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Pouzitie konstantnej teploty alebo striedanie teplot pocas testu klicivosti (3, 3 ~ 15, 3 ~
20 °C) nemalo zasadny vplyv na kli¢ivost’ skimanych semien, ale ovplyvnilo rychlost’ ich
klicenia. Semend kli¢ili najrychlejsie pri striedani teplét 3 ~ 20 alebo 3 ~ 15 °C. Podla
Tylkowski /15/ existuje vzajomna zavislost’ medzi diZkou teplej a studenej fazy.

Rezni¢ek /11/ pouzil tri odetrenia:

a) studenu stratifikaciu (teplota 3 — 5 °C),

b) kombinaciu studenej a teplej stratifikacie, pricom najprv aplikoval studenu
stratifikaciu pri teplote 3 — 5 °C (6 tyzdnov) a nasledne v tyzdilovych intervaloch vystavil
semena teplotam 25 a 3 °C (4 tyzdne).

¢) macanie semien drieia 24 hodin v roztoku auixinoidov (IAA, NAA) a kyseline
nikotinove;j.

Vysev stratifikovanych semien z variantov a a b do pddy sa uskuto¢nil na jar, vysev
semien oSetrenych rastovymi stimuldtormi sa uskutocnil hned’ po oSetreni — v jesen.

Semena podrobené len studene;j stratifikacii v prvom roku nevyklic¢ili. Semend oSetrené
kombinaciou studenej a teplej stratifikacie vykli¢ili uz v prvom roku, ale dosiahli len nizsiu
kli¢ivost’ (max 14.13 %), podobne aj semend oSetrené rastovymi stimuldtormi (max. 13.26 %).
V druhom roku od vysevu vyklicili semena zo vSetkych troch oSetreni, pricom najvysSiu
klicivost’ dosiahli semend oSetrené len studenou stratifikaciou (73.6 %) /11/.

Moghimifam a Haghighi /5/ pouzili na stimulaciu klicenia semien kyselinu giberelovu v
koncentraciach 0, 200 a 400 ppm a student stratifikaciu pri 4 °C (0, 45 a 90 dni). Najvyssie
hodnoty klicivosti dosiahli pri oSetreni semien kyselinou giberelovou s koncentraciou 200
ppm (do 85 %), pri studene;j stratifikacii (57.5 — 60 %). Detailné podmienky experimentu ale
autori neuvadzaju.

Aj v dalSich publikaciach prevladaju odporucania na pouzitie kombindcie teplej a
studenej stratifikicie semien C. mas. Smelkova /13/ odporuda tri sposoby predsejbove;
pripravy v zmesi raSeliny a piesku a ndsledny jarny vysev semien:

a) 40 tyzdnov pri teplote 3 — 5 °C, potom 8 — 12 tyzdnov pri teplote 20 — 30 °C a
nakoniec 4 tyzdne pri teplote 4 — 5 °C.

b) 16 tyzdiov pri teplote 20 °C, potom 4 — 6 tyzdiov pri teplote 4 — 5 °C.

c¢) 125 dni pri striedavej teplote 15 ~ 20 °C (striedanie po 24 hodinach), néasledne 125
dni pri teplote 3 °C.

Dlhu predsejbovll pripravu mozno podla autorky nahradit maceraciou v kyseline
sirove;.

Szot /12/ odporuca stratifikaciu s dlhou teplou fazou (18 tyzdiov) pri cyklicky sa
meniacich teplotach 15 ~ 25 °C (striedanie po 24 hodindch), v kombinacii s naslednou
studenou fazou trvajicou priblizne 24 tyZdnov pri teplote 3 °C.

Pipinis et al. /9/ skimali vplyv prirodzeného sledu teplotnych podmienok na
vzchadzanie semenacikov vybranych druhov drevin s tvrdym osemenim rodov Prunus, Celtis
a Cornus, vratane C. mas v podmienkach lesnej Skolky. Vysev sa uskutocnil v troch
terminoch — v lete po zbere plodov, v jeseni a v zime. Najvyssi podiel vzidenych semenacikov
C. mas zaznamenali az v druhej jari po vyseve, a to z jesenného (72.5 %) a zimného (68.3 %)
vysevu, pricom prvu jar z tychto vysevov nevziSiel ani jeden semenacik. Z letného vysevu
vziSlo uz v prvej jari 30.8 % a v druhej 35.8 % z celkového poctu vzidenych semenacikov
(66.7 %). Kli¢ivost semien Studovanych taxénov ako odpoved’ na zmeny teplotnych
podmienok bola nielen rodovo, ale aj druhovo Specificka.

Na vyznam terminu vysevu na kli¢enie semien driefia upozoriuju aj d’alSie prace. Podl'a
Polanského et al. /10/ pre dosiahnutie kli¢enia uz v prvej jari po vyseve je vhodné vysievat aj

neuplne vyzreté semend driefia hned’ po zbere. Inak prejda do dormantného stavu a je
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potrebné ich stratifikovat’. Na vplyv preschnutia semien v pode pocas horticeho a suchého leta
na predlZzenie obdobia dormancie semien driena upozornuju aj Rezniek /11/ a Tylkowski
/15/.

ZAVER

Hlboka dormancia semien driea obycajného si vyzaduje pouzitie vhodnych
predsejbovych priprav, smerujucich k skrateniu obdobia dormancie a dosiahnutia vysSej
kli¢ivosti semien. Z uvedeného prehladu je zrejmé, Ze k najCastejSie pouzivanym a zaroven
najucinnej$im metédam na prelomenie dormancie semien C. mas patri aplikacia rdéznych
teplotnych rezimov stratifikacie a fytohormonov. Aj ked Cast’ semien je schopnd klicit’ po
prekonani prvého chladného obdobia, vyssie hodnoty kli¢ivosti dosahuje drieni az na jar po
dvoch zimnych obdobiach. Pri §tadiu dizky dormancie semien driefia treba brat’ tiez do Givahy,
7e jej dizku ovplyvituju aj faktory ako vlastnosti pouZitych odrdd, proveniencia semien,
klimatické podmienky v roku tvorby plodov a po vyseve semien do substratu a termin ich
vysevu.
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Summary

In recent years, microplastics (MPs) have become environmental contaminants due to the
increasing production and degradation of plastic materials. Their accumulation in agricultural soils
has contributed to overall plant exposure and transfer of MPs through the food chain and
environment. Recent studies have demonstrated that MPs can be taken up by plants, affecting
growth, photosynthesis, and oxidative status. Furthermore, MPs can act as carriers of heavy metals
and organic pollutants, enhancing their toxic effects. This review shortly summarizes current
knowledge of MPs and their properties as well as their physiological effects on plants.

Keywords: agricultural soil, microplastics, oxidative stress, phytotoxicity, plant uptake, terrestrial
ecosystemswork,

Stihrn

V poslednych rokoch sa mikroplasty stali vyznamnymi environmentalnymi kontaminantmi v
dosledku narastajucej produkcie a degradacie plastovych materidlov. Ich akumulécia v
pol'nohospodarskych podach zvySuje expoziciu rastlin a prispieva k prenosu mikroplastov
prostredim a potravovym retazcom. Sucasné Stadie preukazali, ze rastliny st schopné
prijimat’ mikroplasty, pricom ich pritomnost’ méze ovplyvnit’ rast, fotosyntézu a oxidacny
stav. Mikroplasty m6Zu zaroven posobit’ ako nosice t'azkych kovov a organickych polutantov,
¢im zosilnuju ich toxické ucinky. Tento prispevok struéne sumarizuje sucasné poznatky o
zdrojoch a vlastnostiach mikroplastov, ako aj o ich fyziologickych Gi¢inkoch na rastliny.

Klucové slova: fytotoxicita, mikroplasty, oxidacny stres, polnohospodarska péda, prijem
rastlinami, suchozemské ekosystémy

INTRODUCTION

Plastic production has increased over the past decades, making plastics an unavoidable
part of modern society. Extensive use and improper disposal of plastic materials have resulted
in the widespread accumulation of plastic waste in the environment /1/. Primary microplastics
are manufactured at a microscopic size for specific applications, such as cosmetic microbeads,
synthetic textile fibers, and virgin resin pellets used in plastic production. Secondary
microplastics originate from plastic waste released into the environment that does not remain
in its original form but undergoes continuous degradation over time. Through physical,
chemical, and biological degradation, larger plastic debris gradually fragments into MPs,
commonly defined as plastic particles or fibers smaller than 5 mm /2,3/.

While early research on MPs concentrated on marine environments, studies addressing
their effects on terrestrial plants remain comparatively limited. However, recent studies have
shown that terrestrial environments, particularly agricultural soils, represent the largest
reservoirs of MPs. Agricultural practices such as sewage sludge application, mulching film
use, compost additions, and wastewater irrigation are considered major sources of MPs in
agricultural soils /4,5/. Microplastics may affect plants and their effects depend on specific
particle/fiber characteristics, such as size, chemical composition, age, and shape, as well as
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plant species /6/. They may alter plant growth, photosynthesis, and nutrient uptake, while
inducing oxidative stress and cytological damage /7,8/.

CHARACTERISTICS OF MICROPLASTICS

The physical and chemical characteristics of MPs affect their environmental behavior
and biological effects. The most important characteristics are size, shape, chemical
composition, and age.

Shape — Microplastics occur mainly as fibers, fragments, films, foams, and pellets. In
agricultural and industrial soils, fibers and fragments represent the dominant shapes, followed
by films /9,10/. The fiber shape primarily originates from sewage sludge and compost, while
films are associated with mulching residues /11/. Particle shape influences their transport,
surface interactions, and potential uptake by plants /12/.

Size — Microplastics are commonly considered as plastic particles up to to 5 mm in
size, with smaller particles (typically defined as submicrometre-sized) known as nanoplastics
(NP) /13/.

Chemical composition (polymer composition) — The most frequently detected
polymers in agricultural environments are polyethylene (PE), polypropylene (PP), polystyrene
(PS), polyethylene terephthalate (PET), and polyvinyl chloride (PVC). Different polymers
exhibit distinct densities, surface chemistry, degradation rates, and capacities to adsorb
environmental contaminants such as heavy metals and pesticides, which influence their
phytotoxicity /12/.

Aging (weathering) — Microplastics in soil are exposed to certain conditions that
modify their physicochemical properties. Exposure to UV, temperature fluctuations,
oxidation, and microbial activity increases surface roughness and the abundance of oxygen-
containing functional groups, enhancing the adsorption of heavy metals and organic
pollutants, as well as interactions with soil microorganisms and plant roots /12/.

UPTAKE AND TRANSPORT OF MICROPLASTICS IN PLANTS

Microplastics and nanoplastics can enter plant tissues through both root and foliar
pathways. How MP and NP enter the plant organism is strongly influenced by particle
properties, particularly their size and surface characteristics. At the root level, the crack-entry
mode — penetration through cracks formed at sites of lateral root emergence — has been
identified as a major pathway allowing particles up to 2 um to reach the vascular system /13/.

Roots may also take up particles via apoplastic transport (through cell walls and
intercellular spaces) and the smallest particles via symplastic transport across the plasma
membrane /16/. Particle size acts as a filter at this stage: while small nanoplastics can cross
the root endodermis and enter the xylem, being transported towards stems and leaves via the
transpiration stream, larger particles are excluded from the vascular system and tend to
accumulate at the root surface or in the outer cortex.

Foliar uptake represents the second entry route. Airborne MPs and NPs can deposit on
leaf surfaces and enter mostly through stomatal openings or an entry point created by a
damaged leaf surface. However, this is mostly relevant to the smallest particles, such as NPs,
whereas larger particles have a tendency to accumulate on the epidermis /16/.

Smaller particles generally show a greater capacity to overcome biological barriers and
undergo long-distance transport, whereas larger MPs tend to accumulate predominantly on
root surfaces or within root tissues. MPs that accumulate on and around root and leaf surfaces
also influence plant physiology.
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Fig. 1: The different shapes of microplastic: A) Transparent spheres, B) Fibers, C) Angular
fragment, D) Elongated fragments, E) Irregular particles, F) Films. Microplastic particles
inspected under a Byomic light microscope (taken from /14/).

PHYSIOLOGICAL EFFECTS OF MICROPLASTICS ON PLANTS

The effects of MPs on plants depend on several factors, including the aforementioned
particle size, polymer type, concentration, exposure duration, and plant species. Although
responses vary considerably among experimental systems, MP exposure is generally
associated with alterations in plant growth, photosynthesis, and nutrient content /17/.

Microplastic contamination also causes disturbances in metabolism through a state of
oxidative stress, which is the excessive generation of reactive oxygen species (ROS),
including hydrogen peroxide (H20:), which leads to lipid peroxidation and membrane damage
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/15/. Plants counteract ROS accumulation through an enzymatic antioxidant defense system
involving enzymes such as superoxide dismutase (SOD), catalase (CAT), ascorbate
peroxidase (APX), and peroxidases (POD) /17/.

Photosynthesis is one of the physiological processes most consistently affected. MP
contamination reduces chlorophyll content through interference with chlorophyll biosynthesis,
structural damage of photosystem II reaction centers, disrupted electron transport, and altered
stomatal conductance and gas exchange, resulting in decreased photosynthetic activity, which
limits plant growth and biomass production /18/.

At the whole-plant level, these physiological disturbances translate into reduced
germination rates, inhibited root and shoot elongation, and lower overall biomass.
Contributing factors to MP contamination include physical blockage of seed pores and root
surfaces, which leads to impaired nutrient and water uptake. MPs have the ability to influence
soil structure, altering its porosity, which also affects nutrient and water uptake. /18,8/.

Oxidative stress Photosynthesis

production * Reduced chiorophyll content
« PSll damage
« Altered gas exchange

Fig. 2: Main physiological effects of microplastic exposure on plants: oxidative stress,
disrupted photosynthesis, and impaired plant growth.

CONCLUSION
Nowadays, MPs are widespread and persistent contaminants of terrestrial environments,

with agricultural soils being very important reservoirs. Their sources and physicochemical
properties, particularly particle size, shape, polymer composition, and aging, influence their
environmental behavior and interactions with plants. Current studies show that small micro-
and nanoplastics can be taken up by plant roots and, under certain conditions, transported to
aboveground tissues. Exposure to MPs may subsequently affect plant growth, photosynthesis,
nutrient uptake, and cellular oxidative state. However, plant responses vary considerably
depending on particle characteristics, exposure conditions, and plant species.
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FYZIOLOGICKA ODOZVA SKOROCELU KOPILJOVITEHO NA
PODNE ADITIiVA V METALURGICKOM ODPADOVOM SUBSTRATE

PHYSIOLOGICAL RESPONSE OF RIBWORT PLANTAIN TO SOIL AMENDMENTS IN
METALLURGICAL WASTE SUBSTRATE
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Summary

The suitability of soil amendments for phytomanagement cannot be inferred from their
general properties alone, because plant responses depend strongly on the amended substrate.
We compared biochar, calcium silicate, arbuscular mycorrhizal fungi, and their combinations
using Plantago lanceolata grown in waste material from a former nickel smelter. Plant
performance was evaluated through carbon assimilation, shoot dry mass, and photosynthetic
pigment content. Treatments containing mycorrhizal inoculum produced the most favourable
response, whereas biochar and silicon without mycorrhiza provided no comparable benefit
and occasionally reduced the measured parameters. Under the tested conditions, the biological
amendment was therefore more effective than the mineral and carbonaceous amendments.

Keywords: arbuscular mycorrhiza, biochar, metallurgical waste, phytomanagement, silicon

Sthrn

Vhodnost podnych aditiv pre fytomanazment nemozno posudzovat’ iba podla ich
vSeobecnych vlastnosti, pretoZze odozva rastlin vyrazne zavisi od charakteru upravovaného
substratu. Porovnali sme uC€inok biouhlia, kremicitanu vapenatého, arbuskuldrnych
mykoriznych hib a ich kombindcii na Plantago lanceolata pestovany v odpadovom substrate z
byvalej niklovej huty. Fyziologicky stav rastlin sme hodnotili podl'a asimilacie CO-, suchej
hmotnosti nadzemnej biomasy a obsahu fotosyntetickych pigmentov. NajpriaznivejSiu odozvu
vyvolali varianty s mykoriznym inokulom. Biouhlie a kremik bez mykorizy neposkytli
porovnatel'ny ucinok a niekedy sledované parametre znizovali. Biologické aditivum bolo
preto za danych podmienok Gc¢innejSie nez mineralny a uhlikaty pridavok.

Klucove slova: arbuskularna mykoriza, biouhlie, fytomanazment, kremik, metalurgicky odpad

UvOoD

Odpadové substraty vznikajlice pri spracovani rad predstavuju pre rastliny Specifické
prostredie, v ktorom sa ucinky kovov spdjaju s nepriaznivymi fyzikdlnymi a nutricnymi
vlastnostami materialu. Nikel patri pri nizkych koncentracidch medzi prvky potrebné pre
metabolizmus rastlin, po prekroceni toleranéného rozsahu vSak nartiSa redoxni rovnovahu,
obmedzuje rast a poskodzuje fotosynteticky aparat /1, 2/. Uspe$né ozelenenie takychto ploch
preto nezavisi iba od vyberu tolerantného druhu, ale aj od Gpravy podmienok v koreiovom
prostredi. Jednou z mozZnosti je vyuzitie pddnych aditiv, ktorych pdsobenie sa opiera o
rozdielne mechanizmy. Biouhlie m6Ze menit’ porovitost, vodny rezim a sorpcnu kapacitu

substratu; zaroven predstavuje spdsob materidlového zhodnotenia organickych odpadov /3, 4,
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5/. Kremik méze zmieriiovat’ stresovil odozvu rastlin a ovplyviiovat' prijem aj vnitornt
distribuciu potencialne toxickych prvkov /6/. Pozitivny Gc¢inok tychto materialov vSak nie je
univerzalny, pretoze zavisi od ich davky, chemickych vlastnosti a interakcii s konkrétnym
substratom.

Biologicky odliSny pristup predstavuje arbuskularna mykoriza. Symbiotické huby
rozSiruju funkény absorpény priestor korenov a moézu podporovat’ vyzivu i toleranciu
hostitel'skych rastlin voci stresu /7/. V substratoch s kombinovanym chemickym a nutricnym
obmedzenim tak moze byt mykorizna inokulacia ucinnejSia nez samotna zmena sorpénych
vlastnosti alebo doplnenie minerdlneho prvku. Porovnanie biologickych, mineralnych a
uhlikatych aditiv v rovnakych podmienkach umoznuje posudit’ nielen ich samostatny efekt,
ale aj prinos vzajomnych kombinécii.

Ciel'om prace bolo porovnat’ fyziologicki odozvu skorocelu kopijovitého (Plantago
lanceolata L.) na mykorizne inokulum, kremik, biouhlie a ich kombinacie v odpadovom
substrate z byvalej niklovej huty. U¢inok aditiv sme posudzovali podla fotosyntetickej
aktivity, tvorby nadzemnej biomasy a obsahu fotosyntetickych pigmentov.

MATERIAL A METODA

Kultivécia rastlin

Pokusnym druhom bol skorocel kopijovity (Plantago lanceolata L.), kozmopolitna
rastlina s relativne nizkymi narokmi na ziviny a schopnostou tolerovat’ abioticky stres.
Kultiva¢ny substrat pochadzal z aredlu byvalej niklovej huty pri Seredi. Po preosiati sme ho
susili 4 dni pri 60 °C v laboratornej suSiarni (VENTI-Line, VWR) a neskdr detailne
charakterizovali (celkova a biodostupna koncentracia prvkov, pH, obsah organického uhlika).
Semena boli 15 min povrchovo sterilizované v 30 % roztoku komeréného pripravku Savo s
obsahom 4,7 % chlérnanu sodného, premyté destilovanou vodou a vysiate po 20 kusoch do
0,3 1 ¢repnikov naplnenych 600 g suchého substratu.

Pokus zahfiial 8 variantov: neupraveny substrdt (C), biouhlie (B), kremik (Si),
mykorizne inokulum (M), kremik s biouhlim (SiB), mykoriza s kremikom (MSi1), mykoriza s
biouhlim (MB) a kombinacia vSetkych troch aditiv (MSiB). Zdrojom kremika bol praskovy
kremicitan vapenaty (Sigma-Aldrich, Nemecko), pridany v mnozstve 0,0614 g na 100 g
suchého substratu, ¢o zodpovedalo davke 500 kg Si/ha. Bukové biouhlie (Novocarbo GmbH,
Nemecko) bolo vyrobené technologiou PYREG® pri 700 °C; malo pH 8,8, Specificky povrch
priblizne 200 m?/g a obsahovalo 85 % C, 0,38 % N, 0,5 % K, 0,6 % Ca a 0,1 % Mg. Pomleté a
homogenizované biouhlie sme zapracovali do substratu v 1 % koncentracii. Komeréné
mykorizne inokulum Symbivit (Symbiom s. r. 0., Ceska republika) sme pouzili v davke 3,214
g na 600 g substratu. Pre kazdy variant boli pripravené tri biologické replikaty.

Kultivécia trvala 120 dni pri teplote 25/23 °C pocas dia/noci, relativnej vlhkosti vzduchu
70 %, fotoperiode 16/8 h a intenzite fotosynteticky aktivneho ziarenia 200 pmol m™2 s™'. Obsah
vody v substrate sme pravidelnou zéalievkou udrZiavali na 70 % jeho kapacity zadrZiavania
vody.

Produkcia biomasy
Na stanovenie biomasy sme z kazdého ¢repnika odobrali pit’ reprezentativnych rastlin.
Nadzemné cCasti sme odvazili na analytickych védhach (Adventurer Pro AV413C), vysusili
pocas 5 dni pri 60 °C a po ukonceni susenia opitovne odvazili.
Meranie rychlosti fotosyntézy
Vymenu plynov sme zaznamenavali prenosnym fotosyntetickym systémom CIRAS-2
(USA) po jednej hodine aklimatizécie rastlin. Do listovej komorky bol vkladany treti iplne

vyvinuty list. Svetelnd odozva fotosyntézy sa stanovila postupnym znizovanim intenzity

ziarenia z 2000 na 1500, 1000, 500, 250, 125 a 0 umol m™ s™'; kazd4 hodnota bola odc¢itana
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az po stabilizacii merania. Merania prebiehali v dopoludnajSich hodinach a ziskané udaje boli
spracované v programe Microsoft Excel.

Stanovenie fotosyntetickych pigmentov

Fotosyntetické pigmenty boli extrahované z priblizne 0,02 g pletiva treticho listu.
Vzorka sa homogenizovala s morskym pieskom, MgCOs a 80 % acetéonom, pricom vysledny
objem extraktu bol upraveny na 11 ml. Po centrifugacii pocas 6 min pri 6000 rpm a 3 °C
(Mega Star 1.6R, VWR) sme absorbanciu supernatantu merali spektrofotometrom Jenway
6705 UV/Vis pri vinovych dizkach 663,2, 646,8 a 470 nm. Koncentracie chlorofylov a
karotenoidov boli vypocitané podl'a Lichtenthalera /8/; referenénym roztokom bol 80 %
aceton.

Statistick4 analyza
Vysledky boli Statisticky vyhodnotené pomocou jednofaktorovej analyzy rozptylu
(ANOVA) a nasledného Tukeyho HSD testu viacndsobného porovnavania v programe
Statgraphics Centurion. Udaje st uvedené ako aritmeticky priemer + smerodajna odchylka
(SD). Rozdiely medzi variantmi boli povazované za Statisticky vyznamné pri p < 0,05.

VYSLEDKY A DISKUSIA

Mykoriza ako hlavny faktor fyziologickej odozvy

Pritomnost’ mykorizneho inokula bola spoloénym znakom variantov s najpriaznivejSou
fyziologickou odozvou. Samotna mykoriza (M) viedla pri maximalnom osvetleni k najvyssej
rychlosti fotosyntézy a zaroven k priblizne o 70 % vysSiemu obsahu chlorofylu a + b oproti
kontrole. ZvySend rychlost’ fotosyntézy oproti kontrole bola zaznamenand aj vo variantoch
MSi a MSiB. Rastliny vo variantoch M a MSi stcasne vytvorili najviac nadzemnej suSiny
(obr. 1). Stibeh zmien v asimilécii CO2, obsahu pigmentov a biomase naznacuje, Ze mykorizna
symbi6za neovplyvnila iba jeden izolovany parameter, ale celkovu funkéna vykonnost’ rastlin.
Takato odozva mohla suvisiet' so schopnostou arbuskuldrnych mykoriznych hub zlepSovat
pristup rastlin k zivindm a vode, a zmieriiovat’ tak dosledky stresu sposobeného t'azkymi
kovmi a deficienciou Zivin /7/.

Obmedzeny prinos biouhlia a kremika

Odozva rastlin na biouhlie a kremik bola odliSn4d. Ak boli aplikované bez mykorizy,
rychlost’ fotosyntézy bola priblizne o 20 % nizSia nez v kontrole a kombinacia SiB dosiahla
najnizSie hodnoty. Samostatna aplikacia kremika bola spojena aj s priblizne 50 % poklesom
obsahu chlorofylu a + b, pri€om pritomnost’ kremika a biouhlia aj v ich kombin4cii nezvysila
tvorbu nadzemnej biomasy. Vysledok poukazuje na vyrazni zavislost' ucinku aditiv od
vlastnosti substratu. Aditiva s priaznivym pdsobenim v beZnej pdde nemusia v metalurgickom
odpade automaticky zlepSit' dostupnost’” zivin ani fyziologicky stav rastlin /4, 5, 6/. Pri
praktickom vyuZiti bude potrebné overit’ najmad davku biouhlia a kremika a rozliSit, ¢i je
prioritou podpora produkcie biomasy, udrzanie fotosyntetickej aktivity alebo stabilizacia
kontaminantov.
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Obr. 1. Sucha hmotnost rastlin skorocelu kopijovitého.
Varianty: C - kontrola; B - biouhlie; Si - kremik; M - mykoriza; SiB - kremik + biouhlie; MSi
- mykoriza + kremik; MB - mykoriza + biouhlie; MSiB - mykoriza + kremik + biouhlie.
Hodnoty predstavuju aritmeticky priemer 15 rastlin. Odlisné pismend oznacuju Statisticky
preukazné rozdiely medzi variantmi pri P < 0,05.
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Obr. 2. Obsah chlorofylu v listoch rastlin skorocelu kopijovitého.

Varianty: C - kontrola; B - biouhlie; Si - kremik; M - mykoriza; SiB - kremik + biouhlie; MSi
- mykoriza + kremik;, MB - mykoriza + biouhlie; MSiB - mykoriza + kremik + biouhlie.
Odlisné pismena oznacuju Statisticky preukazné rozdiely medzi variantmi pri P < 0,05.
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Obr. 3. Rychlost fotosyntézy rastlin skorocelu kopijovitého.

Varianty: C - kontrola; B - biouhlie; Si - kremik; M - mykoriza; SiB - kremik + biouhlie; MSi
- mykoriza + kremik;, MB - mykoriza + biouhlie; MSiB - mykoriza + kremik + biouhlie.
Odlisné pismend oznacuju Statisticky preukazné rozdiely medzi variantmi pri P < 0,05.

ZAVER

Testované aditiva nepdsobili v odpadovom substrate rovnako. NajstabilnejSie zlepSenie
fyziologického stavu skorocelu kopijovitého bolo viazané na pritomnost” mykorizneho inokula, ktoré
podporilo fotosyntézu, obsah chlorofylov a tvorbu biomasy. Biouhlie a kremik bez mykorizy
oCakavany stimula¢ny u¢inok nepreukazali a pri niektorych parametroch bola odozva dokonca
negativna. Za testovanych podmienok sa cielena podpora biologickych interakcii v korenovej zone
javila ako perspektivnejSia nez aplikacia mineralnych a organickych pridavkov samostatne alebo v
kombinacii. Pouzitie biouhlia a kremika si vyZaduje optimalizaciu davky a overenie ich kompatibility
s konkrétnym substratom.
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BIOCHEMICKE REAKCE GENOTYPU JABLONI NA OPAKOVANE
CYKLY SUCHA A REHYDRATACE

BIOCHEMICAL RESPONSES OF APPLE GENOTYPES TO REPEATED DROUGHT-
REHYDRATION CYCLES

5 Tomas Rygl, FrantiSek Hnilicka
Ceska zemé&d¢lska univerzita v Praze, FAPPZ, Katedra botaniky a fyziologie rostlin,
Kamycka 129, Praha — Suchdol 165 00, rygl@af.czu.cz

Summary

Repeated drought followed by rehydration represents a realistic stress scenario for perennial
fruit trees. The aim of the study was to characterise biochemical responses of fourteen apple
(Malus domestica Borkh.) genotypes during two consecutive drought—rehydration cycles.
Proline, malondialdehyde (MDA), total phenolics, flavonoids and the activities of superoxide
dismutase (SOD), catalase (CAT) and peroxidase (POX) were evaluated. The strongest
response occurred at the end of the second drought period (T6). Compared with the control,
proline increased by 272.4%, MDA by 136.4%, phenolics by 45.3%, flavonoids by 76.5%,
SOD by 109.1%, CAT by 89.0% and POX by 117.5%. Rehydration reduced all markers, but
recovery was mostly incomplete. Multivariate analyses confirmed coordinated and genotype-
dependent responses. The results support integrated biochemical profiling as a complementary
tool for pre-selection of apple genotypes exposed to recurrent water limitation.

Keywords: Malus domestica, drought stress, rehydration, proline, antioxidant enzymes,
phenolic compounds

Souhrn

Opakované epizody sucha a nésledné rehydratace predstavuji pro vytrvalé ovocné dieviny
komplexnéjsi zatéz nez jednorazovy vodni deficit. Cilem prace bylo charakterizovat
biochemickou odezvu ¢trnacti genotypt jabloné domaci (Malus domestica Borkh.) béhem
dvou po sobé nasledujicich cykld sucho-rehydratace. Hodnocen byl obsah prolinu,
malondialdehydu (MDA), celkovych fenolickych latek a flavonoidi a aktivita
superoxiddismutazy (SOD), katalazy (CAT) a peroxidazy (POX). Nejsiln€jsi odezva byla
zaznamenana na konci druhého obdobi sucha (T6). Rehydratace vedla k poklesu sledovanych
parametrl, avSak ndvrat na uUroven kontroly byl vétSinou neuplny. Multivariani analyzy
potvrdily koordinovany a genotypové specificky charakter biochemické odpovédi.

Klicova slova: Malus domestica, vodni deficit, rehydratace, prolin, antioxidacni enzymy,
fenolickeé latky

UvOD

Sucho patii mezi hlavni abiotické stresory omezujici rast, produktivitu a stabilitu
vynosu zemédé€lskych plodin. U vytrvalych ovocnych dievin je jeho vyznam zesilen
opakovanym vyskytem béhem vegetace a nutnosti obnovit fyziologické a metabolické funkce
po opétovném zavlazeni. Vodni deficit vede k poklesu vodniho potencialu a turgoru, omezeni
stomatalni vodivosti a fotosyntézy a soucasn¢ podporuje vznik reaktivnich forem kysliku.
Vysledkem je aktivace enzymatickych i neenzymatickych ochrannych mechanismt, ale pti
silném stresu také oxidativni poSkozeni bunécnych struktur.

Cilem prace bylo posoudit ¢asovou dynamiku a genotypovou variabilitu biochemickych
reakci jabloni na dva opakované cykly sucha a rehydratace a ovéfit, zda lze reakci 1épe

charakterizovat kombinaci vice markerd nez jednotlivym ukazatelem.
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MATERIAL A METODY

Pokus probihal ve foliovém krytu Vyzkumného a Slechtitelského ustavu ovocnéiského
Holovousy s.r.o. Zatazeno bylo 14 genotypt jabloné domaci: B11, Gala (Galaval), HL53,
HL308, HL827, HL1282, HL1311, HL1343, HL1579, HL1651, HL2010, HL2350, Idared a
Rubinstep. Rostliny byly rozdéleny na plné zavlazovanou kontrolu a stresovanou variantu
vystavenou opakovanému vodnimu deficitu. Pro kazdou kombinaci genotypu, varianty a
terminu bylo hodnoceno pét biologickych opakovani.

Experiment zahrnoval devét odbérovych termintt TO-TS8. TO ptedstavoval vychozi stav,
T1-T2 prvni obdobi sucha, T3—T4 prvni rehydrataci, T5S—T6 druhé obdobi sucha a T7-T8
druhou rehydrataci. Terminy T2 a T6 odpovidaly maximim prvniho a druhého stresového
cyklu, viz tab. 1. Listy byly odebirany ze srovnatelné cCasti koruny ve stejnou denni dobu,
okamzité zmrazeny v kapalném dusiku a uchovavany piti -80 °C do analyzy.

TO T1 T2 T3 T4 T5 T6 T7 T8

vychozi sucho I sucho I rehydr. T rehydr. T sucho II sucho II rehydr. IT rehydr. I

Tab. 1: Schéma odbérovych terminii behem dvou cyklit sucho—rehydratace.

Volny prolin byl stanoven kolorimetricky po extrakci 3% kyselinou sulfosalicylovou a
reakci s kyselym ninhydrinem; absorbance byla métfena pii 520 nm. MDA jako ukazatel
lipidové peroxidace byl stanoven reakci s kyselinou thiobarbiturovou. Celkové fenolické latky
byly stanoveny Folin—Ciocalteuovou metodou a flavonoidy kolorimetricky s vyjadfenim jako
ekvivalenty kyseliny gallové (GAE), resp. kvercetinu (QE). Aktivita SOD byla stanovena na
zaklad¢ inhibice fotochemické redukce NBT, aktivita CAT podle rozkladu H2O: pti 240 nm a
POX podle oxidace guajakolu pii 470 nm. Enzymové aktivity byly vztazeny na obsah
rozpustnych proteind.

Skupina Parametr Fyziologicka interpretace

Osmoticka odpovéd Prolin 08 mot}ck? gdjustace, ochrannd a
signaliza¢ni reakce

Poskozeni MDA hpldovz} peroxidace a poskozeni
membran

Enzymatickd obrana SOD, CAT, POX koordinovana detoxikace ROS

s . kundarni li

Neenzymatické obrana Fenoly, flavonoidy skl n(.iarril . metgbo ismus - a

antioxidac¢ni kapacita

Tab. 2: Prehled sledovanych biochemickych markerii a jejich interpretacni vyznam.

Statistické hodnoceni zahrnovalo tfifaktorovou ANOVA (genotyp x varianta X termin),
Tukeyho HSD test, Pearsonovu korela¢ni analyzu, analyzu hlavnich komponent (PCA) a
hierarchické shlukovani. Rozdily byly povazovany za prikazné pii p < 0,05.

VYSLEDKY A DISKUSE

Ve vychozim terminu TO nebyly mezi kontrolou a stresovanou variantou zjistény
vyznamné rozdily. V prabéhu prvniho sucha se vSechny sledované markery zvysily, béhem
rehydratace jejich hodnoty poklesly, ale vétSinou se nevratily na trovenl kontroly. Druhé
obdobi sucha vyvolalo jesté¢ vyraznéj$i odezvu a maxima vSech sedmi parametri byla
zaznamenana v terminu T6.
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OSMOTICKA ODPOVED A OXIDATIVNI POSKOZENI

Prolin patiil k nejcitlivéjsSim ukazatelim vodniho deficitu. V terminu T2 dosahl ve
stresované variant¢ 4,059 + 1,591 pmol g' Cerstvé hmoty oproti 1,242 + 0,453 pumol g' v
kontrole. Po prvni rehydrataci klesl, avsak pfi druhém suchu znovu vzrostl a v T6 dosahl
4,528 + 1,726 umol g, tedy o 272,4 % vice nez kontrola. Po druhé rehydrataci opét poklesl,
ale zlstal nad kontrolni Grovni.

Drought 1 Rehydration 1 Drought 2 Rehydration 2 Drought 1 Rehydration 1 Drought 2

30

o

25

w

20
sk

Proline (umol g FW)
w IS
MDA (nmol g~! FW)

Rehydration 2

~

-

TO et T2 L] T4 TS T6 K T8 To 1 T2 T3 T4 T T6
Sampling time Sampling time

—e— Control Stress —e— Control Stress

Obr. 1: Casovd dynamika obsahu prolinu (vievo) a MDA (vpravo) v kontrolni a stresované
varianté béhem dvou cykli sucho—rehydratace. Hveézdicky oznacuji prikazné rozdily mezi
variantami.

MDA vykazoval obdobnou ¢asovou dynamiku. V T6 vzrostl z 9,804 = 2,068 nmol g' v
kontrole na 23,175 £+ 5,939 nmol g! ve stresované varianté, coz odpovida narastu o 136,4 %.
Soucasny nardst prolinu a MDA ukazuje, Ze aktivace ochrannych mechanismti probihala
paraleln¢ s nartstajicim oxidativnim poskozenim. Silna pozitivni korelace prolin-MDA (r =
0,724) zaroven upozoriiuje, ze vysoky obsah prolinu nelze automaticky interpretovat jako
ditkaz vys$i tolerance; muize také odraZet intenzitu ptisobiciho stresu. Prolin ma pfi suchu vice
funkci, véetné osmotické adjustace a stabilizace bunécnych struktur, jeho akumulace vSak
byva vyraznd pravé pii silné stresové zatézi. Soucasny nartist MDA proto ukazuje, Ze
osmoticka ochrana nedokézala zcela zabréanit peroxidaci membran. Z hlediska hodnoceni
genotypl je proto vhodnéjsi interpretovat prolin spole¢né s ukazateli poskozeni a obnovy nez
jako samostatny znak tolerance /1,2/.

ENZYMATICKA A NEENZYMATICKA ANTIOXIDACNT OBRANA

Aktivity SOD, CAT a POX se bchem obou stresovych period zvySovaly a po
rehydrataci klesaly. Nejvyssi hodnoty byly zaznamenany v T6: SOD vzrostla proti kontrole o
109,1 %, CAT o 89,0 % a POX o 117,5 %. Koordinovany nartst téchto enzyml odpovida
funkénimu propojeni antioxida¢niho systému: SOD pievadi superoxidovy radikdl na Hz0:,
ktery je nasledné odstraiiovan zejména katalazou a peroxiddzami. Takova koordinace je
typickou soucasti obrany proti oxidacnimu stresu vyvolanému suchem /2,3/. Silné&jsi aktivace
ve druhém cyklu muize ptedstavovat rychlej§i nebo intenzivnéj$i obrannou odpovéd po
predchozi stresové zkuSenosti, sama o sobé vSak neumoznuje odliSit stresovou pamét’ od
reakce na kumulativni poSkozeni. Prave proto je dllezité hodnotit enzymové aktivity soucasné
s MDA a pribéhem rehydratace.
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Obr. 2: Casovad dynamika aktivit SOD, CAT a POX. Nejvyssi aktivita v§ech t#i enzymii byla
zaznamenadna na konci druhého sucha (T6).

SEKUNDARNI METABOLITY A KOORDINACE ODPOVEDI

Vodni deficit zvysil také obsah celkovych fenolickych latek a flavonoidt. V T6 dosahly
fenolické latky 19,673 + 4,057 mg GAE g oproti 13,541 + 2,809 mg GAE g v kontrole
(+45,3 %). Flavonoidy vzrostly z 2,807 + 0,674 na 4,955 + 1,075 mg QE g (+76,5 %). Po
rehydrataci ob¢ skupiny metabolit klesaly pomaleji nez prolin a ziistavaly zvySené i v obdobi
obnovy, coz odpovida jejich uloze v déletrvajici neenzymatické antioxida¢ni odpovédi.
Pretrvavajici zvySeni fenolickych latek a flavonoidl po obnoveni zdlivky milize zaroven
znamenat, 7ze metabolickd obnova probiha pomaleji nez obnoveni vodniho rezimu. U
ovocnych dievin byly zmény sekundarnich metabolitl a antioxidacnich enzymu popséany jako
vyznamna soucdst genotypove specifické stresové odpoveédi /8/.
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Obr. 3: Casovd dynamika celkovych fenolickych latek a flavonoidii v kontrolni a stresované
variante.

Korela¢ni analyza prokazala ptevazn€ pozitivni vztahy mezi sledovanymi markery.
Vedle vztahu prolin-MDA byly vyznamné vazby naptiklad mezi fenolickymi latkami a POX
(r=10,672), CAT a POX (r = 0,646) nebo flavonoidy a SOD (r = 0,621). Vysledky podporuji
interpretaci stresové odpovédi jako propojené sité osmotické adjustace, poskozeni membran,
sekundérniho metabolismu a enzymatické obrany.
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Obr. 4: Pearsonova korelacni matice (vlevo) a PCA biplot (vpravo) biochemickych markerii.
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Prvni dvé hlavni komponenty PCA vysvétlily 75,1 % celkové variability (PC1 57,69 %,
PC2 17,41 %). VSechny markery mély kladné zatizeni na PCl1, ktera tak vyjadfovala obecnou
intenzitu biochemické odpoveédi. Maxima stresu T2 a zejména T6 se od kontroly a
rehydratovanych rostlin zfetelné oddélovala. Rehydratované vzorky zaujimaly pfevazné
pfechodnou pozici, coz potvrzuje pouze ¢asteCny navrat metabolického stavu k zavlazované
kontrole. Vyraznéjsi posun T6 oproti T2 je zvlast' dilezity z hlediska opakovaného stresu.
Literatura uvadi, Zze pfedchozi epizoda sucha mize modifikovat naslednou odpoveéd
prostiednictvim stresové paméti, ktera zahrnuje mimo jiné zmény antioxida¢niho systému a
metabolické regulace /4,5/. V naSem experimentu vSak soucasn¢ pretrvavaly znamky netplné
obnovy, a proto nelze siln¢jsi reakci pii druhém suchu pfipsat pouze pamétovému efektu;
pravdépodobné se na ni podilela i kumulace poskozeni.

GENOTYPOVE SPECIFICKE PROFILY

Hierarchické shlukovani zaloZzené na odpovédi v maximech obou obdobi sucha rozd¢lilo
14 genotypti do ¢tyf hlavnich skupin. B11 a HL308 se vyznacovaly silnéjsi antioxidacni
odpovédi pfi relativné nizsi indukci MDA. Genotypy HL1282, HL1579 a HL1651 vykazovaly
nizsi relativni indukei prolinu a MDA spolu se silngjs$i odpovédi fenolickych latek, flavonoidi
a vybranych enzymt. HL1311, HL2010, HL2350 a Rubinstep mély pievdzné intermediarni
profil. Gala (Galaval), HL1343, HL53, HL827 a Idared se vyznacovaly vyssi relativni indukci
prolinu a MDA a slabsi odezvou nékterych antioxidacnich slozek.

B11
Cluster 1
HL308| 2
- e

-- H12g Cluster2

HLS3 | Cluster 4
HL134B -2
‘Idare

Obr. 5: Heatmapa a hierarchické shlukovani genotypové specifickych biochemickych profilu
na zaklade priumérné odpovedi v T2 a T6.
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Tyto profily nelze samy o sob& povazovat za piimé méfitko tolerance. Ukazuji vSak, ze
jednotlivé genotypy vyuZzivaji rozdilné kombinace osmotické adjustace, antioxidacni obrany,
sekundarniho metabolismu a miry oxidativniho poskozeni. Pro Slechtitelsky predvybér je
proto vhodné&j$i kombinovat vice znakll a soucasn¢ hodnotit rychlost a Uplnost obnovy po
rehydrataci. Tento pfistup je v souladu i1 s fyziologickym hodnocenim stejnych nebo
obdobnych genotypovych reakci, kde se jako vyznamné ukéazaly rozdily ve schopnosti udrzet
funkce béhem vodniho deficitu a nasledné je obnovit po rehydrataci /6/. Biochemicky profil
tak mize fyziologické hodnoceni doplnit, nikoli nahradit.

ZAVER

Opakovany vodni deficit vyvolal koordinovanou a genotypové zavislou biochemickou
odezvu jabloni. Nejsilngjsi reakce byla zaznamenéna na konci druhého obdobi sucha, kdy
maxima dosahly vSechny sledované markery. Rehydratace vedla k caste€né obnové, avsak
vétSina parametri se nevratila na kontrolni troven. Vysledky ukazuji, Ze druhd epizoda sucha
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neni pouze opakovanim prvni a mize odrazet kombinaci stresové paméti a kumulativniho
poskozeni. Pro praktické hodnoceni genotypi je vhodné spojovat ukazatele poskozeni,
enzymatické a neenzymatické obrany a schopnosti nasledné regenerace s fyziologickymi,
rustovymi a produkénimi znaky.
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VLIV VODNIHO DEFICITU A ZASOLENI NA FYZIOLOGICKO-
BIOCHEMICKE CHARAKTERISTIKY REPY CUKROVE

EFFECT OF WATER DEFICIT AND SALINITY ON PHYSIOLOGICAL AND BIOCHEMICAL
CHARACTERISTICS OF SUGAR BEET

FrantiSek Hnilicka, Petr Bahnik, Tomas Rygl
Ceska zemé&délska univerzita v Praze, Fakulta agrobiologie, potravinovych a piirodnich
zdrojii, Katedra botaniky a fyziologie rostlin, Kamycka 129, Praha — Suchdol 165 00,
hnilicka@af.czu.cz

Summary

Water deficit and salinity are major abiotic stresses affecting crop productivity, and their
combined action may substantially intensify plant stress responses. This study evaluated three
sugar beet (Beta vulgaris var. altissima) genotypes, KWS Viola, KWS Beppina and Primot,
under control conditions, water deficit, salinity (250 mM NaCl) and combined water deficit
plus salinity. Gas exchange, photosynthetic pigments, chlorophyll fluorescence, osmotic
potential, proline and malondialdehyde (MDA) were assessed during seven sampling times
from 0 to 336 h. Stress reduced photosynthesis, transpiration, total chlorophyll and PSII
efficiency and made osmotic potential more negative, whereas proline and MDA increased.
The strongest changes generally occurred under combined stress and intensified with stress
duration. Primot maintained higher photosynthetic activity, chlorophyll content and
chlorophyll fluorescence and showed lower accumulation of stress markers than KWS Viola.
The results demonstrate pronounced genotype-specific responses and support the combined
use of physiological and biochemical markers for screening sugar beet responses to abiotic
stress.

Keywords: Beta vulgaris, drought stress, salinity, gas exchange, chlorophyll fluorescence,
proline, malondialdehyde

Souhrn

Vodni deficit a zasoleni patii mezi vyznamné abiotické stresory zemédé€lskych plodin a jejich
kombinované pisobeni mize stresovou odezvu déle zesilovat. V préaci byly hodnoceny tfi
genotypy tepy cukrové (Beta vulgaris var. altissima) - KWS Viola, KWS Beppina a Primot -
ve variantach kontrola, vodni deficit, zasoleni 250 mM NaCl a kombinace vodniho deficitu a
zasoleni. V sedmi terminech od 0 do 336 hodin byly sledovany vymeéna plynt, fotosyntetické
pigmenty, fluorescence chlorofylu, osmoticky potencial, prolin a malondialdehyd (MDA).
Stres snizoval fotosyntézu, transpiraci, obsah chlorofylu a uc¢innost PSII a vedl k poklesu
osmotického potencidlu, zatimco obsah prolinu a MDA se zvySoval. Nejvyraznéjsi zmény
byly zpravidla zaznamenany pii kombinovaném stresu a s prodluzujici se dobou ptisobeni
stresorl. Genotyp Primot si udrzoval vys§i fyziologickou aktivitu a niz$i akumulaci
stresovych markerti nez KWS Viola.

Klicova slova: Beta vulgaris, vodni deficit, salinita, vymeéna plynii, fluorescence chlorofylu,
prolin, MDA

UvoD

Sucho a zasoleni omezuji rist a produkéni stabilitu plodin prostiednictvim naruSeni
vodniho rezimu, iontové homeostazy a fotosyntetickych procesi. Vodni deficit vede k
uzavirani praduchti a omezeni pfijmu CO-, zatimco salinita kombinuje osmotickou slozku
stresu s iontovou toxicitou. Pfi silném nebo dlouhodobém plisobeni obou faktorti nartista
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tvorba reaktivnich forem kysliku a riziko poSkozeni membran. Rostliny proto aktivuji
osmotickou adjustaci, antioxidac¢ni obranu a dal$i adapta¢ni mechanismy /1-3/.

Repa cukrova patii mezi plodiny s relativné dobrou toleranci k mirnému zasoleni, aviak
intenzita odpoveédi zavisi na genotypu, sile stresu a dob¢ jeho ptisobeni. Cilem prace bylo
porovnat fyziologickou a biochemickou odezvu tii genotypl fepy cukrové na vodni deficit,
zasoleni a jejich kombinaci a posoudit vyuzitelnost sledovanych parametri pro screening
genotypové reakce na abioticky stres.

MATERIAL A METODY

Sklenikovy nadobovy experiment byl zalozen se tfemi genotypy fepy cukrové:
klasickou odridou KWS Viola a SMART odridami KWS Beppina a Primot. Rostliny byly
pestovany v nadobach 11 X 11 cm se zahradnickym substratem. Kontrolni varianta byla
udrzovéana pfi plné zéalivce 120 ml vody na nadobu. Vodni deficit byl navozen postupnym
omezenim pfisunu vody a vysychdanim substratu, salinitni stres aplikaci 250 mM NaCl. U
kazdého genotypu byly hodnoceny c¢tyfi varianty: kontrola, vodni deficit, zasoleni a
kombinace vodniho deficitu a zasoleni. Méteni probihala v Case 0, 24, 48, 72, 168, 240 a 336
hodin od zah4jeni stresu.

Vyména plynt byla méfena na plné vyvinutych listech pii 25 °C a intenzité
fotosynteticky aktivniho zéafeni 650 pmol m™ s™'. Fotosyntetické pigmenty byly extrahovany
do N,N-dimethylformamidu a stanoveny spektrofotometricky. Fluorescence chlorofylu byla
méfena po 20minutové temnostni adaptaci; hodnoceny byly poméry Fv/Fm a Fv/FO.
Osmoticky potencial byl stanoven piistrojem WP4C. Prolin byl stanoven ninhydrinovou
metodou a MDA jako produkt lipidové peroxidace reakci s kyselinou thiobarbiturovou, viz
tab. 1. Data byla vyhodnocena tfifaktorovou ANOVA a Tukeyho HSD testem pii p < 0,05.

Skupina Parametry Metoda / pristroj
Vymeéna plynti Fotosyntéza, transpirace IRGA LCpro+ SD
Pigmenty Chl a, Chl b, Chl a+b, DMF, spektrofotometrie podle
karotenoidy Porra et al. /4/
Fluorescence Fv/Fm, Fv/FO PAM fluorometr OS5p+
Vodni reZzim Osmoticky potencial WP4C, metoda rosného bodu
Stresové markery Prolin, MDA Bates et al. /5/; TBA metoda /6/

Tab. 1: Prehled sledovanych fyziologickych a biochemickych charakteristik.

VYSLEDKY A DISKUSE

Four Vodni deficit, zasoleni 1 jejich kombinace vyznamné ovlivnily vSechny sledované
skupiny parametrti. U fyziologickych charakteristik pfevladal pokles hodnot, zatimco prolin a
MDA se v reakci na stres akumulovaly. Rozdily mezi genotypy byly patrné jiz pfi
samostatném pulisobeni stresorti a nejvice se zvyraznily v kombinované varianté. Soucasné se
projevoval ¢asovy efekt: s prodluzujici se dobou stresu se fotosyntetickd vykonnost a vodni
stav zhorSovaly a biochemické markery stresu nartstaly.

VYMENA PLYNU
Rychlost fotosyntézy byla u kontrolnich rostlin mezi genotypy podobna a pohybovala se
pfiblizné kolem 10 umol CO> m™=2 s'. Stres vedl k vyraznému poklesu, pfiCemz nejnizsi
hodnota byla zaznamenana u KWS Viola pfi kombinovaném stresu (3,49 pmol CO. m2 s™).
Primot si ve stejné varianté udrzel 5,40 pmol CO2 m2 s™!'. Také transpirace klesala; minimum
0,80 mmol H.O m™= s bylo zjisttno u KWS Viola, zatimco nejvys$s§i hodnotu v
kombinovaném stresu dosdhla KWS Beppina (1,14 mmol H.O m™2 s7!). Pokles vymény plynt
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odpovidd omezeni stomatalni vodivosti a fotosyntetického metabolismu pii osmotickém
stresu /1,2/. Pokles fotosyntézy a transpirace pti nedostatku vody je u fepy cukrové dobie
dolozen a pii silnéjSim stresu se vedle stomatdlni regulace mohou uplatiiovat takeé
nestomatalni omezeni fotosyntézy /9/. Vyraznéjsi reakce kombinované varianty v naSem
pokusu proto pravdépodobné odrazi soubéh omezené dostupnosti vody a osmotické a iontové
slozky salinitniho stresu. Soucasné je dulezité, ze rozsah poklesu nebyl u vSech tfi genotypt
stejny, coz podporuje vyuziti vymeény plyni pfi fyziologickém screeningu genotypové reakce.

: {
II dl 1l : II] i 1l

Kontrola Sucho Zasoleni Kombinace .
Kontrola Sucho Zasoleni

umol CO~m2s!

(=] (] = (= ) 5 I\'—J
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BMKWS Viola BKWS Beonina Primot
BKWS Viola ®KWS Beppina Primot

Obr. 1: Rychlost fotosyntézy (vlevo) a transpirace (vpravo) tii genotypu repy cukrové ve
variantdch kontrola, vodni deficit, zasoleni a kombinovany stres.

FOTOSYNTETICKE PIGMENTY

Obsah celkového chlorofylu byl nejvyssi u kontrolnich rostlin Primot (25,37 nmol
cm?). Pii kombinovaném stresu klesl u KWS Viola na 13,49 nmol cm™, zatimco Primot si
udrzel 20,65 nmol cm ™. Obsah karotenoidii byl stabilnéjsi nez obsah chlorofylu a jeho reakce
nebyla ve vSech variantach jednoznacné klesajici. Primot doséhl nejvyssi hodnoty pfi vodnim
deficitu (4,76 nmol cm2), velmi blizké kontrole (4,68 nmol cm™2), zatimco u KWS Viola byla
pii kombinovaném stresu zaznamenana hodnota 3,01 nmol cm™. Relativni stabilita
karotenoidi miize souviset s jejich fotoprotektivni a antioxida¢ni funkci, zatimco ubytek
chlorofylu odrazi naruSeni fotosyntetického aparatu pti déletrvajicim stresu /2,3/. Obdobny
pokles chlorofylu byl popsan u fepy cukrové vystavené vodnimu deficitu 1 salinité /10,11/.
Skutecnost, ze karotenoidy reagovaly méné jednoznacné nez chlorofyl, 1ze spojovat s jejich
ochrannou funkci pii disipaci nadbyte¢né excitaCni energie a omezovani oxidacniho
poskozeni. Vyssi zachovani obou skupin pigmentl u Primot je pfitom v souladu s jeho vyssi
fotosyntetickou aktivitou.
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Obr. 2: Obsah celkového chlorofylu (vlevo) a karotenoidii (vpravo) u sledovanych genotypit a
stresovych variant.

FLUORESCENCE CHLOROFYLU A OSMOTICKY POTENCIAL
Maximalni kvantovy vytézek PSII (Fv/Fm) dosahoval u kontrolnich variant hodnot

svwvr

zaznamenana u KWS Viola pii kombinovaném stresu. Primot si ve stejné varianté udrzel
Fv/Fm 0,76. Obdobny trend vykazoval Fv/F0, ktery u KWS Viola klesl z 3,67 v kontrole na
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2,35 pti kombinovaném stresu, zatimco Primot dosahoval 3,25. Vysledky potvrzuji, ze
kombinace vodniho deficitu a salinity zasahovala nejen stomatalni regulaci, ale pii vyssi
intenzité také funkéni stav PSIL. U fepy cukrové byva ucinnost PSII pfi mirnéjsim vodnim
deficitu relativné stabilni a vyraznéjsi pokles se objevuje az pii siln€jSim stresu [9]. Pokles
Fv/Fm v kombinované variant¢ proto naznacuje, Ze stres jiz presahl uroven cist¢ stomatalni
regulace. Mensi zména u Primot soucasné odpovida lepSimu zachovani jeho fotosyntetického
aparatu.

Osmoticky potencidl se se zvySujici se stresovou zatézi posouval k negativnéjSim
hodnotam. Kontrolni rostliny vykazovaly pfiblizn¢ -0,48 MPa. Pii kombinovaném stresu
dosahla KWS Viola -1,96 MPa, zatimco Primot si udrzel méné negativni hodnotu -1,30 MPa.
Tento rozdil ukazuje na odlisnou schopnost genotypti udrzovat vodni a osmotickou rovnovahu
pii sou¢asném nedostatku vody a zvysené koncentraci soli. Repa cukrova je schopna vyrazné
osmotické adjustace pfi salinité, na niz se podili akumulace anorganickych iontd i
kompatibilnich osmolyti /12/. Negativnéjsi hodnoty osmotického potencialu proto nelze
chapat pouze jako zndmku poskozeni, ale také jako soucast adaptacni reakce. V nasem
experimentu je vSak tfeba tento ukazatel posuzovat spole¢né s fotosyntézou, fluorescenci a
biochemickymi markery.
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0.76 -
Eo074 )
Z 07 £ s
0.7 S-S
0.68 4 l [ I I
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Obr. 3: Parametr fluorescence chlorofylu Fv/Fm (vlevo) a osmoticky potencial (vpravo) ve
sledovanych variantdch.

PROLIN A MALONDIALDEHYD

Biochemické markery reagovaly opacné nez vétSina fyziologickych parametrii. Obsah
prolinu byl v kontrolnich variantach piiblizné 2,1 pg g Cerstvé hmoty a s intenzitou stresu
nartstal. Pii kombinovaném stresu dosdhl u KWS Viola 7,16 pg g, zatimco u Primot 4,93
ng g . Prolin se podili na osmotické adjustaci, stabilizaci makromolekul a ochrané bunéénych
struktur, jeho vysokd akumulace vSak muze soucasné odrazet intenzitu stresu /5,7/. U fepy
cukrové byla akumulace prolinu popséna pifi vodnim, osmotickém i solném stresu /13/, coz
podporuje jeho vyuZziti jako citlivého markeru stresové zatéze. Vyssi koncentrace proto sama
o sobé nemusi znamenat vys§i toleranci; v nasem souboru naopak nejvyssi hodnoty
doprovazely vyraznéjsi omezeni fyziologickych funkci u KWS Viola.

MDA jako ukazatel lipidové peroxidace se rovnéz zvySoval. V kontrole dosahoval 3,95
nmol g' u Primot a 4,86 nmol g' u KWS Viola; pfi kombinovaném stresu vzrostl na 9,62,
resp. 13,90 nmol g'. Niz$i akumulace MDA u Primot odpovidda mensimu oxidativnimu
poSkozeni membran a je v souladu s jeho stabilngj$i fotosyntetickou aktivitou a
fluorescenénimi parametry /3,6,8/. ZvySeni MDA pfi salinité bylo zaznamenéno také v dalSich
studiich fepy cukrové a souvisi s intenzifikaci lipidové peroxidace pii nadprodukci reaktivnich
forem kysliku /11/. Vzijemnd shoda nizStho MDA, vyssi fotosyntézy, vysSiho obsahu
chlorofylu a pfiznivej$i fluorescence u Primot je proto presveédCivejsi nez interpretace
kteréhokoli z téchto znakli samostatné.
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Obr. 4: Obsah prolinu (vlevo) a MDA (vpravo) u ti'i genotypii repy cukroveé v jednotlivych
stresovych variantach.

INTEGROVANE HODNOCEN{ GENOTYPOVE REAKCE

Vysledky ukazuji, ze fyziologické a biochemické ukazatele vytvaieji konzistentni obraz
stresové odezvy. S prodluzujici se dobou plsobeni stresorl klesala rychlost fotosyntézy a
transpirace, obsah chlorofylu a Fv/Fm a osmoticky potencial se staval negativnéj$im. Naproti
tomu prolin a MDA postupné narlstaly a maxima dosahovaly v zavérecnych fazich
experimentu. Nejvétsi zmény byly zaznamenany pii kombinovaném pusobeni vodniho
deficitu a zasoleni; ze samostatné aplikovanych stresort se vyraznéji projevil vodni deficit.

Genotypova odezva nebyla zalozena na jediném znaku. Primot si pfi stresu udrzoval
vyssi rychlost fotosyntézy, vyssi obsah chlorofylu, vyssi Fv/Fm a méné negativni osmoticky
potencidl a soucasné vykazoval nizsi akumulaci prolinu a MDA. KWS Viola reagovala
vyrazngj§im poklesem fyziologickych parametri a vysSim nérGstem stresovych markert,
zatimco KWS Beppina zaujimala u vétSiny ukazatelti intermediarni postaveni. Pro prakticky
screening je proto vhodné spojovat ukazatele fotosyntetické vykonnosti a vodniho stavu s
markery osmotické a oxidativni stresové odpovedi.

ZAVER

Vodni deficit, zasoleni a zejména jejich kombinované plsobeni vyznamné zménily
fyziologicky a biochemicky stav fepy cukrové. Stres omezoval vyménu plynd, sniZoval obsah
chlorofylu a ucinnost PSII, zhorSoval osmoticky stav pletiv a soucasné zvySoval akumulaci
prolinu a MDA. Intenzita zmén nartstala s délkou plsobeni stresorii. Mezi genotypy byly
zietelné rozdily: Primot vykazoval nejstabilnéj$i soubor sledovanych charakteristik, KWS
Viola nejvyraznéjsi stresovou odezvu a KWS Beppina pfevazné piechodny profil. Vysledky
potvrzuji, Ze kombinace nedestruktivnich fyziologickych méfeni s biochemickymi markery
muze byt G€innym nastrojem pro predvybér genotypil fepy cukrové s odliSnou reakci na
abioticky stres. Pro ovéfeni agronomického vyznamu téchto rozdill je vhodné navézat
polnimi experimenty a hodnocenim vynosu, cukernatosti a technologické kvality bulev.
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THE CHANGES IN PLANT GROWTH-PROMOTING PROPERTIES
AND GROWTH OF THE YEAST PAPILIOTREMA TERRESTRIS UNDER
VARIOUS pH CONDITIONS

ZMENY VLASTNOSTI A SCHOPNOSTI RASTU KVASINKY (PAPILIOTREMA
TERRESTRIS) STIMULUJUCE] RAST RASTLIN VPLYVOM ROZDIELNYCH pH
PODMIENOK

Eva Labancova, Agnes Feledi, Zuzana Vivodova, Marko Bajus, Renata Vadkertiova
Department of Glycobiotechnology, Institute of Chemistry of Slovak Academy of Sciences,
Dubravska cesta 5807/9, 845 38 Bratislava, Slovakia, eva.labancova@savba.sk

Summary

A decisive environmental factor affecting both plants and soil or water microorganisms is pH.
The pH is fundamental to any water, water-containing, or water-like medium and is linked to
the concentration of hydrogen ions. Plants and microorganisms depend on the pH of the
substrate because it affects nutrient availability and osmotic processes. In this study, we
assessed the ability of plant growth-promoting yeast Papiliotrema terrestris to grow in liquid
media with different compositions and pH 4.2, 6.2, or 8.2. We also compared its ability to
produce indole-3-acetic acid to the medium. Furthermore, the changes in root and shoot fresh
and dry biomass were determined in maize (Zea mays L.) plants after the application of yeasts
under various pH conditions. We found that the yeast changes its biostimulant potential in
various pH levels, and while alkaline pH has a devastating effect on its growth, it also
prompts the yeast to improve the plant growth to a greater extent.

Keywords: biostimulant, indole-3-acetic acid, maize, pH of the substrate, yeast

Stihrn

Kvoli Délezitym faktorom, ktory ovplyviiuje prostredie rastlin a mikroorganizmov, je pH.
Tento faktor je zakladny pre kazdé vodu-obsahujice alebo vodné prostredie, priCom je
spojeny s koncentraciou vodikovych ionov. Rastliny a mikroorganizmy su zavislé na pH,
pretoze ovplyviiuje dostupnost’ zivin a osmotické procesy. V tejto Studii sme sa zamerali na
schopnost’ kvasinky podporujicej rast-rastlin (Papiliotrema terrestris) mnozit' sa v tekutych
médiach s rozdielnym zloZenim a pri rozdielnom pH (4,2; 6,2; 8,2). TaktieZ sme stanovili jej
schopnost” produkovat’ kyselinu indol-3-octovll v r6znych médiach. Zistili sme aj rozdiely v
cerstvej a suchej hmotnosti listov a koreniov kukurice siatej (Zea mays L.) rasticej v
pritomnosti rozdielneho pH po aplikacii kvasinky. Zistili sme, Ze biostimula¢ny potencial
kvasinky sa meni pri r6znych hodnotach pH prostredia. Aj napriek tomu, Ze pH 8.2 pdsobilo
negativne na samotnu kvasinku, v tomto prostredi dochadzalo k najvysSej stimulacii rastu
kukurice.

Klucové slova: biostimulant, indol-3-octova kyselina, kukurica, kvasinka, pH prostredia

INTRODUCTION

There are multiple life-limiting environmental factors that can, in the majority, change
the organism’s ability to thrive and reach the reproductive stage. One of these factors is pH,
which measures the hydrogen ion concentration in the substrate (usually water/liquid) and
defines if the environment is acidic or alkaline. Soil pH influences overall soil chemistry and
physiological processes and can be categorised from ultra-acidic (<3.5) to strongly alkaline
(>9.0) /1/. The acidity of the soil increases due to organic matter decomposition, rainfall, the
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application of fertilisers and other chemicals, while soil alkalization can result from
silicate/aluminosilicate weathering, the decomposition of molecules containing high amounts
of Na+, Mg2+, etc., or from irrigation with water containing bicarbonates /2/.

In general, microorganisms respond to acidic pH by consuming excess protons via
decarboxylation, by producing molecules that counteract the acidity, or by actively pumping
H+ out of the cell at the expense of energy. Yeasts can also alter the composition of the
cytoplasmic membrane, thereby reducing its permeability to protons /3/. The alkalization, on
the contrary, triggers different strategies in yeasts. For instance, various signalling pathways
that lead to the transcription of defence molecules are activated, and ATP pumps are
overstimulated to ensure maximal proton influx into the cell. Furthermore, the cell wall
undergoes compositional changes, and a starvation-like response occurs, trapping scarce
essential elements within the cell /4, 5/. Furthermore, plants can suffer from non-optimal pH
conditions, which alter the uptake and translocation of mineral nutrients and increase reactive
oxygen species concentrations; consequently, chlorosis and biomass reduction occur /6, 7/.

In this study, we characterised the response of the plant growth-stimulating yeast
Papiliotrema terrestris to various media pH levels. We assessed its ability to grow and divide
in the standard YPD (yeast extract, peptone, and dextrose) medium or in YPD without sugar,
at pH levels of 4.2, 6.2, and 8.2. Previously, we demonstrated that P. terrestris CCY 17-29-1
produces indole-3-acetic acid (IAA) in the medium /8/; hence, we aimed to assess the effects
of the specified pH levels. Lastly, we applied the yeast to maize grains (Zea mays L.) and
determined the germination rate and biomass (fresh and dry) production of both roots and
leaves.

MATERIALS AND METHODS

All cultivations (yeasts and plants) were conducted in vitro in controlled laboratory
conditions. The yeast strain Papiliotrema terrestris CCY 17-29-1 was obtained from the
Culture Collection of Yeasts (CCY), Institute of Chemistry SAS. Before its usage in the
experiment, it was cultivated on malt extract agar (70 g 1"! malt extract, 2 g I"! glucose, 15 g
1! agar) for 5 days at 20 °C. Afterwards, the yeasts were carefully harvested from agar and
suspended in sterile double-distilled water to create the primary suspension. A Burker’s
chamber was used to estimate the concentration of yeasts.

To assess the ability of yeasts to grow in media with various pH values, we mixed 100
ul of the primary suspension with 5 ml of YPD medium (0.1 g glucose, 0.05 g yeast extract,
0.1 g peptone), 5 ml of YPD-sugar medium (no glucose), 5 ml of Hoagland medium
(composition in /9/), and 5 ml of Hoagland+sugar medium (added 0.1 g of glucose) all with
pH values 4.2, 6.2, or 8.2. The yeasts were cultivated on a shaker (100 rpm at 27 °C), and the
cell biomass was measured spectrophotometrically at 660 nm for 7 days at 24 hour intervals.
To estimate the rate of cell division, a final concentration of yeasts in the suspensions was
determined (in Burker’s chamber).

To determine the yeast’s ability to produce IAA in the media, 5 ml of the primary
suspension was added to 100 ml of YPD media (pH values adjusted to 4.2, 6.2 or 8.2) with or
without the addition of D-tryptophan in a 0.1% (w/v) concentration, and the suspensions were
cultivated on a shaker (200 rpm at 23 °C) for 7 days. The suspension was centrifuged and
used to determine the IAA excretion to the media using Salkowski reagent (35% perchloric
acid and 0.5 M FeCI3 in the ratio 5 : 1), and the colour change was recorded
spectrophotometrically at 530 nm. The concentration of IAA was estimated based on the [AA
calibration curve /8/.

Finally, the primary yeast suspension was diluted with sterile double-distilled water to a
final concentration of 104 yeast cells ml-1. This suspension was used to imbibe maize grains
(Zea mays L.) hybrid Luciana. In the previous step, the grains were surface-decontaminated
following the protocol described by Labancova et al. /8/. The grains were then transferred to
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Erlenmeyer flasks (volume 0.5 1) containing Hoagland solution strengthened with agar (0.8 g
of agar per litre of media) and left to germinate and grow in a cultivation chamber
(temperature 25 °C, 60% humidity, 16 h photoperiod, light intensity 45-60 E m2 s™!) for 3
(germination) + 7 days.

The statistical analyses used Tukey's test after a one-way analysis of variance
(ANOVA) utilising the software JASP Team /10/ (JASP, Version 0.98.0).

RESULTS AND DISCUSSION

The growth rate of P. terrestris was the steepest and the most optimal in standard YPD media at
neutral pH (6.2), followed by standard YPD media at acidic pH (4.2), and by YPD media at alkaline
pH (8.2) (Fig. 1). Although the yeasts in both the YPD-sugar (4.2 pH) and YPD-sugar (6.2 pH)
showed a growth spurt between 24 hours and 48 hours, afterwards, their growth majorly decreased. On
the contrary, all samples containing Hoagland medium showed no growth dynamics, while the YPD-
sugar (8.2 pH) showed no or too little growth spurt. We also assessed the ability of the yeasts to divide
in the mentioned media. As evident from Fig. 1, the yeasts in Hoagland media did not divide at all,
which is why we omitted this measurement. It is primarily linked to yeast's preference for carbon and
nitrogen sources /11/.
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Fig 1: The growth curve over 120 hours of cultivation of P. terrestris in various media. Treatments
(media): standard YPD media with various pH (4.2-YPD, 6.2-YPD, 8.2-YPD), YPD media without
sugar (4.2-YPD-S, 6.2-YPD-S, 8.2-YPD-S), standard Hoagland media (4.2-Hoagl, 6.2-Hoagl, 8.2-
Hoagl), Hoagland media with sugar (4.2-Hoagl+S, 6.2-Hoagl+S, 8.2-Hoagl+S).

The highest increase in yeast concentration was found in standard YPD media at pH 6.2
and at pH 4.2 (Fig. 2). In the YPD media without the addition of sugar, the yeast has divided
in the lower extent than in the standard YPD media. In the 4.2-YPD-S and 6.2-YPD-S media,
the final concentration of yeasts was lower by 53% and by 70%, respectively, compared to
standard media. Opposite trend was found in 8.2-YPD-S and 8.2-YPD media; however,
overall, the lowest increase in yeast concentration was found in alkaline pH. These differences
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might be explained by the natural preference of Papiliotrema (Cryptococcus spp.) yeast
strains for slightly acidic and neutral pH /12,13/.
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Fig 2: Increase in Papiliotrema terrestris concentration after 120 hours of cultivation across various
media. Treatments (media): standard YPD media with various pH (4.2-YPD, 6.2-YPD, §8.2-YPD), YPD
media without sugar (4.2-YPD-S, 6.2-YPD-S, 8.2-YPD-S). The values: means + standard error, while
different letters indicate statistical differences at p < 0.05.
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Fig 3: The production of indole-3-acetic acid by Papiliotrema terrestris in YPD media with various
pH values after 7 days of cultivation. Treatments (media): standard YPD media with various pH
values (4.2-YPD, 6.2-YPD, 8.2-YPD); the addition of L-tryptophan is characterised as -T/+T. The
values: means = standard error, while different letters indicate statistical differences at p < 0.05.

In our previous study, we confirmed that the yeast strain P. terrestris CCY 17-29-1 can produce
IAA in the medium, and that production depends on the availability of L-tryptophan /8/. Here, we
found that P. terrestris produces varying amounts of IAA in media at different pH levels. The lowest
concentration was detected in 4.2-YPD medium without L-tryptophan, whereas the highest was found
in 8.2-YPD medium supplemented with L-tryptophan (almost 3.5 times higher) (Fig. 3). The
differences in the IAA-production response by yeasts exposed to various pH might be caused by the
role of IAA accumulation in eucaryotic cells. High internal concentrations of IAA cause growth and
division arrest in non-optimal and harsh conditions /14/. This is in accordance with the slow growth
and division of yeasts in 8.2 pH (Fig.1; Fig. 2). Tryptophan is known as an IAA precursor both in

plants and in yeasts, even though tryptophan-independent biosynthetic pathways exist /15/. The
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addition of this precursor caused the largest increase in IAA production in the YPD medium at pH 4.2
(a 50% increase).

In maize plants treated with P. terrestris, biomass differed compared to untreated plants (Fig.
4A, 4B). A slight increase in fresh leaf and root biomass occurred after the application of the yeast.
However, a statistically significant difference - an increase by 47% - was found for fresh root biomass
at pH 8.2. A different trend was observed for dry mass; the only significant difference was detected
between the treated and untreated plants at pH 4.2 (an increase of 18%). This can result from markedly
elevated IAA production by yeasts at alkaline pH (Fig. 3). Previously, an increase in auxin
concentration in the plant substrate increased maize biomass, e.g., root length /16/.
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Fig 4: The fresh (4) and dry mass (B) of roots and leaves of maize plants cultivated in media with
various pH values after 10 days of cultivation. Treatments: yeast-untreated plants in standard
Hoagland media with various pH values (4.2, 6.2, 8.2); or yeast-treated plants (4.2Pt, 6.2Pt, 8.2Pt).
The values: means + standard error, while different letters indicate statistical differences at p < 0.05.

CONCLUSION

There is little information on the impact of pH on the co-cultivation of yeasts and plants.
In this study, we found that the yeast Papiliotrema terrestris CCY 17-29-1 thrives best in
standard yeast media (YPD) at neutral or acidic pH, whereas alkaline pH causes growth
deterioration. Furthermore, the yeasts are unable to divide optimally in media at pH 8.2,
regardless of the presence of sugar. Although this yeast is considered a maize growth
stimulant, its beneficial impact depends on the pH of the medium. The most pronounced
positive effect on plant biomass was observed at pH 8.2, which can probably be explained by
increased IAA production by yeast in the media.
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LABORATORNI KLICIVOST SLEZU PIZMOVEHO (MALV A
MOSCHATA) NA ZAKLADE TERMINU A TECHNOLOGIE SKLIZNE —
PILOTNI STUDIE

LABORATORY GERMINATION OF MUSK MALLOW (MALVA MOSCHATA) AS AFFECTED
BY HARVEST TIMING AND HARVEST TECHNOLOGY - A PILOT STUDY

Jaroslav Lang
Zemédelsky vyzkum, spol. s r. 0., Zahradni 1, Troubsko, 66441, lang@vupt.cz

Summary

The results showed generally low germination of musk mallow (Malva moschata) seeds, with a
mean germination rate of 30%. Germination was higher in seeds from second harvests, with the
highest values recorded in October. This may have been related to lower temperatures during
later harvest periods, although this effect was not experimentally verified. Heat treatment
increased mean germination from 24% to 34%, and germination generally increased with
storage duration. Second harvests, appropriate harvest timing, and heat treatment appear
promising for improving seed germination. These results represent preliminary findings of a
pilot study and require further verification.

Keywords: musk mallow, seed production, germination, seed dormancy, heat treatment

Souhrn

Vysledky pokusu ukazaly obecné nizkou kli¢ivost semen slézu pizmového (Malva moschata),
jejiz primérna hodnota dosahla 30 %. Kli¢ivost ovlivnil mj. termin sklizné; semena z druhych
sklizni vykazovala vyssi kli¢ivost nez semena z prvni sklizné. Vyssi kli¢ivost mohla souviset
také s plsobenim nizSich teplot v pozdéjSich terminech sklizné€, jejichz vliv vSak nebyl
experimentalné ovétren. Tepelné oSetfeni pred zkouSkou klic¢ivosti zvySilo primérnou kli¢ivost
z 24 % na 34 %. U vétSiny variant se s prodluzujici dobou skladovani kli¢ivost zvySovala. Pro
vy$si kli¢ivost se jako perspektivni jevi vyuziti druhych sklizni, dlezité je vhodné nacasovani
sklizn€ a tepelné oSetfeni osiva pied vlastni zkouSku klicivosti. Vysledky pfedstavuji prvotni
poznatky pilotni studie, které vyZaduji dal§i experimentdlni ovéfeni, vcetné¢ zkousek
vzchazivosti v substratu.

Klicova slova: sléz pizmovy, produkce osiva, klicivost, dormance semen, tepelné osetreni

UvVOD

Sléz pizmovy (Malva moschata L., Malvaceae) je dvouletou az vytrvalou bylinou
doristajici velikosti 0,3 az 1 m, kvete vyraznymi rdzovymi nebo bilymi kvéty a v krajin€ je
napadny. Je rostlinou svétlych mist a vyskytuje se na vytrvalych teplomilnych ruderdlnich
stanoviStich a na loukach a mezofilnich pastvinach od niZin az po horské oblasti /1/. Plodem
je diskovity poltivy plod rozpadajici se na 10—15 jednosemennych merikarpii.

V picnindiské oblasti se v soucasné dobé trvalym travnim porostiim navraci pozornost a
byvaji intenzivné obhospodafovany. Obnova, resp. pfisevy nabyvaji na vyznamu. Pro tyto
ucely je na trhu velké mnozstvi picnindiskych smési s tzkou druhovou zédkladnu, byvaji
sestaveny z nckolika druht trav a jetelovin. To z toho divodu, Ze jednak jsou to druhy s
vysokou dietetickou hodnotou a osivo je relativné levné. S pfidavanim dalSich komponent
(bylin), jejichz vyroba osiv je okrajovou zélezitosti, se osivo vyrazn¢ prodrazuje. Nicmén¢ z
pohledu biodiverzity je dilezité tuto druhovou zékladnu rozsifovat o slozku bylin s ohledem
na kvalitu pice v porostu a na cenu osiva. U slézu piZzmového se d4 usuzovat, Ze produkce
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osiva nebude ekonomicky nijak zvlast' narocnd. Proto byly vyslechtény a pravné ochranény
ruzove kvetouci odriida Rokyt a bile kvetouci odrida Nedvezan.

Sléz pizmovy najde uplatnéni také ve smésich do sadu a vinic, kde byvaji casto kladeny
naroky krom¢ funk¢nosti také na esteticky dojem porostu. Sléz mtze byt zafazovan do smési
v ramci Greeningu (medonosny thor, souvraté, vodotece) i v ramci Agroenvironmentalnich
opatteni (pf. nektarodarné a krmné biopasy).

Sléz pizmovy patii mezi rostliny produkujici znacné mnozstvi pylu i nektaru /2/, proto
byvéa vyhledavan a hojné navstévovan opylovateli. Pro sviij obsah slizu byva vyuzivan i v
oblasti mediciny, jeho vlastnosti byvaji spiSe odvozovany od jinych druht slézu. Dalsi G¢inné
latky jsou predmétem dalSiho studia /3/

Sléz pizmovy je svym habitem i1 barvou kvétd neptfehlédnutelny a podili se na razu
krajiny. V urcitém smyslu mize mit v porostech stejny nebo i vyssi vyznam spolecensko -
esteticky nez dieteticky, bez ohledu na to, do jakych smési a na jaka stanovisté je zarazovan.

MATERIAL A METODY

Na ptelomu ¢ervence a srpna 2024 byl v Troubsku zalozen semenatsky porost odrudy
Rokyt vysadbou 483 predpéstovanych sazenic na ploSe 150 m?. V dubnu 2025 byl vysevem
(10 kg x ha™") zaloZen dalsi porost stejné odridy na plose 112,5 m? Porost zalozeny v roce
2024 byl sklizen ve dvou terminech: 14. 7. 2025 jednofazové maloparcelovym kombajnem
Hege a druha sklizein ru¢né, probirkou zralych poltivych plodid. Porost zalozeny v roce 2025
byl ptfi prvni sklizni sklizen na zeleno. Po prvni sklizni znovu obristal, kvetl a vytvofil
semena. Druhé sklizn¢ probéhly 11. 11. 2025 ru¢né probirkou a 21. 11. 2025 po prvnich
mrazech strojové.

Sléz pizmovy vytvaii fidké vrcholicnaté kvétenstvi s postupnym nakvétdnim a
dozravanim plodi, které zpravidla postupuje od spodnich a diive vytvofenych kvétd k
pozd¢jsim kvétim ve vyssich ¢astech rostliny. Stanoveni optimalniho terminu mechanizované
sklizné je proto obtizné. Za vhodny byl stanoven stav, kdy je min. 80 % plodenstvi hnédych.
V této fazi semena pii sklizni samovolné nevypadavaji a podil zelenych nelistot v osivu je
niz§i. Vzhledem k nestejnomérné zralosti semen muiZe pii mechanizované sklizni dochézet k
podtrzeni nezralych semen a zpisobit niz$i kli¢ivost vzorku.

Zkousky kli¢ivosti byly provedeny podle metodiky zkouSeni osiva a sadby /4/, vzdy se
100 semeny. Hodnoceny byly dv¢ varianty: neoSetfené osivo a osivo piedem oSetfené suchym
teplem 70 °C po dobu 180 minut za ucelem odstranéni dormance (metoda nepublikovana).
Cilem bylo posoudit vliv technologie a terminu sklizné a tepelného oSetfeni na kli¢ivost
semen slézu pizmového.

VYSLEDKY A DISKUSE

Nehnojeny  Zjisténé kliCivosti jsou obecné nizké (tab. 1) ve srovndni s jinymi
zemédelskymi plodinami. Primérnd hodnota klicivosti vSech variant je 30 %, median 29.
Dostupnych védeckych poznatkti o klicivosti Malva moschata neni mnoho. Nizké klic¢ivost
nebyla zjisténa pouze u slézu pizmového. Ve vysledcich ji také uvadi Mikhailova et al. /5/, u
slézu pteslenité¢ho (Malva verticilata) kde u neoSetfeného osiva byla klicivost 29 %. Také
Ansari et al. /6/, se zabyvali kli¢ivosti u slézu lesniho (Malva sylvestris). Ta vykazovala
kli¢ivost po sklizni u neoSetfenych semen 4%, v pribéhu devitimesi¢niho skladovani (20 °C)
se vyrazn¢ neménila. Maximalni kli¢ivosti bylo dosaZzeno v osmém mésici skladovani a to
5,33 %. V ostatnich mé&sicich byly hodnoty téméf rovny nule.

Pti sklizni semen je dulezité nacasovani terminu sklizné, tak aby semena byla zrald,
kli¢iva a zdroven aby na rostling stale drzela a nevypadavala pii manipulaci pied sklizeCem. Z
vysledkl vyplyva, Ze pii ruénich skliznich probirkou byla kli¢ivost 33 %, pti pouziti sklizece
byla 27 %. Rozdil v tomto ptipad¢ nemusi byt dan pouze technologii sklizné, ale i terminem
sklizné. Z vysledki je patrné, Ze semena ziskana pfi druhych skliznich, bez ohledu na zptisob
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sklizng, vykazovala vyssi klicivost (30 % a vySe), nez semena ziskand pti prvni sklizni (20 %)
(var. 4, 5, 6). To je v souladu s béznou semenaiskou praxi viceletych picnin, kdy osiva napf.
jetele a vojtésky jsou ziskdvany z druhé a dalSich sklizni, protoze predchozi se¢ vede k
vyrovnangj$imu porostu, rovnomérnéjSimu kveteni a omezeni poléhani /7/. Tomu by
odpovidaly i vysledky kli¢ivosti u variant 1, 2, 3, sklizené v fijnu, u kterych byla zjisténo
nejvyssi procento klicivosti (37 %). Urcity vliv na prolomeni dormance mohou mit také nizsi
teploty v dobé¢ fijnovych a listopadovych termint sklizni. Toto ale nebylo sou¢asti zaméru této
prace. Z prvotnich vysledkt 1ze konstatovat, ze zvoleny zpiisob ur¢eni mechanizované sklizné
(80 % plodenstvi je hnédych), je vhodny.

Tab. 1: Klicivost semen slézu na zakladé technologie sklizné a tepelného oSetieni

Procento . . -
zpUsob termin tepelné datum kli¢ivosti pocet d[” od ik_lmne_
. N . - - v o Y ke zkousce kli€ivosti
varianta €. | rok zasevu sklizné sklizné oSetfeni zkousky [%]
1 2024 | rucné 03.10.2025 | ano 08.12.2025 36 67
2 2024 | rucné 03.10.2025 | ano 26.01.2026 52 116
3 2024 | rucné 03.10.2025 | ne 26.01.2026 22 116
pramér 2024 ruéné 37
medidn 2024 ruéné 36
4 2024 | strojové 14.07.2025 | ano 08.12.2025 17 148
5 2024 | strojové 14.07.2025 | ano 26.01.2026 28 197
6 2024 | strojové 14.07.2025 | ne 26.01.2026 15 197
priimér 2024 strojové 20
median 2024 strojové 17
7 2025 | rucné 11.11.2025 | ano 02.12.2025 27 22
8 2025 | rucné 11.11.2025 | ano 26.01.2026 39 77
9 2025 | rucné 11.11.2025 | ne 21.11.2025 30 11
10 2025 | rucné 11.11.2025 | ne 26.01.2026 22 77
pramér 2025 ruéné 30
median 2025 rucné 29
11 2025 | strojové 21.11.2025 | ano 24.11.2025 31 4
12 2025 | strojové 21.11.2025 | ano 26.01.2026 45 67
13 2025 | strojové 21.11.2025 | ne 03.12.2025 14 13
14 2025 | strojové 21.11.2025 | ne 26.01.2026 42 67
pramér 2025 strojové 33
median 2025 strojové 37
pramér celkem osetfeno 34
pramér celkem neo3etfeno 24
pramér celkem ruéné 33
median celkem strojové 27
priimér celkem 30
medidn celkem 29

Tepelné oSeteni semen v pokuse vychdzi z dlouhodobych zkuSenosti pii zkouskach
kli¢ivosti u Malva verticilata. Z vysledku je ziejmé, ze zvysuje klicivost i u Malva moschata.
Primérna klic¢ivost tepelné neosSetfené¢ho osiva je 24 %, u osiva oSetien¢ho 34 %. Tepelné
oSetfeni u slézil neni jedinou moznosti oSetfeni pred zkouSkou kli¢ivosti. Mikhailova et al. /5/
uvadéji u Malva verticilata klicivost az 84 % pfti pouziti skarifikace. Dale Ansari et al. /6/,
ktefi se zabyvali prolomenim dormance u slézu lesniho (Malva sylvestris), doséhli vyssich
hodnot kli¢ivosti pii tzv. metodé suSeni, ktera spocivala v tom, Ze po standardnim testu
kli¢ivosti byla nevykli¢ena semena pifenesena na suchy filtraCni papir a umisténa do
exsikatoru nad silikagelem pii pokojové teploté. Po péti dnech byly filtracni papiry navlhéeny
a klicivost téchto semen byla znovu testovana pii 20 °C. Toto oSetfeni simuluje alternativni
suSeni a smaceni semen v pfirozenych podminkach. V naSich zkouSkach by takovéto
stanoveni nebylo mozné, protoze semena béhem zkousky byla napaddna a znehodnocovana
plisnémi a k zavére¢nému urceni poctu tvrdych semen nepomohlo ani pasdzovani a oplach v
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roztoku 3% Sava. Autofi dale uvadéji, Ze nejucingjsi se jevi skarifikace pomoci smirkového
papiru (92 %), nebo kyseliny sirové (97,3 %). To podporuje zaveéry Finch-Savage a Leubner-
Metzger /8/, ktefi uvadéji, ze semena cCeledi Malvaceae nejsou pouze ve fyziologicky
dormantnim stavu, jsou fyzicky dormantni nebo maji kombinovanou dormanci (fyzicka +
fyziologicka dormance). Van Assche et al. /9/ zjistili, Ze ne vSechny druhy slézii maji semena
nepropustna pro vodu, Malva moschata vsak ano.

Na vysledek zkousky klic¢ivosti ma vliv i doba skladovéani. Pfi porovnavani procenta
kli¢ivosti ve variantach tepelné oSetfenych, 1 ve variantich neoSetfenych je z tabulky 1
patrné, ze s rostouci dobou skladovani osiva vzristé i jeho kli¢ivost. Vyjimku tvoii varianty 9
a 10 (tepelné neosettené), kde dochazi k poklesu vykli¢enych jedincti. Podobny trend zjistili i
Ansari et al. /6/, kdy semena oSetfena vysouSenim (popsano vyse) vykazovala s rostouci
délkou skladovani vysSich kli¢ivosti. Nejvyssiho procenta klicivosti (21,4 %) bylo dosazeno
po Sesti mésicich skladovani pti pokojové teploté.

ZAVER

Vysledky zkouSek kli¢ivosti v pokusu potvrdily obecné nizkou kli¢ivost semen slézu
pizmového (Malva moschata) ve srovnani s béznymi zemédélskymi plodinami. Primérna
klicivost vSech sledovanych variant dosdhla 30 %. Nizka kli¢ivost odpovida dostupnym
udajum o kli¢ivosti dalSich druhti rodu Malva, u nichz se rovnéz projevuje vyrazna dormance
semen. Vysledky ukézaly, Ze klicivost M. moschata ovliviiuje spravny termin sklizné a
nasledné tepelné oSetfeni osiva.

Z hlediska sklizn¢ se jako perspektivni jevi vyuZiti druhych sklizni. Semena z druhych
sklizni vykazovala ve vSech sledovanych ptipadech vyssi kli¢ivost nez semena z prvni
sklizng, pravdépodobné v disledku rovnomérnéjsiho kveteni a dozravani porostu po
ptedchozi seci a vysSiho podilu vyzralych semen. Ta mohla kromé vyssi vyzralosti semen
souviset také s pusobenim niz§ich teplot v obdobi fijnovych a listopadovych sklizni, jejichz
konkrétni vliv viak nebyl experimentalné ovéfovan. Ne ve viech oblastech Ceské republiky je
mozné druhou sklizen provést tak, aby semena byla zrald. Ru¢ni sklizeii probirkou vykéazala
mirné vys$si kliCivost neZz sklizei mechanizovana, rozdil vSak mohl byt ovlivnén také
terminem sklizné. Zvoleny zplsob stanoveni terminu mechanizované sklizné¢ pii 80 %
hnédych plodenstvi 1ze povaZovat za vhodny.

Vyznamny byl pozitivni vliv tepelného oSetfeni semen. Primérda kli¢ivost
neoSetienych semen ¢inila 24 %, zatimco u tepeln¢ oSetfenych dosahla 34 %. Tepelné oSetieni
tak predstavuje jednoduchy a prakticky vyuzitelny zpisob zvySeni klicivosti osiva M.
moschata v testech. Vzhledem k ptfedpoklddané fyzické, ptipadné kombinované dormanci
semen rodu Malva by bylo vhodné v dalSich pokusech ovéfit také Gi¢innost skarifikace a
dalSich metod naruSeni osemeni.

Pozitivni vliv méla rovnéz délka skladovéani. U vétSiny variant se s prodluzujici dobou
skladovani kli¢ivost zvySovala, coz mize souviset s postupnym uvolfiovanim dormance.
Trend vSak nebyl zcela pravidelny, zejména u nékterych neoSetienych variant, a nelze proto z
vysledki stanovit jednozna¢nou optimalni délku skladovani.

Celkové lze konstatovat, ze nizka kli¢ivost semen M. moschata je vyznamnym faktorem
limitujicim jejich semenéiské vyuZiti. Pro dosazeni vyssi kli€ivosti se jako vhodna kombinace
opatfeni jevi sklizet ve vhodném stupni zralosti, vyuziti semen z druhych sklizni a tepelné
oSetfeni osiva. Mozny vliv nizSich teplot v pozdéjSich terminech sklizné na uvolnovani
dormance by mél byt predmétem dal$iho experimentalniho ovéteni. Ziskané poznatky mohou
piispét k optimalizaci technologie produkce a hodnoceni osiva slézu pizmového.

Nizka laboratorni kli¢ivost nemusi nutn€ znamenat nizkou vzchazivost semen v piidnich
podminkach. Zkouska kli¢ivosti probihd za standardizovanych podminek, které nemusi
odpovidat podminkdm v pud¢. Stfidani teplot a vlhkosti, mikrobidlni aktivita a dal§i ptdni
faktory mohou pfispivat k postupnému uvoliiovani dormance a naslednému vykli¢eni semen.

U Malva moschata to mtze souviset s fyzickou, pfipadné¢ kombinovanou dormanci.
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Laboratorni kli¢ivost proto nelze bez dalsiho povazovat za ptimy odhad vzchéazivosti v
polnich podminkach. Pro jeji pfesnéjsi posouzeni by bylo vhodné laboratorni zkousky doplnit
o pokusy se vzchazivosti v pade¢.

Jedna se o pilotni studii a prezentované vysledky ptedstavuji prvotni poznatky, které je
nutné ovéfit v dalSich pokusech s vétSim poctem sledovanych variant a v odlisnych
podminkach.
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SPALNE TEPLO ASIMILACNYCH ORGA,NOV RASTLIN
VYSTAVENYCH Mg EMISIAM

CALORIFIC VALUE OF ASSIMILATORY ORGANS OF PLANTS EXPOSED TO Mg
EMISSIONS

Margita Kuklova, Jan Kukla, Katarina Sladekova, Ivan Mihal
Ustav ekologie lesa v.v.i. Slovenska akadémia vied, L. Stira 2, 960 53 Zvolen, Slovensko
e-mail: kuklova@ife.sk

Summary

The research was carried out in segments of altered geobiocenoses of the Fagetum pauper
inferiora forest type group of the oak-beech vegetation stage in pollution zones 400 m (A),
600 m (B), 1000 m (C) and 1500 m (D) away from the magnesite plant in Lubenik. The
energy content found in the herbaceous species L. saligna, R. idaeus, P. distans and D. filix-
mas (1566619088 J g') was low compared to its content in woody plants. The energy
content in the species Q. polycarpa (20792-20248 J g') and B. pendula (21899-21435J g ')
decreased significantly with increasing distance from the pollution source. C. betulus appears
to be the most suitable species for the purposes of energy biomonitoring under conditions of
long-term Mg immissions, since the energy content in the phytomass of its leaves in zone A
(18799 J g'!) was significantly lower compared to the leaves of unstressed individuals in zone
D (19758 1 gh).

Keywords: magnesite emissions, assimilatory organs, woody plants, herbs, energy content,
Central Slovakia

Stihrn

Vyskum bol realizovany v segmentoch zmenenych geobiocenoz skupiny lesnych typov
Fagetum pauper inferiora dubovo-bukového vegetacného stupna v imisnych zonach
vzdialenych 400 m (A), 600 m (B), 1000 m (C) a 1500 m (D) od magnezitového zavodu v
Lubeniku. Obsah energie najdeny v bylinnych druhoch L. saligna, R. idaeus, P. distans a D.
filix-mas (1566-19088 J g'!) bol v porovnani s jej obsahom v drevinach nizky. Obsah energie
v druhoch Q. polycarpa (20792-20248 J ¢') a B. pendula (21899-21435 J g!) sa so
zvySujucou sa vzdialenostou od zdroja zne€istenia vyznamne znizoval. C. betulus sa javi ako
najvhodnejsi druh pre ucely biomonitoringu energie v podmienkach dlhodobého vplyvu Mg
imisii, ked’Ze obsah energie vo fytomase jeho listov v zone A (18799 J g 1) bol v porovnani s
listami nestresovanych jedincov v zéne D (19758 J g!) signifikantne niZi.

Klucové slovda: magnezitové emisie, asimilacné organy, dreviny, byliny, obsah energie,
stredné Slovensko

UVOoD

Znecistenie ovzduSia je vazny problém tak v priemyselnych, urbannych, ako aj v
rurdlnych oblastiach. Klimatické extrémy spolu s pretrvavajicou imisnou zat'azou maju vel'ky
vplyv na zZivotné prostredie a prejavuju sa zmenou zdravotného stavu rastlin. Mnohé rastliny
su citlivé na latky znecistujlice ovzduSie, ktoré moézu poskodit’ listy, narusit’ ich rast a
obmedzit" ich produktivitu. Vyznamnym ukazovatelom kvality fytomasy je jej kaloricka
hodnota, ktora zavisi najmi od druhu a organu rastliny ako aj kvality prostredia /1/. U¢inkom
abiotickych stresorov sa obsah latok bohatych na energiu vo fytomase v porovnani s
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nestresovanymi rastlinami zvyCajne znizuje /2, 3/. Preto rastlinné druhy vystavené rozne
znecCistenému prostrediu akumuluju ré6zne mnozstva energie. Selektivna reakcia rastlin sa
preto vyuziva pri sledovani znecisteného ovzduSia /4/. V oblastiach vystavenych emisidm
znecistujucich latok z magnezitového tazobného priemyslu prachové emisie obsahuji vel'ké
mnozstvo Mg /5/. Magnezitovy zdvod v Lubeniku bol zalozeny v roku 1934, preto skiisenosti
so zhorSovanim zivotného prostredia, a aj s rekultivaciou dotknutych pozemkov st dlhodobé.
Cielom tejto Stadie bolo zistit,, ¢i dochadza k Specifickym zmendm v akumuldcii energie v
asimilaénych organoch rastlinnych druhov nachadzajucich sa pozdiz vyskového gradientu s
odstupiiovanym vplyvom emisii z magnezitového zavodu v Lubeniku.

MATERIALY A METODY

Vyskum bol realizovany v imisnych zénach A az D magnezitového priemyselného
komplexu JelSava-Lubenik v roku 2021. Vyskumné plochy boli vybrané¢ v segmentoch
zmenenych geobiocendz skupiny lesnych typov Fagetum pauper inferiora dubovo-bukového
vegetatného stupna nachadzajucich sa vo vzdialenosti 400 m (A), 600 m (B), 1000 m (C) a
1500 m (D) od zdroja znecistenia /6/. Magnezitovy zdvod Slovmag, a.s. Lubenik vyraba
magnezitovy slinok, ktory sa pouziva na vyrobu ziaruvzdornych konstrukcii a materidlov.
Emisie tuhych latok dosahovali v 50. rokoch okolo 800 ton ro¢ne /7/, ale v roku 2024 uz len
6,280 t rok—1 /8/.

Odber vzoriek asimilaénych organov bylin (Dryopteris filix-mas (L.) Schott, Lactuca
saligna L., Rubus idaeus L., Puccinellia distans (Jacq.) Parl.) a drevin (Carpinus betulus L.,
Quercus polycarpa Schur, Betula pendula Roth) sa uskuto¢nil pomocou stratifikovaného
nahodného zberu uidajov v obdobi vegetaéného optima. Vzorky asimilaénych organov bylin a
drevin (cca 30 jedincov z kazdého druhu) boli odobraté v 4 opakovaniach (listy drevin z
dolnej tretiny kortn stromov na J-Z expozicii). Vzorky asimilacnych organov boli susené pri
80 °C pocas 48 hodin a po ich zomleti na achatovom mlyne firmy Fritsch (<0.001 mm) sa
hodnota energie akumulovanej vo vzorkdch rastlin stanovila pomocou adiabatického
kalorimetra IKA C-4000. Relativna odchylka medzi opakovanymi meraniami energie bola
niz$ia ako 1%.

Udaje boli interpretované pomocou programu Statistica, verzia 9.0, StatSoft (Tulsa,
USA). Variabilita obsahu energie v rastlinnych druhoch bola hodnotené na zaklade vysledkov
ANOVA (p < 0,05), po ktorej nasledoval post-hoc Tukey test. Na rozklad energetického
obsahu v rastlindich do niekolkych relativne homogénnych podmnozin bola pouzita
hierarchicka klastrova analyza (HCA). Na vypocet vzdialenosti sme pouzili Wardovu metddu
s euklidovskou vzdialenostou. PCA analyza bola realizovand v programe PAST (verzia 4.03)
s cielom pozorovat vztahy akumulovanej energie v rastlinnych druhoch a klasifikovat
rozdiely medzi $tudovanymi zoénami a rastlinami pozdiz vyskového gradientu.

VYSLEDKY A DISKUSIA

obsahom energie tvoril druh L. saligna v zonach znecistenia A a B spolu s druhmi R. idaeus v
zonach C a D (15666—18251 J g!). Druhy klaster tvorili druhy C. betulus v zéne A, P. distans
v zonach A a B, spolu s druhmi D. filix-mas v zénach C a D (18630-19088 J g!). Tretiu
skupinu tvoril druh C. betulus v zénach C a D spolu s druhom Q. polycarpa v C zéne (19530—
19817 J g"). Stvrta skupina patrila druhu Q. polycarpa v zoénach A, B a D, spolu s druhom C.
betulus v zoéne B (2007620792 J g!). Poslednu piatu skupinu s najvy$sim obsahom energie
reprezentoval druh B. pendula v zénach A az D (21435-21899 J g1).

Obsahy energie zistené v zonach znecistenia sa vyznamne odliSovali v pripade drevin Q.
polycarpa a B. pendula a bylinného druhu L. saligna. V pripade uvedenych druhov bola
hodnota zistena v zone A vyznamne vysSia v porovnani s ostatnymi zénami. Na druhej strane
obsah energie v asimila¢nych organoch druhu C. betulus bol v zoéne A vyznamne niZsi.
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Rozdiely v obsahu energie najdené v druhoch P. distans, D. filix-mas a R. idaeus neboli
vyznamné (graf 1B).
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Graf 1: Obsah energie v asimilacnych organoch rastlin z imisnych zon A-D: (A): dendrogram
Wardovej metody zhlukovej analyzy; (B) vyznamne odlisné hodnoty (Tukey HSD test, p<0,05)
su oznacené roznymi pismenami (a,b,c,d).

Korelacia priemerného obsahu energie v asimila¢nych organoch rastlin (pozorovania)
odobranych v roéznych vzdialenostiach od emisného zdroja (premenné) s osami hlavnych
komponentov je uvedend v tabul’ke 1. Os PC1 vysvetlila 71,7% variability pdvodnych udajov,
os PC2 23,5%, os PC3 3,9% a os PC4 0.9% variability. Silné korelacie priemerného obsahu
energie v rastlindch v zénach A-D s osou PC1 poukazuju na skuto¢nost, Ze rastlinné druhy
vystavené environmentdlnemu stresu maji vyznamny potencidl akumulovat vyznamné
mnoZstva energie pozdiz vyskového gradientu.

Tab. 1: Korelicia priemerného obsahu energie v rastlindch rasticich pozdlz vyskového
gradientu s osami hlavnych komponentov (PC1 az PC4).

Vzdialenost’ od PC 1 PC2 PC3 PC4
emisného zdroja

A (400 m) 0,87 0,40 -0,29 -0,03
B (600 m) 0,76 0,59 0,25 0,02
C (1000 m) 0,88 -0,5 -0,02 0,14
D (1500 m) 0,88 -0,47 0,09 -0,13
Eigenvalue 2,87 0,94 0,16 0,04

(vlastné hodnoty)

Rozptyl (%) 71,7 23,5 3,9 0,9

Skupinu s najvy$§im obsahom energie v zénach A az D (21435-21899 J g
reprezentoval druh B. pendula. Mnozstvo energie v listoch B. pendula vyznamne klesalo od
zony A po zénu D (0 464 J g7!, tj. priblizne o 2,1 %). Toto tvrdenie je v stlade s Baruchom
/9/, ktory uvadza, Ze rastlinné druhy vystavené environmentalnemu stresu maju tendenciu
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zvySovat’ obsah energie. Niektoré Studie uvadzaja, Ze zachytavanie energie rastlinami nezavisi
len od kvality stanovista a fotosyntetickej reakcie jednotlivych listov, ale aj od ich integracie
do efektivneho zépoja a udrzania ich fotosyntetickej kapacity /10, 11/. Napr. obsah energie v
listoch N. aceroides kolisal vo vzdialenosti 30 m od rychlostnej cesty od 17334 do 17650 J g!,
zatial' o v 500 m vzdialenosti od cesty dosahoval 18248 az 18256 J g!. Nérast energie pre
Quercus cerris vo vzdialenosti 30 m (1923820874 J g ') a 500 m od cesty (20916-20834 J g )
bol zanedbatelny a v pripade Fraxinus excelsior bol dokonca zaznamenany pokles
energetickych zasob 0219 J g tj. 1,2% /12/.

V imisne najviac zat'azenom prostredi v blizkosti magnezitky bol celkovo nizky obsah
energie najdeny v bylinnych druhoch L. saligna, R. idaeus, P. distans a D. filix-mas (1566—
v druhu C. betulus (18799 J g') a najvyssie v listoch B. pendula (21899 J g!). Breza ma
hrubsie listy ako hrab, ¢o zjavne podporuje ukladanie vysSicho mnozstva energie. Obsah
energie v druhoch Q. polycarpa a B. pendula sa so vzrastajicou vzdialenostou od zdroja
znelistenia vyznamne znizoval, zatial' ¢o v pripade C. betulus linedrne narastal. Potencial
rastlin zachytavat’ prachové Castice moze byt druhovo Specificky, pretoze rychlost’ ukladania
Castic zavisi okrem inych faktorov aj od charakteristik povrchu listov /13/. Vyznamna je aj
skutocnost, Ze bylinné druhy st zvycajne trvace, s volnejSie viazanymi vldknami, ¢o
naznacuje niz8i podiel ligninu, zatial’ ¢o dreviny st zlozené z pevne viazanych vldkien a vo
vSeobecnosti rastu pomaly. Kaloricky obsah sa do znaénej miery lisi v dosledku rozdielov v
biochemickom zloZeni rastlin /14/. Podla McKendryho /15/ relativny podiel celulozy a
ligninu v rastlindch je jednym z urcujicich faktorov v zadsobach energie.

ZAVER

Vysledky vyskumu ukézali vyznamné zmeny v akumulécii energie v asimila¢nych
organoch vybranych rastlinnych druhov vystavenych emisiam znecistujicich latok z
magnezitového zavodu. Druh C. betulus sa javi ako citlivy indikator znecisteného ovzdusia.
Asimilacné organy hrabu viazali vyznamne viac energeticky bohatSich latok vo vicsej
vzdialenosti od zdroja znec€istenia (priblizne o 5% viac, ako v blizkosti magnezitky), zatial’ co
v ostatnych druhoch (Q. polycarpa, B. pendula, a L. saligna) sa obsah energie vyznamne
znizoval, alebo rozdiely medzi druhmi neboli Statisticky vyznamné (P. distans, D. filix-mas, a
R. idaeus).
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KORENOVY SYSTEM MLADYCH RASTLIN SLNECNICE V
ODPOVEDI NA KADMIOVU ZATAZ V HYDROPONICKYCH
PODMIENKACH

THE ROOT SYSTEM OF YOUNG SUNFLOWER PLANTS IN RESPONSE TO CADMIUM
STRESS IN HYDROPONIC CONDITIONS

Roman Kuna, Michal Melich, David Frey, Peter Bolecek
Katedra botaniky a genetiky, FPVal UKF, Nabrezie mladeze 91, 949 01 Nitra, Slovenska
republika, e-mail: rkuna@ukf.sk

Summary

In this work, we focused on evaluating the effect of cadmium at a concentration of 3 mg/l on
sunflower plants (hybrid P64LE136) grown hydroponically. During 3 weeks of cultivation,
we collected root samples to determine some parameters of oxidative stress in combination
with histochemical reactions. We managed to record statistically significant differences in the
amounts of H>O» in the roots during the first two weeks of the experiment. We did not record
a statistically significant difference in the effect on cell viability and also in the concentration
of singlet oxygen. In situ reactions to cadmium deposition in the roots as well as
histochemical determination of the rate of lipid peroxidation clearly indicate the sensitivity of
the sunflower root system to relatively low exposure to cadmium, where it causes oxidative
stress. At the same time, some results can also be considered as hormetic effects.

Keywords: Helianthus annuus, cadmium, oxidative stress, histochemical deposition

Stthrn

V tejto praci sme sa zamerali na hodnotenie vplyvu kadmia pri koncentracii 3 mg/l, na rastliny
slneCnice (hybrid P64LE136) pestované hydroponicky. Pocas 3 tyzdiioch kultivacie sme
odoberali vzorky koreiov na stanovenie niektorych parametrov oxidacného stresu v
kombinécii s histochemickymi reakciami. Podarilo sa ndm zaznamenat’ Statisticky vyznamné
rozdiely v mnozstvach H»O, v korenoch pocas prvych dvoch tyzdiiov experimentu.
Nezaznamenali sme Statisticky vyznamny rozdiel vo vplyve na Zivotaschopnost’ buniek a tiez
v koncentracii singletového kysliku. In situ reakcie na depoziciu kadmia v korenioch ako aj
histochemické stanovenie miery peroxidacie lipidov hovoria jednoznacne o citlivosti
korenovej sustavy slne€nice na relativne nizku expoziciu kadmiu, kde spdsobuje oxidacny
stres. Sucasne pri niektorych vysledkoch mézeme hovorit’ aj o hormetickom efekte.

Klucoveé slova: Helianthus annuus, kadmium, oxidativny stres, histochemicka depozicia

UvOD

Slnecnica ro¢na (Helianthus annuus L.) je polnohospodarsky vyznamna plodina. Jej
schopnost’ hyperakumulédcie Cd a inych kovov z pdd predstavuje riziko z hl'adiska vstupu
tazkych kovov do potravového retazca. Vysoka odolnost’ proti stresu vyvolanym tazkymi
kovmi, skombinovand so schopnost'ou akumulovat’ relativne vel'ké mnoZstva kovovych iénov
a vysokou produkciou biomasy, st zodpovedné za jej vhodnost pre extrakciu kadmia, olova a
zinku z pody /1/. Kadmium nie je esencidlnym prvkom pre rastliny, nachadza sa v nich iba v
stopovych mnozstvach. V prirode ho v§ak mdézeme ndjst'vo velkom mnoZstve. Na vzduchu sa
rychlo oxiduje na oxid kademnaty. LCahko reaguje s oxidom uhli¢itym, vodnou parou, oxidom
siri¢itym, oxidom sirovym alebo chlorovodikom a vytvara uhlicitan, hydroxid, sulfid alebo
chlorid kademnaty /2/.
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Najlepsie pozorovatelnymi symptomami toxicity kadmia v rastlinach st nizsi vzrast a
chlor6za. Vysoka toxicita zastavuje rast a vedie k nekréze rastliny /3/. Negativny vplyv
kadmia na rastliny spociva v inhibicii fixacie uhlika (C) a v znizovani obsahu chlorofylu a
fotosyntetickej aktivity /4/. Okrem toho vyvolava v rastlinach aj osmoticky stres tym, ze znizi
relativny objem vody v listoch, stomatdlnu vodivost’ a transpiraciu. Toto ma za nasledok
fyziologické poskodenie rastliny /5/ Kadmium tiez spdsobuje zvysSenu tvorbu reaktivnych
foriem kyslika (ROS), ktoré poSkodzuji membrany rastlinnych buniek. Tvorba ROS po
chemickej alebo fyzikalnej aktivacii kyslika je v rastlindch nielen nasledok poOsobenia
abiotickych a biotickych stresovych faktorov, ale aj fyziologickych dejov, ktoré su pre rastlinu
nevyhnutné. Oxidacny stres nastdva v pripade, kedy je rovnovaha medzi tvorbou a
eliminaciou ROS narusend. Toxicky u¢inok Cd sa prejavuje prave narusenim tejto rovnovahy
zvySenim tvorby ROS a zvySenim oxida¢ného stresu.To vyvrcholi zni¢enim biomolekul a
organel bunky /6/. ZhorSuje aj prijem a transport Ca, P, Mg, K, Mn, z toho najvic¢si vplyv ma
na Fe a Zn /7/. Oxidacného stresu sa moze rastlina zbavit enzymatickymi alebo
neenzymatickymi antioxidantami. Existuje mnoho mechanizmov, ktoré rastliny vyuzivaji na
zmiernenie Skodlivého vplyvu tazkych kovov. Ide o rdzne formy vylucovania,
zneSkodnovania a ukladania mimo vyhonkov. Mnohé¢ Stiidie identifikovali bunkovu stenu ako
klicové miesto ukladania tazkych kovov v rastlinach a to sa tiez povaZzuje za primarny
mechanizmus tolerancie voci tazkym kovom. Vysledky ukazali, ze po oSetreni kadmiom v
koncentracii 100 pM sa v korenoch a steblach objavili zjavné Cerveno-Cierne zrazeniny
kadmium-ditizénu, ale nie v listoch. Zrazeniny v steblach sa nachadzali rozptylené v
medzibunkovom priestore a zrazeniny v korenoch sa koncentrovali najmd v bunkovych
stenach a medzibunkovych priestoroch primarnej kory a ¢iasto¢ne strednom valci /8/.

MATERIAL A METODA
Semena resp. nazky slnecnice hybridu P64LE136 sme nechali po imbibicii kli¢it’ v papierovych

rolkach v kadicke s destilovanou vodou pri teplote 24°C, v tme. Po 4 diiochkli¢eniasme do tmavych
nadob s Hoaglandovym zivnym roztokom presunuli 10 vhodnych kli¢nych rastlin. Kadmiovy variant
sme vytvorili pouZitim CdCl, v koncentracii 3 mg Cd/l. Zivné roztoky boli podas kultivacie
prevzdusiiované. Rastliny sme kultivovali v klimaboxe pri teplote 23 — 24°C, fotoperidde 16/8
a relativnej vlhkosti 50 — 60 % po dobu troch tyzdinov. Obidva varianty sme vyhodnocovali v troch
biologickych opakovaniach.

Lokalizacia ionov kadmia v korefiovych pletivach mladych rastlin slne¢nice bola detegovana
histochemicky pomocou difenyltiokarbazénu podla protokolu /9/. Obsah superoxidového radikalu
(*0s.) bol stanoveny podla publikovanej metédy s miernymi modifikaciami /10/. Zivotaschopnost
buniek v korenoch (1,5 g) sme merali na zaklade absorpcie ¢inidla — Evansova modra (EB) podl'a /11/.
Obsah H;O; sme stanovili vo vzorkéach koreniov (0,2 g) podla metody /12/. Peroxidaciu lipidov v
koretioch sme detegovali histochemicky pomocou Schiffovho ¢inidla /13/.

Vsetky spektrofotometricky ziskané vysledky sme vyhodnotili pomocou nami vytvorenych
Standardnych kriviek a Statisticku analyzu sme realizovali pomocou jednofaktorovej analyzy rozptylu
(p £0,05) v programe MS Excel. %

VYSLEDKY A DISKUSIA

Detekcia ukladania kadmia v korefioch pomocou ditizénu

Pri analyze priecnych rezov koreniov bola u stresovanych rastlin zaznamenana primarna
akumulécia kadmia v bunkovych stenach rhizodermis a v pril'ahlych vrstvach exodermis uz
od prvych dni kultivacie (Obr. 1). V priebehu 2. a 3. tyzdia sa intenzita sfarbenia progresivne
zvySovala a prestivala do hlbSich vrstiev primérnej kory. NajvyraznejSia akumuldcia
komplexov ditizonu bola lokalizovana v oblasti endodermis a v bezprostrednej blizkosti
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centradlneho valca. Tento jav potvrdzuje funkciu endodermis ako selektivnej bariéry, kde sa
16ny kovu hromadia pred ich vstupom do xylémovych elementov. Kadmium nie je v pletivach
distribuované rovnomerne, ale vykazuje vysoku afinitu k apoplastickym priestorom a
lignifikovanym S$truktaram cievnych zvdzkov, ¢o ul'ahCuje jeho naslednu translokéaciu do
nadzemnych organov.

200um,

Obr. 1: Priklady priecnych rezov z korenov kontrolnych (vlavo) a stresovanych rastlin
(vpravo) po 1. tyzdni kultivacie.

Detekcia oxidativneho stresu pomocou Schiffovho farbenia

Pritomnost’ kadmia v bunke spusta procesy, ktoré vedu k poskodeniu jej ochrannych
bariér. Na sledovanie tohto poskodenia sme pouzili Schiffovo c¢inidlo, ktoré reaguje s
aldehydmi vznikajicimi pri rozklade tukov v bunkovych membranach (tzv. lipidova
peroxidacia). Intenzita vzniknutého ruzového az cyklamenového sfarbenia ndm sluzila ako
priamy indikator miery poskodenia pletiv. Zaznamenali sme intenzivne sfarbenie
povrchovych pletiv pokoZky a postupne aj primarnej kory, neskor aj stredného valca (Obr. 2).
Makroskopické porovnanie velkosti korenovej sustavy bolo zrejmé uz od prvého tyzdna
kultivacie v prospech kontrolnych rastlin a sti€asne bola potlacend aj tvorba korenovych
vlaskov.

Obr. 2: llustracia detekcie oxidativneho stresu v korenoch slnecnice po 1. (vlavo) a 3. tyzdni
kultivacie (vpravo). Korene z kadmiového variantu vzdy prvé zdola.

Spektrofotometrické stanovenie obsahu H>O»

Vo vzorkach koreniov vystavenych 3 mg Cd/l sme pozorovali vysSiu koncentraciu H202
v porovnani s kontrolou pocas vSetkych troch tyzdiiov. V obidvoch pripadoch boli najvyssie
obsahy namerané v tretom tyzdni (Graf 1). V stresovanych rastlinach bola pocas prvého
tyzdna v korefloch namerand koncentracia H>O2 1004,36 pmol/g, v druhom tyZdni stlpla tato
hodnota o pribl. 36 % a v tretom tyzdni stapla o 159 %, tzn. ze v prechode medzi druhym a
tretim tyZdiiom bol narast o 90 %. Koncentracia H>O: v korenioch rastlin rastacich v

166




Vliv abiotickych a biotickych stresorii na vlastnosti rostlin 9.-10.9. 2026

hydropénii s kadmiom, v porovnani s kontrolou, bola prvy, druhy a treti tyzden vyssia o 182,4 %,
104 % a 16,7 % v uvedenom poradi. Najvacsi rozdiel v obsahu bol namerany v prvom tyzdni. V
dalSich dvoch tyzdiioch nasledoval trend poklesu tohto rozdielu medzi kontrolnymi a
stresovanymi rastlinami. V tomto pripade za to primarne mézu prudké zmeny koncentracie
H202 stresovanych rastlin a to hlavne v tretom tyzdni. V prvom a druhom tyzdni sme
zaznamenali signifikantny rozdiel v koncentracii HoO> v porovnani s kontrolou (p < 0,05).
Mozeme usudit’, ze pocas prvych dvoch tyzdilov, nie su slnecnice rastice v hydroponii s 3 mg
Cd/1 schopné efektivne sa zbavovat peroxidu vodika z koreniov.

Stanovenie Zivotaschopnosti buniek

Rozdiely medzi koncentraciami EB v kontrole a vzorkach koretiov vystavenych 3 mg
Cd/1 boli pocas celej doby experimentu malé. Kladny rozdiel po prvom tyzdni pri kadmiovych
vzorkach sa zmenil na nizSie hladiny koncentracie EB v porovnani s kontrolnymi rastlinami
(Graf 2). Obsahy EB v korenoch kolisali v obidvoch vzorkach velmi podobne. V
stresovanych rastlindch bola pocas prvého tyzdna v korenioch namerana koncentracia EB
265,89 ng/g, v druhom tyzdni klesla tdto hodnota o 26,5 % a v tretom tyZdni klesla o 14,5 %
tzn. ze v prechode medzi druhym a tretim tyzdnom bol narast pribl. o 16,5 %. Prvy tyzden
bola koncentracia EB v stresovanej vzorke o 9,7 % vysSia v porovnani s kontrolou. Druhy a
treti tyzden boli vySSie obsahy namerané v kontrole. Druhy tyzden bola koncentracia EB v
stresovanej vzorke o 11,7 % a treti tyzden o 15,5 % niZSia oproti kontrole. Pocas celého
pokusu sme v korenioch nepozorovali signifikantne vyznamny rozdiel v nameranych obsahoch
EB.
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Graf 1: Vysledné hodnoty koncentracie H>O: v korenioch kontrolnych rastlin a rastlin
rastucich v hydroponii s 3 mg Cd/l. V grafe su zndzornené chybové usecky Standardnej chyby
priemeru a vyznamnost pri p<0,05 (*) v ramci jednofaktorovej ANOVA.

Spektrofotometrické stanovenie obsahu <O

Vysledky kvantitativnej analyzy obsahu superoxidového radikdlu v pletivach slne¢nice
(Graf 3) v priebehu trojtyzdiiovej kultivacie ukazali podobny kolisavy trend u oboch
variantov. V druhom tyzdni to bol najskor nérast o 31 % (K variant) resp. 37 % (Cd variant) a
nasledne v tretom tyzdni rovnaky pokles o pribl. 19 %. Priemerné hodnoty dosahovali
maximum v 2. tyZdni u oboch variantov, pricom pri kontrolnych rastlindch bol obsah pocas
celej doby mierne vys$i v porovnani s rastlinami exponovanymi kadmiu. Tento jav moze
indikovat’ vysokil bazalnu uroven metabolickej aktivity mladych rastlin v podmienkach
hydroponickej kultivacie. NizSie hladiny *O2" u stresované¢ho variantu mézu byt zaroven
dosledkom rychlej aktivacie antioxidacného systému, najméd enzymu SOD, ktory efektivne
transformuje superoxid na peroxid vodika uz vpociato¢nych fazach stresu. Nezaznamenali
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sme Statisticky signifikantné rozdiely medzi kontrolou a stresovanym variantom, conaznacuje,
ze pri aplikovanej koncentracii kadmia udrziava v sledovanych etapach relativhu redoxna
homeostazu.
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Graf 2: Vysledné hodnoty koncentracie EB v korenioch kontrolnych rastlin a rastlin rastucich
v hydroponii s 3 mg Cd/l. V grafe su zndazornené chybové usecky Standardnej chyby priemeru.
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Graf 3: Vysledné hodnoty koncentracie *O2- v korenoch kontrolnych rastlin a rastlin
rastucich v hydroponii s 3 mg Cd/l. V grafe su zndzornené chybové usecky standardnej chyby
priemeru.

Korelacné koeficienty v korefioch nevypovedaji o vyznamnom vplyve H2O2 na
zivotaschopnost’ buniek. Vel'mi slabu vizbu sme zaznamenali az v trefom tyzdni, pricom
vel'mi silnd negativna vdzba bola pozorovana po prvom tyzdni kultivacie. To vypoveda o
vysokej zivotaschopnosti buniek aj napriek narastu H202. Slne¢nice pravdepodobne ucinne
zachytdvaji kadmium v korenioch, ktorych bunky st schopné sa adaptovat’ na vysoky obsah
tazkych kovov v pode a znizit ich prijem do buniek (Tab.1).
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Tab. 1: Korelacné koeficienty (r) medzi obsal{zom EB, H>O: a *O> v korenoch

Korene Korelacia (r) Korelacia (r) Korelacia (r)

Ccd EB a H>O; EB a 0> H>O0»a *O>.
1. tyzden -0,976 0,988 -0,933
2. tyzden -0,329 0,133 0,892
3. tyzden 0,272 0,526 0,961

ZAVER

Korenovy systém stresovanych rastlin vykazoval typické symptomy toxicity, vratane
inhibicie elongacie a absencie korefiovych vlaskov. Metoda farbenia ditizonom preukézala, ze
koreni slizi ako primarna bariéra, kde sa kov imobilizuje najskor v oblasti primarnej kory, a
nasledne eSte intenzivnejSie v oblasti endodermis. Vysledky naznacujii zvySenie oxidacného
stresu v slnecnici, ale bez vplyvu na zivotaschopnost’ buniek. Namerané mnozstvd H>O» v
korenoch podporili tento trend, so Statisticky vyznamnym rozdielom pocas prvych dvoch
tyzdnov. NasvedcCuje to ukladaniu kadmia v korenioch. Vzhl'adom na absenciu Statisticky
vyznamného rozdielu pri merani koncentracie EB, mézeme usudit, Ze kadmium nemalo
vyrazny vplyv na Zzivotaschopnost buniek slne¢nice. Koncentracia H>O> v korenioch
stresovanej vzorky bola pocas celého pokusu vyssia v porovnani s kontrolnymi rastlinami.

Opacéne tomu bolo pri obsahu *O>" a tiez pri miere zivotaschopnosti buniek, kde sme
zaznamenali vyS$Siu koncentraciu EB len po prvom tyzdni kultivéacie. Néasledne bol v d’alSich
dvoch tyzdnoch trend opaény. Argumentovat mozeme adaptaciou slneCnic na nami zvolena
koncentraciu kadmia a moZznym hormetickym efektom tohto tazkého kovu. Analyzou
korelacie medzi obsahom H>O> a EB sme potvrdili len slaby vplyv H2O2 na Zivotaschopnost’
buniek, dokonca po prvom tyzdni kultivacie sme zaznamenali vel'mi silnt negativnu vazbu.

Podobne to bolo v prvom tyzdni aj s vplyvom na obsah kyslikového radikalu, ale v
dalSich tyzdnoch sa ukédzala uz silna vézba medzi tymito dvomi ROS.
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Summary

The aim of this study was to evaluate the effect of different laser treatment variants on the
germination energy of treated seeds of two sugar beet cultivars (Beta vulgaris var. altissima).
In the cultivar Beta BTS 7535N, treatment with a 780 nm laser increased seed germination
energy from 45.33 + 13.27% to 70.00 + 5.37%; however, the difference was not statistically
significant. In the cultivar Beta BTS SMART 9635, a more pronounced response to laser
treatment was observed. Treatment with a 780 nm laser increased germination energy from
32.67 + 12.36% to 69.33 + 1.25%, representing a statistically significant improvement (Tukey
test, p < 0.05). The other laser treatments resulted in reduced germination energy. These
findings indicate that the effect of laser irradiation on sugar beet seed germination energy
depends not only on the laser parameters but also on the plant cultivar.

Keywords: seed germination, germination energy, seed coat, endocarp, scarification

Souhrn

Cilem studie bylo posoudit vliv riznych variant laserového oSetfeni na energii kliceni
obalovanych semen dvou kultivarti cukrové fepy (Beta vulgaris var. altissima). U odridy Beta
BTS 7535N zvysilo laserové oSetfeni 780 nm energii kliceni semen z 45,33 + 13,27 % na
70,00 = 5,37 % (statisticky neprukazn¢). U odridy Beta BTS SMART 9635 byla
zaznamenana vyrazngj$i odezva na laserové oSetfeni. OSetfeni laserem 780 nm zvysilo energii
kliceni z 32,67 + 12,36 % na 69,33 + 1,25 % (statisticky prikazné, Tukey test, p < 0.05).
Ostatni laserové oSetfeni vedly ke snizeni energie kliceni. Vysledky ukazuji, Ze ucinek
laserového zatfeni na energii kliCeni semen cukrové fepy zavisi nejen na parametrech laseru,
ale 1 na odrade¢ plodiny.

Klic¢ova slova: klicivost semen, energie kliceni, osemeni, oplodi, skarifikace

UvOD

Jednou z perspektivnich udrzitelnych technologii v rostlinné produkci je vyuziti
laserového zafeni. Prvni souhrnné prace poukazovaly na potencidl lasert jako nastroje ke
zlepSeni kvality osiv a zvySeni zemédélské produktivity. Aplikace laserové technologie v
zemedélstvi muze piispét k feSeni globalnich problémt souvisejicich s potravinovou
bezpecnosti, zejména v rozvojovych zemich, kde nizka kvalita osiva a produkce potravin
Casto vede k podvyzive a zdravotnim komplikacim /1/.

V nésledujicich letech se vyzkum zaméfil predev§im na biostimulacni ucinky
laserového zafeni na semena, sazenice a rostliny. Aguilar a kol. /2/ uvad¢ji, ze razné typy
lasert, véetné He-Ne, Ar, Nd:YAG, CO: laserti a laserovych diod, vykazuji schopnost
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pozitivn¢ ovliviiovat klieni, rist a vyvoj rostlin. Laserové stimulace se ukézala jako G¢inna
zejména pii prekondvani neptiznivych podminek prostiedi, jako jsou sucho, salinita, nizké
teploty, zvysené UV-B zéfeni nebo kontaminace tézkymi kovy. Tyto poznatky podpofily
vnimani laserii jako ekologicky Setrnych biostimulatori, které mohou pfispét ke zvySeni
produkce potravin pti souc¢asné ochrané zivotniho prostiedi a biologické rozmanitosti.

Biostimulac¢ni laserové oSetfeni semen méni hormonalni rovnovahu, urychluje piijem
vody a aktivuje zivotn€ dulezité enzymy pro urychleni kli¢eni a zvySeni rané vitality rostlin.
Roste tolerance vuci stresu: je zde 1 vliv na sekundarni metabolické drahy, které pomahaji
sazenicim Iépe snaset slanost, sucho nebo oxidacni stres /4-6/. Potencidl laserovych
technologii pravdépodobné vyznamné presahuje ramec pouhé stimulace rustu rostlin. Ahmed
a kol. /7/ ptedstavuji koncept laserové biotechnologie jako komplexniho nastroje pro rozvoj
klimaticky odolného a udrzitelného zeméd¢€lstvi. Na jedné stran€, nizkoenergetické lasery
mohou prostfednictvim fotobiomodulace zvySovat kli¢ivost semen, efektivitu fotosyntézy,
pfijem zivin a aktivitu antioxidac¢nich systémt. Naopak, vysokoenergetické laserové systémy
nachdzeji vyuziti pfi regulaci plevell a Skidct (nechemicka cesta). Soucasné se rozvijeji
laserové senzorické technologie umoznujici v€asnou diagnostiku stresovych faktorti a
prabézné monitorovani zdravotniho stavu polnich porost.

Cukrové tepa (Beta vulgaris var. altissima) patii mezi hospodarsky vyznamné plodiny,
u nichz je rychly a rovhomérny vyvoj porostu jednim z kli¢ovych faktort ovliviiujicich vynos
a kvalitu produkce. V soucasné zemécdélské praxi jsou semena cukrové fepy standardné
mofiena fungicidnimi pfipravky, které zajistuji ochranu vzchazejicich rostlin pted patogeny.
Presto vSak existuje prostor pro dalsi zlepSeni jejich fyziologické kvality a vitality.

Cilem tohoto c¢lanku je poukdzat na moznost stimulace fytolaserovym oSetfenim
profesiondlné¢ pfipravenych semen cukrové fepy pro zlepSeni jejich energie kliceni.
Prezentované vysledky jsou soucasti série testd, které prob&hly v laboratornich podminkach.

MATERIAL A METODY
Pro pokus byla vyuzita semena cukrové fepy (Beta vulgaris var. altissima) od firmy

Betaseed, a to ve dvou odridach BTS 7535 N a BTS SMART 9635. Diploidni odrtida BTS
7535 N je vybavena genetickou ochranou BetaShield. Poskytuje spolehlivé a stabilni vynosy
kotfenli 1 v rizikovych oblastech s vyskytem had’atka fepného (Heterodera schachtii) /8/.
Odrada BTS SMART 9635 patii do moderniho systtmu CONVISO® SMART, ktery
umoznuje specifické odpleveleni Sirokospektralnim herbicidem. Vyznacuje se mimofadnou
odolnosti vi¢i houbové chorobé cerkosporidza cukrové tepy (Cercospora beticola) a je
ur¢ena pro stfedni termin sklizné /8/.

Semena byla osetfena kombinacemi diodovych lasert v sestavé Fytolaser (Obrazek 1) v
téchto expozicich:

Laser 67-8 =532 nm + 638 nm /0,2 W +3 W

Laser 7-8 =638 nm /3 W

Laser 25-4=532nmm +650nm /02 W +1W

Kontrola=0nm/0 W

Osetfena a neoSetiend semena (kontrola) byla testovana v laboratornich podminkach dle
Sera /9/. Bylo pouzito 5 Petriho misek (primér 9 cm), 3 filtraéni papiry/miska, 6 mL
destiolované vody/miska, 30 semen/miska (150 semen na jedno oSetfeni). Kultivace
v ristovém boxu: tma, 25 °C. Ctvrtym dnem byla spoéitina kli¢ivd semena a stanovena
energie kliceni (GE, %). Ziskana data byla standardné (rozdily v ramci ptisluSného taxonu)
vyhodnocena jednocestnou ANOVA a posléze Tukey testem.
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Obrazek 1: Fytolaser v procese oSetFovani semen cukrové repy.

VYSLEDKY A DISKUSE

Vybrané U odridy Beta BTS 7535N doséahl kontrolni set energie kliceni semen 45,33 +
13,27 %. OSetieni variantou Laser 7-8 vedlo ke zvySeni energie kliceni na 70,00 £ 5,37 %,
coz predstavuje narlst o piiblizné 54 % oproti kontrole. Pfestoze byl pozorovan vyrazny trend
zlepSeni energie kliceni, statisticka analyza neprokézala mezi kontrolou a laserové oSetfenou
variantou priikazny rozdil. Vysledky jsou shrnuty v Tabulce 1.

U odrudy Beta BTS SMART 9635 byla zaznamendna vyrazngjsi reakce na laserové
osetfeni. Kontrolni varianta dosahla energie kliceni semen 32,67 + 12,36 %. Zatimco oSetieni
Laser 7-8 vedlo k vyznamné stimulaci kliceni, varianty Laser 25-4 a Laser 67-8 vykazaly
naopak niz8i hodnoty energie kli¢eni nez kontrola (Tabulka 1).

Tabulka 1: Vliv laserového osetreni semen dvou odrud cukrové repy (Beta BTS 7535N a Beta
BTS SMART 9635). Uéinnost oSetieni byla posuzovina na zdkladé energie kliceni (GE, %) a
statisticky vvhodnocena pomoci Tukeyho post hoc testu (rozdilna pismena indikuji statisticky
vyznamné rozdily).

Plodina Osetfeni  GE (%)  SE T;ksfy
Beta BTS 7535N Kontrola 45.33 13.27 a
Beta BTS 7535N Laser 7-8 70.00 5.37 a
Beta BTS SMART 9635 Kontrola 32.67 12.36 ab
Beta BTS SMART 9635 Laser 25-4 18.67 11.62 a
Beta BTS SMART 9635 Laser 7-8 69.33 1.25 b
Beta BTS SMART 9635 Laser 67-8 16.00 7.48 a

Porovnani obou kultivarti (Tabulka 1) ukézalo rozdilnou citlivost na laserové oSeteni. V
obou piipadech byla nejvyssi energie kliceni semen dosaZena po aplikaci varianty Laser 7-8.
Vysledky soucasné ukazuji, Ze pozitivni U¢inek nebyl univerzalni pro vSechny pouzité
expozice. U kultivaru Beta BTS 9635 vedly varianty Laser 25-4 a Laser 67-8 ve ¢tvrtém dnu
kliceni ke snizeni energie kliCeni semen pod uroven kontroly. To potvrzuje, Ze biologicka
odpovéd’ semen cukrové fepy na laserové zafeni je zavisld nejen na genotypu, ale také na
konkrétnich parametrech pouzitého zateni. Z toho vyplyva, ze pro praktické vyuziti je tieba
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vyuzivat ovéfené a vyzkouSené expozice sestavy Fytolaser.

ZAVER

Lze konstatovat, ze varianta Laser 7-8 (638 nm / 3 W) vykézala vyrazny biostimulacni
efekt a predstavovala nejucinngj$i zptisob osetieni semen v ramci hodnoceného experimentu.
Naopak ostatni testované varianty laserového zéfeni nepfinesly pozitivni efekt na kliceni a v
nekterych piripadech vedly ke snizeni sledovaného parametru. Tyto vysledky naznacuji
pottebu dalsi optimalizace parametra laserového osetfeni pro rizné kultivary cukrové fepy.
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