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1. Maglovski M, Gregorova Z, Rybansky L, Mészaros P, Morav&ikova J, Hauptvogel P,
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B-1,3-glucanases and chitinases in wheat. Plant Growth Regulation 81 (3):443-453.
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doi:10.1007/s00425-016-2592-5
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Blehova, lldiké MatuSikova (2019) Effects of Nutrition on Wheat Photosynthetic Pigment
Responses to Arsenic Stress. Polish Journal of Environmental Studies, Ro¢€. 28, ¢&. 3 (2019),
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5. Galusova T, PirSelova B, Rybansky L, Krasylenko Y, Mészaros P, Blehova A, Bardacova
M, Moravcikova J, MatuSikova | (2020) Plasticity of soybean stomatal responses to arsenic
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and cadmium at the whole plant level. Polish Journal of Environmental Studies 29 (5):3569-
3580. doi:10.15244/pjoes/116444

6. Yotsova E, Dobrikova A, Stefanov M, Misheva S, Bardagova M, Matusikova |, Zidekova
L, Blehova A, Apostolova E (2020) Effects of cadmium on two wheat cultivars depending on
different nitrogen supply. Plant Physiology and Biochemistry 155:789-799.
doi:10.1016/j.plaphy.2020.06.042

7. Maglovski M, Rybansky L, Bujdos M, Adamec L, Bardacova M, Blehova A, Matusikova |
Nitrogenous nutrition affects uptake of arsenic and defense enzyme responses in wheat.
(Accepted in Polish Journal of Environmental Studies )
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114-121. (https://doi.org/10.1515/nbec-2016-0012)
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3. Moravcikova J, Ujvariova N, Zur |, Galova Z, Gregorova Z, Zimova M, Boszoradova E ,
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(Polnohospodarstvo) 63 (1): 14-22.

4. Bardacova M, Konotop Y, Gregorova Z, Hornik M, Moravc¢ikova J, Kraic J, Matu$ikova |
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Biotechnologica et Chimica 16(2): 99-104.

5. PavloviCova M, Gersi M, Bardacova M, RanuSova P, Hornik M, MatuSikova | (2020)
Variable accumulation of cadmium in flax (Linum usitatissimumL.). Nova Biotechnologica et
Chimica 19(1): 70-79 (https://doi.org/10.36547/nbc.v19i1.579).

6. Asrorov AM, Matu$ikova I, Ziyavitdinov JF, Gregorova Z, Majercikova V, Mamadrakhimov
AA (2020) Changes in soluble protein profile in cotton leaves indicate rubisco damage after
treatment with sumi-alpha insecticide. Agriculture 66 (1):40-44. doi:10.2478/agri-2020-0004
Odborné prednasky:

Matusikova: Nutrition effects on synthesis of plant defense proteins and tolerance to metals.
Plant Genomics 2019; 12-14. jun 2019 Berlin, Nemecko, plenarna prednaska.

Kapitola v knihe:

Matu$ikova lldiké, Pavlovi€ Andrej, Renner Tanya (2018) Biochemistry of prey digestion and
nutrient absorption. In: Carnivorous Plants : Physiology, ecology, and evolution (Eds. Aaron
M. Ellison, Lubomir Adamec). 1. vyd. - Oxford : Oxford University Press, 2018. - ISBN 978-
0-19-877984-1, s. 207-220.

Uplatnenie vysledkov projektu

Vysledky projektu poukazali na prepojenie obranyschopnosti rastlin na toxicitu kovu v
zavislosti od nutri¢nych podmienok. Identifikovali parametre, ktoré je mozné vyuZzit ako
dobry indikator tolerancie a/alebo aktivovanej obrany pri raste v pritomnosti kovov.
Nastavenie tychto analyz v praxi je uplatnitelna pre manazment aplikacie umelej vyzivy v
zaujme maximalnej tolerancie plodin na environmentalne stresy, napr. pri raste v
kontaminovanych podmienkach, potencialne viak aj v kontexte inych typov stresorov (napr.
nedostatok vlahy). Projekt generoval Udaje o vhodnosti odréd vybranych rastlinnych druhov
(pSenica, lan, soja) z hladiska produkcie bezpecnych potravin (v pripade lanu produkcie
bezpecného vlakna), ako aj vhodnosti pre remediacné (fan) i biofortifikaéné (pSenica)
programy.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku

(max. 20 riadkov)

Pomocou experimentov s 8 roznymi koncentraciami N v rastovom médiu sme zistili, Ze

okrem popisanych dopadov réznej dusikatej vyzivy na rast dochadza k rozdielnej akumulacii

obrannych proteinov, ¢im sme potvrdili vychodiskovu hypotézu o vplyve vyZivy na

obranyschopnost rastlin voci toxicite kovov. Odhalili sme nelinearny charakter

pozorovanych dopadov v zavislosti od koncentracie dusikatej vyzivy. Vysledky ukazali, ze

jediny parameter (napr. obsah pigmentu ¢i aktivita enzymu) moze byt rézne regulovany pri

hladovani resp. nadbytku N, a preto jeho akumulacia pri dalSom strese (napr. toxicita kovu,
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sucho) je tazko predvidatelna.

Nadmerna vyziva ma kontraproduktivny vplyv na rast a vyvin. Identifikovali sme niekolko
izoforiem enzymov glukanaz resp. chitinaz, ktoré sa akumulovali na jeden typ stresora,
alebo pri kombinacii pésobenia toxického kovu resp. urcitej nutriCnej davky. Ich aktivity pri
tom boli vo viacerych pripadoch vyrazne potlacené pri nadmernej vyzive. Na druhej strane,
dostupnost N zabezpecuje dostatocné energetické krytie pre syntézu obrannych
komponentov a v kone¢nom dbsledku vedie k niZzSiemu prijmu toxickych elementov ako As
¢i Cd. Vysledky z viac ako 12 réznych rastovo-fyziologickych parametrov a takmer 60
réznych izoforiem enzymov poukazuju na ich vysoku $pecifitu vo funkciach Komplexita
regulacie tychto komponentov obrany preto neumozriuje prinasat SirSie zovSeobecnenia pre
manazment vyzivy pre pofnohospodarsku prax, a vyZaduje detailnejSie analyzy
spolupdsobenia vyzivy, toxicity a mechanizmu pdsobenia kovu na pozadi konkrétneho
druhu resp. odrody..

Vysledky projektu potvrdili, Ze s vyuZzitim molekularnych markérov pre prijem Cd nie je
mozné spolahlivo urcit toleranciu ani mieru akumulacie Cd vo vyuzivanych €astiach rastlin.
Preto sme navrhli si¢asné vyuzivanie komplementujucich fyziologickych markérov (napr.
akumulacia prolinu €i urcité fotosyntetické pigmenty). V ramci projektu sme stanovili
geneticky akumulaény potencial takmer 80 odrdd pSenice a 6 odréd sdje, v ramci ktorych
sme identifikovali odrody s vysokym ale aj nizkym rizikom z hladiska bezpec¢nosti potravin.
Realnu akumulaciu Cd sme potvrdili u vybranych odréd pSenic, séje a lanu a formulovali
sme pre ne odporucania z hladiska produkcie biobezpeénych potravin (vlakna; odroda fanu
Belinka) alebo z hladiska vyuzitelnosti pre remediacie (odroda lanu Jitka). Poukazali sme
na suvislost akumulacie a tolerancie na Cd v pSenici s pritomnostou alel pre nizky vzrast v
modernych odrodach pSenice; tieto alely prispievaju k dobrému hospodareniu s vodou a
teda prispievaju k tolerancii vo¢i pdsobeniu tazkych kovov.

Zaverom projektu je zistenie, Ze pre danu odrodu (druh) je mozné nastavit’ urcité, pomerne
Siroko nastavené podmienky vyZivy, ktoré mozno vyhodnotit ako optimalne pre rast a vyvin.
Tieto podmienky v8ak v r6znej miere mozno hodnotit’ ako optimalne alebo sub-optimalne za
podmienok posobenia toxicity kovov. Rast a odpovede na toxicitu kovov evidentne superia o
nutricné zdroje, pricom ich optimalne nastavenie zavisi nielen od rastlinného druhu ¢i
odrody, ale aj mechanizmu toxicity kovu a charakteru obrannej vybavy rastlin. V su€asnosti
nie je mozné predpovedat spolahlivo vysledok tychto kompetiCnych vztahov, nakolko
regulacia a vzajomné prepojenie vyvinu a odpovedi na stresy nie je dostatoCne objasnena a
vyzaduje dalSie Studie. VSetky hlavné ciele projektu boli splnené, pric¢om doteraz
spracované data boli publikované v celkom 7 CC ¢&lankoch a 5 pracach kategorizovanych
ako domace recenzované odborné periodika (ADN). Tieto prace prinaSaju nové poznatky a
odpovede na otazky postavené v projekte.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Using experiments with 8 different concentrations of N in the growth medium, we found that
in addition to the described effects of different nitrogen nutrition on growth, there is a
different accumulation of defense proteins, confirming the initial hypothesis of the effect of
nutrition on plant defenses against metal toxicity. We revealed the nonlinear nature of the
observed impacts depending on the concentration of nitrogen nutrition. The results showed
that a single parameter (e.g. pigment content or enzyme activity) can be differently regulated
during starvation or excess N, and therefore its accumulation under further stress (e.g. metal
toxicity, drought) is difficult to predict.

Overnutrition has a counterproductive effect on growth and development. We have identified
several isoforms of glucanase and chitinase enzymes that have accumulated on single type
of stressor, or on combined action of toxic metal and a certain nutritional condition. In
several cases, their activities were significantly suppressed during excessive nutrition. On
the other hand, the availability of (high) N provides sufficient energy coverage for the
synthesis of defense components and ultimately leads to a lower uptake of toxic elements
such as As or Cd. Results from more than 12 different growth-physiological parameters and
almost 60 different isoforms of enzymes indicate their high specificity in functions. The
complexity of the regulation of these defense components therefore does not allow to bring
broader generalizations for nutrition management for agricultural practice, and requires
more detailed analyzes of the interaction of nutrition and defense against metal toxicity on
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the background of a particular species or variety.

The results of the project confirmed that with the use of molecular markers for Cd uptake it
is not possible to reliably determine the tolerance or degree of Cd accumulation in the used
plant parts. Therefore, we have proposed the simultaneous use of complementary
physiological markers (such as proline accumulation or certain photosynthetic pigments). As
part of the project, we determined the genetic accumulation potential of almost 80 varieties
of wheat and 6 varieties of soybeans, in which we identified varieties with a high but also a
low risk in terms of food safety. We confirmed the real accumulation of Cd in selected
varieties of wheat, soybeans and flax and formulated recommendations for them in terms of
biosafe food or fiber production (Belinka flax variety) or in terms of usability for remediation
(Jitka flax variety). We pointed out the connection between accumulation and tolerance to
Cd in wheat with the presence of alleles for short growth in modern wheat varieties; such
alleles ensure good water management and thus contribute to tolerance to the action of
heavy metals.

The conclusion of the project is the finding that for a given variety (species) it is possible to
set certain, relatively broadly set nutritional conditions, which can be evaluated as optimal
for growth and development. However, these conditions can be assessed to varying
degrees as optimal or sub-optimal under metal toxicity conditions. The growth and
responses to metal toxicity obviously compete for nutritional resources, and their optimal
setting depends not only on the plant species or variety, but also on the mechanism of metal
toxicity and the nature of the plant's defense equipment. At present, it is not possible to
reliably predict the outcome of these competitive relationships, as the regulation and
interconnection of development and stress responses is not sufficiently elucidated and
requires further studies. All the main goals of the project were met, while the data processed
so far were published in a total of 7 CC articles and 5 papers categorized as domestic peer-
reviewed scientific periodicals. These works bring new knowledge and answers to the
questions raised in the project.
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