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PREFACE

Water, according to Leonardo da Vinci, is the driving force behind all nature. This quote
emphasizes the critical role that water plays in shaping and sustaining life, ecosystems, and the
geological features of the Earth. As we struggle with changing weather patterns, research
becomes more crucial than ever. This compilation of cutting-edge articles investigates the
complicated relationship between climate, water, and soil, providing innovative solutions to
mitigate environmental impact.

The studies, originating from Slovakia, Serbia, Hungary, and Georgia, analyze agro-
and forest ecosystems, studying stream flow regimes, hydrological balance modelling, and
broader aspects like land use changes and natural extremes. These investigations shed light on
the profound effects of climate change on human societies and biodiversity.

This monograph serves as a valuable resource, bridging theory with practical solutions, and is

a testament to collective efforts, guiding us toward a sustainable future.
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ANALYZA N-ROCNYCH MINIMALNYCH PRIETOKOV
A ZAKLADNEHO ODTOKU V POVODI RIEKY HRON

Dana Halmova', Veronika Bafova Mitkoval, Pavla Pekaroval, Jan Pekar?
1 Ustav hydrolédgie Slovenskej akadémie vied, v. V. i.,
2 Fakulta matematiky, fyziky a informatiky, Univerzita Komenského

Korespondencny autor: Dana Halmova, Ustav hydrolégie SAV, v. v. i., Dibravska cesta 9, 841 04 Bratislava,
halmova@uh.savba.sk

ABSTRAKT

V prvej Casti tejto Stidie boli analyzované dlhodobé trendy minimalnych prietokov v 6-tich
subpovodiach rieky Hron v ¢asovom rozmedzi od roku 1931 do roku 2020. Extrémne nizke prietoky
v rieke Hron v stanici Brehy sa vyskytli v rokoch 1947, 1954 a 1961, pricom vyraznejsi vyskyt bol
zaznamenany v obdobi od roku 1993 do 2003. Pre analyzu minimalnych prietokov boli vytvorené
rady s réznym po¢tom dni (1-, 3-, 7-, 30- a 90-denné minimalne prietoky) pre vsetky vybrané stanice.
Vyrazné klesajuce trendy minimélnych prietokov sme identifikovali v toku Stiavni¢ka v stanici
Myto pod Dumbierom. V druhej &asti 3tadie bola $tudovana Gasova premenlivost vyskytu
minimalnych prietokov. Ako hlavné obdobie pre minimalne vodné stavy v povodi Hrona bolo
identifikované zimné obdobie, s maximalnym vyskytom minim v mesiaci januar. V tretej Casti
stadie boli odvodené 100-ro¢né minimalne Specifické odtoky pre vybrané toky. Tieto boli
V poslednej ¢asti porovnané s hodnotami $pecifického (merného) zakladného odtoku (qg) z danych
povodi odhadnutych Killeho metédou.

Keywords: Hron River, T-year minimum flow, frequency distribution, basic runoff estimation,
Kille's method

UvVoD

Otazka pripadnych zmien v hydrologickom reZime riek je — v suvislosti s predpokladanou
klimatickou zmenou, pripadne s eSte novSie propagovanymi tedriami vysuSania krajiny —
pomerne Casto diskutovanou témou. Stanovenie a hodnotenie N-roénych minimalnych
prietokov a malej vodnosti vo vodomernych staniciach na Slovensku upravovala OTN 3113-1
(2007), a dnes navrhnuta OTN ZP 3113-1:04. Prehlad starsich prac, tykajicich sa spracovania
charakteristik malej vodnosti na Slovensku mozno najst’ v pracach Szolgay (1977), Drako a
Majercakova (1989), Greskova (1998, 1999), Balco (1990), Majercakova (1995), Majercakova
a kol. (1995, 1997), Burger (2005), alebo Demeterova a Skoda (2004, 2005). Podrobné
spracovanie charakteristik malej vodnosti slovenskych tokov mozno najst’ v praci Demeterova
a Skoda (2009), v poslednom &ase Fendekova a kol. (2017).

Analyzovanim radov priemernych ro¢nych prietokov za obdobie 1900-2000 Pekarova a Pekar
(2003) zistili, ze prietokové rady slovenskych tokov obsahuju viacro¢nu cyklicku zlozku.
Z vysledkov vyplyva, Ze pri ur¢ovani dlhodobych trendov prietokov je potrebné brat’ do tivahy
cca 13-15-ro¢né cykly striedania sa suchych a mokrych obdobi a trendy je potrebné urcovat’ za
obdobia uzavretych cyklov (od minima po minimum alebo od maxima po maximum).
Identifikdciou zmien hydrologického reZzimu v povodi Dunaja sa zaoberal Pramuk (2016).
Trendy priemernych, maximalnych a minimalnych ro¢nych prietokov za obdobie rokov 1877—
2013 na Dunaji v Bratislave analyzovali Blaskovicova a kol. (2013). Zistili, ze priemerné rocné
prietoky maji vyrovnany trend, ro¢né minima klesajuci trend. V rovnakej vodomernej stanici
za obdobie rokov 1877-2005 skumali Pekarova a kol. (2002) trendy maximalneho 30-dhiového
prietoku (charakteristika vel'kej vodnosti) a 330-diového prietoku (charakteristika malej
vodnosti). Vysledky ukazali, Ze minim4 mierne rasti a maxima mierne klesaju. Rozdiel v
maximach oproti Blaskovicova a kol. (2013) je zrejme spdsobeny tym, ze v ich pripade boli
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zahrnuté uz aj vodné roky 2010 a 2013. Poorova a kol. (2013) sktimali trendy minimalne ro¢né
a mesacné prietoky za obdobie rokov 1961-2012 v slovenskych povodiach, podla ich
vysledkov ro¢né minima klesaju v povodi Moravy, dolného Vahu, Nitry, Hrona, Ipla, Slanej a
Bodvy. Stupajtci trend roénych minim maji toky v povodi horného Véhu, Popradu, Hornadu
a Bodrogu. Pekarova a kol. (2017) porovnavali trendy rocnych minim a maxim prietokov na
desiatich vyznamnych slovenskych tokoch v dvoch obdobiach (1931-1972 a 1973-2014).
Zistili, Ze minimalne ro¢né prietoky maju rastuci trend (okrem Vahu a Krupinice), rasta aj 3- a
7-diiové minimd. Naopak, klesaju maximalne ro¢né prietoky, 3- a 7-diiové maxima.

Ciel'om tohto prispevku je spracovanie podkladov pre navrh metodiky spracovania N-ro¢nych
minimalnych prietokov na vybranych tokoch s ¢o najdlhsimi radmi pozorovani v povodi rieky
Hron (1931-2020) jednym typom teoretickej distribu¢nej funkcie s moznost'ou regionalizacie
(zovseobecnenia) jeho parametrov. Takato metoda moze predstavovat’ Ciastkovy podklad pre
jednotni metodiku za twcelom vyhodnocovania minimalnych prietokov a zékladnych
charakteristik malej vodnosti, ¢o je jednym zo zakladnych podkladov na navrh, vystavbu a
prevadzku vodohospodarskych zariadeni a objektov na tokoch za ucelom ekonomického
nakladania s vodnymi zdrojmi, preto je potrebné tymto otazkam venovat’ pozornost’. Pouzitie
jedného typu distribucnej funkcie tiez umoziuje odhadnit’ parametre distribu¢nych funkcii
a tym aj hodnotu N-ro¢nych minimalnych prietokov pre Casti toku bez pozorovani na zaklade
dlhodobého priemeru minimalnych ro¢nych prietokov a parametrov distribu¢nych funkcii zo
susednych vodomernych stanic, kde su k dispozicii pozorovania prietokov.

METODY A UDAJE

Metody

Pri analyze hydrologickych radov sa vyzaduje, aby boli dané rady homogénne a stacionarne,
ked’Ze metody matematickej Statistiky boli odvodené pre nezavislé ndhodné premenné a to pre
rady vysledkov experimentov vykonanych pri rovnakych podmienkach, kde predchadzajtci
vysledok neovplyviiuje vysledok nasledujuceho experimentu (Szolgay a kol., 2004). Preto pri
vybere stanic je potrebné vyberat’ tie stanice, kde nedoSlo k zmenam, ktoré by ovplyvnili
mnozstvo vody a hydrologicky rezim toku.

Statisticky analyzovat’ je mozné udaje v réoznom kroku (hodinovom, dennom, mesaénom,
sezonnom, ro¢nom, nepravidelnom). Casovy rad hydrologického prvku je zakladnym
podkladom pre posudzovanie rezimu hydrologického procesu. Vysledky merani sa zo
Statistického hl'adiska povazuji za ndhodny vyber s rozsahom n prvkov, pomocou ktorych sa
urcuju vlastnosti a charakteristiky skimanej nahodne;j veli¢iny.

Na spracovanie N-ro¢nych minimalnych prietokov Qmin boli v tejto praci pouzité subory
ro¢nych minimalnych prietokov z 1-, 3-, 7-, 30- diovych minim za kalendarny rok.
(Na Slovensku sa vyber miniméalneho prietoku vykoniava podla OTN ZP 3113-1:04
za vodohospodarsky rok, ked’Ze vSak spracovavame idaje z r6znych klimatickych podmienok
a roznych krajin, pouzili sme jednotny rok — kalendarny rok.)

V tejto praci navrhujeme na odhad N-roénych radov minimalnych prietokov Qmin teoretické
rozdelenie pravdepodobnosti Log-Pearson Typ III. (LP3). Zmenami koeficientu Sikmosti pri
tomto rozdeleni je moZné zlepSit’ odhad v oblasti minim (alebo maxim). VzhI'adom na moZnosti
regionalizacie parametrov rozdelenia neodporti¢ame pouzivat' rézne typy rozdeleni, ale
rozhodnut sa pre jedno rozdelenie a podla toho spracovat vsetky udaje a parametre
regionalizovat. Log-Pearsonova distribucia typu III je trojparametrové gama rozdelenie
s logaritmickou transformaciou premennej. Siroko sa pouZiva na analyzy povodni, pretoZe
udaje pomerne Casto zodpovedaju predpokladanym roénym extrémnym prietokovym radom.
LP3 rozdelenie pravdepodobnosti sa pouziva na odhad extrémov pre mnohé prirodné procesy
a je najbeznejsie pouzivanym rozdelenim pravdepodobnosti, najmé v hydrologii (Griffis a kol.,
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2007a, b). Pilon a Adamowski (1993) vyvinuli Logaritmicka pravdepodobnostna funkciu LP3
aj s odhadom jeho parametrov. V Cheng a kol., (2007) je uvedena metéda na zaklade
frekvencéného faktora pre hydrologicku frekvencnt analyzu pre ndhodné generovanie piatich
rozdeleni (normalne, lognormalne, extrémna hodnota typu I, Pearsonov typ Ill a Log-Pearson
typ HI).

Na odhad distribu¢nych parametrov bola pouzita metdéda opisana v Bulletin 17-B [IACWD,
1982). LP3 rozdelenie sa pouziva od roku 1976 v USA (Koutsoyiannis, 2005), pouziva sa i v
povodi Dunaja, napr. v Slovinsku. Taktiez Stanescu (2004) odporti¢al na extrapolaciu
regiondlnych kriviek v povodi Dunaja pouzit’ Pearsonovo rozdelenie III typu. Log-Pearsonova
distribicia typu III je trojparametrové gama rozdelenie s logaritmickou transforméciou
premennej. Siroko sa pouZiva na analyzy povodni, pretoze idaje pomerne ¢asto zodpovedaju
predpokladanym ro¢nym maximalnym prietokovym radom. Funkcia hustoty pravdepodobnosti
Pearsonovho rozdelenia typu III mé nasledujtci tvar.

(5 e ()

|BIT(a)

f&Xlz,a,B) = (1)

X-T
— =0,
ﬁ .
T — parameter lokacie;
a — parameter sklonu;
P — skélovaci parameter;

aI'(a) je Gamma funkcia, dana vztahom:

I'(a) = [ t* Lexp(—t)dt (2)
Néhodna premenna Qmin mé LPIII rozdelenie, ak ndhodné premenna X

X =1In Qmin, alebo X = log Qmin (3)

ma Pearsonovo rozdelenie II1. typu. (V stadii bol pouzity dekadicky logaritmus).

Test Kolmogorov-Smirnov bol vykonany na testovanie predpokladu, ze odhadnuté hodnoty
teoretického rozdelenia dobre fituju empirické hodnoty. Hodnota hladiny vyznamnosti «
(0>0,05) bola pouzita ako kritérium na zamietnutie navrhovanej distribu¢nej hypotézy. Odhady
pravdepodobnosti boli vypocitané pre zvolené polohy vykreslenia. Zakladny vzorec polohy
vykresl'ovania pre symetrické rozdelenia je dany (Stedinger a kol., 1993):

bi = n-l-ll—aZa (4)
kde pi je pravdepodobnost’ prekrocenia premennych pozorovani Xi zoradenych od najvacsieho
(i=1) po najmensie (i=n) a a je parameter polohy (0< a > 0,5).

Z meranych radov minimalnych roénych prietokov s dizkou cca 90 rokov si mdzeme dovolit’
presnejsie uréit’ cca 130-roéné prietoky (napr. podla Cegodajeva). Do uréenia 200- a viac
rocnych prietokov vnaSaju autori svoje vlastné skusenosti a odhady. V kazdom pripade si
musime byt vedomi, ze urCenie 500-ro¢nych minimalnych prietokov je zatazené velkou
neistotou.

10
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Studované povodie, poutité nidaje

Ako vstupné udaje boli pouzité série 90-roénych radov (1931-2020) priemernych dennych
prietokov rieky Hron (Slovensko) z dvoch vodomernych stanic: Banska Bystrica a Brehy, ako
aj zo Styroch vybranych horskych subpovodi Bystrianka (Bystra), Stiavnicka (Myto pod
Dumbierom), Vajskovsky potok (Dolna Lehota), Cierny Hron (Hronec). Polohu ricky Hron
a vybranych subpovodi v povodi Hronu na tizemi Slovenska ilustruje obr. 1.

Rieka Hron je druhou najdlhSou riekou na Slovensku. Je dlha 298 km a pretekd len uzemim
Slovenska, pri Starove vteka do Dunaja. Hron prameni v udoli Horehronia, spaja sa s Nizkymi
Tatrami a SpiSsko-gemerskym krasom a mozno ho charakterizovat’ ako nivo-pluvialnu rieku.

Rimavska Sobota

Obr. 1. Schéma povodia rieky Hron a lokacia vybranych vodomernych stanic.

Tabul’ka 1. Zakladné hydrologické charakteristiky vybranych vodomernych stanic
s dlhymi radmi priemernych dennych prietokov v povodi Hrona

Pora DB Stanica Tok Pozoruje Plocha Dika Lesnatost  A/L2  Priemer Q
dové ¢ od roku povodia A udolia L [%] 1931-2020
g [km?] [km]

1 7060 Bystré Bystrianka 1931 36,01 12 80 025 092

2 7065 Mytopod g nicka 1931 471 10,9 80 0.4 1,05

Dumbierom

3 7070 DolndLehota '3 Sl;"“ky 1931 53,02 15 70 024 135

4 7045  Hronec  CiemnyHron 1931 239,41 23,5 80 043 285

5 7160 ~ Danskd Hron 1931 1766,48 1005 60 018 2573

Bystrica
6 7290 Brehy Hron 1931 3821,38 1814 50 012 4612

11
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VYSLEDKY A DISKUSIA

V prvom rade sme sa zamerali na analyzu hydrologického rezimu priemernych dennych
prietokov z vybranych 6-tich stanic. Vo vsetkych staniciach bol zaznamenany klesajuci trend
priemernych dennych prietokov v obdobi 1931-2020 (obr. 2a — priklad z dvoch stanic). Na obr.
2b su vykreslené ro¢né chody priemernych dennych prietokov — percentily P1, P10 a P50
(vlavo). Porovnanie prvych percentilov P1 za dve obdobia (1931-1960 a 1961-2020) su
vykreslené pre uvedené dve stanice na obrazkoch 2b vpravo. Z tychto grafov je mozné vizualne
posudit’ zmeny v roénom chode minimalnych prietokov. Durigova a kol. (2019) analyzovali
priemerné mesacné a sezonne prietoky na vybranych slovenskych tokoch pomocou zékladne;j
popisnej Statistiky, trendovej analyzy, analyzy periodickej zlozky, ARARCH modelu a
viacrozmernej analyzy. Zistili, ze najvacsie zmeny v trendovej a periodickej zlozke st na toku
Hron z piatich vicsich sledovanych povodi (Vah, Hron, Bodrog, Poprad a Hornad).

100 5
. 80 | Cierny Hron: Hronec 4 3
17 ™
o 60 1S
1S 3 =
— 40 N
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Obr. 2. a) Priebeh priemernych dennych prietokov Cierneho Hrona v stanici Hronec
a Hrona v stanici B. Bystrica, 1931-2020
b) Roé¢ny chod priemernych dennych prietokov — percentily P1, P10 a P50 (vI’avo). Porovnanie
prvych percentilov P1 za obdobie 1931-1960 a 1961-2020 — zmeny v ro¢nom chode minimalnych
prietokov (vpravo).
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1. Trendy radov minimalnych prietokov

Priebeh priemernych dennych prietokov v kazdej stanici bol rozdeleny na 5 skupin (1. extrémne
nizke prietoky; 2. nizke prietoky; 3. pulzy/obdobia zvySenych prietokov; 4. malé povodne; 5.
vel'ké povodne). Na obr. 3 je farebne vykresleny priebeh priemernych dennych prietokov zo
stanice Hron: Brehy za obdobie 1931-2020. Pre lepSie zobrazenie minimalnych prietokov sme
vykreslili zlogaritmované hodnoty priemernych dennych prietokov. Extrémne nizke prietoky
sa vyskytli v roku 1947, v rokoch 1954, 1961, a v rokoch 1993 az 2003 bol ich vyskyt Castejsi.
Z radov priemernych dennych prietokov vybranych stanic v povodi Hrona za obdobie 90 rokov

sme vytvorili rady 1-, 3-, 7-, 30- a 90- dennych minimalnych prietokov (obr. 4).
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Obr. 3. Priebeh zlogaritmovanych priemernych dennych prietokov Hrona v stanici Brehy.

Vyskyt extrémne nizkych prietokov je znazorneny ¢ervenou farbou v dolnej ¢asti obrazka.
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Obr. 4. Priebeh 1-, 3-, 7-, 30- a 90- dennych minimalnych prietokov za obdobie 1931-2020;
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V toku Stiavni¢ka v stanici Myto pod Dumbierom je viditelny vyznamny klesajici trend
minimélnych prietokov v obdobi 1931-1962. Tento moze byt spdsobeny aj nepresnostou
mernej krivky v minulosti v tomto toku. Zameranie minimalneho prietoku v malych horskych
tokoch je zlozité a extrapolacia mernej krivky nemusi byt’ presna.

V obdobi 1931-2020 boli minimalne 7-denné prietoky Hrona v stanici Banska Bystrica pod
hranicou 14,86 m3s a v stanici Brehy pod hranicou 22,92 m3s™. V sledovanych staniciach
tokov Bystrianka, Stiavni¢ka a Vajskovsky potok maju 7-diiové minimalne prietoky rastiici
polynomicky trend od roku 1990. V toku Hrona v rokoch 1983-1998 st 7-diiové minimalne
prietoky vyrovnané na nizkych hodnotach.

Minimalne priemerné denné Specifické odtoky (amin pre zvolené stanice v povodi Hrona (1931—
2020) ukazuju klesajuce linearne trendy (obrazok 5).
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Obr. 5. Minimalne priemerné denné Specifické odtoky Qadmin pre zvolené stanice v povodi Hrona
(1931-2020), linearny trend.
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2. Casovy vyskyt minimalnych prietokov v jednotlivych mesiacoch roka

Z obr. 4 vyplyva, Zze minimalne prietoky sa v povodi horného Hrona vyskytovali najmé
v zimnych a neskorych letnych mesiacoch (graf-Julianske dni).

Pri $tadiu ¢asovej premenlivosti vyskytu minimalnych prietokov sme pracovali s hodnotami
minimalnych priemernych dennych prietokov (Qmin), ktoré boli udané datumom (defi, mesiac)
vyskytu v danom roku za skimané 90-rocie.

Pomerna hodnota poctu vyskytu Qmin v danom mesiaci k celkovému poctu vyskytov vyjadrena
v % nam umoznuje vzajomné porovnanie jednotlivych tokov. Pre kazdé povodie je typicky
vyskyt roénych minimalnych prietokov v uréitom ¢ase (mesiaci). Vyskyt Qmin vV roku dobre
charakterizuje pomer poctu (K) vyskytov v zimnom (XII-IIT) k poctu vyskytov v letno-jesenom
obdobi (VII-XI) (Balco, 1990).

K =(nz+ 1)/(ni+ 1), ®)

kde:  n; - pocet vyskytov minimalnych prietokov v zimnom obdobi,
ni - poéet vyskytov minimalnych prietokov v letno-jesennom obdobi.

Ak je koeficient K vicsi ako 1, prevlada vyskyt Qmin V zimnom obdobi. V Tabul'ke 2 st uvedené
poéetnosti vyskytu Qmin V jednotlivych mesiacoch a koeficient K. V toku Cierny Hron: Hronec
je histogram dvojvrcholovy (obr. 6), minimalne prietoky sa vyskytuju najcastejSie v oktobri,
ale i v januari. a Hron: Brehy. VSeobecne mézeme konstatovat’, ze za hlavné obdobia vyskytu
malych vodnosti v tokoch v povodi Hrona sa povazuje zimné obdobie, mesiac januar.

TabulPka 2. Pomer (K) po¢tu vyskytov Qmin V zimnom (XII-III) k poétu vyskytov
Vv letno-jesennom obdobi (VII-XI), 1 — 12 mesiac

1 2 3 4 6 7 8 9 10 11 12 | K

5
Bystrianka |21 18 12 O 0 0 0 2 5 8 3 21 | 4,00
Stiavnicka |26 18 7 0 0 1 2 6 7 5 6 12 | 242
Vajskovsky |24 22 9 0 0 0 1 1 7 9 5 12 | 291
C. Hron 14 7 2 1 0 1 6 100 14 15 9 11 | 0,63
B.Bystrica |21 12 0 0 0 0 2 6 12 10 10 17 | 1,25
Brehy 10 11 O 0 0 2 4 11 13 19 10 10 |054

H Bystrianka ® Stiavnicka ® Vajskovsky C.Hron mB.Bystrica ™ Brehy

30
20
10 .
C. Hron
0 Bystrianka

4 5 8 9 10 11 12

Obr. 6. Histogramy pocetnosti vyskytu 1-dennych minimalnych prietokov, toky: Bystrianka:
Bystra, Stiavni¢ka: Myto pod Dumbierom, Vajskovsky potok: Dolna Lehota, Cierny Hron:
Hronec, Hron: Banska Bystrica a Hron: Brehy, obdobie 1931-2020.
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3. N-ro¢né minimalne Specifické odtoky

Teoretické LP3 ¢iary nedostupenia radu 1-diiovych minimélnych Specifickych odtokov Qdmin
danych tokov st vykreslené na obr. 7. Aby bolo mozné porovnat’ N-rocné minimélne hodnoty
medzi sebou, budeme v d’alsich analyzach pracovat’ s radmi minimalnych $pecifickych odtokov
Qamin V litroch z km? z danych §iestich povodi. Odhadnuté hodnoty N-roénych minimalnych 1-
dennych Specifickych odtokov su zosumarizované v Tabulke 3.
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Obr. 7. Teoretické LP3 ¢iary nedostiupenia 1-dennych minimalnych $pecifickych odtokov
(modra ¢iara); 97,5 a 2,5% horny a dolny limit (Cervené ¢iary), a empirické hodnoty (zelené
body), toky: Bystrianka: Bystra, Stiavni¢ka: Myto pod Dumbierom, Vajskovsky potok: Dolna
Lehota, Cierny Hron: Hronec, Hron: Banska Bystrica a Hron: Brehy. Obdobie 1931-2020.
Na osi x je pravdepodobnost’ P v percentach (P=p.100%).
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TabuPka 3. 100-, 50- a 20-ro¢né 1-diiové minimalne $pecifické odtoky Gamin V [I.5Tkm?], vPavo
a Specificky zakladny odtok gy odhadnuty ako percentil P50, a odhadnuty Killeho metédou —
prava cast’ tabul’ky, index podzemného odtoku vo vybranych vodomernych staniciach za
obdobie 19312020 podPa dvoch metéd P50 a Kille.

N- Horny lim. Dolny lim. Jg priemern | Inde
ro¢nos Qdmin Qdmin (5) Qdmin (95) metho Qg ¥ X
v d q Q/q
p[-] [1.sTkm] [l.stkm?]  [Lstkm?] -
Bystrianka:
100 0,01 2,77 3,13 2,38 P50 13,05 25,51 0,511
50 0,02 2,97 3,34 2,58 Kille 15,01 0,588
20 0,05 3,35 3,73 2,95
Stiavnitka
100 0,01 3,62 3,96 3,25 P50 11,46 22,35 0,512
50 0,02 3,75 4,09 3,38 Kille 13,47 0,602
20 0,05 3,99 4,33 3,62
Vajskovsky potok
100 0,01 4,60 4,94 4,22 P50 13,01 25,57 0,508
50 0,02 4,84 5,17 4,47 Kille 14,73 0,575
20 0,05 5,24 5,57 4,88
Cierny Hron
100 0,01 1,56 1,69 1,42 P50 4,97 11,89 0,417
50 0,02 1,63 1,76 1,49 Kille 5,82 0,489
20 0,05 1,76 1,89 1,62
Hron B. Bystrica
100 0,01 2,71 2,89 2,51 P50 6,96 14,6 0,467
50 0,02 2,80 2,98 2,60 Kille 7,68 0,525
20 0,05 2,96 3,14 2,77
Hron Brehy
100 0,01 2,03 2,16 1,87 P50 4,95 12,09 0,409
50 0,02 2,11 2,24 1,96 Kille 5,35 0,443
20 0,05 2,25 2,37 2,10

4. Odhad zakladného Specifického odtoku Killeho metédou

V poslednej Casti tejto prace sme porovnali N-ro¢né minimalne Specifické odtoky s hodnotami
Specifického zakladného odtoku (odtok z podzemnych vod).

Na odhad odtoku z podzemnych vod existuje viacero metdd (Pekdrova a Pekar 1994;
Fendekova a Fendek, 1999; Fendekova a kol., 2014). VicSina z nich je zaloZend na pouZiti
meranych priemernych dennych hodnoét prietokov v toku. Odtok podzemnej vody sa nésledne
odhaduje separdciou (metody Fostera, Natermanna a iné) alebo matematicko-statistickym
spracovanim Udajov (priemer minimalnych 30-dennych prietokov - metdéda Castany, pouZzitie
radu minimalnych mesacnych prietokov - metdda Killeho a iné).

V tejto praci sme pouzili matematicko-Statisticku Killeho metdédu podl'a Fendekovej (1999) a
Stojkovovej (2007). V praci Fendekova (1999) autorka prezentovala priestorovi analyzu zmien
podzemného odtoku (Specificky odtok) na zaklade priemernych dennych prietokov z 15-tich
slovenskych tokov za obdobie 1931-1990. Ako vstupné tdaje do vypoctov boli pouzité rady
minimalnych mesaénych prietokov (Qm,min) (v m3s™) tokov z vybranych povodi. Vsetky
asové rady mali dizku 60 rokov - od roku 1931 do roku 1990. Hodnotili sa ako jeden &asovy
rad 1931-1990 a nasledne ich autorka rozdelila na desatro¢ia 1931-40, 1941-50, 195160,
1961-70, 1971- 80 a 1981-90, aby sa preverila moznost’ desatrocnych dlhych variacii.

Pri Killeho metode sa vstupné data kazdého ¢asového radu minimalnych mesa¢nych prietokov
Qm,min sa zoradia vzostupne a nasledne vynesti v semilogaritmickej mierke. Cisla poradia
kazdého pozorovania sa vynesu na os X v linedrnej mierke a zoradené hodnoty minimélnych
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mesacnych prietokov v logaritmickej mierke sa vynesu na os y. Na vyrovnanie ziskanej krivky
sa pouzije regresnd priamka s najvyssim koeficientom koreldcie (priblizne pre 1. polovicu
udajov) a nasledne sa odhadne hodnota odtoku podzemnej vody pomocou exponencialnej
krivky (pozri obr. 8c priklad pre Cierny Hron: Hronec). My na odhad hodnoty zakladného
prietoku budeme pouzivat’ aj 50-ty percentil (P50) z danych radov minimalnych mesa¢nych
prietokov pre dané obdobia, (Co je z matematického hl'adiska to isté, ako median) vypocet je
podstatne jednoduchsi, ale vysledné hodnoty si podhodnotené (pozri udaje v pravej cCasti
Tabul’ky 3). Na vypocet zakladného prietoku podla Killeho metédy sme vyuzili softvér
HydroOffice 2018 (Gregor a Fendek, 2012). Vysledné hodnoty zakladného-podzemného
prietoku Qg prepocitané na hodnoty zakladného Specifického odtoku gg su uvedené
v Tabulke 3. Z porovnania 100-ro¢nych minimalnych Specifickych odtokov qi00,min
s hodnotami Specifického zdkladného odtoku (obr. 9) vyplyva, ze 100-ro¢ny minimalny odtok
moze byt az ca 4krat nizsi, ako Specificky zédkladny odtok.
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Obr. 8. a) Ro¢ny priebeh priemernych minimélnych prietokov za jednotlivé mesiace za dve
obdobia 1931-1960 a 1991-2020;
b) pokles ro¢nych, zimno-jarnych a letno-jesennych hodnét za 5 réznych obdobi;
¢) priklad spdsobu odhadu zikladného odtoku, Cierny Hron: Hronec, 1931-2020.
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Obr. 9. Porovnanie 100-ro¢ného minimalneho Q100,min @ Specifického zakladného odtoku g4
Vv jednotlivych subpovodiach rieky Hron obdobie 1931-2020.
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ZAVERY

V predlozenej stadii boli v prvej Casti analyzované trendy minimalnych prietokov v povodi
rieky Hron v obdobi 1931-2020. Priemerné denné prietoky boli kategorizované do piatich
skupin: extrémne nizke prietoky, nizke prietoky, pulzy/obdobia zvySenych prietokov, malé
povodne a velké povodne. Extrémne nizke prietoky v stanici Hron: Brehy sa vyskytli v roku
1947, v rokoch 1954, 1961, s va¢sim vyskytom v obdobi od roku 1993 do 2003.

Pre analyzu minimalnych prietokov boli vytvorené rady minimalnych prietokov s réznym
poctom dni (1-, 3-, 7-, 30- @ 90-denné minimalne prietoky) pre vybrané stanice v povodi Hrona.
Zistili sme vyznamné klesajuce trendy minimalnych prietokov v toku Stiavni¢ka v stanici Myto
pod Dumbierom, ktoré mozu byt skreslené nepresnostami mernej krivky v minulosti.
Extrapolacia mernej krivky do oblasti minimalnych prietokov v malych horskych tokoch moze
byt problematickd, zat'azena velkymi chybami.

Pre toky Bystrianka, Stiavni¢ka a Vajskovsky potok sme od roku 1990 zaznamenali rastuci
polynomicky trend miniméalnych 7-diilovych prietokov. V toku Hrona boli 7-diiové minimélne
prietoky vyrovnané na nizkych hodnotach v obdobi rokov 1983—1998. Analyza minimalnych
dennych S$pecifickych odtokov pre vybrané stanice v povodi Hrona od roku 1931 do 2020
ukdzala klesajuce linearne trendy.

V druhej casti Stidium casovej premenlivosti vyskytu minimalnych prietokov v rdéznych
mesiacoch umoznilo uréit, ze hlavnym obdobim vyskytu minimalnych prietokov v povodi
rieky Hron je zimné obdobie, s vrcholom vyskytu v mesiaci janudr.

V tretej Casti boli pre vybrané toky vykreslené teoretické LP3 Ciary nedostupenia radu 1-
dilovych minimalnych Specifickych odtokov. Hodnoty N-ro¢nych minimalnych 1-dennych
Specifickych odtokov su zhrnuté v Tabulke 3.

V poslednej casti sme Killeho metodou odhadli dlhodoby Specificky zékladny (podzemny)
odtok z danych 6-tich subpovodi. Pouzili sme izjednodusenti metédu vypocétu zakladného
odtoku pomocou percentilov P50, ktora sa na Slovensku bezne pouziva, ale podhodnocuje
zékladny odtok. Zakladny/podzemny odtok v povodi Hrona predstavuje podla Killeho metody
v dlhodobom priemere 44% (stanica Brehy) az 60% (Stiavni¢ka) celkového roéného odtoku.
Krasny a kol. (1982) rozdelili cely region byvalého Ceskoslovenska do 8 oblasti, podl'a hodnoty
Specifického odtoku podzemnych vod (ziskanych ,,zjednodusenou* Killeho metddou) takto:

I. izemia s miernym odtokom podzemnej vody mensim ako 0,5 [l.stkm],

I1. oblasti s ve'mi nizkym odtokom podzemnej vody cca 0,5,

II1. Gizemia s nizkym odtokom podzemnej vody 1,0 - 2,0,

IV. tizemia so strednym odtokom podzemnych vod 2,0 - 3,0,

V. Gzemia so zvySenym odtokom podzemnych vod 3,0 - 5,0,

VI. oblasti s vysokym odtokom podzemnej vody 5,0 - 7,0,

VIL. oblasti s vel'mi vysokym odtokom podzemnej vody 7,0 - 10,0,

VIIL. oblasti s extrémne vysokym odtokom podzemnej vody viac ako 10.

Podl'a tohto rozdelenia vybrané subpovodia Bystrianky, Stiavni¢ky a Vajskovského potoka
patria do oblasti VIII oblasti s extrémne vysokym odtokom podzemnej vody. Subpovodia
Cierneho Hrona Hrona po stanicu B. Bystrica a Brehy patria do oblasti VI. oblasti s vysokym
odtokom podzemnej vody.

V tretej Casti Stidie boli odvodené 100-ro¢né minimélne Specifické odtoky pre vybrané toky.
Tieto boli v poslednej Casti porovnané s hodnotami Specifického (merného) zdkladného odtoku
(qg) z danych povodi odhadnutych Killeho metéodou. Z porovnania 100-roénych minimalnych
Specifickych odtokov s hodnotami Specifického zakladného odtoku (obr. 9) vyplyva, ze 100-
ro¢ny minimalny odtok moze byt’ v extrémne suchom roku az ca 4krat nizsi, ako odhadnuty
Specificky zékladny odtok.
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Tato praca poskytuje dolezité poznatky o vyvoji vybranych charakteristik minimalnych
prietokov v povodi Hrona a ich sezonnom vyskyte, ¢o je dolezity podklad pre d’alSie stadie v
oblasti hydrolégie a vodného hospodarstva v danom uzemi. V d’alSej praci sa treba zamerat’
konkrétne na zhodnotenie N-ro¢nych minimalnych prietokov pocas letno-jesenného obdobia.
Z trendovej analyzy vyplyva, ze v danych subpovodiach dochadza k poklesu N-ro¢nych
minimalnych prietokov, i K poklesu zakladného odtoku. Preto pripadné nadmerné vyuzivanie
zasob podzemnych vod v povodi Hrona predstavuje hlavni kvantitativnu hrozbu sposobent
I'udskou ¢innostou.
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ABSTRAKT

Zasoba vody v nenasytenej zone je vyslednicou interakénych procesov nenasytenej zony s okolitymi
podsystémami. Voda v nenasytenej zone tvori zasobu a zdroj vody pre biosféru. Tento zdroj pocas
vegetacného obdobia zasobuje vodou vegetacny kryt. Voda v tomto zdroji nema vlastnosti vol'nej
vody. Aby ju rastliny mohli vyuzit, musia mat rozvinuty korenovy systém a saci tlak, ktory je
schopny prekonat’ vizbu vody s pddou. Informacie o ¢asovom a priestorovom rozloZeni a dynamike
vihkosti v nenasytenej zone pddneho prostredia st rozhodujiuce pre pol'nohospodarsku vyrobu,
hospodarenie s vodou V krajine a navrh adaptaénych opatreni. V uplynulom vegetatnom obdobi
roku 2022 bolo na uzemi Slovenska mozné vidiet’ prejavy a pocitit’ dosledky nedostatku vody
V nenasytenej zéone pdd. V podmienkach Vychodoslovenskej niziny sa nedostatok vody prejavil vo
forme poédneho sucha. V praci st kvantifikované a analyzované zlozky vodného rezimu pddy
Vv lokalite Milhostov na Vychodoslovenskej nizine v priebehu vegetacného obdobia roku 2022.
Udajova zékladia pre analyzu bola ziskand monitoringom a numerickou simuliciou na
matematickom modeli HYDRUS. Bola identifikovana extrémne mala aktualna evapotranspiracia,
iba 3,2 % z potencialnej evapotranspiracie. Bol potvrdeny vyznamny vplyv hladiny podzemnej vody
na zasoby vody v korenovej zone pddneho profilu. Vo forme izolinii je zobrazeny priebeh vlhkosti
po vertikale podneho profilu v priebehu vegetacného obdobia.

KPicové slova: vodny rezim pdd, nenasytena zona, monitoring, numericka simulacia

UvVoD

Hydrologické procesy v nenasytenej zéne su stcastou hydrologického cyklu. Hydrologicky
cyklus sa skiima ako fyzikéalny systém, ktory sa ¢leni na atmosféru (A) — rastlinny kryt (RK) —
nenasytenu zoénu (NZ) — podzemnu vodu (PV). Zasoba vody v nenasytenej zone je vyslednicou
interakénych procesov nenasytenej zony s okolitymi podsystémami. Na kvalitu, kvantitu a
dynamiku vody vNZ ma priamy vplyv aj antropogénna aktivita v krajine. V regione
Vychodoslovenskej niziny (VSN) je to hlavne pol'nohospodarstvo, chemicky priemysel a od
60-tych rokov minulého storocia realizované komplexné vodohospodarske upravy (Barokova
a kol., 2020; Cubanova a kol., 2022; Almikaeel a kol., 2022; Vitkova et al., 2021; 2022).

Voda v NZ tvori zasobu a zdroj vody pre biosféru. Tento zdroj pocas vegetatného obdobia
zasobuje vodou vegetacny kryt. V suvislosti s cyklickostou zloziek vodnej bilancie zasoby
vody v NZ maju obnovitel'ny charakter. Pre posudzovanie disponibilnych zasob vody v pode
pre vegetacny kryt su na zéklade konvencie (Kutilek, 1978), vybrané charakteristické¢ body
vlhkostnej retencnej Ciary: pol'na vodna kapacita (PVK), bod znizenej dostupnosti (BZD) a bod
viadnutia (BV). PVK je vlhkostny stav pddy, ktory nastane po odteceni gravitacnej vody
Z pérov. Pri BZD sa rastliny dostdvaji do stresu a ich biologické aktivity st orientované na
prezitie. Ak zasoby vody v pode klesni pod hodnotu zodpovedajucu BV, nastava v pode stav
sucha a rastliny hyna. Z uvedeného vyplyva, Ze disponibilny zdroj pddnej vody pre biosféru je
objem vody v zéne aeracie pody, ktory zodpoveda intervalu energetickej vazby vody s pevnou
fazou pody medzi PVK a BV. Je to existen¢ny interval obsahu vody pre rastlinny kryt na danom
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stanovisti uzemia. Tento objem vody neméa vlastnosti volnej vody. Aby ju rastliny mohli
vyuzit', musia mat’ rozvinuty korenovy systém a saci tlak, ktory je schopny prekonat’ vizbu
vody s podou. Informacie 0 Casovom a priestorovom rozlozeni a dynamike vlhkosti
V nenasytenej zone podneho prostredia si rozhodujuce pre pol'nohospodéarsku vyrobu,
hospodarenie s vodou Vv Kkrajine a navrh adapta¢nych opatreni. Uvedené informacie je mozné
ziskat’ monitoringom a vypoctom.

V uplynulom vegetacnom obdobi roku 2022 bolo na izemi Slovenska mozné vidiet’ prejavy
a pocitit' dosledky nedostatku vody v nenasytenej zone pdd. V podmienkach VSN sa
nedostatok vody prejavil vo forme podneho sucha. Cielom prace bolo kvantifikovat a
analyzovat zlozky vodného rezimu pddy v lokalite Milhostov na VSN v priebehu vegetaéného
obdobia roku 2022. Udajova zakladia pre analyzu bola ziskana monitoringom a numerickou
simuldciou na matematickom modeli HYDRUS.

Popis lokality

Skiimana lokalita Milhostov sa nachadza na Vychodoslovenskej niZine. VSN geneticky
predstavuje najsevernejsiu Cast’ rozsiahlej vnutrokarpatskej tektonickej depresie. Rozprestiera
sa na ploche 2 638 km?. Vznikla nerovnomernymi tektonickymi poklesmi zemskej kory vnttri
karpatského obluka v obdobi neogénu a kvartéru. Pédne pomery zodpovedaju geologickym.
VSN je charakteristickd vysokym podielom t'azkych a vel'mi tazkych pod (Tab. 1).

Tabul’ka 1. Podne druhy na Vychodoslovenskej niZine

podne druhy
Pahké pody stredne tazké pody t'azké pody vel’'mi tazké pody
sand sandy loam loam clay loam clayey
loamy sand clay
[%] [%] [%] [%] [%]
2,64 50,70 4,92 21,88 19,86

Z klimatického hl'adiska izemie VSN leZi v prechodnom pasme medzi oceanskou a pevninskou
klimou. Uzemie patri do teplej, mierne vlhkej oblasti s chladnou zimou. Jednou zo zékladnych
¢ft tunajSej klimy je velkd ¢asova premenlivost’ pocasia a tym aj vSetkych meteorologickych
prvkov. Charakteristické je tu rychle striedanie vzduchovych hmoét v kazdom ro€nom obdobi a
rozvinuta cyklondlna ¢innost’ (Kvetdk, 1983). Z hladiska teplotného tvori tizemie VSN
pomerne homogénnu teplotna oblast’. Dlhodoba priemerna teplota v tomto regione sa pohybuje
okolo 9,6°C. Dlhodobo najchladnej$im mesiacom v roku v uvedenom obdobi je januar (-2,8°C)
a dlhodobo najteplejsim je jal (20,5°C).

Pre formovanie zraZzok st rozhodujuce cirkula¢né faktory. Na VSN najviac zrazok vypadéava
pri pradeni vlhkého teplého vzduchu zjuhu. ZraZkonosné pridenie zo zépadu, severu
a vychodu je ochudobnené o zrazky, ktoré vypadavaju na masive Karpat. Oblast’ s roénym
uhrnom zrazok pod 600 mm lezi v strednej az juhozapadnej Casti niziny. Do tejto oblasti spada
aj skumana lokalita Milhostov. Smerom na severovychod zrazok pribtida ana tzemi
Vychodoslovenskej pahorkatiny dosahuje 800 az 900 mm.

METODIKA

Metodicky postup bol rozdeleny na dve etapy. Cielom prvej etapy bola tvorba udajovej
zakladne pre dal§iu analyzu. V druhej etape bola realizovand jej analyza a interpretacia
vysledkov. Udajova zakladiia bola tvorena vysledkami monitoringu a numerickej simulacie na
matematickom modeli HYDRUS.
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V ramci monitoringu bola do hibky 1 m po vrstvach 0,1 m analyzovana textara pddneho profilu,
objemova vlhkost’ pddnych vzoriek a boli zmerané zdkladné hydrofyzikalne charakteristiky.
Objemova vlhkost’ bola merand gravimetricky. Vysledky merani objemovych vlhkosti boli
zobrazené pomocou izociar (izolinie, izoplety). IzoCiara je z fyzikalneho hladiska definovana
ako &iara, pozdiz ktorej ma zvolena skalarna fyzikalna veli¢ina rovnaki hodnotu. Nazov
izodiary zavisi od toho, akd veli¢inu zobrazuje. Izo¢iary, pozdiz ktorych je v pddnom profile
v roznych Casoch rovnakd vlhkost' sa nazyvaju chronoizoplety. Formou chronoizoplet je
ziskany obraz o ¢asovom vyvoji vlhkosti v podnom profile.

Pre ziskanie tazko meratelnych charakteristik bola pouzitd metdéda numerickej simulédcie na
modeli HYDRUS-1D. Matematicky model HYDRUS-1D vo verzii 4 bol pouzity pre vypocet
analyzovanych ¢lenov bilanénej rovnice v hodnotenom ¢asovom obdobi. HYDRUS-1D je
jednorozmerny model na simuldciu toku vody, prenosu tepla a pohybu rozpustnych latok
podielajucich sa v naslednych reakcidch prvého radu vo variabilne saturovanych poddach
(Simtinek et al., 2008). Je zalozeny na rieSeni Richardsovej rovnice (Richards, 1931) pre
variabilne nasytené¢ prudenie ana advekcno-disperznom type rovnic pre prenos tepla a
rozpustnych latok. Rovnica prudenia rata s poklesom pre zohl'adnenie prijmu vody korefimi
rastlin. Vybrany hydraulicky model van Genuchten (1980) a Maulem (1976) bol jedno-porovity
bez hysterézie. Pre kazdu vrstvu boli v laboratériu zmerané zékladné hydrofyzikalne
charakteristiky pod a zadefinované parametre analytického vyjadrenia vlhkostnych retenénych
kriviek podl'a van Genuchtena. Vstupné udaje o podzemnych vodach boli v rdmci spoluprace
poskytnuté z regionalneho pracoviska SHMU Kosice. Casovy vypoétovy krok simulécie bol
nastaveny na 1 denl. Tomu zodpoveda ¢asova mierka vSetkych vstupov a vystupov z modelu.
V predloZzenom prispevku st znich prezentované informécie o evapotranspiracii,
evapotranspiraénom deficite a zasobach vody do hibky 1 m. Pre popis skimanych parametrov
a kvantifikaciu ich vzajomnych vézieb boli pouzité metddy popisnej Statistiky a korelacne;j
analyzy.

VYSLEDKY

Skumana lokalita Milhostov je situovand v centralnej oblasti VSN (48°40" 117; 21° 44" 18"").
Lokalita je pokrytd prachovito-ilovitymi hlinami, ktoré v spodnych pddnych horizontoch
(80 cm) prechadzaju do pies€itych hlin (obr. 1). Priemerné reten¢né charakteristiky skimaného
pddneho profilu do hibky 1 m vyjadrené vo forme hydrolimitov, pol'na vodné kapacita (PVK),
bod zniZenej dostupnosti (BZD) a bod viddnutia (BV) st uvedené v Tab. 2.

Tabul’ka 2. Priemerné hodnoty hydrolimitov v skimanom profile do hibky 1 m
Hydrolimity [%0]

BV BZD PVK

Milhostov 23 31 42

Lokalita

Vo vegetacnom obdobi (april — september) 2022 bol v lokalite Milhostov zrazkovy uhrn
295,4 mm ¢o v 53 ro¢nom rade merani predstavuje 13 % pravdepodobnost’ vyskytu. V tejto
suvislosti je potrebné uviest’, ze 47,5 % (140,2 mm) celovegetacného thrnu zrazok spadlo na
konci vegetacnej sezoény v mesiaci september (obr. 2). Okrem malych thrnov zrazok sa
skimané vegetacné obdobie vyznacuje vysokymi teplotami vzduchu. Ich priemerné mesacné
teploty a priemerné maximalne a minimalne mesacné teploty su na obr. 2. Tato skuto¢nost’ mala
dopady na zéasoby vody v pdde atym sa vegetacné obdobie roku 2022 radi k absolutne
najsuchsim od roku 1970.
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Obr. 2. Teplotné a zrazkové pomery v skiimanej lokalite vo vegetacnom obdobi roku 2022.

Na obr. 3 si1 vo forme izociar zobrazené priebehy objemovej vlhkosti v skimanom profile pocas
vegetacného obdobia roku 2022. Objemova vlhkost bola merana gravimetricky, odberom
podnych vzoriek po vrstvach 0,1 m do hibky 1,0 m. Na obrazku st jednotlivé vlhkostné urovne
rozlidené aj farebne. Z uvedeného zobrazenia je zrejmé, Ze cely profil do hibky 1 m bol
presusovany. Presusovanie v povrchovej vrstve do 0,1 m nastalo uz zaciatkom maja. Vlhkost
pddneho profilu sa suvisle nachadzala pod bodom stresu az do polovice septembra. Casti
podneho profilu klesali az pod bod viadnutia. Tomu zodpovedal aj stav travneho porastu, ktory
bol suchy. Septembrové zrazky postupne dosytili vrchné pddne horizonty do optimalneho
stavu.
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Obr. 3. Izolinie objemovej vlhkosti pady do hibky 1 m po¢as vegetaéného obdobia roku 2022.

Uvedené vysledky st vyraznejSie identifikované na obr. 4. V tomto zobrazeni su intervaly
vlhkostnych izolinii definované hydrolimitmi PVK, BZD a BV.
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Obr. 4. Izolinie objemovej vlhkosti pddy do hibky 1 m poéas vegetaéného obdobia roku 2022
vymedzené hydrolimitmi PVK (FC), BZD (TP) a BV (WP).

Vysledky monitoringu uvedené na obr. 3 a 4 potvrdzuju aj vysledky uvedené na obr. 5. Su tam
uvedené numericky simulované denné tuhrny potencialnej (ETo) aaktualnej (ETa)
evapotranspiracie, evapotranspiraéného deficitu ETp a zasob vody WS100 V pddnom profile do
hibky 1 m. Zasoba vody do hibky 1 m 21. 5. 2022 klesa pod bod vidnutia a savisle pod nim
zotrvava az do 12. 9. 2022, kedy sa zasoba vody v dosledku septembrovych zrdzok dostava nad
uroven bodu vadnutia. Tomu zodpovedaji uhrny aktualnej evapotranspiracie, ktord v dosledku
nedostatku vody Vv pddnom profile, limitne zhora, osciluje nad nulou. Z toho dévodu
evapotranspiracny deficit je takmer identicky s thrnom potencialnej evapotranspiracie. Teploty
(T), zrazky (P) auroven hladiny podzemnej vody (GWL) uvedené na obr.5 doplnaji
informaéné pole o procesoch vyparovania a zmenach zasob vody v pédnom profile.
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Obr. 5. Priebeh dennych ihrnov potenciilnej a aktudlnej evapotranspiracie ETo, ET,,

evapotranspiraéného deficitu ETp, zraZok P, zisob vody WS v pddnom profile do hibky
1 m, irovne hladiny podzemnej vody GWL a priemernych dennych teplot T.

Statistické charakteristiky popisnej §tatistiky priebehu skumanych parametrov st uvedené
v Tab. 3. Tieto v ciselnej forme sthrne charakterizujii priebehy skimanych parametrov
uvedenych na obr. 5.

V Tab. 4 st pre postudenie tesnosti vzt'ahov medzi skimanymi parametrami uvedené korelacné
koeficienty. NajtesnejSia vdzba bola identifikovand medzi nahodnymi premennymi ETo a ETbp.
Sila tejto vizby je sposobena nizkou ETa (3,2 % z ETo). Potom plati, ze ak ETp, = ETy — ET, =

ElTimO ETp = ET,, o spdsobuje, zZe korelacny koeficient sa blizi funk¢nej hodnote.

Vel'mi vyznamna vézba bola identifikovana medzi hladinou podzemnej vody GWL a zasobou
vody WSi00 (0,82), ¢o sved¢i o interakénych procesoch medzi podzemnou vodou a zasobou
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vody V korenovej vrstve podneho profilu. O¢akavané vyznamné korelaéné vizby sa potvrdili
medzi teplotou T a ETo, ETp a tym aj GWL.

Tabul’ka 3. Charakteristiky popisnej Statistiky

GWL ETo ETa ETo WSi100 T
Parameter

[cm] [mm]  [mm] [mm]  [mm] [°C]
Stredna hodnota -220,90 5,34 0,17 5,17 238,86 18,24
Chyba strednej hodnoty 1,79 0,23 0,02 0,22 5,60 0,45
Median -229,82 5,58 0,05 5,48 194,97 19,15
Smerodajna odchylka 24,24 3,10 0,24 3,02 75,70 6,04
Rozptyl vyberu 587,43 9,62 0,06 9,13 5730,18 36,53
Spicatost’ -1,40 -0,70 3,78 -0,76 -0,57 -0,30
Sikmost’ 0,39 0,21 2,02 0,19 1,01 -0,55
Rozdiel max-min 73,26 13,27 1,21 12,64 217,27 28,65
Minimum -253,60 0,00 0,00 0,00 171,46 1,88
Maximum -180,35 13,27 1,21 12,64 388,73 30,53
Suma 40424,38 976,76 31,37 94539 43711,78 3338,60
Pocet 183 183 183 183 183 183
Hladina spol'ahlivosti
(95,0 %) 3,54 0,45 0,04 0,44 11,04 0,88

Tabul’ka 4. Korela¢na tabul’ka zavislosti medzi skimanymi parametrami

P GWL ETo ETa ETo WS100 T
P 1
GWL -0,13 1
ETo -0,27 -0,17 1
ETa -0,22 0,49 0,36 1
ETo -0,26 -0,21 0,997 0,29 1
WS10 0,04 0,82 -0,56 0,26 -0,59 1
T -0,12 -0,67 0,63 -0,13 0,65 -0,82 1

ZAVER

V préci boli analyzované zakladné zlozky vodného rezimu pddneho profilu do hibky Im
Vv lokalite Milhostov na VSN. Analyza bola realizovana v extrémne suchom vegetacnom obdobi
roku 2022. Zékladom analyzy boli vysledky monitoringu a numerickej simulacie zloziek
vodného rezimu na matematickom modeli HYDRUS-1D. Korelaéna analyza potvrdila
vyznamnu Uroven interakénych procesov medzi podzemnymi vodami azasobou vody
v pddnom profile. Je to sposobené tym, Ze podzemné vody po ista kriticka hibku dopliiaju
zasoby vody v korenovej zone pddneho profilu.

Bola identifikovana vel'mi nizka uroven aktudlnej evapotranspiracie ETa, ktorej uhrn za celé
vegetacné obdobie bol iba 3,2 % z ETo. To malo odraz vo vysokom evapotranspiranom
deficite, ktory takmer kopiroval ETo. Okrem toho sa potvrdili ocakavané vyznamné korelacné
vizby medzi teplotou T a ETo, ETp a nésledne aj GWL.
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ABSTRACT

The enormously strong populations of ants in floodplain forests are able to strongly locally suppress
the Carabid populations. If studied separately, the carabid communities of hygrophilous species may
seemingly appear to be affected by a decreased soil humidity or absenting regular floods. In this
way, the results of biondicaton studies can be strongly biased or misinterpreted. The aim of this
study is to show such situation caused by the ant Lasius frrugineus in the Danubian floodplain two
years after putting the Gabcikovo hydrologic structures.

Keywords: ants, Lasius ferrugineus Carabid beetles, floodplain forest, bioindication

INTRODUCTION

The carabid beetle has excellent prerequisitions for bioindication of environmental changes
because of ecological differentiation of individual species, good knowledge of their ecology
(Hurka 1996, Lindroth 1949), and geographic distribution and convenient and effective
guantitative sampling. However, the results of ecological studies may be biased by various
factors like relations with other animals. The ants may belong to them. The aim of this paper is
to illustrate, how an extremely strong population of the ant Lasius ferrugineus can exterminate
the Carabids in a segment of floodplain forest. And in this way they seriously bias the results
of sampling of Carabids carried out in order to monitor the environmental changes caused by
operation of the Gab¢ikovo hydraulic structures

METHODS AND DATA (STUDY AREA)

The study was made in the floodplain forest Dunajské kriviny near Dobrohost’ (Slovakia)in the
within-dike zone of the Danube in order to monitor the changes resulting from building of
Gabcikovo hydraulic structures. The willow and poplar stand was sparse and consisted of thin
young trees and shrubs covering the small gravel islands (Fig. 1) between a dense network of
branches, which were originally filled by water at the beginning of study in 1989 before putting
the hydraulic structures in operation and were completely dried later after 1993. The top of the
islands was about 1 — 1.5 m above the water table in the original situation, while the bottom of
branches was dried after putting the hydraulic structures in operation.

The beetles were pitfall trapped. 10 traps were exposed during the whole vegetation season.
The traps were emptied in one-month intervals.
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Fig. 1. The flooded stand structure of Dunajské kriviny near Dobrohos$t’ before putting the
Gabcikovo structure in operation.

The activity abundance of individual species and the cumulative abundance of the whole on
year sample was used as an indicator of observed antagonic relations between the ants and
carabids. In addition, the community humidity preference index (Sustek 2004) was used to
show the proper reactions of the carabid community on the running changes of hydrological
regime.

Other numerously occurring arthropods from the traps were also registered.

RESULTS AND DISCUSSION

The community consisted of 1951 individuals belonging to 76 species. In individual years 20-
32 species were recorded and 70 -474 individual were collected. For the purpose of this study
only the subdominant (more than 0.5% of individuals to dominant species (more than 5% of
individual) are presented in the Table 1. The sporadically recorded species were omitted.

Most species were hygrophilous (Pterostichus niger, Pterostichus anthracinus, Platynus
assimilis, Agonum moestum) to strongly hygrophilous species that needed the permanent
presence of water table (Elaphrus uliginosus, Bembidion dentelum). However sparse stand and
the drying after 1993 allowed penetration of open landscape species (Pseudophonus rufipes,
Trechus, quadristriatus, Amara aenea).

Numbers of individual fluctuated in each year, but until 199, the total numbers exceeded about
200, in 1995 the total number decreased to 146 but in 1996 and 1997 a strong drop to 70 was
recorded. Similarly, the number of species decreased from 28 -30 to 20 (Tab. 1).

Of course there was observed a decline of the humidity preference index in 1996 and 1997.
With certain delay it reflected absence of floods and drying of the habitat.

However, a striking difference was in 1996 and 1997 when a strong colony of Lasius ferrugines
appeared in Dunajské kriviny (Fig. 3).
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Table 1. Survey of individual dominant species in 1989 -1997 and their humidity (HP)
preference according to Sustek (2004)

Speces HP 1989 1990 1991 1992 1993 1994 1995 1996 1997
Pterostichus niger Schaler, 1783 8 17 16 121 13 67 14 1
Agonum moestum (Duftschvidt, 1812) 45 12 33 51 15 10 3
Oxypselathus obscurus (Herbst 1784) 75 25 15 41 9 5 1 3 3
Stomis pumicatus (Pabzer, 1796) 37 23 15 25 21 6 12 2 13
Patrobus atrorufus (Stroem, 1788) 40 28 23 30 8 12 1
Carabus granulatus Linnaeus, 1758 4 5 12 21 49 39
Trechus quadristriatus (Schrank, 1781 21 17 32 17 8 6 17 3 2
Asaphidion flavipes (Linnaeus 1761) 2 4 44 11 11 12 15
Pterostichus melanarius (lllliger, 1798) 17 17 11 17 9 6 2
Platybus assimilis (Haykull, 1790&) 12 6 3 26 24 1 5

[y
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Badister lacertosus (Sturm, 18150 27 17 5 14 3 2 2 3
Pseudophonus rufipes (Panzer 1787) 6 2 1 15 25 12 10
Syntomus obscuroguttatus (Duftsch.t, 1812) 8 7 3 10 8 4 8 3
Pterostichus strenuus (Panzer, 1797) 7 4 3 6 5 3
Acupalpus meridianus Linnaeus, 1761) 1 1 2 18 1
Epaphius secalis( Paykull, 1790) 1 10 2 3 3
Amara aenea (De Geer, 1774) 1 7 2 1 6
L.icinus depressus (Paykull, 1790) 1 2 4 4 4
Badister unipustulatus Bonelii, 1812 4 3 2 1 2 3 2
Pterostichus anthracinus (Illiger, 1798) 8 2 3 2 1
Bembidion dentellum (Thurberg, 1787) 1 9 1 1
Amara similata (Gyllebhal, 1810) 1 2 8
Elaphrus fuliginosus (Panzer 1809) 10
Number of all individuals 337 187 233 474 227 231 146 71 70
Number of allspecies 32 28 29 32 28 30 28 20 23
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5 4

4 4

3 4

2 4

1 4

0 + ‘ ; ; ; ; ; ; ;
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Fig. 2. Changes of humidity preference index of Carabid community in Dunajské kriviny in
1989-1997 (1 -xerophilous species, 6 —-most hygrophilous specie).
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ig. 3. Expansion of Lasius ferrugineus in Dunajské kriviny after 1994.

This colony was active especially in area of traps number 6-8 where huge numbers of ants
occurred and occupied all scrubs. The tables. 2-3 shows that almost no carabids occurred in
their vicinity or only sporadically occurring individuals were recorded in traps.

It is obvious that the carabid, which as such are mostly predaceous, were attacked by ants and
almost disappeared in this area. The attacking by the ants obviously occurred even in spite of

the fact that

most of the Carabid species in this locality were much larger than Lasius

ferrugineus and could defend if the attacks were more or less individual. A comparable body
size was only in the species of the genera Syntomus, Bembidion and Trechus.

Table 2. Relation of number of ants in vicinity of individual trap and of number of carabid in

1996

Ants

P. niger

A. moestum
O. obscurus
S. pumicatus
P. atrorufus
C. granulatus
T. quadristriatus
A. flavipes
P. melanarius
P. assimilis
B. lacertosus
P. rufipes

P. strenuus

A. meridianus
E. secalis

A. aenea

L. depressus

B. unipustulatus
P. anthracinus
B. dentellum

A. similata

E. fuliginosus

S. obscuroguttatus

Traps
5
11

1
10

2
15

3 4
12 8

6 7 8 9
35 118 255 42

10
15

1
2
1
1

N = =)
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Table 3. Relation of number of ants in vicinity of individual trap and of number of carabid in
1997

Traps

1 2 3 4 5 6 7 8 9 10
Ants 8 13 10 19 26 37 159 281 43 29
C.arabis
P. niger
A. moestum 1 2 2 1
O. obscurus 1 1 1
S. pumicatus 3 1 4 2 2 1
P. atrorufus
C. granulatus
T. quadristriatus 1 1
A. flavipes
P. melanarius 1 1
P. assimilis
B. lacertosus
P. rufipes
S. obscuroguttatus
P. strenuus
A. meridianus
E. secalis
A. aenea 1
L. depressus 1
B. unipustulatus
P. anthracinus
B. dentellum 1 2
A. similata 1 2
E. fuliginosus

= RN e
w

CONCLUSIONS

The attacking of Carabids by ants and reduction of their species number a cumulative
abundance was a combined and partly delayed effect of drying of Dunajské kriviny after putting
the Gabcikovo structures in operation. The expansion ants considerably affected the Carabids
communities and biased results of the monitoring. Similar effect is to be regarded in all similar
field t as a methodical difficulty and considered at data interpretation.
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ABSTRACT

Paleosols’ chemical and physical behavior depends on different processes, such as climate,
reworking, weathering, and connection with different fluid systems. For this reason, it is important
to know how we can distinguish among the different processes. This study focused on three different
kinds of loess-paleosol systems (from Zebegény, Nagymaros, and Bataapati, Hungary). We
analyzed the chemical and physical properties to understand the processes affecting the system. For
this reason, granulometry, mineralogy, organic material, and susceptibility were also studied. The
results show that the three paleosol-loess systems were not reworked, however, macro morphology
suggested the opposite in two cases (Nagymaros, Zebegény). Furthermore, the climate in two cases
was rainy (Zebegény, Nagymaros), and one was alternating (dry and rainy periods) during the
paleosol formation. The main result of weathering is the clay mineral precipitation, mainly smectite
in all areas.

Keywords: paleosol, weathering, reworking, granulometry, mineralogy

INTRODUCTION

Loess-paleosol sequences help to understand past climate (Sheldon-Tabor, 2009), however,
different types of soils can form under the same climate (Pécsi, 1995). Furthermore, we have
noticed that several processes affect the sequences after the formation, such as landslides or
weathering (Curry et al., 2009, Licht et al., 2016) and it is questionable which processes modify
the original structure of the soil (Vandenberghe et al., 2017). In this study, we try to determine
different processes that can affect a loess-paleosol sequence in the case of three areas. For this
reason, the chemical and physical properties of the loess-paleosol sequences were studied. The
studied samples were the following: Zebegény and Nagymaros are located in the Danube Band,
North Hungary, and Bataapati is located in South Hungary.

MATERIAL AND METHODS

Study area

The Bataapati Loess Exposure (N 46°13'49.7"; E 18°36'28.9") is situated northeast of the
village Bataapati in the Geresdi Hills. The hill is a loess-covered area, with its plateau surface
barely reaching an elevation of 250 meters above sea level. The typical landform types of the
hill include loess plateaus, interfluvial ridges, hillslopes, erosional and derasional (dry) valleys,
and gullies (Balogh, Schweitzer 2008). The streams in the micro-region drain towards the
adjacent hilly regions.

These hills represent remnants of the Upper Pannonian, Upper Pliocene piedmont, situated in
the south-eastern foothills of the Mecsek Mountain. The basement rock of the Geresdi Hills
consists of Paleozoic granitic-crystalline formations. Subsequently, a major stratigraphic hiatus
is observed, followed by the deposition of Miocene Helvetian (Carpathian) terrestrial
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conglomerates, sandstone, variegated clays, as well as Pannonian clay, silty clay, sand, and
sandstone layers. These geological units are overlain by thick Quaternary loess deposits, which
are further characterized by loess-paleosol sequences (Csaszar 1997). The hill's surface is
predominantly covered by brown forest soils.

Sediment sampling was conducted from the loess—paleosol sequence located in one of the left
tributary valleys within the Huta stream's drainage basin, known as the Nyar or Naspolya valley.
This 250 cm sequence includes two middle Pleistocene loess layers separated by a paleosol
layer.

The Zebegény Loess Exposure (N 47°48'05.5"; E 18°54'42.3"; 115 m asl) and the Nagymaros
Exposure (N 46°13'49.7"; E 18°36'28.9"; 125-127 m asl; Pécsi 1959) are situated in the
southern foreland of the Borzsony Hills, within the Danube Bend region, also known as the
Visegrad Gorge.

In this river bend, the Danube has developed an antecedent valley between the Borzsony and
Visegrad Hills since the Middle Pleistocene (Riss) period (Pécsi 1959). The Danube has formed
3-4 terraces here and receives several tributaries from the adjacent regions (Ruszkiczay et al.
2005). The region reaches its lowest point at an elevation of 105-107 meters above sea level,
while the highest areas of the surrounding hills range from 480 to 600 meters above sea level.
The basement rock primarily consists of Miocene andesite and dacite, with some areas also
containing littoral-sublittoral limestone (Rakosi Limestone Formation, Korpas 1990) and sandy
gravel. These geological units are overlain by thick Quaternary deposits, including fluvial
deposits (sand and gravel) of the Danube and its tributaries, thick loess-paleosol sequences that
cover the older terraces, as well as older and younger diluvial and colluvial sediments.

The Zebegény Exposure is situated on the Malom Stream's small terrace, which is 200 meters
north of the confluence with the Danube. The Nagymaros Exposure is located on terrace No.
I11 of the Danube developed in the Middle Pleistocene (Riss).

Methods

Loess and paleosol samples were collected every 10 cm of depth throughout the sequences. . The
samples were studied by X-ray powder diffraction (XRD) (Phillips PW 1730 diffractometer)
using a Cu cathode, 20 kV, 30 mA tube current, graphite monochromator, and goniometer speed
of 2°/min to analyse mineralogical composition. Prior to the measurements, the samples were
powdered to a particle size of <63 um. The relative amounts of the phases were determined
using XDB Powder Diffraction Phase Analytical software 2.7.

Total carbon content was determined by an Elemental analyser; the inorganic carbon content
was known from the result of XRD. Total carbon, Nitrogen and Hydrogen measurement using
a variomax cube elemental analyser was used. Carbon nitrogen ratio is connected to
atmospheric deposition, and carbon might be indicative of soil organic matter. A sample in the
combustion chamber in excess oxygen was introduced in the chamber where the sample was
mineralized at a temperature of 900 °C.

Grain size measurements were done using a Malvern Master Sizer 3000 and Horiba Partica
950-V2 LA laser diffraction device, the device uses the technique of laser diffraction to estimate
the particle size and particle size distribution of materials. This is done by measuring the
intensity of light scattered as a laser beam passes through a dispersed particulate sample. The
data is then analysed to calculate the size of the particles that created the scattering pattern.
Grain size distribution pattern is observed under the packed software that controls the
measurement process by analysing scattering data to calculate particle size distribution.
Samples were chemically pre-treated before size measurement by adapting the widely used
procedure described by Konert and VVandenberghe (1997).

Automated image analysis techniques can provide a statistically robust, objective, and
representative sample description by a large number of observed grains. The mineral grains
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were scanned using the 5% objective to provide a 0.56 um pixel size of the built-in Nikon
Eclipsec microscope and CCD camera of the Malvern Morphologi G3SE-ID device (Malvern
Panalytical, Malvern, Worcestershire, UK) under transmitted (diascopic) illumination
providing 0.3 pm?/pixel resolution. The studied morphological parameters are HS circularity,
convexity, solidity and aspect ratio.

RESULTS AND DISCUSSION

Samples from Nagymaros and Zebegény exhibit the same mineralogy, with a consistent trend
in depth. The smectite content increases with depth, while the calcite content decreases with
depth. In contrast, the samples from Bataapati show a constant smectite content (8-12 m/m%)
and the carbonate content varies alternately (Fig.1.).

The results of the Elemental Analyser show that the carbon content is higher in the case of
Bataapati. Furthermore, the calculated organic carbon content was also higher in samples from
Bataapati.

Grain size distribution analyses show that samples from Bétaapati have one main modus, while
samples from the two other areas exhibit a complex grain size distribution curve. However,
when we focus on the clay fraction, there are no significant differences because the clay fraction
ranges from 3.5 to 16.6 v/v% in Bataapati, 3.1 to 14.7 v/v% in Nagymaros and 6 to 16.6 v/v%
in Zebegény.

The analysed morphological properties (HS circularity, convexity, aspect ratio, solidity) of the
samples also do not show significant differences among the studied samples.

Based on the results, it can be stated that the paleosol sequences have not undergone any reworking
process. However, the grain size distribution curves of Nagymaros and Zebegény are complex.
Bataapati samples contain a high amount of carbonate, but the grain size distribution curves are
unimodal, for this reason, this sequence is also unreworked.

Based on the amount of carbonates, the paleosols of Nagymaros and Zebegény likely formed
in a wet climate, possibly as brown forest floor soil. The paleosol form Bataapati formed in an
alternating climate, where both wet and dry periods occurred. The presence of smectite
indicates that the temperature was tropical (Kome et al. 2019).

CONCLUSIONS

1) Complex grain size distribution curves themselves do not necessarily indicate that a
loess-paleosol sample has been reworked; they may form during weathering processes.

2) Carbonate content can be a useful indicator for studying whether a sequence has been
reworked or not. Changes in carbonate precipitation can signify reworking. However, if
the original soil also contains carbonate, alteration in carbonate levels within the
sequence may result from alternating climatic conditions.

3) Different types of clay minerals can provide insights into estimating the temperature at
which soils were formed.
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Fig. 1. Mineral composition of the analysed samples from the left to the right on the X axis
indicate deeper horizons, including paleosols.
Acknowledgement
The project was funded by the Hungarian Scientific Research Fund FK128230.

REFERENCES

Balogh, J., Schweitzer, F. (2008): Domborzati formak (Landforms). In. Schweitzer, F., Bérci, K., Balogh, J. A
Bataapatiban €piilé nemzeti radioaktivhulladék-tarolo kornyezetfoldrajzi vizsgalata (The Environmental

39



Electronic Book
Contemporary Challenges in Environmental Research

Geography Study of the National Radioactive Waste Repository Project in Bataapati), Budapest, 39-52.
In Hungarian

Curry, A. M., Porter, P. R., Irvine-Fynn, T., Rees, G., Sands, T. B., Puttick, J. (2009): Quantitative particle size,
microtextrural and outline shape analyses of glacigenic sediment reworked by paraglacial debris flows. —
Earth Surface Processes and Landforms, 34, 1, 48-62.

Csaszar, G. (1997): Magyarorszag litosztratigrafiai alapegységei. Tablazatok és _16vid leirasok. (Basic
lithostratigraphic units of Hungary. Chart and short descriptions) — A MAFI alkalmi kiadvanyai.
Budapest, 1997. In Hungarian

Kome, G. K., Enang, R.K., Tabi, F. O., Kfuban Yerima, B.P. (2019): Influence of Clay Minerals on Some Soil
Fertility Attributes: A Review. Open Journal of Soil Science, 9, 2019, 155-188.

Konert, M., Vandenberghe, J. (1997): Comparison of laser grain size analysis with pipette and sieve analysis: A
solution for the underestimation of the clay fraction. Sedimentology, 44, 1997, 523-535.

Korpas L. (ed.) (1998): Magyarazé a Bérzsony és Visegradi-hegység foldtani térképéhez. MAFI, Budapest, 178p.
In Hungarian

Licht, A., Pullen, A., Kapp, P., Abell, J., Giesler, N. (2016): Eolian cannibalism: Reworked loess and fluvial
sediment as the main sources of the Chinese Loess Plateau. Geological Society of America Bulletin, 128,
5-6, 944-956.

Pécsi M. (1959): A magyarorszagi Duna-volgy kialakulasa és felszinalaktana. Akadémiai Kiadd, Budapest, 345
p. In Hungarian

Pécsi M. (1995): The Role of Principles and Methods in Loess-Paleosol Investigations. GeoJournal, 36, 2-3, 117—
131.

Ruszkiczay-Riidiger, Zs., Dunai T., Fodor L., Bada G., leél-C")ssy Sz., Horvath E. (2005): A negyedidészaki
fiiggbleges kéregmozgasok szamszerlisitése a Duna volgyében a korabbi kronoldgiai adatok és uj,
kozmogén 3He kitettségi kor mérések alapjan. (Quantification of Quaternary vertical motions: constraints
from former chronological data and new cosmogenic 3He exposure ages, Danube Valley, Hungary). —
Foldtani K6zlony135/3, 373-403. In Hungarian

Sheldon, N., Tabor, N. (2009): Quantitative paleoenvironmental and paleocliamtic reconstruction using paleosols.
Earth-Science Reviews, 95, 2009, 1-52.

Vandenberghe, J., Sun, Y., Wang, X., Abels, H. A, Liu, X. (2018): Grain-size characterization of reworked fine-
grained aeolian deposits. Earth-Science Reviews, 177, 2018, 43-52.

40



Electronic Book
Contemporary Challenges in Environmental Research

DANUBE RIVER HEATWAVES

Igor LeSc¢eSen, Biljana Basarin
Department of Geography, Tourism and Hotel Management, Faculty of Sciences, University of Novi Sad, Serbia

Corresponding author: Igor LesceSen, Department of Geography, Tourism and Hotel Management, Faculty of
Sciences, University of Novi Sad, Trg Dositeja Obradovica 3, Novi Sad, Serbia, igorlescesen@yahoo.com

ABSTRACT

Rising temperatures significantly impact flowing water systems and their associated ecosystems.
Despite limited research on European river heatwaves, this study analyzes water temperature data
from 1991 to 2022 at five Danube River gauging stations in Serbia. We aim to understand riverine
heatwaves and their link to climate change.

Our analysis reveals a warming trend in the Danube River basin, with increasing annual, summer,
and winter water temperatures. Riverine heatwaves are more frequent during both hydrological
summer and winter, featuring extended durations and high temperatures, especially in summer.
Statistical analyses confirm these trends.

We also note spatial temperature variations along the Danube, with downstream areas consistently
warmer due to geographical and hydrological factors. Riverine heatwaves correlate with low
discharge during summer, highlighting the vulnerability of aquatic ecosystems. Some heatwaves
occur during above-normal discharge in winter, indicating complex temperature-discharge
interactions.

This study advances understanding of riverine heatwaves and their climate change implications.
Continued research and monitoring are vital for managing the ecological and socio-economic
impacts of rising temperatures in river ecosystems, where river water temperature serves as a crucial
indicator of long-term trends.

Keywords: Danube, heatwave, temperature, climate change

INTRODUCTION

Temperature plays a pivotal role in the dynamics of flowing water systems, exerting a profound
influence on various physical properties and driving chemical and biochemical processes within
lotic ecosystems (Webb et al., 2008). Riverine temperature fluctuations govern the lifecycles
of aquatic organisms, regulating their metabolic activities (Alvarez and Nicieza, 2005),
distribution patterns (Boisneau et al., 2008), abundance (Wenger et al., 2011), community
composition (Dallas, 2008) and growth (Imholt et al., 2010). Consequently, aquatic species are
constrained by specific temperature ranges they can endure (Caissie, 2006). Beyond its direct
effects, water temperature also indirectly impacts critical ecosystem functions by influencing
chemical reactions (Hannah et al., 2008) and other physical properties, such as density, vapor
pressure and viscosity (Feigl et al., 2021), thereby shaping primary production, decomposition,
and nutrient cycling in river ecosystems (Friberg et al., 2009). These processes have a profound
impact on parameters like dissolved oxygen levels (Sand-Jensen and Pedersen, 2005) and,
inevitably, water quality (Beaufort et al., 2016). Alterations in the thermal regime of river
systems can disrupt established synchrony among aquatic communities (Woodward et al., 2010;
Markovi¢ et al., 2013) and may serve as indicators of broader environmental warming trends
(Pekarova et al., 2008). Furthermore, river temperature holds socio-economic significance for
industries requiring cooling, drinking water production, and fisheries, where it affects factors
like fish growth, survival, and demographic characteristics (Hannah and Garner, 2015).
Consequently, changes in river temperature can profoundly impact hydro-ecological and socio-
economic conditions within riverine and neighboring regions, necessitating thorough
assessment and preventive measures (Feigl et al., 2021).
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Recent increases in climate variability have led to rising water temperatures, prompting a
heightened interest in anomalous extreme high-temperature events known as heatwaves, due to
their potentially disproportionate impact compared to gradual, long-term shifts in mean
temperature (Vasseur et al., 2014). Positive trends in heatwave characteristics, encompassing
frequency, duration and occurrence, have been observed in ocean, coastal and lake ecosystems
(Oliver et al., 2021). These trends have been associated with shifts in ecosystem metabolism
(Berger et al., 2020), increased organism mortality (Till et al., 2019) and deteriorating water
quality (Tassone et al., 2022). Notably, lotic water temperatures have exhibited an upward
trajectory since the mid-20™ century (Kaushal et al., 2010), and significant changes in river
water temperature are projected to continue throughout the 21% century due to the influence of
climate change (Basarin et al., 2016). Surprisingly, the occurrence and impacts of heatwaves in
riverine systems have not been thoroughly explored, introducing uncertainty into our
understanding of riverine heatwave distribution and trends.

In light of these considerations, this study aims to clarify the frequency, duration and occurrence
of riverine heatwaves. We achieve this by analyzing in-situ water temperature measurements
spanning from 1991 to 2022, obtained from five gauging stations strategically positioned along
the Danube River in Serbia. Our hypothesis posits that heatwave characteristics will be
positively influenced by rising atmospheric temperatures and declining precipitation, in
conjunction with reduced river discharge. Through this research, we seek to shed light on the
dynamics of riverine heatwaves, advancing our understanding of their drivers and implications
within the context of changing environmental conditions.

METHODS AND DATA

The Danube River, stretching across Europe from west to east, covers a longitudinal span of 22
degrees and traverses 11 different countries, from the heights of the Schwarzwald Mountains
to its ultimate destination, the Black Sea (Schiller et al., 2010). Spanning approximately 2850
km in length and boasting a vast basin area measuring 807,000 km?, the Danube holds a
prominent position in the European landscape. Historical data from the period of 1961 to 2000
indicates an average discharge rate of around 7122 m®/s at the entrance of the Delta, specifically
at the Ceatal Izmail station situated at coordinates 45.22 N, 28.73E. The middle and lower
Danube basin typically experiences the highest annual average temperature (12°C), while the
coldest regions can be found in the Carpathians and the Alps, primarily at elevated altitudes.
The Austrian Alps, specifically the Sonnblick Observatory, holds the record for the lowest mean
annual temperature at -6.2°C (Basarin et al., 2016). Within the borders of the Republic of
Serbia, the Danube River extends for roughly 588 km. This study focuses on the northern region
of Serbia, located within the Middle Danube Basin. In order to assess the temperature patterns
of the Danube River in Serbia, we analyzed the water heatwaves recorded at the five monitoring
stations: Bezdan, Bogojevo, Novi Sad, Zemun and Veliko Gradiste (Figure 1).

42



Electronic Book
Contemporary Challenges in Environmental Research

HU N
A @ Hydrological station
s | . M Meteorological station
RO

[ ] ?meor

. O
Bogojevo yi

CRO V
Novi Sad
® O /
45°N 4
Zephun X -
B&H [ &_/_}Um.(;radlste
19°E
0 20 40 60km

Proper Serbia e

Fig. 1. Study area showing hydrological stations and meteorological station.

The Republic Hydrometeorological Service of Serbia (RHMZ) maintains an archive of water
temperatures data records obtained at regular daily intervals, with measurements taken at 7:00
a.m (Basarin et al., 2016). For this study we used daily water temperature data for 1991-2022
period. Basic statistical characteristics of the data set are presented in Table 1.

Meteorological information is obtained from Sombor meteorological station for the period from
1991 to 2020. Meteorological data has shorter span because of lack of daily temperature data
for 2021 and 2022. This data is employed to assess the correlation between water temperature
and air temperature. The Sombor meteorological station is strategically situated in proximity to
two gauging stations, namely Bezdan and Bogojevo. These comprehensive datasets were also
acquired through the Republic Hydrometeorological Service of Serbia (RHMZ) for the purpose
of conducting this analysis.

Table 1. Statistical characteristics of the data sets

Parameter Bezdan Bogojevo Novi Sad Zemun G\iiuge
Mean temperature (°C) 12.86 12.95 12.74 12.96 13.48
Median (°C) 13.2 134 12.93 3.13 13.36
Std. Deviation (°C) 7.46 7.35 7.43 7.68 7.53
Kurtosis -1.39 -1.38 -1.37 -1.37 -1.37
Skewness 0.01 0.01 0.04 0.04 0.05
Minimum temperature (°C) 0.49 0.44 0.45 0.19 0.21
Maximum temperature (°C) 26.31 26.34 27.10 26.78 26.45

For the purpose of trend detection, we employed the non-parametric Mann-Kendall (MK) test,
a widely utilized method for identifying trends in hydrological and climatological time series
data (Bezak et al., 2016; LeSceSen et al., 2021; Tassone et al. 2022). This test relies on Kendall
statistics, with the null hypothesis (Ho) positing that there is no discernible trend present within
the time series. Conversely, the alternative hypothesis (Ha) suggests the existence of a trend,
which could manifest as either a positive or negative trend within the examined data series
(Kendall, 1975). In our study, we set a significance level of 0.05 to determine whether
statistically significant trends were present. Given that heatwaves are relatively infrequent
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events and often span across monthly boundaries, Mann—-Kendall tests were employed for
seasonal water temperature trend assessment.

Riverine heatwaves were defined in accordance with the criteria established by Hobday et al.
(2016) for marine heatwaves. These heatwaves are characterized by daily mean water
temperatures surpassing a locally determined 90™" percentile threshold, which varies with the
season, and persisting for a minimum duration of five consecutive days. For each identified
heatwave, key parameters such as its duration and cumulative intensity above the 90" percentile
threshold were quantified. Additionally, the frequency of heatwaves at each monitoring site was
determined by counting the number of heatwave events occurring annually. These events were
categorized based on the hydrological seasons of the northern hemisphere, with hydrological
winter spanning from October to March and hydrological summer from April to September.

RESULTS AND DISCUSSION

Figure 2 shows mean annual water temperatures fluctuations at five selected stations. At Bezdan
gauging station for the period between 1991 and 2022 long-term average annual water
temperature was 12.9 °C, for the Bogojevo station 13 °C, for the Novi Sad 12.7 °C, Zemun 13
°C and for Veliko Gradiste station 13.5 °C.
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Fig. 2. Average annual water temperatures of Danube River at selected stations.

The data presented in Fig. 2. offers valuable insights into the temporal trends and spatial
variation in Danube River temperatures. Notably, there is a discernible gradient in temperatures,
with Bezdan, situated upstream, generally exhibiting cooler average temperatures compared to
Veliko Gradiste, positioned downstream. This spatial pattern suggests the influence of
geographical and hydrological factors on temperature dynamics within the river. Over the
studied years, an intriguing temporal trend emerges, characterized by a gradual warming of
water temperatures at all locations. This warming trend is particularly pronounced in the
downstream locations, reflecting the cumulative effects of increasing temperatures as one
moves along the river's course.

There was a total of 330 river heatwave events (5.306 days) between 1991 and 2022 for the 50

sites (58.435 daily observations) considered in this analysis. The trends in water temperatures
for the Danube River in Serbia were analysed using the Mann—Kendall trend test (Table 2).

44



Electronic Book
Contemporary Challenges in Environmental Research

Table 2. Seasonal Mann-Kendall results

Bezdan Bogojevo Novi Sad Zemun VeI|I.<vo
Gradiste
Season . - . . -

Trend P Trend P Trend P Trend P Trend P
value value value value value
Annual 0.446 0.000 0.466 0.000 0.338 0.000 0.443 0.000 0.387 0.000
Summer 0.096 0.000 0.091 0.000 0.083 0.000 0.088 0.000 0.079 0.000
Winter 0.080 0.000 0.084 0.000 0.057 0.000 0.080 0.000 0.061 0.000

The MK trend test indicates that there is a statistically significant (p<0.05) increase in annual
as well as seasonal water temperatures at all investigated stations during observed period. The
results presented in the table 2 reveal compelling trends in annual and seasonal water
temperature variations across the five studied locations along the Danube River. In terms of
annual trends, all stations exhibit statistically significant temperature increases over time, with
p-values of 0.000, underscoring the robustness of these findings. This indicates a consistent
warming trend in the Danube River basin, which aligns with the broader global pattern of rising
temperatures associated with climate change. Furthermore, when focusing on the summer and
winter seasons, a similar pattern emerges, with all locations showing significant warming
trends. This seasonal variation underscores the year-round impact of rising temperatures, with
potential consequences for aquatic ecosystems and associated socio-economic activities.

Summer season heatwave frequency and occurrence rate ‘Winter season heatwave frequency and oceurrence rate
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Fig. 3. Danube River heatwaves frequency and occurrence rate per selected stations.

Danube River heatwaves are increasing during both hydrological summer and winter. During
summer season heatwaves increased in frequency by 0.339 events per year (p=0.041), and
during winter season heatwaves increased by 0.193 per year (p=0.002) over the study period.
Thus, the frequency of discrete, extended (> 5 d) periods of extremely high-water temperatures
is increasing when water temperature is at its annual peak (Fig. 3).
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Fig. 4. Comparison between Heatwave duration and Discharge (m®s) during heatwave (A),
Heatwave duration and Average Water Temperature (°C) during heatwave (B) and Average
Water Temperature (°C) during heatwave and Water Discharge (m?s) during heatwave (C)
*Comparisons are made for parameters observed at Bezdan station
(subscript S-summer, W-winter).

Fig. 4 provides essential insights into the characteristics of riverine heatwaves spanning
multiple years, encompassing their duration, average temperature during these heatwave events,
and associated discharge levels. These heatwaves exhibit a diverse temporal range in their
duration, varying from short-lived events lasting as briefly as 5 days to more persistent
occurrences extending up to 33 days. This variability highlights the changing nature of extreme
temperature events in the river. Simultaneously, the average temperature during heatwaves
demonstrates annual fluctuations, with recorded temperatures ranging from approximately
24.34°C to 26.54°C. These temperature variations may signify the influence of varying climatic
conditions and external factors affecting heatwave intensity. Interestingly, the relationship
between discharge and heatwaves unveils considerable variability, with some heatwaves
coinciding with low discharge, while others occur during periods of elevated discharge. This
intricate interplay may result from complex interactions between temperature and discharge,
potentially influenced by regional hydrological factors and climatic patterns.

In contrast, the average annual water temperatures during the colder months from October to
March along the downstream journey from Bezdan to Veliko GradisSte in the Danube River. It
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reveals a compelling spatial pattern characterized by an ascending gradient in average water
temperatures as one progresses downstream. This spatial variation underscores the cumulative
impact of geographical features and hydrological influences shaping the river's thermal profile.
The culmination of these effects becomes evident at Veliko GradiSte, the furthest downstream
station, where the highest average cold-season temperatures are recorded.

In the context of heatwaves in the Danube River, it is notable that these events predominantly
coincide with river discharge levels at or below what is considered normal discharge conditions.
Nevertheless, certain heatwaves have occurred during periods when river discharge was at or
even exceeded expected normal conditions, particularly during the hydrological winter season.
In contrast, heatwaves observed during the hydrological summer, corresponding to the
European spring and summer seasons, are notably associated with reduced discharge levels.
These findings align with similar observations made in North American rivers (Tassone et al.,
2023), highlighting the universality of these patterns in riverine ecosystems.
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Fig. 5. Comparison between water and air temperatures during warm (A) and cold (B) period of
the year at Bezdan station.

From Fig. 5. It is apparent that both summer water temperatures and summer air temperatures
exhibit a general upward trend, indicative of warming conditions. This suggests that during the
summer season, the water temperatures are rising in conjunction with the air temperatures,
reflecting a positive correlation between the two variables. Such synchronization between air
and water temperatures is consistent with the broader context of climate change, where rising
global temperatures impact both terrestrial and aquatic environments.

As we transition to the winter season, a similar trend is observed, albeit with cooler
temperatures compared to summer. Winter water temperatures also exhibit an increasing trend,
which parallels the overall warming pattern associated with climate change. Interestingly, the
winter air temperatures appear to exhibit some variability, but a general upward trend persists,
implying a degree of seasonally-driven temperature changes. Towards the end of the dataset,
there is a noticeable divergence between winter water and air temperatures, with water
temperatures continuing to increase while air temperatures exhibit a more gradual ascent. This
divergence may reflect the influence of thermal inertia in water bodies, where they respond
more slowly to changes in air temperature.

The maximum long-term average air temperature at Sombor registers its peak in July (22.5 °C),
whereas the maximum long-term average water temperature at Bezdan is observed in August
(22.9 °C). This temporal lag can be attributed to the unique heat capacity of water, which
represents the quantity of energy needed to raise the temperature of a given mass by one degree.
The delay is primarily a consequence of the disparity in heat capacity between air and water.
Due to water's notably higher heat capacity, during the summer months, a body of water
gradually accumulates substantial heat as it warms up, whereas during winter, heat is slowly
released from the water as it cools down (Basarin et al., 2016). Additionally, this lag may be
associated with the influence of spring snowmelt runoff, which tends to depress water
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temperatures. Consequently, river water temperature serves as a valuable indicator of prolonged
trends in river heat dynamics (Pekarova et al., 2008).

CONCLUSIONS

In conclusion, this study has offered comprehensive insights into the intricate relationship
between riverine temperature dynamics, climate change, and the occurrence of heatwaves in
the Danube River. Temperature plays an indispensable role in the functioning of lotic
ecosystems, impacting various aspects of aquatic life and ecosystem processes. Our findings
align with a broader global trend of rising temperatures associated with climate change,
emphasizing the urgency of understanding and mitigating its consequences on river ecosystems.
The observed increase in river water temperatures, particularly during the cold period from
October to March, as we move downstream along the Danube River, underscores the influence
of geographical and hydrological factors. This spatial pattern signifies the cumulative impact
of these factors, ultimately resulting in higher average cold-season temperatures at downstream
locations. The trends in river heatwaves revealed that they are increasing in both hydrological
summer and winter, indicating an overall intensification of extreme temperature events
throughout the year. This increase in riverine heatwaves, coupled with altered discharge
patterns, highlights the vulnerability of aquatic ecosystems to changing climatic conditions.
Furthermore, the synchronization between air and water temperature trends during both
summer and winter seasons underscores the influence of climate change on riverine
environments. Rising global temperatures are driving parallel increases in both air and water
temperatures, accentuating the pervasive impact of climate change on terrestrial and aquatic
ecosystems alike. The observed divergence between winter water and air temperatures towards
the end of the dataset underscores the thermal inertia of water bodies, where they respond more
slowly to changes in air temperature. This phenomenon serves as a reminder of the complexity
of interactions within river ecosystems and underscores the importance of continued research
and monitoring to assess and address the impacts of climate change on riverine environments.
In this context, river water temperature emerges as a vital indicator of long-term trends in river
heat dynamics, offering valuable insights for the conservation and management of river
ecosystems in a changing climate.
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ABSTRACT

Biochar is indeed a valuable approach to address water management challenges in agriculture,
particularly in the face of increasing climate change-related droughts. Biochar is produced through
a process of pyrolysis and can be effectively used to improve water retention in soil. This increased
soil moisture is beneficial for crop growth and can be especially important during dry periods when
rainfall is insufficient. The use of certified biochar in agriculture is gaining attention as it not only
aids in water retention but also has other potential benefits, including enhanced nutrient availability
and improved soil structure. This can contribute to improved crop yield and, subsequently, food
production. In this study we evaluated our field experiment data from the last growing season (2023),
where the spring barley (Hordeum vulgare L.) was grown. Data were collecting and monitoring by
dielectric sensors (for soil moisture and soil temperature) in the field, where no biochar was applied
(control), with certified biochar application in a dose of 20 t/ha (B20) and biochar reapplication in a
dose of 20 t/ha (B20R) into a depth of 10 cm below the soil surface. These data were subsequently
compared by gravimetric method and have been proven higher soil moisture in the plots with biochar
application. The increased soil moisture resulting from biochar application is beneficial for plant
growth, especially during periods of limited precipitation. It can contribute to better crop yields and
crop resilience in the face of drought conditions. This research supports the idea that biochar can be
a sustainable and environmentally friendly solution to help address the challenges of water scarcity
and drought in agriculture, ultimately contributing to more reliable food production.

Keywords: biochar, field experiment, spring barley, soil moisture, agriculture

INTRODUCTION

Biomass-derived charcoal (biochar), which is a relatively stable organic form of carbon that
improves soil condition while sequestering carbon, seems to be a promising solution. Biochar
application has been shown to reduce crop diseases (Elad et al., 2010), can enhance soil fertility
by providing a stable source of organic carbon and nutrients (Warnock et al., 2007) which can
lead to healthier and more productive crops. Biochar increases the availability of essential
nutrients, such as nitrogen and phosphorus to plants, and that can lead to improved plant growth
and crop yields (Cui et al., 2011; Steiner et al., 2008), can help reduce methane (CH4) emissions
from soils (Liu et al., 2011), can stimulate soil microbial activity, which is essential for nutrient
cycling, organic matter decomposition, and overall soil health (Steinbeiss et al., 2009). These
benefits highlight the potential of biochar as a sustainable agricultural practice that not only
improves crop production but also has positive environmental implications. It is important to
consider the specific conditions, types of biochar, and application rates to maximize these
benefits while minimizing any potential negative impacts. The application of 1-2% biochar (by
wet weight) to soil is an effective way to enhance water retention capacity and available water
capacity in amended soils (Mukherjee and Lal, 2013). The positive impact of biochar on soil
hydraulic properties is a significant advantage for agriculture and environmental sustainability.
It can increase the soil's capacity to hold water, reducing the risk of water stress during dry
periods. This is beneficial for plant growth and crop yield stability, can improve both saturated
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and unsaturated hydraulic conductivity, can positively affect the soil's infiltration capacity, can
enhance soil permeability, which is important for water movement and root development
(Mukherjee and Lal, 2013; Ajayi et al., 2016). It is important to note that the specific application
rates of biochar can vary depending on the type of soil, climate conditions, and the intended
crops. In this study we focused on potential changes in soil moisture and soil temperature due
to biochar application in a field condition and its evaluation.

Farmers and researchers should consider these factors when determining the optimal
application rate for their particular circumstances. Ongoing research and experimentation can
help refine our understanding of how to best utilize biochar in various agricultural contexts. It
Is important to continue monitoring and researching the long-term effects of biochar application
on soil quality and crop productivity to better understand its potential benefits and limitations.

METHODS AND DATA

Location and Site information

Our research project that involved the application of certified biochar into a soil was realized at
the Malanta experimental site, Nitra region, Slovakia (48°19'N; 18°09'W). The experimental
site is located in the Nitra river basin, 5 km north-east of Nitra city, at an elevation of 175 meters
above sea level (MASL). The site is in the temperate climate zone, with a mean annual air
temperature of 9.8 °C and mean annual rainfall of 539 mm (30—year climatic normal, 1961—
1990). Mean air temperature and rainfall in 2018 were 9.0 °C and 528 mm, respectively (Horak
et al., 2021). The research aimed to compare soil moisture and soil temperature differences
between plots with biochar (B20) applied at a rate of 20 t/ha, biochar (B20R) reapplied at a rate
of 20 t/ha and plots without biochar applied (control). The soil at the site is classified as a silt
loam with sand content of 15.2%, silt content of 59.9%, and clay content of 24.9% (Simansky
and Klimaj, 2017). The research area is associated with the Slovak University of Agriculture.

Biochar Characteristics
The biochar used in the research was produced from a combination of paper fiber sludge and

grain husks in a 1:1 weight ratio. The pyrolysis temperature for biochar production was 550°C
(Vitkova and Surda, 2016) in the PYREG reactor (PyregGmbH, 121 Dorthe, Germany) by the
Sonnenerde company, Austria. Basic properties of applied biochar are shown in Tab. 1.

Table 1. Basic properties of applied biochar (C — carbon, H — hydrogen, N — nitrogen)
C H N pH Ash
%) ) ) (O %)

Biochar 531 184 14 88 383

The chemical composition of the biochar was measured at Agricultural University of Athens
in Greece, by Eurofins (Halsbriicke, Germany). Methods used for the measurement of Cu, Ni,
Zi, Mn are described in DIN 22022 (DIN EN ISO 17294-2). Parameters as, P, Mg, Ca, K, Na,
Fe were measured by DIN 51729-1/-11 (DIN EN ISO 11885). The chemical parameters
analysis of biochar is shown in Tab. 2.

Table 2. Chemical parameters analysis of biochar
P K Na Mg Ca Fe Mn | Cu Zn Ni
(mg/kg) (9/t)

6200 15000 770 3900 57000 1900 150 ‘25 110 7
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Experimental Design

The field had been under conventional crop management for several years prior to the beginning
of the experiment, which was established in 2014, when biochar at a rate of 20 t/ha was applied
into a plot with dimensions 4 x 3 m, then in 2018 the biochar was reapplied at the same rates as
in 2014 (Horak et al., 2021). Our research focused on comparing soil moisture and soil
temperature between three variants: plots with biochar applied at a rate of 20 t/ha (B20), plots
with biochar reapplied at a rate of 20 t/ha (B20R) and plots without biochar applied (control).
Soil moisture and soil temperature were measured using 5TM dielectric sensors from Decagon
Devices, USA. Data was collected at five-minute intervals and stored using EM 50 data loggers
(Fig. 1.). Two-three sensors were installed at a depth of 5-10 cm below the soil surface in all,
B20, B20R and control plots, resulting in a total of seven sensors for all variants. The presented
data represents the mean value from all sensors for each variant.

Monitoring period

The measurements were conducted during the 2023 vegetation period. Spring barley (Hordeum
vulgare L.) were the cultivated crop, sown in March 2023, although the measurements began
later, as a result of waiting for a certain growth phase of the crop. The monitoring period lasted
from May 5" to July 17™. During the monitored period, soil samples were taken five times to
detect soil moisture content by gravimetric method (Fig. 2.) (in dates 05/05, 25/05, 08/06, 27/06,
06/07/2023).
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conditions (Botkova, 2023).

RESULTS AND DISCUSSION

The data suggests that the growing season in 2023 had a balanced distribution of precipitation,
with both dry and wet periods observed, which is crucial for plant growth and health. Soil
moisture was measured at 5-10 cm depth at B20, B20R and control plots at 5-minute intervals
throughout the monitoring period. The sensors data indicates that soil moisture was higher at
the B20 plots compared to the control plots throughout the monitoring period, especially during
the warmest weeks (Fig. 3.). Regarding the comparison of the resulting data from plots with
reapplied biochar (B20R) and no applied biochar (control), there is no significant difference
recorded, if there are slight differences only (Fig. 4.). However, the gravimetric method, on
which we rely, clearly shows an increase in soil moisture in both variants (B20, B20R)
compared to the control (Fig. 5.).
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Fig. 3. Soil moisture plots measurements with biochar application (B20) and no biochar
application (control) in a monitored growing season of spring barley.
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Fig. 4. Soil moisture plots measurements with biochar reapplication (B20R) and no biochar
application (control) in a monitored growing season of spring barley.
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Fig. 5. Soil moisture gravimetric method measurements with biochar application (B20), with
biochar reapplication (B20R) and no biochar application (control) in a monitored growing
season of spring barley.

The data in Fig. 6. shows that, soil temperature in the 5-10 cm depth range was with no
difference or slightly higher or lower at the B20 plots, this suggests that the B20 plots might
have experienced differences of temperatures in the soil, which may be due to particular month
in the season. The same effect was observed in the variant of biochar reapplication (B20R) in a
relation with soil temperature in comparison with the control (Fig. 7.). Mean temperatures in
individual weeks are shown in Tab. 3.
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Table 3. Mean temperatures in individual weeks overview

Soil temperature (°C)

Measurement time B20 B20R control
05/05/2023 19.6 19.3 16.5
12/05/2023 15.1 15.0 14.2
19/05/2023 14.2 14.1 19.2
26/05/2023 19.8 19.5 22.0
02/06/2023 21.2 20.7 25.2
09/06/2023 21.8 21.2 20.8
16/06/2023 19.2 18.9 20.7
23/06/2023 26.5 26.0 25.6
30/06/2023 24.2 23.5 26.8
07/07/2023 25.1 24.5 27.7
14/07/2023 25.3 25.2 28.8
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Fig. 6. Soil temperature plots measurements with biochar application (B20) and no biochar
application (control) in a monitored growing season of spring barley.
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Fig. 7. Soil temperature plots measurements with biochar reapplication (B20R) and no biochar
application (control) in a monitored growing season of spring barley.

CONCLUSIONS

By evaluating measured data from the last growing season, it was possible in our research to
assess changes in soil moisture and soil temperature after biochar application. Fluctuations in
minor value differences when comparing data obtained from sensors, and those obtained by
gravimetric method can be concluded to the fact that the soil was not taken into the cylinders
from the same depth as the sensors were placed. The sensors were deeper and soil samples were
taking from the surface or just below the surface. Differences in each sensors data have been
influenced by external environmental conditions, adaptation of sensors, vegetation, wildlife
migration over the experimental plot and many other. The use of organic materials in soil, such
as biochar, has indeed been a longstanding practice in agriculture, with a growing focus on
biochar in recent decades due to its potential benefits. It is known for its ability to enhance soil
structure and quality, which can have positive effects on crop growth and environmental
sustainability. However, it is essential to note that the effectiveness of biochar can vary
depending on factors like the type of biochar used, soil type, and specific agricultural practices.
Therefore, proper research and guidance on biochar application are necessary to ensure its
successful integration into agricultural systems.
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ABSTRACT

The Skalka recreational area is located in the Kremnica Mountains near the town of Kremnica,
Slovakia. The average annual air temperature, on a long-term average, reached 4.7 °C. An average
of 74 ice days and only 5 summer days occurred in this area during the evaluated period 1981-2013.
The average annual humidity was 79 %. The average long-term cloud cover was 66 %. On the open
mountain peaks, the average annual sunlight duration was 1,765 hours, but on unfavourably oriented
steep slopes, the duration was up to 35 % shorter. In the Skalka recreation area, 175 days of fog
occurred on a long-term annual average, mostly in the winter term. The number of days with frost
reached an annual average of 75 days, with a maximum in December and January. The average
annual wind speed here reaches 3.5-4.5 m.s-1 at 10 m above ground level. The long-term average
of annual precipitation total is around 1,200-1,260 mm. From a climatological point of view, the
assessed area is suitable for a wide range of recreational activities all year round.

Keywords: climatic assessment, air temperature, humidity, cloud cover, sunlight duration

UvVoD

V procese tvorby a ochrany prirodného a zivotného prostredia ma funkcia klimy osobitné, ¢asto
prioritné postavenie. Podnebie je vyznamnou zloZzkou krajiny, urcuje jej raz a vyuzitelnost
a pre svoju geografickl podmienenost’ je javom na Zemi neopakovatelnym.

Trend vystavby a rozSirovania rekrea¢nych lokalit je na Slovensku rastaci, I'udské aktivity sa
stavaju intenzivnej$imi a rovnovaha zZivotného prostredia je Coraz viac narusend. Vznikd preto
potreba lepSej informovanosti o celkovom stave zivotného prostredia, najmi na Urovni
institacii, ktoré rozhodujii o vystavbe rekreacnych lokalit. Z hl'adiska meniacej sa klimy je
dolezitd podrobnejSia a suhrnnd informacia o klimatologickych podmienkach zaujmového
prostredia.Jednym z vyznamnych a intenzivne vyuZivanych rekrea¢nych stredisk na Slovensku
je aj horské stredisko Skalka. Z rekreacného vyuzitia iizemia st najcastejSimi aktivitami
bezecké a zjazdové lyZovanie, turistika, horska aj cestné cyklistika, ferratové skalolezectvo. V
januari 1914 sa na Skalke konali celouhorské preteky v lyZovani, preto bola nazyvana slovensky
Semmering (Kremnica - slovensky Semmering, 2014). Predmetom prispevku bolo komplexné
klimatologické zhodnotenie tejto vyznamnej rekreacnej oblasti z hladiska zékladnych
klimatickych charakteristik, a to pre ucely efektivneho tzemného planovania a manazmentu
uzemia.

MATERIAL A METODIKA

Lokalita Skalka alebo Skalka pri Kremnici je zimné aj letné rekreaéné stredisko, ktoré sa
nachddza pri meste Kremnica na strednom Slovensku. Lezi v Zapadnych Karpatoch, v
geomorfologickom celku Kremnické vrchy na zdpadnom upiti rovnomenného vrchu Skalka
s nadmorskou vyskou 1231,6 m n.m. Administrativne sa nachadza v severovychodnom cipe
okresu Ziar nad Hronom, nad obcou Kraliky, priblizne 8 km zapadne od mesta Banska Bystrica.
V geologickom podlozi dominuji horniny sopecného povodu. V lesnej vegetacii prevladaja
buciny s primesou smreka, jedle alebo roznych druhov duba. Vymedzené uzemie rekreacnej
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oblasti Skalka patri do chladnej klimatickej oblasti (C), okrsku C1 — mierne chladny a vel'mi
vlhky, kde dlhodoba priemerna julova teplota vzduchu je v intervale 12,0 az 15,9 °C (Atlas
krajiny SR, 2002).

Klimaticka charakteristiku rekreacnej lokality Skalka pri Kremnici sme podrobnejsie hodnotili
za obdobie rokov 1981 — 2013. Pouzili sme dlhodobé mesa¢né charakteristiky klimatickych a
zrazkomernych stanic siete Slovenského hydrometeorologického tstavu (SHMU), ako aj
dostupné kratkodobejSie zdznamy automatickych stanic Technickej univerzity vo Zvolene
(TUZVO). Udaje a ¢asové rady boli zrevidované a zhomogenizované. Pre vyber vhodnych
klimatickych stanic bola urcujtca ich geograficka blizkost’, interval nadmorskej vysky, ako aj
obdobna vrcholovd poloha. Vysledné¢ dlhodobé priemery, extrémy a vybrané klimatické
charakteristiky pre lokalitu Skalka boli odvodené linearnou interpolaciou. Spracovali
a vyhodnotili sme ich beznymi S$tatistickymi metdédami pouzivanymi v klimatologii (Nosek,
1972) pomocou standardnych aplikacii Microsoft Office a vysledky sme tabul’kovo a graficky
prezentovali.

Nakol'ko zaujmové izemie sa nachadza v komplexnom horskom reliéfe, znacnu priestorova
variabilitu vybranych prvkov a charakteristik sme znazornili aj v digitdlnom modeli terénu.
Priestorovu variabilitu veternych pomerov sme posudzovali na zéklade vypoctov v digitdlnom
modeli terénu, v programe Wind Atlas Analysis and Application Program, vyvinutého v
Roskilde, Rise National Laboratory Technical University v Dansku.

VYSLEDKY A DISKUSIA

Teplota vzduchu

Priemerna ro¢na teplota vzduchu (tab.1), v dlhodobom priemere 1981 — 2013, dosahovala
4,7 °C, extrémy priemernej ro¢nej teploty vzduchu boli v intervale 3,3 az 6,2 °C.
Najchladnejsim mesiacom v dlhodobom priemere je januar, s teplotou vzduchu -4,5, v
extrémoch od -1,7 do 8,8 °C (tab. 2), hoci vo februdri sa vyskytuje aj vyraznejsi pokles mesacne;j
teploty az na -9,6 °C. NajteplejSimi mesiacmi boli jul a august (obr.1), s priemernou mesacnou
teplotou vzduchu 14,3 °C, v rozpéti 11,2 az 18,3 °C.

Tabul’ka 2. Priemerna mesa¢na a ro¢na teplota vzduchu a jej extrémy [°C] v oblasti Skalka pri
Kremnici v obdobi 1981 — 2013

Mesiac | 1 i v \Y Vi VII VI IX X Xl XII Rok
Priemer 45 42 -13 45 95 122 143 142 99 53 -03 -32 47
Maximum -7 -02 26 69 128 152 170 183 120 89 35 -05 62
Minimum -88 -96 -60 13 60 95 114 112 61 15 47 -74 33

Tabul’ka 2. Absoliitne denné extrémy teploty vzduchu [°C] v jednotlivych mesiacoch roka
v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac | 1 i v \Y Vi vl VIIT IX X Xl X1l Rok
Abs.max. 11,7 118 16,5 22,7 239 270 275 270 248 202 153 124 275
Abs. min  -264 -216 -199 -140 43 -02 23 18 -13 -102 -156 -192 -164
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Obr. 2. Priemerna mesac¢na teplota vzduchu, jej extrémy a denné extrémy teploty vzduchu [°C]
v oblasti Skalka pri Kremnici v obdobi 1981 — 2013.

Priemerny ro¢ny pocet 'adovych dni, t. j. dni s celodennym mrazom (t max <= 0°C) dosahoval
74, s maximom 17 az 19 dni v zimnych mesiacoch XII — I, ale aj v novembri a marci sa
vyskytovalo este okolo 10 dni (tab. 3). Priemerny rocny pocet mrazovych dni, t.j. dni s
minimélnou dennou teplotou vzduchu pod 0 °C (t min < 0°C) bol 151, priblizne dvojnasobny
oproti l'adovym diiom. Ich maximum 20 az 30 dni sa vyskytoval v mesiacoch XII — I, ale aj v
priebehu oktdbra a aprila bolo este okolo 10 dni. Vzhl'adom k nadmorskej vySke vymedzeného
uzemia Skalka (obr. 2), priemerny ro¢ny pocet letnych dni, t. j. dni s maximalnou dennou
teplotou vzduchu 25 °C a viac (t max >= 25 °C) bol nizky, vyskytli sa len v letnych mesiacoch
VI — VIII, v dlhodobom priemere v trvani 5. dni. Neboli zaznamenané kazdy rok, ale za vel'mi
teplych period sa v juli vyskytovalo maximalne 5 dni, v auguste az 14 dni. Ich trvanie v
poslednych rokoch bolo v §irokom rozpéti 1 aZ 70 hodin. Tropické dni v tejto nadmorskej vyske
a referenénom obdobi eSte neboli zaznamenané.

Tabulka 3. Priemerny mesa¢ny a ro¢ny pocet Padovych dni (t max <= 0°C), mrazovych dni
(t min < 0°C) a letnych dni (t max >= 25 °C) v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac | 1] 11 v V Vi Vil VIl IX X Xl X1l Rok
Ladové dni 19 17 10 2 - - - - - 1 9 17 74
Mrazové dni 30 26 25 11 2 0 - - 0 9 20 28 151
Letné dni - - - - - 1 2 2 - - - - 5
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Obr. 2. Priemerny mesa¢ny a ro¢ny pocet I'adovych dni (t max <= 0°C), mrazovych dni (t min <
0°C) a letnych dni (t max >= 25 °C) v oblasti Skalka pri Kremnici v obdobi 1981 — 2013.

Technické prostriedky pre zasnezovanie st i€¢inné uz od teploty vzduchu -2,5 °C a menej (tab.
4). Uvedené podmienky v oblasti Skalka pri Kremnici trvali 1450 — 1900 hodin, v mesiacoch
X —1V. Vhodné podmienky boli hlavne v zimnych mesiacoch, XII — I, pocas chladnych period
aj v priebehu marca (obr.3). V dennom chode trvanie teploty vzduchu -2,5 °C a menej bolo
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vyznamnejSie v nocnych hodinach, v skorych popoludnajSich hodinach bolo jej trvanie
najkratSie.

Teplotny komfort v letnom polroku charakterizuje trvanie teplot vzduchu 15 °C a viac (tab. 4).
Bolo vyznamné hlavne v letnych mesiacoch VI — VIII, poCas dna aj v mdji a septembri.
Vyskytovalo sa v intervale 90 — 115 dni, v celkovom trvani 1100 — 1570 hodin (obr.3). V
dennom priebehu bolo jeho trvanie najkratsie v skorych rannych hodinach, maximum
dosahovalo popoludni, medzi 14.00 az 16.00 hodinou.

Tabulka 4. Priemerné mesacné a sezénne trvanie teploty vzduchu [hod., %] t <=-2,5°C a
t >=15 °C v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac I i n1v v o vE VL v X X Xl XII Rok
t<=-2,5°C[hod] 490 430 240 40 - - - - - 25 70 340 1635
[ %] 66 64 32 6 - - - - - 3 10 46 32
Mesiac I i n1v v o VvE VL v IX X Xl XII Rok
t>=15°C [hod.] - - - 30 105 235 350 395 145 25 - - 1285
[ %] - - - 4 14 33 47 53 20 3 - - 25
500
400 =
_ WT<=-25°C
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200 [ ] OT>=15°C
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Obr. 3. Priemerné mesa¢né trvanie teploty [hod.] t <=-2,5°C a t >= 15 °C v oblasti Skalka pri
Kremnici v obdobi 1981 — 2013.

Inverzia vzduchu

Skalka patri k zriedkavo inverznym lokalitdm. Pri inverznom zvrstveni ovzduSia, hlavne v
zimnom obdobi, vo vrcholovych ¢astiach Kremnickych vrchov prevlada relativne teplé, slnecné
a malo veterné pocasie, vhodné pre zimné aktivity. V porovnani s vrcholovou polohou Chopku
(2024 m n.m.) bola Skalka malo inverzna, tento jav sa vyskytoval 25 az 75 dni, hlavne v
zimnom polroku X — III, v uhrnnom priemernom trvani okolo 210 hodin, v rozpéti 120 — 310
hodin ro¢ne. Podl'a udajov uplynulych rokov, bolo trvanie inverzii vysSie v mesiacoch XI —
XII, az 135 hodin, vo vyrazne inverznom mesiaci. V dennom priebehu bolo trvanie inverzii
CastejSie medzi 16.00 az 07.00 hodinou (70 %), minimum je medzi 11.00 — 14.00 hodinou (30
%).

V porovnani s vel'mi inverznou Zvolenskou kotlinou, v priebehu roka bolo v oblasti Skalky az
1445 hodin, kedy v nadmorskych vyskach okolo 1000 — 1200 m teplejSie ako v tdolnych a
kotlinovych polohach. NajsilnejSie inverzie v prilahlych kotlindch boli v zimnych mesiacoch,
v trvani 190 az 230 hodin (30 % trvania v mesiaci), ale vyrazne inverzny bol aj oktdber a
februdr, v trvani 140 — 155 hodin (25 %). Minimum inverzii bolo v juni a v juali, len 30 az 50
hodin (5 % trvania v mesiaci). Z hl'adiska intenzity, slaba inverzia, v intervale 0,1 az 2,0 °C,
predstavoval 45 % vyskytu, mierna, v intervale 2,1 az 6,0 °C, 40 % a silna, v intervale 6,1 az
15,0 °C, 12 % vyskytu. Silna inverzia v kotlindch bola zaznamenana hlavne od oktdbra do
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februara, s maximom v rannych hodinach, od 07.00 do 10.00 hodiny. Od marca do septembra
bolo jej trvanie voci kotlinovym polohdm uz zanedbatel'né.

Vihkost’ vzduchu

Priemerna ro¢né vlhkost’ vzduchu na vymedzenom tzemi Skalka dosahuje 79 % (tab. 5), v
priebehu roka bola niz$ia v mesiacoch IV — VIII, v intervale 73 — 76 %, vyssia v mesiacoch IX
— 1, v intervale 79 — 85 %. V jednotlivych rokoch vsak bola jej variabilita pomerne velka, v
zavislosti od vyskytu vlhkych, resp. suchych obdobi. Vysok4d mesacnd vlhkost’ vzduchu sa
vyskytovala aj v letnych mesiacoch pri prevahe vlhkych cyklondlnych poveternostnych situacii.
V dennom priebehu relativna vlhkost’ vzduchu zavisi od vlastnosti vzduchovej hmoty, ktora do
naSich zemepisnych Sirok prudi a od priebehu dennej teploty vzduchu. S rastucou amplitadou
dennej teploty vzduchu sa zvyraziuju aj rozdiely vlhkosti vzduchu v no¢nej a dennej dobe. Tie
su vyrazné hlavne pri anticyklondlnych poveternostnych situdciach. Najvyraznej$i pokles
relativnej vlhkosti vzduchu bol medzi 11.00 az 16.00 hodinou.

Tabul’ka S. Priemerna mesac¢na a ro¢na vlhkost’ vzduchu [%] V jednotlivych mesiacoch roka
v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac | 1] i 1v v Vi VIl VI IX X Xl Xl Rok
Vlhkost’ vzduchu 82 81 79 73 74 76 75 75 80 82 85 85 79

Oblacnost’ a jej charakteristiky

Priemerné¢ dlhodobé pokrytie obla¢nostou dosahovalo 66 % (tab. 6). Menej priaznivé
podmienky v dlhodobom chode prevlddaji v zimnom polroku, v désledku poklesu spodne;j
zékladne oblac¢nosti v zimnom obdobi a vystupnych pohybov vzduchovych hmét ponad masiv
Kremnickych vrchov, s priecnou orientdciou voci prevladajucemu zondlnemu (zdpado —
vychodnému) prudeniu vzduchu. Preto aj priemerny pocet zamracenych dni (pokrytie
oblac¢nost’ou > 80 %) bol zimnych mesiacoch takmer dvojnasobny oproti letnym. V novembri
a decembri dosahoval 15 — 16 dni, v jali a auguste len 9 dni. Priemerny ro¢ny pocet
zamracenych dni bol 143. Priemerny pocet jasnych dni (pokrytie oblacnostou < 20 %)
dosahoval 31, ich mesa¢ny priebeh bol vyrovnany, v intervale 1 az 4 dni (obr. 4). AvSak za
anticyklonalnych situdcii sa aj v zimnom polroku vyskytuju priaznivé periddy so slne¢nym,
malo obla¢nym a relativne teplym pocasim, oproti niz§im udolnym a kotlinovym poloham. V
letnom polroku vyska spodnej zakladne obla¢nosti sa v teplych vzduchovych hmotach dviha.
Maximalny vyskyt oblacnosti so spodnou zakladinou obla¢nosti v intervale vySok 1 — 1,5 km
nad uroviiou Zvolenskej kotliny bol v dopoludiajsich hodinach, v intervale 1,5 — 2 km v
popoludnajsich, v intervale 2 — 2,5 km v neskorSich popoludnajsich a nad 2,5 km vecer okolo
21. hodiny. Maximalny vyskyt spodnej zakladne oblac¢nosti pod 1 km, teda pod troviiou
hrebeiia Kremnickych vrchov bol okolo 7.00 hodiny rannej. Pocetnost nizkej oblacnosti a hmly
pod 50 m nad uroviou Sliac¢skej kotliny bola najcastejSia rano okolo 5.00 hodiny a opéat
pribudala po 18.00 hodine.

Tabul’ka 6. Priemerné mesa¢né a roéné mnoZstvo obla¢nosti [%], pocet jasnych dni (obl. < 20%0)
a zamracenych dni (obl. > 80%) v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac | 1] 11 v Vv Vi VI VI IX X Xl Xl Rok
Oblaénost’ 65 68 68 68 65 66 63 57 65 65 74 70 66
Jasné dni 4 3 3 2 2 1 2 3 3 4 2 4 31
Zamracené dni 13 13 14 12 10 9 9 8 11 13 16 15 143
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Obr. 4. Priemerné mesacné a ro¢né mnoZstvo oblacnosti [%], pocet jasnych dni (obl. < 20%) a
zamracenych dni (obl. > 80%) v oblasti Skalka pri Kremnici v obdobi 1981 — 2013.

Trvanie sinecného svitu a jeho charakteristiky

Priemerné ro¢né trvanie slne¢ného svitu v oblasti Skalka ovplyviiuje pokrytie oblacnost'ou,
vyskyt hmiel, ¢lenitost’ okolitého reliéfu, jeho orientacia, otvorenost’ horizontu, ale aj vyskyt
lesného porastu a zéastavby. Na otvorenych vrcholovych polohich priemerné ro¢né trvanie
slnec¢ného svitu dosahovalo 1765 hodin (tab. 7), na nepriaznivo orientovanych strmych svahoch
bolo jeho trvanie kratSie az o 35 %. Maximum slneéného svitu bolo v letnych mesiacoch,
naopak minimum v novembri a decembri. Tomu zodpovedal aj nizsi pocet slne¢ny dni (trvanie
slne¢ného svitu > 5 h) v zimnych mesiacoch, nielen v dosledku vicsej obla¢nosti, ale aj
kratSieho trvania maximalne mozného slnecného svitu. Priaznivejs$ie podmienky boli od méja
do augusta, s poctom 19 — 21 slne¢nych dni v mesiaci. Najviac, 9 az 14 dni bez slne¢ného svitu
sa vyskytovalo opdt’ v zimnych mesiacoch (obr. 5). Napriek tomu aj v zimnom obdobi, pri
anticyklonalnych poveternostnych situdcidch sa vyskytovali periody s dostatkom slne¢ného
svitu, hlavne na otvorenych vrcholovych lokalitdch a juzne orientovanych svahoch. V letnom
polroku, v dosledku zvySenej lability ovzdusia, dochadzalo oproti niz§im poloham k ¢astejSe;j
tvorbe kopovitej oblac¢nosti uz v priebehu dopoludiiajSich hodin. Z tohto dévodu trvanie
slne¢ného svitu bolo prerusované az do odznenia zvySenej lability ovzdusSia v popoludnajsich
hodinéch.

Tabulka 7. Priemerné mesa¢né a roéné trvanie slne¢ného svitu [h], pocet sine¢nych dni
(sIn. svit > 5h) a dni bez sIne¢ného svitu v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac | i v v VI VIl VIl IX X XI Xl Rok
Slnecny svit 89 94 135 168 210 209 221 217 155 123 74 70 1765
Slne¢né dni 9 9 13 15 20 19 20 21 15 12 7 8 168

Dni bez slneé. svitu 11 9 6 5 2 2 3 2 5 7 12 14 78
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Obrazok 5. Priemerné mesacné a rocné trvanie slne¢ného svitu [h], pocet sine¢nych dni
(sIn. svit > 5h) a dni bez slne¢ného svitu v oblasti Skalka pri Kremnici v obdobi 1981 — 2013.
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Hmla a namraza

V oblasti Skalka pri Kremnici v dlhodobom ro¢nom priemere vyskytovalo 175 dni s hmlou,
prevazne v zimnom polroku, najmi od oktobra do marca, kedy predstavuje limitujaci faktor
zimnych rekreacnych aktivit. Jeho zvySeny vyskyt v zimnom polroku je podmieneny znizenim
zékladne oblacnosti, v dosledku pritomnosti studenych vzduchovych hmoét. Prevlada hmla
advektivneho pdvodu pri cyklondlnom charaktere pocasia, v teplom sektore aj v tyle tlakovych
nizi, ako aj pri advekcii teplého vzduchu po zadnej strane tlakovych vysi. K znizeniu zakladne
oblacnosti dochadza aj v dosledku pridenia vzduchu ponad orografické prekazky a
konvektivnym pradenim vzduchu. Vhodné podmienky pre tvorbu hmiel nastavaju pri zvysenej
vlhkosti vzduchu, v dosledku zrazkovej Cinnosti a si¢asnom advektivnom, alebo radia¢nom
ochladzovani vzduchu. Pocet dni s namrazou dosahuje v rocnom priemere 75 dni, s maximom
v decembri a januari (tab. 8).

Tabulka 8. Priemerny mesa¢ny a roény pocet dni s hmlou a namrazou v oblasti Skalka pri
Kremnici v obdobi 1981 — 2013

Mesiac I 1 11 v V VI Vil VI IX X Xl Xl Rok

Hmla 18 17 16 12 12 12 11 10 13 17 18 19 175

Namraza 16 14 10 3 - - - - - 3 12 17 75
Rychlost’ vetra

Priemerna ro¢na rychlost’ vetra v oblasti Skalka je podmienend jej nadmorskou vySkou,
komplexnym reliéfom, jeho konfiguraciou voci prevladajicemu zonalnemu pradeniu vzduchu
a drsnost'ou terénu. Tabul'ka priemernej rychlosti vetra (tab. 9, 10) reprezentuje lokality so
zéastavbou, v blizkosti zalesnenych ploch, kde rychlost’ vetra dosahuje vo vyske 10 m nad
terénom 3,5 — 4,5 m.s®. Pod aroviiou okolitého lesného porastu, v dosledku velkej drsnosti
terénu je rychlost’ vetra znizend, preto oblast’ Skalky sa javi relativne menej veterna, v
porovnani s odlesnenymi lokalitami v obdobnych nadmorskych vyskach. Ale nad tGroviiou
lesného porastu sa vertikalny profil rychlosti vetra rychlo obnovuje a vo vysSkach okolo
trojnasobku vysky lesného porastu nad terénom je profil vetra ovplyvneny uz len relié¢fom. Z
tohto dovodu neopatrné a nadmerné odlesnenie v oblasti Skalky by sposobovalo d’alSie
zvysenie priemernej rocnej rychlosti vetra v prizemnej vrstve ovzduSia v Sirokom intervale o 1
az 3 m.s%, aviak vyznamne by vzrastla fluktuacia vetra aj vo forme vyssich narazov vetra v
prizemnej vrstve ovzdu$ia. Z hladiska veternosti st najviac exponované vrcholové polohy
Kremnickych vrchov, napr. severne od Skalky, kde priemerné rocna rychlost’ vetra dosahuje 5
— 6,5, extrémne aj nad 7 m.s%. Priemerna roéna rychlost vetra 2 — 3 m.s sa vyskytuje na veterne
malo exponovanych svahovych a udolnych lokalitach, tienenych hrebefiom Kremnickych
vrchov (obr. 6, 7). Variabilita priemernej rychlosti vetra sa prejavuje v ronom aj sezonnom
priebehu. Vyssia veternost’ je v zimnych mesiacoch, naopak niz§ia v letnych. Prevlada zapadné
az severozdpadné prudenie vzduchu, v komplexnom teréne sa vSak prevladajiice smery vetra
modifikuji vplyvom orografie. Severo — juznd orientacia hrebenia Kremnickych vrchov, ako aj
okolitych kotlin, okrem severozdpadnej zlozky smeru vetra zvyraziiuje aj severné a
severovychodné smery vetra, vplyvom pridenia pozdiz horskej bariéry. Orientacia Zvolenskej
kotliny zvyraziuje juzné a najmi juhovychodné zlozky priudenia vzduchu. Uplatiiuje sa aj vplyv
miestnej cirkulacie vo forme juzného az juhovychodného tudolného prudenia vzduchu.
Rozlozenie priemernej ro¢nej rychlosti vetra je znadzornené na mape nizSie. NajvysSia
priemerna ro¢na rychlost’ vetra na vymedzenom tzemi je v oblasti Kremnickej skaly, ale
vysoké rychlosti vetra sa vyskytuju aj v ostatnych castiach hrebetia Kremnickych vrchov,
hlavne v lokalitach: Skalka a Mytny vrch. Pri severozdpadnom pradeni je veternejSia opit
oblast Kremnickej skaly, Ciasto¢ne Skalky, severného hrebetia Mytneho vrchu, ale aj
Krahul'ského vrchu. V pripade severného pridenia vzduchu je najveternej$i Krahul'sky vrch,
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Zadné¢ diely, Skalka a zdpadny hreben Mytneho vrchu. Vyssia veternost’ v zimnom polroku je
podmienena charakterom vSeobecnej cirkulacie vzduchu v nasich zemepisnych Sirkach, ale aj
nizSou drsnostou listnatého lesného porastu a snehovej pokryvky. V zimnom obdobi sa
CastejSie vyskytuji vel'mi veterné cyklondlne poveternostné situécie, s vyraznym tlakovym aj
teplotnym gradientom, napr. v rokoch 2007, 2008, kedy rychlost’ vetra na nasom uzemi
dosahovala silu silnej vichrice (89 km.h?) a7 orkanu (118 km.h?), s vyskytom vetrovych
kalamit a Skod na majetku.

Tabulka 9. Priemerna mesaéna a ro¢na rychlost’ vetra [m.s™!] s prihliadnutim na drsnost’ terénu
v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac | 1 m v v v vil vl IX X XI Xl Rok
Rychlost’ vetra 40 40 37 36 34 31 30 28 32 35 38 39 3,5

Tabulka 10. Pocetnost’ smerov vetra a priemerna rychlost’ vetra podl'a jednotlivych smerov
v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Smer vetra [°] 0 45 90 135 180 225 270 315 Priemer
Pocetnost’ smerov vetra [%6] 115 77 75 93 9,5 93 252 198 -
Rychlost’ vetra [m.s™] 3,9 41 38 4,0 3,7 2,8 3,2 3,1 35

—— Podetnost sm. vetra [%)]

= Rychlost vetra [m.s-1]

Obr. 6. Pocetnost’ smerov vetra a priemerna rychlost’ vetra podl’a jednotlivych smerov v oblasti
Skalka pri Kremnici v obdobi 1981 — 2013.
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Stradnicovy systém: S-42 (Gauss-Krilgerove zobrazenie)
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Obr. 7. Priemerna roéna rychlost’ vetra [m.s?] v oblasti Skalka pri Kremnici v obdobi 1981 —
2013.

Odlesiiovanie vrcholovych a hrebeniovych poloh sposobuje narast rychlosti vetra aj na
prilahlych svahoch, v zavislosti od prevladajucich smerov vetra a miery ich odlesnenia. Z
lyziarskych svahov je odlesnenim najviac ovplyvnend Peknd vyhliadka pri juZznom (S),
juhovychodnom (SE), severozapadnom (NW) prudeni vzduchu, horny usek zjazdovky aj pri
juhozépadnom (SW) prudeni.

Atmosférické zrazky

Dlhodoby priemerny ro¢ny uhrn atmosférickych zrazok v oblasti Skalka je vysoky,
V hodnotenom obdobi dosahoval okolo 1200 — 1260 mm (tab. 11). Tieto hodnoty zodpovedaja
danym geografickym podmienkam, kde sa uplatituje aj orografické zosilnenie zrédzkovej
¢innosti, v blizkosti vrcholovych a hrebeniovych poldh. Vzhl'adom k meridionélnej (severo —
juznej) orientacii Kremnickych vrchov, ohrani¢enych Starohorskymi vrchmi a Vel'kou Fatrou,
dochadzalo k zvysenej zrazkovej ¢innosti nielen v priebehu zdpadnych cyklonalnych, ale aj
juznych cyklonalnych situécii. Vyskyt najvyssich thrnov zraZzok sa vymedzuje prave v oblasti
Skalky a sleduje vrcholové a hrebeniové polohy smerom na sever. V priebehu mimoriadne
vlhkého roka 2010 spadlo az 1720 mm, naopak v priebehu mimoriadne suchého roka 2003 len
830 mm zrazok. Priemerné mesa¢né thrny v priebehu roka boli vyrovnané, v rozpéti 90 az 123
mm zrazok, avSak odchylky extrémnych mesa¢nych uz thrnov boli velké. Maximalny mesacny
uhrn dosahoval v juli 378 mm, naopak absolutne mesa¢né minima poklesli v aprili, auguste a
novembri len 1 — 2 mm zrazok (obr. 8). Oblast Skalky, v dosledku castejSieho vyskytu
vydatnych a intenzivnych zrazok v teplom polroku, podlieha zvySenému riziku erozivnych
procesov na odlesnenych, nespevnenych a strmych svahoch.
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Tabulka 11. Priemerny, maximalny a minimalny mesa¢ny a ro¢ny uhrn zraZok [mm] v oblasti
Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac | I i v \Y Vi vl VI IX X Xl Xl Rok
Priemer 102 9 102 77 114 115 123 96 96 104 113 108 1240
Maximum 296 201 262 189 284 195 378 281 293 231 248 304 1720
Minimum 31 16 12 2 13 16 23 2 19 5 1 35 830
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Obr. 8. Priemerny, maximalny a minimalny mesa¢ny uhrn atmosférickych zrazok [mm]
v oblasti Skalka pri Kremnici v obdobi 1981 — 2013.

Priemerny ro¢ny pocet dni s thrnom zrazok 1 mm a viac dosiahol 137 dni. Priemerné mesacné
hodnoty boli vyrovnané, v intervale 10 — 13 dni (tab. 12).

Tabul’ka 12. Priemerny mesacny a roény pocet dni s thrnom zrazok 1 mm a viac v oblasti
Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac | 1 m v v vI Vil vl IX X Xl Xl Rok
Uhrn >=1 mm 13 11 12 10 12 12 12 10 10 11 13 13 137

Snehovd pokryvka a jej charakteristiky

Charakteristiky snehovej pokryvky st podmienené, okrem orografie, reliéfu, expozicie
a vyuzitia krajiny, zraZkovymi, teplotnymi, veternymi pomermi. Priemerna mesac¢na vyska
snehovej pokryvky (tab. 13) dosahovala svoje maximum v januari az marci, ale v niektorych
rokoch sa vydatné sneZenie vyskytovalo uz v decembri, o napomahalo akumulécii snehovej
pokryvky a jej trvaniu v pripade prevahy anticyklonalnych poveternostnych situacii v januari.
Absolutne denné maxima snehovej pokryvky, na otvorenych lokalitach bez zavejov, dosahovali
vySok az okolo 200 cm. Celkova vyska snehovej pokryvky (CSP) v lesnom poraste, v zavislosti
od jeho skladby, je zvyCajne nizSia, ale jej trvanie naopak dlhSie. Preto dlhSie pretrvéavali
priaznivé snehové podmienky na pocetnych beZzeckych tratiach vyty¢enych v zalesnenom
uzemi. Zaveje sa tvoria v otvorenom teréne, hlavne pocas veternych cyklonalnych
poveternostnych situdcii s vydatnym snezenim. Mnozstvo a charakteristiky snehovej pokryvky
st vyznamne ovplyvilované priamym slnecnym Ziarenim a prudenim vzduchu od juhu a
zépadu. Z juzne orientovanych svahov snehova pokryvka ustupuje najskor a jeho povrch byva
CastejSie zl'adovateny. V periddach s advekciou teplych a suchych vzduchovych hmét z juznych
zemepisnych Sirok dochédza k intenzivnej sublimacii snehovej pokryvky.
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Tabul’ka 13. Priemerna mesacna vySka snehovej pokryvky (PVSP) a maximalna denna vyska
CSP v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac I I 1 v \Y Vi Vi Vi IX X Xl Xl
PVSP 49 57 54 16 2 - - - - 2 10 21
Max. CSP 182 180 207 110 26 - - - - 38 55 180

Pozndmka: PVSP je podiel sumy dennych vysok celkovej snehovej pokryvky (CSP) a poctu dni's CSP 1 cm a viac

Z hl'adiska podielu skupenstva zrazok, prevazuju tekuté zrazky, s podielom 70 %. Tuhé zrazky
predstavovali z celkového roéného uhrnu v dlhodobom priemere 20 %,. Zvysok, 10 % boli
zmieSané zrazky. Podiel tuhych zrazok, v zavislosti od teplotnych a zrazkovych pomerov
Vv priebehu zim, dosahoval rozptyl 7 % (1994) az 43 % (2005) celoro¢nych zrazok.

Pocet dni so suvislou snehovou pokryvkou v dlhodobom priemere dosahoval 129 dni (obr.9),
s maximom 25 az 29 dni v obdobi XII — III. Pocet dni s vySkou snehovej pokryvky 10 cm a viac
je uz nizs§i, priblizne 106 dni. V dlhodobom priemere sa v oblasti Skalka vyskytuje 69 dni so
snezenim, s maximom v mesiacoch X1 — 111 (tab. 14).

Tabulka 14. Priemerny mesa¢ny a ro¢ny pocet dni s celkovou snehovou pokryvkou (CSP) 1 cm
aviac, 10 cm a viac a so snezenim v oblasti Skalka pri Kremnici v obdobi 1981 — 2013

Mesiac | 1] ] v Vv Vi Vi VI IX X Xl X1l Rok
CSP>=1cm 29 28 27 9 1 - - - - 2 10 25 129
CSP >=10cm 27 27 24 6 - - - - - 1 5 18 106
Snezenie 12 13 11 5 2 2 - - 1 4 9 10 69
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Obr. 9. Priemerny mesacny pocet dni s celkovou snehovou pokryvkou (CSP) 1 cm a viac, 10 cm
a viac v oblasti Skalka pri Kremnici v obdobi 1981 — 2013.

Vhodnost’ klimy k sidlam

Vo vztahu k sidlam (obr. 10) st v ramci vymedzeného tzemia Skalka pri Kremnici
najvhodnejsie menej clenité, otvorené vrcholové lokality od Krahul'ského vrchu az po Skalku
a mierne juzné az juhozapadné konkavne svahy od Zadnych dielov az po Skalku s malym

sklonom do 3°, resp. 7°. Vrcholové polohy su vsak aj veternejsie, v zimnom obdobi

nachylnejsie k tvorbe zavejov a namrazovych javov, ¢o zvysuje naroky stavieb z hladiska
optimalnej orientacie voci prevladajacemu pradeniu vzduchu, sinecnému ziareniu, odvadzaniu
zrazok a akumulacii snehovej pokryvky na budovach a v ich okoli. Je potrebné zohradnit
vysoky pocet vykurovacich dni, v priemere 270 dni, v rozpati 255 az 295 dni.
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Obr. 10. Mapa vhodnosti klimy k sidlam v lokalite Skalka.

Na stavebné konstrukcie st kladené vyssie naroky voci zat'azeniu vetrom a nerovnomernému
zat'azeniu snehom. Aj z tohto dévodu je potrebné citlivo zvazovat’ kazdy vyrub lesného porastu.
Uvazlivy pristup k sposobu terénnych uprav pri odvadzani intenzivnych kratkodobych, ale aj
viacdennych vydatnych zrazok vyznamne znizuje riziko podnej erozie a jej premiestnovanie do
nizsich poloéh, najma v strmsich svahoch. V pripade odlesnovania je nevyhnutna ochrana a
obnova oslabenych okrajov zalesnenych ploch, ktoré maja funkciu vetrolamov, ovplyviuja
akumulaciu snehu na rozhrani zalesnenej a odlesnenej plochy.

Stavby by mali byt prisposobené predovsetkym zimnym podmienkam od decembra do marca,
kedy je ich vytazenost najvyssia. Najlepsie podmienky pre letna rekreaciu sa v mesiacoch jul
a august, vo velkej miere aj v juni. V pripade priaznivého pocasia byvaju dobré podmienky v
maji a v septembri. Obmedzené podmienky prevazuju v aprili, oktobri a novembri, kedy uz
rekreacna ¢innost’ v exteriéri byva pocasim limitovana. Ale v pripade dlhsich inverznych period
su priaznivé obdobia aj v oktobri a novembri.

Pre letnu rekreaciu je limitujaca nizsia teplota vzduchu, zvysena zrazkova a barkova ¢innost,
vacsia oblacnost’ v priebehu dna, oproti podhorskym a adolnym poloham, vyskyt advektivnych
hmiel a vacsia veternost. Vo vymedzenom uzemi Skalka (obr. 11), vo vztahu k letnej rekreacii
su najvhodnejsie opat’ menej ¢lenité vrcholové lokality a juzné az juhozapadné konkavne svahy,
uz ohranic¢ené v mape 1, ako aj oblast’ od Tunela cez Kremnicku skalu, Bystrické sedlo, Skalku
az po Mytny vrch. Tato oblast’, popretkavana mnozstvom tras v zapojenom lesnom poraste,
podporuje letnu turistiku, bezecké cyklistické discipliny. K dispozicii su ihriska pre kolektivne
sporty. Potencial pre letné aktivity je vsak stale nenaplneny, tyka sa to aj lyziarskych svahov.
Z hradiska vhodnosti klimy k sidlam a k letnej rekreacii, je vymedzené uzemie Skalka,
vrchovinnym klimatickym typom. Disponuje limitnym klimatickym potencialom pre mierne
chladnu a ve'mi vlhka mezoklimu.
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Obr. 11. Mapa vhodnosti klimy k letnej rekreacii v lokalite Skalka.

Vo vymedzenom tizemi Skalka pri Kremnici, vo vzt'ahu k zimnej rekreacii moézeme vymedzit
dve oblasti (obr. 12), z hl'adiska vhodnosti pre zimné sportové aktivity. Prvou st malo oslnené
severné svahy, s priaznivou akumulaciou, kvalitou a trvanim snehovej pokryvky, vhodné pre
zjazdové lyzovanie. Druhou su menej ¢lenité otvorené vrcholové polohy a juzne orientované
slne¢né svahy pre bezecké discipliny. V dosledku slne¢ného Ziarenia je v tychto lokalitach
akumulacia snehovej pokryvky menej priazniva, jej periodické topenie a opéatovné premizanie
vytvara zladovateny povrch, naro¢ny na udrzbu. Prevazuja bezecké trate, pocas slabych zim st
juzne orientované zjazdovky vyuzitelné prevazne len v uzsom zimnom obdobi. Ale z
bioklimatologického hladiska su tieto lokality priaznivejsie, v dosledku intenzivnej insolacie.
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Obr. 12. Mapa vhodnosti klimy k zifnnej rekreacii v lokalite Skalka.
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Limitujacim faktorom v zimnom obdobi sa periody s velkou obla¢nostou, vyskytom
advektivnych hmiel, zvysenou veternostou a vyskytom namrazovych javov. Avsak pocas
priaznivych anticyklonalnych poveternostnych situacii s inverznym zvrstvenim ovzdusia sa
vyskytuji periody s prijemnym slne¢nym pocasim, na rozdiel od studenych udolnych a
kotlinovych poloh, zahalenych inverznou obla¢nost’ou.

ZAVER

Zmeny v klimatickom systéme sa zacinaju prejavovat aj zmenami hydrologického cyklu,
dopadmi na pedosféru, rizosféru ¢i zlozky biosféry. Komplikované interakcie a vzt'ahy medzi
systémami si vyzaduju interdisciplindrny pristup a spolupracu expertov Specializovanych na
jednotlivé ekologické systémy.

Vysledky naSej stidie sluzia ako podklad k tvorbe tzemného planu zdujmovej lokality.
Dlhodobé zhodnotenie klimy, realizované na zaklade réznych databaz (SHMU, TU Zvolen)
potvrdzuje, Ze v ostatnych rokoch az desatrociach dochédza k narastu nielen priemernych, ale
aj maximalnych teplét vzduchu v letnom aj zimnom obdobi, k opakovanému vyskytu
dlhSietrvajiiceho sucha.

Sucasné odlesiiovanie vrcholovych a hrebenovych poléh spdsobuje narast rychlosti vetra aj na
prilahlych svahoch, v zavislosti od prevladajicich smerov vetra a miery ich odlesnenia.
Hodnotena oblast’ je =z klimatologického hl'adiska celorone vhodnd na Sirokt Skalu
rekrea¢nych aktivit, preto by bolo vhodné z tejto lokalite obnovit’ meteorologické pozorovania
Vv §irSom rozsahu.
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ABSTRAKT

Mikroklima klimaxovych smre¢in nam poskytuje dolezité informacie o pédno-ovzdusnom prostredi
Vlesnom poraste tj. o zadkladnych tdajoch o teplote vzduchu apddy ao dalsich
mikrometeorologickych prvkoch. Rastice prirodné rizikd a katastrofy, akymi su napr. teplotné
extrémy, sucho, lesné a krajinné poziare, privalové dazde, veterné a lykozratove kalamity st
neklamnymi znakmi ¢lovekom podmienenej globalnej zmeny klimy. Tieto zmeny dokdzu menit’
mikroklimatické aj hydrologické podmienky lesného prostredia. Merania sa uskutociiovali
Vv trojdiiovom ¢asovom intervale od 18.7. do 20.7. 2022 ato na tychto plochach: mftvy les,
porastovy okraj, vol'na plocha a zivy les. Vyskumné plochy sa nachadzaji v Zapadnych Tatrach
(TANAP-U) na vyskumnom objekte Cervenec, v nadmorskej vyske 1420 m n. m.
Mikrometeorologické merania teploty vzduchu sa vykonavali pomocou mikrometeorologickej
stanice pozostavajucej z meracieho zariadenia (Minikin i-line), ktory meria teplotu vzduchu nad
povrchom zeme vo vyske (5 cm, 50 cm a 200 cm). Na meranie teploty pody sme pouzivali zariadenie
Microlog T3 s tromi snima¢mi Pt1000 (-2 cm, -5 cm, a - 10 cm). Namerané hodnoty boli rozdelené
do dvoch intervalov (desatminttovy interval a hodinovy interval), pre lepSie znazornenie priebehu
teploty vzduchu a pddy. Ciel'om tejto Studie je porovnat’ vplyv kalamitnych $tadii rozpadu lesa na
teplotu vzduchu, pddy. Ziskané poznatky o zmenach porastovej mikroklimy horskych smreéin
v désledku ich kalamitného rozpadu poskytni cenné poznatky pre obnovu buduceho lesa, pre jeho
ochranu pred lesnymi poziarmi.

Kruacové slova: mikroklima, teplota vzduchu a pddy, horské klimaxové smreciny, kalamitny
rozpad, TANAP

UvVoD

Dokonaléd znalost’ mikroklimy a bioklimy lesnych porastov mé pre §tudium produkénych a
ekologickych procesov rastlin vel’ky vyznam. Vo vnutri lesnych porastov sa vytvara specificka
fyzikdlna a chemickd mikroklima, ktora je na jednej strane formovana fyziologickymi
vlastnost’ami a Struktirou porastu, na druhej strane sama ovplyviuje ekofyziologické a teda aj
produkéné procesy rastlin. Vzajomné ovplyviiovanie v systéme poda — porast — atmosféra zavisi
nielen od vlastnosti a Struktiry porastu, ale v nemalej miere aj od konkrétnych
meteorologickych podmienok (poveternostnej situdcie) v danom case (Stielcova et al., 2003,
Tuzinsky et al., 2003).

Struktura lesa, vegetacia, zdravotny stav drevin a druhové zloZenie to vietko ovplyviuje
transport vody a jej zloziek pomocou intercepcie, podnej vlhkosti, povrchovej vody, odtoku a
vlhkosti vzduchu prostrednictvom transpiracie a evaporacie. Mikroklimatické variability ako
poda, zemsky povrch a teplota vzduchu sa prostrednictvom energie zo solarnej radiacie
transformujii pomocou vodnej evaporacie (Kopacek et al., 2023). Les vyrazne vplyva na
hydrologicky cyklus. Stéastou zachytavania zrazok lesom je vyparovanie a jehO spétné
vracanie do atmosféry. Intercepcia meni priestorovi distribuciu zraZzok pod korunami stromov.
(Bartik et al., 2019).
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Lesy pokryvaju priblizne 40 % uzemia Slovenska. Rozsiahle oblasti v krajine boli neddvno
postihnuté odumieranim, ako uz bolo spomenuté (Grodzki et al., 2006; Jakus et al., 2011; Seidl
etal.,2011). Smrek obycajny (Picea abies (L.) Karst) je najviac zastupenou ihli¢natou drevinou
na Slovensku (jeho zastupenie je priblizne 26 % zo vSetkych druhov lesnych drevin), zaroven
je aj jednym z najohrozenejSich druhov, najmé kvoli vysokej citlivosti na zvySenie teploty
vzduchu. Nastupujuca globalna zmena klimy je hrozbou pre stabilitu lesnych ekosystémov
(Kupka et al., 2023; MAlis et al., 2023). Odumieranie smre¢in sa nevyskytuje len v oblastiach,
kde bol smrek umelo vysadeny ¢lovekom, ale dokumentuje sa aj v pévodnych horskych lesoch
(Janda et al., 2017; Parobekova et al., 2016; Hudokova et al., 2023) a v oblastiach, ktoré boli
doteraz relativne menej ovplyvnené l'udskou c¢innostou (Fleischer et al., 2017, Mezei et al.,
2017).

Vzhl'adom na to, Ze takéto lesy sa Casto vyskytuju v pramennych oblastiach povodi, ich zmena
moze mat’ vplyv aj na tvorbu povrchového odtoku a nasledne na odtokovy rezim v udolnych
oblastiach. V tejto studii sa budeme venovat’ hlavne mikroklimatickym zmenam klimaxovych
smrekovych porastov v dosledku ich kalamitného rozpadu v oblasti Zapadnych Tatier
(TANAP-U). Budeme sa zaberat’ mikroklimatickymi podmienkami ako su teplota vzduchu
a pody. Nasim ciel'om je zistit’ ako kalamitné $tadia rozpadu klimaxovych smrekovych porastov
vplyvaju na teplotu vzduchu a pody.

CHARAKTERISTIKA PLOCHY A METODY

Merania teploty vzduchu a pddy sme robili na vyskumnej ploche Cervenec. Cervenec sa
nachadza v nadmorskej vyske 1420 m n.m. v Zapadnych Tatrach konkrétne v
blizkosti Jaloveckej doliny pri chate pod Naruzim. Priemerna roén4 teplota v Cervenci je 2,4°C
a tato vysokohorska oblast’ sa vyznacuje najmi chladnou klimou (Klimaticky atlas Slovenska
2015). Podl'a Janca et al., (2021) spada vyskumna plocha do 7. smrekového vegetacného
stupna, skupiny lesnych typov: Sorbeto-Piceetum (60%) a Acereto-Piceetum (40%).
Podrobnejsi popis lokality podava praca Orenak et al., (2013) a i.

Merania teploty vzduchu apddy sa vykonavali na tychto Styroch lokalitich (mitvy les,
porastovy okraj, vol'na plocha azivy les). Jednotlivé merania sme zistovali pomocou
mikrometeorologickej stanice, ktord sluzi na meranie teploty vzduchu. Teplotu vzduchu
meriame meracim zariadenim tzv. (Minikin i-line). Minikin i-line dokaze merat’ teplotu nad
povrchom zeme vo vySke (5 cm, 50 cm a 200 cm). Na meranie teploty pody sme pouzili
zariadenie Microlog T3 s tromi snimaémi Pt1000 v hibke (-2 cm, -5 cm a-10 cm) pod zemskym
povrchom. Namerané hodnoty sme rozdelili do dvoch intervalov (desatminutovy a hodinovy
interval) pre ovela lepSie znazornenie priebehu teploty. Nas prispevok ma v zmysle metodiky
autorov Petrik et al., (1986) charakter kratkodobého (ambulantného) mikrometeorologického
merania. Pri tomto spdsobe merania sa zistuje hlavna mikroklimatickd charakteristika
prostredia kratkodobym pozorovanim zachytavajicim priebeh niektorych vyznamnych
meteorologickych prvkov pocas jedného alebo niekol'kych dni. Ambulantné merania sa robia
za r6znych meteorologickych situacii, ale najvyhodnejSie st za jasného slne¢ného a pokojného
pocasia, ked’ si mikroklimatické G¢inky najvyraznejSie. Pre naSe merania boli preto vybrané
dni 18.7.do 20.7. 2022 s ,,idedlnym* pocasim s typom synoptickej situdcie A - anticyklona nad
strednou Eurépou (podla /www.shmu.sk).
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Obr. 1. A — voPna plocha, B — Zivy les, C — porastovy okraj, D — mritvy les (Zdroj: vlastny
archiv).

VYSLEDKY A DISKUSIA

Teplota pody a vzduchu na vol’nej ploche

Aktivnym mikroklimatickym povrchom vol'nej plochy je vlastny povrch pddy a nizkej bylinnej
vegetacie. Pri povrchu pody meteorologické prvky maju ndpadné rozdielnosti t.j. od povrchu
pody smerom do atmosféry a pedosféry sa prudko menia teplota, vlhkost’ a od jeho vlastnosti
zavisi napr. evapotranspiracia atd. Mikroklimaticky priestor (do vysky 1,5-2m) je
charakteristicky vel’kym kolisanim a rychlymi zmenami meteorologickych javov, v naSom
pripade hlavne teploty, ale vo vSeobecnosti aj vlhkosti a tiez ho charakterizuja neustale pohyby
vzduchu, turbulencie a pod. Ako konStatuju viaceri autori (Geiger 1961, Petrik et al., 1986;
Spanik et al., 2006) pri¢inou tychto javov v prizemnej vrstve ovzdusia je rozhranie medzi
podou a ovzdusim, t. j. aktivny povrch pody, na ktorom a v ktorého bezprostrednej blizkosti
(do niekol’ko mm) je najvdcSia vymena tepelnej energie. Uplatituji sa tu rozne fyzikalne
vlastnosti aktivneho povrchu a pddy, ale aj absorpcia, tepla podou, insolécia, dlhovinna radidcia
atd’.

evve

evve

bola 18.7. 2022 0,4°C. NajvysSie a najnizSie nameran¢ teploty pody vo vSetkych troch ditoch
boli v hlbke -2 cm. Diia 20.7. 2022 bola namerand najvyssia teplota pody 46,5 °C o 13:00 hod.
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evve

nocou v hibke -2 cm, kde amplitida dosahovala hodnotu 43,6°C. Pri dosiahnuti teplotného
maxima teplota klesla cca o 3°C potom stlipla na maximalnu teplotu a tento cyklus sa opakoval
pocas tychto troch dni. Dévodom bol vyvrateny strom, ktory sa zachytil v porastovom okraji
medzi 11 a 12 hod. a vtedy tient dosiahol do polovice mikroklimatickej stanice.

Nase merania jasne ukézali, Ze v mikroklimatickom priestore nad holou podou vznikaji dva
typy vertikdlneho rozdelenia teploty insola¢ny typ a radiacny typ, vel'mi podobne ako ich
popisujt napriklad autori Petrik et al., (1986), Spanik et al., (2006) a i. Insola¢ny typ predstavuje
stav kedy slne¢né ziarenie dopada na povrch pddy a tenkd milimetrova vrstva ho pohlcuje a
premieiia na teplo. Radiacny typ sa formuje v noci, kedy v prizemnej vrstve vzduchu prevlada
vyzarovanie tepla z povrchu pody do ovzdusia, ¢o sposobuje ochladzovanie najnizsej prizemne;j
mikroklimatickej vrstvy, priCom nastava teplotny zvrat (inverzia) (Petrik et al., 1986). Tieto
procesy nazorne zobrazuju krivky zmien vo vySkovom rozdeleni teploty v mikroatmosfére,
ktoré sa v bioklimatoldgii nazyvaji tautochrony. Tautochrony predstavuju Ciary vertikalneho
zvrstvenia teploty v sledovanom profile (hibka, vyska a teplota) v ur¢itom ¢ase (Petrik, 1979).
Na obrazku 3 krivky oznacuji tautochrony pre teploty v profile -50 az +200 cm. Zvizok
tautochron (v 4 hodinovom intervale) vyborne znazoriiuje ivykyvy (amplitidy) medzi
maximalnymi a minimalnymi teplotami v priebehu vo zvolenom profile. Krivky na I'avej strane
(01:00; 5:00 a21:00 h) znazornuju radiaény, no¢ny typ rozdelenia teploty, kedy teplota
vzduchu do vysky 200 cm vzrasta. Tieto teplotné profily zretel'ne dokumentuju vytvorenie
prizemnej teplotnej inverzie. Teplota pody naopak s hibkou rastie. Krivky na lavej strane
obrazka 3 (0 9:00 a 13:00 h) reprezentuju typicky priebeh insola¢ného teplotného zvrstvenia,
pri ktorom je najvyssia teplota vzduchu nad povrchom pody a so vzrastajucou vyskou teplota
vzduchu klesa. O 13:00 h teplota pody tesne pod povrchom (-2 cm) dosahuje 44.4 °C a smerom
do hibky klesa. Podobne extrémne hodnoty maximalnych teplét aktivneho povrchu na
kalamitou postihnutom uzemi Tatranského narodného parku (nadmorska vyska 1065 m) sa
zistili na ploche zarastenej smlzom chipkatym (Calamagrostis villosa), a tiez na ploche po
poziari bez vegetacie Misikova (2008) a Misikova — Skvarenina (2009). Osobitny pripad
predstavuje krivka teplotného zvrstvenia o 17:00 h. Teplota vzduchu sa s vyskou viac menej
nemeni, tento stav sa nazyva izotermia (Petrik et al., 1986). Podvecer sa pri miernom vetre
prejavuje vplyv slabnticej insolacie len v tenkej vrstve nad aktivnym povrchom, vo vyssich
vrstvach nad pddou sa v dosledku premiesavania vzduchu vyskytuje v sledovanom priestore
takmer vyrovnané izotermné zvrstvenie.

Volna plocha (obr. 1. - A) je otvorené priestranstvo na ktoré dopada priame slne¢né ziarenie,
lebo tam nie je skoro ziadny stromovy porast, ale len bylinny a travnaty kryt resp. hola poda.
Na vol'nej ploche je aktivnym povrchom poda, ktora sa prehrieva v dosledku toho dochadza
k rychlejSiemu rozkladaniu mikrobialnej zlozky, k vysokym teplotnym rozdielom, ktoré
sposobuju napriklad riziko poZiarov na tejto ploche.

Disturban¢ny vplyv na pddne mikroorganizmy trva dovtedy dokym znovu narastie nadzemna
vegetacia a neskora sukcesia vegetacie méze menit’ podne vlastnosti (Gomoryova et al.,
2014). Vytazenie drevnej suroviny v zavislosti od vol'nej plochy negativne ovplyviiuje pddne
mikroorganizmy. D6leZita tlohu v mikrobidlnych procesov zohréva les. Pri jeho obnove je
potrebné zabezpecit trvalo udrzatel'né obhospodarovanie lesov, aby nedochadzalo

k jednorazovému odstraneniu materskych porastov (Holden et al., 2013).
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Obr. 2. Denny priebeh teploty vzduchu a pody na volnej ploche od 18.7.2022 do 20.7.2022
(Zdroj: spracovanie autorskym kolektivom).

200
E 150
S
[+1]
E
[+1]
~N
2 100
=
3
o
=]
S 50
(%]
[=]
=
1]
a
E 0 ‘T>
0 5 1 15 0 — 25 30 35 40 45

-50

Teplota [°C]
—1:00h ——5:00h 9:00h ——13:00h ——17:00h 21:00h

Obr. 3. Tautochrény teploty vzduchu a pody na vol’nej ploche za dei 19.7.2022 (Zdroj:
spracovanie autorskym kolektivom).

Teplota pody a vzduchu v Zivom lese

Mikroklima tiennych ihlicnatych porastov je po cely rok stabilnd a podstatne sa lisi od
mikroklimy vol'ného priestranstva, a takym prikladom sa smrekové porasty. Mikroklima zivého
lesa (obr. 1. - B) sa vyznacuje nizkymi amplitidami teplot vo vegetatnom obdobi, vysokou
relativnou vlhkostou vzduchu, ¢o sa prejavuje nepriaznivym vplyvom na pddu, ktord je
nachylna na hromadenie povrchového humusu (Petrik et al., 1986). Pozorujeme, Ze podobné
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vlastnosti ma mikroklima smrekového porastu v porovnani s vol'nou plochou aj v dennom
chode.

Zivy les ma husty korunovy zapoj, Na teplotny rezim v lese ma vel’ky vplyv porastové klenba,
ktora cez den zadrziava slne¢nu energiu a vV noci zasa zabranuje vyzarovaniu tepla z pody.
V zivom lese, preto nevznikaju také teplotné extrémy, ktoré st rizikom lesnych poziarov ako
na vol'nej ploche. Korunovy zapoj sa stava aktivnym povrchom pri ohrievani vzduchu nad nim
a pod nim pocas dna alebo pri ochladzovani noci. Vlhkost’ vzduchu je vyssia pocas dia a v noci
je vyssia teplota t.j. zivy les sa snazi udrzovat’ svoju teplotu. V zivom lese amplitidy teploty
pody a vzduchu nie st také vel'ké ako na vol'nej ploche.
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Obr. 4. Denny priebeh teploty vzduchu a pédy v Zivom lese od 18.7.2022 do 20.7.2022 (Zdroj:
spracovanie autorskym kolektivom).

Teplotné rozdiely teploty pody a vzduchu v Zivom lese sa vyrazne nemenia. Maximalne teploty
vzduchu vo vSetkych troch ditoch boli namerané vo vyske 5 cm. Diia 20.7. 2022 bola namerana
najvy§§ia teplota Vzduchu vo vyske 5 cm 24,5 °C. Najni2§ie namerané teploty vzduchu za
4°C vo vyske 50 cm. Amplitida zweho lesa vo vyske 5 cm bola 17,5°C. Najvyssie namerané
teploty pody vo vietkych troch diioch bola v hibke -2 cm. Dia 20.7. 2022 bola namerana
najvyssia teplota pody v hibke -2 cm 24°C. Miniméalna namerana teplota pddy bola v hibke -
10 cm dna 18.7. 2022 v intervale od 8°C do 11°C. Les zniZuje maximalne denné teploty a
zvySuje minimalne noc¢né teploty. Potom je samozrejmé, ze teplotné vykyvy st v lese mensie
ako na holine. Les vel'mi vyrazne ovplyviiuje najmé teplotné maxima.

Na obrazku 5 s vykreslené tautochrony v profile -50 az +200 cm pre zivy smrekovy les.
Vidime, Ze tieto sa markantne liSia od teplotného zvrstvenia na vol'nej ploche, nakol’ko vplyv
dennej insolacie ako aj noc¢ného teplotného vyzarovania je hustym korunovym zapojom
obmedzeny. Taktiez dochddza k oneskorovaniu nastupu denného maxima teploty, ktoré sa
posuva do popoludiiajSich hodin. Podobne sa v zivom lese oneskoruje aj nastup no¢ného
ochladzovania sa aktivneho povrchu prizemnej vrstvy.

78



Electronic Book
Contemporary Challenges in Environmental Research

Formovanie vegetacnej klimy zohrava vel'mi kI'aCovt tlohu v architektonike porastu, ktoru
charakterizuje tvar, rozmery, geometrickd stavba a vonkajSia Struktira rastlin. Vplyvom
distribtcie ziarenia, dochadza k zmene vertikalnych profilov teploty, vlhkosti vzduchu a vodnej
bilancie vd’aka zmene hustoty porastov. Vyskum vzajomnych vztahov medzi lesnym porastom
a meteorologickymi prvkami je zlozity vzh'adom na vplyv porastu na mikroklimu a naopak
(Strelcova et al., 2003; Tuzinsky et al., 2003).
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Obr. S. Tautochrény teploty vzduchu a pody v Zivom lese za deii 19.7.2022 (Zdroj: spracovanie
autorskym kolektivom).

Teplota vzduchu a pédy na porastovom okraji

Mikroklima porastového okraja (obr. 1 - C) je kI'i¢ovym faktorom, pretoze sa na niom dokaze
zmladzovat’ les, ¢o ma obrovsky vyznam v pestovani lesa. Mikroklima porastového okraja je
kombinéciou mikroklimy kmetiového priestoru lesa s mikroklimou volnej plochy, kde za
urcitych podmienok dochédza k vymene vlastnosti. Na okrajovu stenu lesa dopada slnecné
ziarenie alebo vrha tieii na voI'nt plochu. Zadrziava dazd’, zachytava kvapky hmly, pripadne ak
je na zaveternej strane, chrani vol'né priestranstvo a méze bud’ zvySovat, alebo zniZzovat
mnozstvo zrazok. V prirode tvori tzv. mur, ktory spoésobuje vznik doplnkovych klimatickych
javov. Na pochopenie mikroklimy je potrebné mat’ poznatky o priebehu ziarenia a reZimu vetra.
Mimoriadny vyznam v porastovom okraji ma rozptylené ziarenie (ziarenie oblohy), pretoze je
vo vSetkych pripadoch rovnaké. Ak je podiel rozptyleného Ziarenia ku celkovému ziareniu
vacsi, tym bude rozdiel mensi medzi Ziarenim na stendch porastu orientovanych na rozne
svetové strany (Petrik et al.,1986).

Na obrazku 6 moézeme vidiet, ze priebeh teplot porastového okraja sa vyrazne odliSuje od
priebehu v zivom lese a to hlavne v dosledku vyssie uvedenej rozdielnej distribucii Ziarenia.
Maximalne teploty vzduchu vo vsetkych troch dinoch boli namerané vo vyske 5 cm. Pri
maximalnych hodnotéach teplot za tri dni teplota stupla o 3,9°C. Amplitida porastového okraja
dosiahla hodnotu 22,4°C vo vySke 5 cm. Diia 20.7. 2022 bola namerana najvyssia teplota

v

boli vo vyske 5 cm a 50 cm. Maximalne teploty pody v hibke -2 ¢cm vo vietkych troch ditoch
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v v

17°C.

Na obrazku 7 je zobrazeny zvéizok tautochron pre stanoviste porastovy okraj v profile -50 az
+200 cm. V dosledku juznej expozicie nami sledovaného porastového okraja maju tautochrony
09:00 h a0 13:00 h insola¢ny charakter. Tautochrony o 1:00 h a0 5:00 h vykazuji no¢ny
radia¢ny typ. Teplotné zvrstvenie nad povrchom pddy 0 17:00 h zas naznacuje nevyrazni
izotermiu. Tautochrony porastového okraja predstavuji prechod medzi volnou plochou
a kmenovym priestorom zivého lesa.

Na zaklade expozicie porastového okraja su okrajové stromy vystavené extrémnym teplotam,
priamou slne¢nou radiaciou a sucham, a najmi su nachylnejSie na lykozratove kalamity,
0 ktorych pojednavaju niektoré stadie podla (Mezei et al., 2011; Galko et al., 2012). Lykozrat
smrekovy je neodmyslitelnou stcastou smrekovych ekosystémov. Lykozrat ako pionier
kolonizuje odumierajuce stromy, a preto za¢ina s rozkladom dreva, ¢o by sme mohli povazovat
za prirodzeny ndastroj pre obnovu smrekovych porastov. AvSak, za takychto podmienok
lykozrit smrekovy moze byt pri¢inou poSkodenia produkcie lesnych porastov (Mezei et al.,
2011). Juzne orientované porastové okraje svojou Specifickou mikroklimou vytvaraju
vhodnejSie podmienky pre vznik lesnych poziarov (Ostrihon et al., 2021).
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Obr. 6. Denny priebeh teploty vzduchu a pody v porastovom okraji od 18.7.2022 do 20.7.2022
(Zdroj: spracovanie autorskym kolektivom).
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Obr. 7. Tautochrony teploty vzduchu a pody v porastovom okraji za den 19.7.2022 (Zdroj:
spracovanie autorskym kolektivom).

Teplota vzduchu a pody v mrtvom lese

Mrtvy les (obr. 1. - D) ma klaéovy vyznam len do uréitého Stadia, ¢o sa tyka teplotnych
amplitad. Amplitidy mftveho lesa podl'a nasich merani nie st vysoké. Do odumretého lesa sa
dostava viacej slnecného Ziarenia ako do Zivého lesa, ked’Ze mftvy les straca asimilacny aparat.
Mrtvy les mé redsi zapoj nez zivy les, a preto mftve, uschnuté koruny prepustia viac slne¢ného
Ziarenia.

Preto medzi vnutrom odumretého porastu a prilahlou vol'nou plochou nebadat’ také vyrazné
teplotné rozdiely ako pri porovnani zivého smrekového porastu s vol'nou plochou. Teploty
namerané¢ v roznych vySkach v mftvom lese dosahuji vysSie amplitidy v porovnani so
zivym lesom. Vzostupny charakter teplot sa pohybuje v intervale od 6:00 hod. do 15:00 hod.
V hibke -2 c¢m pozorujeme medzi ditom a nocou velké teplotné amplitidy. Maximalne a

evve

vwe

Stojace kmene odumretych smrekov vytvaraja poklesy priebehu teplotnej krivky vytvaranim
tieniov (obr. 8).

Maximalne teploty pody vo vietkych troch ditoch boli namerané v hibke -2 cm a najnizsie
namerané teploty pody boli v hibke -10 cm. Najvys§ia namerana teplota pody v hibke -2 cm
v hibke -10 cm a pohybovala sa v intervale od 10°C do 15°C. Medzi ditami od 18.7. 2022 do
20.7. 2022 bola najvacsia amplitada v hibke -2 cm pri hodnote 43,5°C. Na obraze ¢&. 8 je
zobrazena krivka, ktora oznacuje tautochréonu pre teploty o 9:00 hod. v profile -50 az +200
cm.

Tautochrony teploty vzduchu a pody v mitvom lese (obr. 9) sa svojim charakterom a priebehom
najviac priblizuju tautochrénam na volnej ploche. Mftve porasty smreka v dosledku straty
rozsiahleho povrchu asimila¢ného aparatu umoznuju prenikanie slne¢ného Zziarenia na lesnu
pddu v zvySenej miere. Denna (insolacnd) mikroklima, ako aj no¢né (radia¢na) mikroklima sa
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formuje vyraznejSie ako v Zivom lese. Na druhej strane mftvy stojaci les stale vytvara mierny
tienl a sucasne tlmi pradenie vzduchu, ¢im zmiernuje teplotné extrémy v porovnani s vol'nou
plochou.
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50

45

40

35

30

25

2o 2o o 4o 2o o 2o Yo Yo 2o Zo 2o o X0 2o 2o 0 %0 2 <0 <0 % % 0 <
0)0)‘;9)0)0)0)0)0)9)3)9)s)s)s)s)s)o)o)o)o)o)o) > ) )

<’o<’o<’oaaa\’o<’o \’o?o <005
25 %25 %25 %5 %255 %55 25 %5
=, ‘1’ ‘b ‘1’ NN ¢s~ ~ 9 1‘,‘:’1\? % eJ S0p 3 s‘l’&‘i’zf)(;sz’ e\;b

0000 0

0000%%%%0000%%%%00 G % G G ©
Datum

—_—2cm =—-5cm —-10cm 5cm = 350cm 200cm

Obr. 8. Denny priebeh teploty vzduchu a pady v mitvom lese od 18.7.2022 do 20.7.2022 (Zdoj:
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Obr. 9. Tautochrony teploty vzduchu a pody v mitvom lese za deni 19.7.2022 (Zdroj:

spracovanie autorskym kolektivom).
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ZAVER

Mikroklima sa vo vSeobecnosti definuje ako klima zvycajne malého priestoru, vytvorena pod
bezprostrednym vplyvom aktivnej vrstvy klima-genetického rovnorodého krajinného prvku.
Porastova mikroklima zabera celt mikroklimaticku sféru ovplyvnent pritomnost’ou rastlinstva,
t.J. vrstvu pddy a vrstvu ovzdusia do vysky, po ktora bezprostredne zasahuje vplyv aktivneho
povrchu vytvoreného na povrchu vegetacie. Charakter porastovej mikroklimy je vel'mi
rozdielny podl'a druhu rastlin, hustoty alebo zapoja porastu a d’alSich faktorov, napriklad aj
zdravotny stav lesnych porastov, pripadne ich odumieranie.

Vysledky merani potvrdili zésadny vplyv lesa na teplotu a jej minimalne amplitudy pri
jednotlivych vyskach merania. Najmensie amplitidy meranych teplot boli prirodzene v Zivom
lese. Prirodzene pohlcuje a odraza slne¢né ziarenie, ¢im nedochadza k extrémnemu
prehrievaniu pody v podzemnej a nadzemnej casti. Mikroklima zivého smrekového porastu
vytvara Specificky typ chladnej tiennej mikroklimy ihli¢natych porastov, ktora sa podstatne sa
li$i od mikroklimy volnych priestranstiev. K najvac¢s§im amplitidam dochadzalo na volne;j
ploche, ked’ze slnecné ziarenie dopadd priamo na podu, aj ked ani tu nemozno zanedbat
vyznamnu ulohu bylinnej vegetacie. Na jednej strane tu dochédza k vyraznému prehrievaniu a
na strane druhej k rychlemu vydaju tepla. Porastovy okraj, ktory nam vytvara tzv. prechodnti
klimu je tiez vel'mi zaujimavy z hl'adiska striedania teploty. Svetlo prechadzajice porastovym
okrajom do vnutra porastu vytvara priaznivé podmienky pre vznik prirodzeného zmladenia a
naopak tieft vrhany porastovym okrajom na volni plochu zmieriiuje amplitady tepl6t. Pri
odumierajiicom lese, kde doslo k strate asimilaéného aparatu mozno tiez potvrdit’ zaujimavé
zavery. Aj ked’ les je uZ v pociato¢nom Stadiu rozpadu, tak eSte stale jeho kmenovy priestor hra
vyznamnu ulohu pri ovplyvilovani mikroklimy, o potvrdzuji namerané hodnoty nasho
merania. Dennd (insola¢nd) mikroklima, ako aj noc¢nd (radia¢nd) mikroklima sa formuje
vyraznejSie ako v zivom lese. Na druhej strane mftvy stojaci les stadle vytvara mierny tien a
sti€asne tlmi priudenie vzduchu, ¢im zmierfiuje teplotné extrémy v porovnani s vol'nou plochou.
NasSim meranim sme chceli priniest nové poznatky z hl'adiska vplyvu lesa na teplotu a poukézat’
na jeho vyznamny vplyv na plnenie celospolo¢enskych funkcii v krajine. Dalsi vyskum
mikroklimy rozpadajacich sa horskych smre¢in moze priniest’ cenné poznatky pre ich ochranu
a obnovu.
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ABSTRACT

Pesticides are substances intended to eliminate or suppress the growth of unwanted organisms -
animals, plants, fungi or various microbes. Contamination of the environment by pesticides can pose
serious harmful effects on non-target organisms and also on human health. In order to set appropriate
measures for the environmental protection, it is necessary to monitor and evaluate the occurrence of
pesticide residues in individual components of the environment.

Monitoring of pesticides in Slovak surface water is carried out annually, in accordance with the
relevant Water monitoring program under the responsibility of the Ministry of the Environment of
the Slovak Republic. The paper presents the results of the monitoring of ten important pesticides
used in agricultural production (over 10 000 kg/year) in Slovakia during the period 2012-2022. So
far, the monitoring has not proven a significant long-term contamination of surface water in the
Slovak Republic by pesticides. There was only one substance, chlorpyrifos, which exceeded the
environmental quality standard (EQS) in one monitoring site in 2020 and potentially also in two
other sites in 2021 and 2022, respectively.

Keywords: pesticides, monitoring, surface water, environmental quality standards (EQS), limit of
quantification (LOQ)

UvVoD

Pesticidy st latky urcené na likvidaciu alebo potlacanie rastu neziadticich organizmov - a to
zivoc€ichov, rastlin, hub ¢i réznych mikroorganizmov. Najvic§i vyznam maja pesticidy v
pol'nohospodarstve, kde sa ako pripravky na ochranu rastlin pouZivaji cca od 40. rokov 20.
storoc€ia, a to najmé na ochranu kulturnych plodin alebo pol'nohospodarskych produktov pred
neziadicim vplyvom Skodcov. Chemicka alebo biologicka latka so $pecifickym t¢inkom na
cielové organizmy sa oznacuje ako ,,u¢inna latka*; pesticidom potom moéze byt bud’ jedna
ucinna latka alebo kombindcia viacerych G€¢innych latok.

Z miest, kde sa pouzivaju a skladuju, sa pesticidy moZzu postupne §irit’ do okolia — prenikaji do
organizmov, pddy, podzemnej a povrchovej vody, ovzdusia. Tam moézu vyznamne vplyvat aj
na neciel'ové organizmy a tiez na l'udské zdravie. Vyskyt pesticidov v roznych typoch prostredi
sa preto sleduje a vyhodnocuje. Nizsie uvadzame vysledky monitoringu najvyznamnejSich
pesticidov vo vodnych tokoch Slovenskej republiky za ostatné roky, vykondvaného v stlade s
Ramcovym programom monitorovania vod a jeho roénymi dodatkami v gescii MZP SR.

METODIKA A VYBEROVE KRITERIA

Latky s pesticidnym uc¢inkom sa v SR monitoruji od r. 1981. Spektrum monitorovanych
ucinnych latok sa medzirocne meni (pocet sledovanych G€innych latok sa spravidla kazdoro¢ne
zvysuje; v sucasnosti sa ich monitoruje viac ako pitdesiat). Prispevok sa zameriava na a¢inné
latky spotrebované v pol'nohospodarstve SR v najvacsich mnozstvach (nad 10 000 kg za rok);
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vychéadzali sme pritom z udajov poskytnutych Ustrednym kontrolnym a skigobnym ustavom
polnohospodarskym (UKSUP), pricom sme vybrali tie latky, ktoré boli zaroven sledované v
povrchovej vode $tatnym monitoringom. Udaje st z databazy Suhrnna evidencia o vodach
(,,.SEoV*) spravovanej Slovenskym hydrometeorologickym ustavom.

Vysledkom vyberu je 10 ucinnych latok. Ich ndzvy v medzinarodnej podobe st uvedené nizsie.
Vyber udajov sme ohranicili rokmi 2012 a 2022. PocCty miest monitorovania su uvedené
v tabul’ke 1.

Zdroje udajov:
- spotreba pesticidov v pol'nohospodarstve (UKSUP)

- zoznam autorizovanych pripravkov na ochranu rastlin (UKSUP)
- §tatny monitoring kvality v povrchovej vode v gescii MZP SR (SHMU - SEoV)

VYSLEDKY A DISKUSIA

V tabulke 1 je pre kazda z vybranych u¢innych latok uvedeny pocet monitorovanych miest
(,MM*) za jednotlivé roky. V priebehu hodnotené¢ho obdobia boli najviac sledované ¢inné
latky zo skupiny herbicidov: pendimethalin, terbuthylazin, a glyphosate a zo skupiny
insekticidov: chlorpyrifos a ethofumesate.

TabulPka 1. Pocet miest s monitorovanim vybranych u¢innych latok v SR (2012-2022)

o HERBICIDY INSEKTICIDY FUNGICIDY
GLYPHOSATE PENDIMETHALIN | METAZACHLOR |DIMETHENAMID-P | TERBUTHYLAZINE 2,4-D ETHOFUMESATE CHLORPVRIFOS' CYPERMETHRIN PROCHLORAZ

2012 98 131 - - 124 2 124 131

2013 82 61 - - 57 1 57 61

2014 52 63 = = 60 - 60 63

2015 43 48 - - 42 14 42 48

2016 144 154 52 52 146 - 109 154 98 52

2017 169 177 15 15 172 - 158 177 154 15

2018 132 227 102 102 226 - 141 227 132 102

2019 72 182 56 56 179 - 125 181 122 56

2020 3 66 - - 67 - 67 66 50 -

2021 99 202 99 99 200 - 109 202 97 103

2022 = 142 - - 131 - 131 142 119 6

“Poznamka: Pouzivanie uginnej latky chlorpyrifos bolo v EU povolené len do r. 2020.

Na obrazku 1 je znazorneny pocet miest (,,MM®) pre kazdi z vybranych ucinnych latok v
jednotlivych rokoch.

Na obrazkoch 2-12 je pre kazdl z vybranych ucinnych latok uvedeny pocet miest, v ktorych
bola latka monitorovana, a celkovy pocet laboratornych analyz danej latky za celé sledované
obdobie. Z celkového poctu analyz je Specifikovany pocet udajov nameranych pod medzou
stanovenia (,,< LOQ%) a pocet nameranych udajov prekracujucich medzu stanovenia
(,,>LOQ%). Zaroven je vyznaleny pocet miest, v ktorych sledovana uc¢inna latka prekrocila
prisluSna environmentalnu normu kvality (,,ENK* podl'a nariadenia vlady SR ¢. 269/2010 Z. z.
v zneni nariadenia vlady SR ¢. 398/2012 Z. z. a nariadenia vlady SR €. 167/2015 Z. z.).
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Obr. 1. Pocet miest s monitorovanim vybranych u¢innych latok v SR (2012-2022).
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Obr. 2. Glyphosate.
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Obr. 3. Pendimethalin.

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

m Poéet MM m Podet analyz spolu  mPodetanalyz pod LOQ  mPoéet analyz nad LOQ

Obr. 4. Metazachlor.
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Obr. 5. Dimethenamid-P.
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Obr. 9. Chlorpyrifos.
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V sledovanom obdobi bolo desat’ najpouzivanejSich pesticidov monitorovanych s réznou
frekvenciou a na roznom pocte monitorovanych miest. Prekroc¢enie ENK bolo za zaznamenané
len pri u¢innej latke chlorpyrifos (v rokoch 2020, 2021 a 2022; obrazok 12). Environmentalne
normy kvality (ENK) pre chlorpyrifos: pre rocny priemer - ENK (RP) 0,03 pg/l, pre najvyssiu
pripustnu koncentraciu - ENK (NPK) 0,1 pg/l.

2022 (RP, NPK) 2021 (RP)

P Legenda
©  vietky hodnoty <LOQ vodny tok vodné nadrz
@  aspon 1 hodnota >LOQ /N\/ rozvodnica diastkovych povodi 2ranitelna obiast

@  nespifa limit ENK $tatna hranica polnohospodarska oblast

& ] LPIS © Narodn polnchospodérsto 3 potravinarko contrum =
£ Viskurmny Gatev pédonaloctva 8 cchvany pocy. 2022 SSRSE

Obr. 12. Monitoring latky chlorpyrifos v SR (2012-2022) s vyzna¢enim prekrocenia LOQ/ENK.

V roku 2020 bolo zistené prekroenie ENK pre roény priemer v Durskom potoku, rie¢ny km
1,9 (povodie Hrona). V roku 2021 bola potencialne prekrocena ENK pre roény priemer v
Ciernoluckom potoku, rieény km 0,4 (povodie Slanej). V roku 2022 bolo zistené potencidlne
prekroc¢enie obidvoch ENK v Uninskom potoku, rieény km 2,7 (povodie Moravy). V oboch
poslednych pripadoch je prekrocenie indikované ako ,,potencidlne z dovodu analyzy prili§
malého poctu vzoriek v danom roku (len 2x, resp. 3x, namiesto poZadovanych 12 analyz za
rok).

ZAVER

Pre najpouzivanejSie pesticidne ucinné latky v polnohospodarstve SR sledované v obdobi
2012-2022 plati:
* monitorovanie v povrchovej vode nie je kontinualne (pocet miest sa meni, niektoré latky
nie su monitorované kazdorocne)

* doterajSie monitorovanie nepreukazalo dlhodobt vyznamnu kontaminéciu povrchove;j
vody v SR pesticidmi

* jedind sledovana latka, ktord v danom obdobi prekrocila niektorti zo stanovenych
environmentalnych noriem kvality, bola latka chlorpyrifos (r. 2020 a potencialne aj r.
2021 ar. 2022)

V najblizSom obdobi bude potrebné upriamit’ pozornost’ aj na d’alSie pouzivané pesticidy v
pol'nohospodarstve a doplnit’ ich do monitorovania povrchovych vod SR.
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ABSTRACT

The shallow-water equations have a wide range of applications in hydraulic engineering, including
the simulation of tidal flows in estuaries and coastal regions, wave propagation, stationary hydraulic
jumps, river dynamics, dam breaks, and open channel flows. To model real-world problems
accurately, it is necessary to incorporate source terms associated with bed topography and bed shear
stress into these equations. In this paper, we present a numerical solution for the shallow-water
equations with source terms in irregular cross-section rivers. We utilized a Godunov-type finite
volume method and the Riemann solver Roe. To achieve second-order accuracy in both space and
time, we employed the MUSCL algorithm. Additionally, to ensure method stability in the presence
of extreme and abrupt gradients, we incorporated slope limiters and the TVD method. The results
demonstrate the high accuracy and numerical stability of the developed model, making it a suitable
option for simulating flow dynamics in natural water bodies.

Keywords: Shallow-Water Equations, Godunov Method, Riemann Solver, MUSCL scheme, Dam
Break

INTRODUCTION

The study of the dynamics of free-surface flows holds direct relevance in environmental
research (Dullo et al., 2020). It serves as the foundation for modeling the behavior of water in
various natural settings, including rivers, basins, coasts, and lakes. These models are also
instrumental in predicting and understanding the evolution of devastating natural disasters such
as floods, debris flows, and tsunamis, which have become increasingly frequent due to climate
change (Ripple et al., 2019). Furthermore, open-channel modeling plays a pivotal role in the
design and operation of hydraulic structures (Vallés et al., 2023). As a result, it is necessary to
develop effective numerical models for simulating free-surface flows under near real-world
conditions. Many of these models are rooted in the Shallow Water equations, which assume
that flow acceleration primarily occurs parallel to the bed, resulting in vertically averaged
equations. The conservative form of the one-dimensional shallow water equations, which
describes the unsteady flow in an open channel, is as follows:

ou  OF _
ot Tar T

A Q 0 1)
v= () F= S =

(Q) (%2 + glz> (gA(SO —5)+ g12>

Where A, Q, So and Srare cross-sectional area, flow discharge, bed slope and friction slope,
respectively. I:and I terms are respectively related to hydrostatic pressure and pressure changes
due to changes in flow width, which are calculated as following:
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h
11=f (h—n)odn
0
I —fh(h 9% 4
2 0 77 ax r’

where h is flow depth and ¢ = a(x,n) is channel width in the distance of n from the bottom.
Eqgs. 1 are a system of nonhomogeneous hyperbolic partial differential equations. The analytical
solution to system of Egs. 1 only exists in very simplified cases, and for complex or near real-
world situations, numerical methods must be used. In particular, the presence of the source term
(S) in these equations makes finding a correct and accurate solution very challenging. There are
two main reasons for this difficulty. Frist, the terms related to hydrostatic pressure and pressure
changes (l1and I2) have complex definitions, especially the I, term involving the integral of a
derivative, and calculating it for non-rectangular channels is very difficult and challenging. The
most efficient method for calculating of 1> is to compute it based on simpler geometric
expressions. The second reason is incompatibility of existing numerical methods for solving
nonhomogeneous equations. Often, numerical methods are developed based on the
homogeneous form of equations (without the source term), and as a result, these methods are
not capable of directly solving nonhomogeneous equations that include the source term, such
as shallow-water equations. So, in applying those methods to nonhomogeneous equations,
special considerations must be made in discretizing the source term. To achieve this,
calculations need to be carried out in two steps; the first step involves computing the
homogeneous part of the equations using existing numerical methods for homogeneous
equations, and the second step involves adding the impact of the source term. Another important
point is that complete numerical balance between the flux and source terms must be achieved.
it happens when the following two conditions are met. first, the calculation of the source term
at each new time step should be based on data similar to the data used in flux calculations.
Second the discretization of the source terms should be done in a way similar to the
discretization of the flux terms.

In the last two decades, researchers have proposed different methods to solve shallow water
equations, which can be categorized into four main methods: the pointwise method, the upwind
method, the Quasi-steady wave-propagation algorithm, and balancing methods. The pointwise
method is the simplest approach for discretizing the source term. In this method, the bed slope
and the terms related to cross-sectional width variations are computed as averages at the two
faces of ith cell:

_Zpi — Zpi+1

1 .
SO,i = E <SO,L'+% - SO,L'—%) with SO,i+% T (2)

1
li = 2 (12,i+% + Iz,i—%) ©)

The I, .. 1is calculated in a rectangular channel using the following equation:
2

1 ,biy1 = b

— Iy
Iz'i% = hf = 4

One of the drawbacks of this method is its inefficiency in solving equations that involve
geometric source terms (bed elevation changes and cross-sectional width variations) in steady-
state or near-steady-state conditions. The reason for this lies in the fact that the mentioned
method is unable to establish complete balance between the gradient of flux (F) and the source
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term (S). The main idea behind the upwind method is to discretize the source terms in a way
similar to the approach used for constructing the numerical flux function.

Bermudez and Vazquez (1994) were among the first researchers who applied the upwind
method for discretizing the source term in shallow-water equations. They demonstrated that the
upwind method, when used to discretize the source term in rectangular channels with bed width
variations, produces better results compared to the pointwise method (Bermudez and Vazquez
,1994). Later, Garcia-Navarro and Vazquez-Cendon (2000) and Hubbard and Garcia-Navarro
(2000) extended the upwind method for non-prismatic channels and higher-order accuracy
methods (in rectangular channels), respectively. Burguete and Garcia-Navarro (2001, 2004)
proposed a separation method for the 1> term and applied the upwind method to channels with
arbitrary geometry and obtained good and accurate results. However, their proposed method is
highly complex because source term must be calculated separately. Additionally, when using
this method for higher-order accuracy, modifications to the provided formulation are required.

The Quasi-steady wave-propagation algorithm was introduced in 1998 by LeVeque as a finite
volume method. He considered the source term in a general form S = f(U)Z—f where f is a

known vector function of U and ¢ is a parameter. For instance, in the case of one-dimensional
shallow-water equations and scenarios where the source term consists only of the term related
to bed elevation changes, f and ¢ are defined as: f = [0, gA]”, ¢ = z,. In the Quasi-steady
wave-propagation algorithm wave algorithm, the parameter in the source term is assumed to be
piecewise constant with a discontinuity located at the centre of the cell. The algorithm of this
method is very complicated and, at the same time, does not yield satisfactory results when
facing transient flows with shocks in steady-state conditions (Lee and Wright. 2010; Guinot,
2012).

Balancing methods, which can be further divided into three categories: well-balancing,
hydrostatic pressure reconstruction and Auxiliary Variable-based balancing (AV). In well-
balancing methods, the Riemann problem is solved with a discontinuous flux function and
source term. In this approach, the parameter in the source term is treated as a piecewise constant
in the cell faces. Consequently, the main problem is transformed into a Riemann problem with
a discontinuity in the flux term. The primary challenge in this method lies in solving the
mentioned Riemann problem. Further details of this approach can be found in Greenberg et al.
(1996). The hydrostatic pressure reconstruction method was introduced by Audusse and
Bristeau (2005) for shallow-water equations. According to this method, the bed elevation in
each cell is assumed to be constant, and therefore, discontinuities existing in the channel bed
occur only at the interfaces between cells. In this approach, the flux function is continuous at
cell faces, and the source term is applied at each face. The discretized form of equations in this
method is as follows:

At
urtl = g — —(F, 1— F._1> + At <le 1+8F 1> (5)

Ax l+§ 3 2 +2 l_E

Sf_l and Sl,L+lare the source term arising from bed elevation changes at the right and left faces
2

2

of cell i, respectively. In fact, hydrostatic pressure reconstruction methods address the
imbalance issue between the flux terms and geometric source terms by using uniform geometric
parameter values on both the right and left sides of a cell wall (maximum water surface
elevation value on both sides of a cell face). The balancing method based on auxiliary variables
involves the redefinition of flow variables used in estimating the flux term. These auxiliary
variables are defined in a way that ensures complete balance between the source term and the
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flux term under steady flow conditions. For example, Nujic (1995) proposed eliminating the
0.5 gh? term in the flux function and combining it with the source term.

Finite volume schemes, especially Godunov-type schemes, which are built upon approximate
Riemann solvers, have been widely used in solving shallow water equations due to their
conservative properties. These methods, originally developed in the field of aeronautics, have
proven to be effective in handling transcritical and highly unsteady flow (Roe, 1997; Harten et
al. 1983). In this paper, system of Egs. 1, are solved using a Godunov-type finite volume method
and the Riemann solver Roe. To achieve second-order accuracy in both space and time, the
MUSCL algorithm is employed. Additionally, to ensure method stability in the presence of
extreme and abrupt gradients, slope limiters and the TVD method are incorporate. We also
presented a novel method which makes it possible to calculate the I, term in open channels with
irregular (non-rectangular) cross-sections.

METHODS

The first step is the integration and discretization of the system of Egs. 1 in a control volume
() as follows:

dF(U) jg
Q+ ¢ ——dO = 6
3t fUd o d S(U) (6)
tn+1 l tn+1 xi+1 tn+1 xi+1
f j 2 U (x, t)dxdt = —f j 2F,(U(x, t))dxdt + f f 2S(U)dxdt (7)
tn tn xi_l tn xi_l
2 2
S uptt =gy - 2 F'1—F'q ) +AtS]
1 14 Ax 2 i_% i (8)

In the next step, using the values of conservative variables in the centre of a cell and its adjacent
cells, the variables are extrapolated to the cell surfaces. For this purpose, the MUSCL method
has been employed. According to this method, the extrapolated values on the left and right
interfaces of cell i are determined using equations (9) and (10):

1 ur, —unr 9)
Lo —pyr+=—(nr- . St
UH% - ot 4300 -0 ()

1 ur (10)
Uk, = UL, — UM |
i3 2( i+l )9 <U[;1—Un

Furthermore, in order to implement the TVD constraint, the VVan Leer slope limiter function has
been used, which is defined by the following equation:

2r
1+r

VanlLeer ¢(r) = (11)
In the subsequent stage, in order to facilitate the simulation of flow in complex topographies,
the surface gradient method (SGM) has been employed. Zhou et. al. (2001) demonstrated that,
in simulating flow in intricate topographies, using the water surface elevation instead of water
depth yields more accurate results within the finite volume method. According to this approach,
the extrapolated water depth on control surfaces is calculated by subtracting the bed elevation
from the extrapolated water surface elevation (equations 12 to 15):

n 1 n (Zw)?+ - (Zw)?
(Zw)f_'_% = (Zw)i + E((Zw) (ZW) 1)¢ <(Zw)? 1_ (Zw)?—1> (12)
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hiLf%GM = (Zw)f_‘_% - (Zb)H% (13)
n 1 n n (Zw)? - (Zw)?—

(Zw)f_% = (Zw)i - E((Zw)i+1 - (Zw)i (0] <(Zw)7i1+1 —_ (Zw);l> (14)

hf_‘S%GM = (Zw)f_% - (Zb)i% (15)

In the next step, in order to achieve second-order accuracy in time, the computed values on cell
surfaces from the previous stage are forward-differenced by a half-time step % (Toro, 2013):

gk, =uyt. - ﬂ Fl Ut —F(UR + ES-

i3 itk 2Ax i+ i3 2t (16)
_ At At

R _ R _ 2% L _ R 2t e
Ul_l Ui_l A% F (Ui+%> F (Ui—%>] + > S; (17)

It is worth noting that in the above equations, the flux vectors are computed by substituting the
values of the variables obtained on control volume faces from the previous stage into the flux
function, and there is no need to solve the Riemann problem. In the discretization of the source
term, to avoid complex computations, the expression should be written based on simpler
definitions using other geometric expressions. Utilizing the Leibniz theorem, we have:

_al, ok

27 0x  ox

By substituting I. from the above relation into the source term and applying the pointwise
method, the discretized form of the source expression is obtained as follows:

[ / /
| | -t (Af+1+*’f_1> (hf+1‘hf_1> (Af+z+“‘f_z> ) 1)
2 + g 2 2 2 2

s(U)=|g — e | 2 Ax
|

2 Ax
(Sf)f%-(sf)il (19)

(18)

2

The next step is to calculate the flux F using the Riemann solver. In this step, the values obtained
for the variables in the previous stage are used as initial conditions for the Riemann problem,
and the fluxes are calculated using the Roe solver.

2

1 1 I

Fl'i% = E [FL + FR] — EZ (llklakek)ii% (20)
k=1
1] 1 1v
— 7L TR _ - 515 5
Fi+% =5 |F <Ui+%> +F <Ui+%> 5 Z (|/1k|akek)i+% (21)
- - k=1

1] 1 1%

F_i=5|F <U,L 1) +F (U,R 1) - —Z (| 2| @rer), 1 (22)
2 2L \ iz i)l 2&d i3

97



Electronic Book
Contemporary Challenges in Environmental Research

Where 1, and é,, are averaged eigenvalues and eigenvectors of the Jacobian matrix of the
linearized equation, which are calculated using the following equations:

Ae=12 =W L€ (23)
|
ek=1,2 - I:ﬂ i 5] (24)

QR\/A—L + QL\/A_R
JArAL (VAR +AL) (25)

6),+6) e

@, is the power of the kth wave and is obtained from the following equations:

i

™
I

(- WAA+AQ
a = 2¢ (27)
@+ mAA-AQ
%2 = 2¢ (28)

The Riemann solver Roe under specific conditions may lead to non-physical results with severe
oscillations near the flow discontinuities. To address this issue, the ‘entropy fix' concept
proposed by Harten and Hyman (1983) is utilized in the following manner:
| = 1| if|A]=>e
e if|d]<e (29)

For the right face of cell i, the following equation is used to determine €. A similar equation is
employed for the left face of the cell as well:

& =max (O, /TH% A ZH%) (30)
Considering the explicit nature of the numerical scheme in use, it is essential to ensure the
satisfaction of the Courant-Friedrichs-Lewy (CFL) stability condition. Accordingly, the time
step should be chosen in such a way that the Courant number always remains less than or
equal to 1, or in other words, the following relationship should hold:

gt < Cr X dx
~ max(|2y,]) (31)

RESULTS AND DISCUSSION

In this section, the results obtained from simulating unsteady flow using the proposed numerical
method in compare with analytical solution and the HEC-RAS model (Test Case 3) are
presented.

Test Case 1: Dam Break on a Wet Bed

To simulate the wave propagation resulting from the sudden dam break in a scenario where the
downstream bed is initially wet, a channel with a length of 50 meters and rectangular cross-
sections with a width of 1 meter was considered. The dam is located in the middle of the
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channel, and the initial conditions were set as an upstream depth of 0.5 meters and a downstream
depth of 0.5 meters. The simulation duration, time step, and spatial step were set to 8 seconds,
0.05 seconds, and 0.2 meters, respectively. Figures 1 and 2 respectively show the spatial depth
profile and flow velocity at various time steps from the simulation compared to the analytical
solution. As evident from the figures 1 and 2, there is very good agreement between the results
obtained from the simulation and the analytical solution for the problem.
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Fig. 1. Comparison of the water depth simulation results in the dam break problem with the
analytical solution (in the case where the downstream bed is wet) at (a) 2 seconds, (b) 4 seconds,
and (c) 8 seconds after the simulation starts.
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Fig. 2. Comparison of the flow velocity simulation results in the dam break problem with the

analytical solution (in the case where the downstream bed is wet) at (a) 2 seconds, (b) 4 seconds,
and (c) 8 seconds after the simulation starts.

Test Case 2: Dam Break on a Dry bed

To analyze the flow resulting from the sudden dam break in a scenario where the downstream
bed is dry at the beginning of the calculations, a channel with a length of 50 meters and
rectangular cross-sections with a width of 1 meter was considered. The dam is located at a
distance of 20 meters from the beginning of the channel, and the initial conditions were set as
an upstream depth of 1 meter. Given that the downstream bed of the dam is dry at the start of
the calculations, the minimum allowable depth in the computational cells in this area was
assumed to be 0.000002 meters, and corresponding velocities were set to zero. The simulation
duration, time step, and spatial step were set to 4 seconds, 0.02 seconds, and 0.2 meters,
respectively. Figures 3 and 4 respectively show the spatial profile of depth and flow velocity at
various time steps from the beginning of the simulation compared to the analytical solution. As
evident from the figures, the results obtained from the numerical method are very close to the
analytical solutions.
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Fig. 3. Comparison of the water depth simulation results in the dam break problem with the
analytical solution (in the case where the downstream bed is dry) at (a) 2 seconds and (b) 4
seconds after the simulation starts.
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Fig. 4. Comparison of the flow velocity simulation results in the dam break problem with the
analytical solution (in the case where the downstream bed is dry) at (a) 2 seconds and (b) 4
seconds after the simulation starts.
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Test Case 3: Hypothetical Example (Unsteady Flow in a River with an Irregular Cross-
Section)

To examine the efficiency of the proposed method in simulation of unsteady flow in a river
with irregular cross-sections, a hypothetical river with a length of 1Km and irregular cross-
sections has been considered. Cross-sections have been considered every 200 meters, with a
total of 6 cross-sections. The Manning's roughness coefficient for all cross-sections is assumed
to be 0.025, the bed slope is 0.002, the spatial step is 100 meters, and the time step is 5 seconds.
upstream boundary conditions have been considered as flow discharge changes with time at the
upstream end (x=0 m), and downstream boundary conditions as water surface elevations
changes with time at the downstream end (x=1000 m). The total simulation time is 8 hours. In
order to establish initial conditions, the model was executed for a 48-hour period with constant
discharge and water depth equal to the river's discharge and water depth at time t=0 (a cold
start), and its results were used as initial conditions for the 8-hour simulation period. Figures 5
and 6 depict the results of the developed model in comparison with the HEC-RAS model results
at 250 and 650 meters from upstream.
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Fig. 5. Comparison of the developed model results for discharge-time with the results of HEC-
RAS at (a) 250 meters and (b) 650 meters from upstream.
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Fig. 6. Comparison of the developed model results for cross-sectional area changes over time
with the results of HEC-RAS at (a) 250 meters and (b) 650 meters from upstream.

CONCLUSIONS

An effective and accurate method for solving open channel flow over irregular geometry was
presented. We employed the Godunov-type finite volume method and the Riemann solver Roe.
The proposed method has second-order accuracy in both space and time. Additionally, to ensure
method stability in the presence of extreme and abrupt gradients, slope limiters and the TVD
method were incorporated. A novel method was also presented, which makes it possible to
calculate the pressure changes due to variations in flow width in open channels with irregular
(non-rectangular) cross-sections. The results of applying the model to three test cases
demonstrate the high accuracy and numerical stability of the developed model, making it a
suitable option for simulating flow dynamics in natural water bodies.
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ABSTRAKT

Teplota vody je jednym z najzdkladnejSich ukazovatel'ov pri hodnoteni stavu povrchovych vad.
Prispevok sa zaobera porovnanim a vyhodnotenim teploty vody v Jaloveckom potoku v r6znych
nadmorskych vySkach a teploty vzduchu. Teplota vody bola merand na Siestich lokalitach od
nadmorskej vysky 560 m po 1 100 m n. m. Teplota vzduchu bola meranéd na troch lokalitdch
v nadmorskej vysSke 560 m, 750 m a1 400 m n. m. Teplota vody na Jaloveckom potoku bola
vyhodnocovana z hodinovych merani po¢as hydrologického roku 2022 (1.11 2021 — 31.10. 2022).
Z nameranych teplot vody boli pre kazda lokalitu vypocitané hodinové, denné a priemerné mesacné
hodnoty teploty vody. Tieto merania boli pouZité aj pri vyhodnocovani zavislosti teploty vody na

v

zaznamenali na lokalite snajvy$Sou nadmorskou vyskou (Hlboka dolina), pricom najvys$Sia
priemerna teplota vody (hodinova aj mesacna) bola zaznamenand na lokalite s najnizSou
nadmorskou vyskou (Ondrasova).

Keywords: teplota vzduchu, teplota vody, hydrologicky rok, Jalovecky potok

UvVoD

Teplota vody je dolezitou fyzikalnou charakteristikou vody. Ma vyznamny vplyv na rie¢nu
faunu a floéru a podmienuje kvalitu vodného ekosystému. Pocas extrémnych a dlhotrvajucich
hortc¢av a sucha dochddza k nebezpecnému narastu teploty vody. Dlhodobejsie prehrievanie
vody v tokoch v kombindcii s nizkymi prietokmi moZe spdsobit’ neziaduce procesy, ktoré vedu
k thynu fauny a flory. Teplota vody je rovnako ako ostatné fyzikalno-chemické ukazovatele
kvality vody zahrnutd do hodnotenia ekologického stavu povrchovych vod v sulade s
poziadavkami ramcovej smernice o vode — RSV EU (WFD, 2000). Tato smernica stanovuje
&lenskym $tatom EU povinnost’ posudzovat’ vyvoj kvality vody v tokoch v zavislosti od typu
vodného utvaru (horské, lesné, pol'nohospodarske povodia a pod.).

Hydrologicky vyskum v malych povodiach zohrdva délezitu ulohu pri zlepSovani chapania
hydrologickych procesov. Malé experimentalne povodia slizia vyskumnému tcelu prave preto,
ze ide vicsinou o horné Casti povodia a vyskytuji sa v nich len malé krajinné zmeny. Navyse
je v nich jednoduchsie vytvorit’ husta siet’ pozorovani a ziskat’ tak kvalitné data (Schumann,
Herrmann, 2010). Vzhl'adom na to, Ze merania teploty vody si nevyzaduji naro¢ni meraciu
techniku, je teplota vody ako zékladny ukazovatel' kvality vody dlhodobo sledovand na
vybranych tokoch na Slovensku, ako aj vo svete. Prvé kontinudlne merania teploty vody na
slovenskych tokoch su datované od roku 1924 do roku 1926 (Dunaj: Bratislava — 1926, Hron:
Banska Bystrica — 1925, Starohorsky potok: Motycky — 1924, Nitra: Nitrianska Streda — 1925,
Vah: Sered — 1930). Dmitrijeva, Pacl (1952) prvykrat spracovali zakladné charakteristiky
teploty vody na rieke Dunaj na stanici Bratislava. Spracovanim udajov o teplote vody do roku
1960 sa vo svojich pracach zaoberali aj Horvathova, Vanetianerova (1963), Horvathova (1964)
a Horvathova, David (1969). Teplotu vody ceskoslovenskych tokov do roku 1960 komplexne

zhodnotil vo svojej praci taktiez Cermék (1965). V poslednych rokoch autori Leskova, Skoda
(2003) analyzovali vyvoj teplotného rezimu vody na slovenskych tokoch. Hodnotili denné
teploty vody z vybranych vodomernych stanic a mesacné teploty z vybranych klimatologickych
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stanic. Ich vysledky ukazali, Ze najvyssie teploty vody na slovenskych tokoch sa vyskytuja v
z prac Pekarova, Halmova (2007) a Pekarova et al. (2007), kde bolo hodnotené termalne
pradenie v profile rieky Dunaj v Bratislave. Dal'Sou pracou, ktora sa zaobera hodnotenim
teploty vody v rieke Dunaj (profil Bratislava) za obdobie 1931-2005 je praca Skoda a kol.
(2007). Zavislost teploty vody od teploty vzduchu je hodnotena v praci Bajtek et al. (2022).
Zmeny hodnét teploty vody tzko stvisia s vyvojom teplot vzduchu. Predpokladany narast
teploty vzduchu sa prejavi aj zvySenim teploty vody v tokoch (Bonacci et al., 2008). Ked’ze
voda ma radovo vysSiu tepelna kapacitu ako vzduch, zvysenie teploty vody v toku by mohlo
byt vyznamnym signalom oteplovania povodia (Pekarova et al., 2008). Kedze teplota vody je
zékladna fyzikalno-chemicka charakteristika indikujuca kvalitu vody, jej budaci vyvoj je
mimoriadne dolezity. Za ucelom elimindcie vplyvu ludskej ¢innosti na teplotu vody je
potrebné, aby sa monitoring vykonéval aj v povodiach s prirodzenym rezimom.
V nasej stadii je hodnotend dynamika teploty vody na Siestich lokalitach s roznou nadmorskou
vyskou v podhori a v nedotknutej horskej €asti povodia Jaloveckého potoka, ktoré sa nachadza
v Jaloveckej doline v severnej Casti Slovenska. Ciel'om tejto Stadie je:

- vyhodnotit’ experimentalne merania teploty vody v skimanom povodi,

- analyzovat sezonnost’ teploty vody (hodinovy, denny a mesa¢ny chod),

- posudit’ vztah medzi teplotou vody, teplotou vzduchu a nadmorskou vyskou.

MATERIAL A METODY

Tato Studia je realizovana v povodi Jaloveckého potoka, ktory sa nachadza v severnej Casti
stredného Slovenska a v zépadnej Casti Zapadnych Tatier (obr. 1) Jalovecky potok je typicky
horsky potok. Vznika sutokom potokov Parichvost a Bobroveckého potoka v nadmorskej vyske
1 000 m n. m. Jalovecky potok sa vlieva do rieky Vah. Ustie potoka sa nachddza v nadmorskej
vyske 560 m n. m. v mestskej Casti Liptovsky Mikulas (€ast’ Liptovskd Ondrasova). Povodie je
vedené z oboch stran hrebefiom Zapadnych Tatier. Povodie ma rozlohu 45 km? a skladé sa z
dvoch casti: hornej Casti (tzv. horska Cast’) a spodne;j Casti (tzv. podhorska cast’).

Horska cast’ povodia sa nachddza v Tatranskom narodnom parku (TANAP), z ¢oho vyplyva,
7e v sti¢asnosti sa tu T'udské aktivity obmedzujii vyluéne na turistiku. Jeho rozloha je 22,2 km?,
nadmorskd vyska sa pohybuje v rozmedzi 820 az 2 178 m n. m. (priemer 1 500 m n. m.)
a priemerny sklon dosahuje 30°. Geologické podlozie je prevazne tvorené granodioritom a
rulou, ktoré su pokryté fluvioglacidlnymi sedimentmi a svahovymi sutinami. Asi 7 % povodia
tvoria druhohorné horniny s prevahou véapencov a dolomitov. Podny pokryv reprezentuju
kambizeme, podzoly, rankre a litozeme. Lesy s prevahou smreka obycajného (Picea abies)
pokryvaju 44 % tohto uzemia.
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Obr. 1. Topografia povedia Jaloveckého potoka a umiestnenie vybranych lokalit merania
teploty vody (1 — Ustie Jaloveckej doliny, 2 — Jalovecka dolina, 3 — Bobrovecka dolina, 4 — dolina
Parichvost, 5 —Hlboka dolina, 6 - Ondrasova).

Teplota vody na Jaloveckom potoku bola vyhodnocovana z hodinovych merani na Siestich
lokalitach (obr. 1) pocas hydrologického roku 2022 (1.11. 2021 — 31.10. 2022). Teplota
vzduchu bola vyhodnocovana taktiez z hodinovych merani. Z nameranych teplot vody boli pre
kazdua lokalitu vypocitané hodinové, denné, priemerné mesacné hodnoty teploty vody. Tieto
merania boli pouZzité aj pri vyhodnocovani zévislosti teploty vody na nadmorskej vyske a
teplote vzduchu. Zoznam lokalit a ich umiestnenie v povodi a k nim prislichajuca nadmorska
vyska pre teplotu vody a teplotu vzduchu je uvedeny v tab. 1.

Tabul’ka 1. Lokality merania teploty vody a teploty vzduchu a ich zodpovedajica nadmorska
vy$ka v povodi Jaloveckého potoka

Teplota vody [°C] Nadmorska vy$ka Teplota vzduchu [°C] | Nadmorska vy§ka
Lokalita [mn.m.] Lokalita [mn.m]
Ondrasova 560 Ondrasova 560

Ustie Jaloveckej doliny | 850 Priemstav 750

Jalovecka dolina 960 Hlboka dolina 1400

Bobrovecka dolina 1009

Dolina Parichvost 1015

Hlboka dolina 1110

V povodi Jaloveckého potoka sme od novembra 2021 zagali merat’ teplotu vody pozdiz toku na
Siestich lokalitach v r6znej nadmorskej vyske (560—1110 m n.m.). Miestam merani sme priradili
nazvy podla lokalit, kde boli teplotné snimace umiestnené a to Ondasova, Ustie Jalovecke;
doliny, Jalovecka dolina, Bobrovecka dolina, dolina Parichvost a Hlboka dolina. Teplomery v
hornej Casti povodia boli rozmiestnené tak, aby sme pokryli aj oblast Bobroveckej doliny,
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ktorou preteka Poliansky potok a Hlbokej doliny, ktorou pretekd Hlboky potok. Poliansky a
Hlboky potok sa nasledne vlieva do Jaloveckého potoka, ktory preteka dolinou Parichvost.
Teplomery boli umiestnené na 'avé brehy tokov, tak aby k nim bol mozny pristup. Pri osddzani
boli dodrzané nasledovné kritérid: teplomery boli umiestnené do prudiacej vody tak, aby sa
nachadzali stidle pod vodnou hladinou a boli umiestnené¢ v zatienenych oblastiach, aby sa
predchadzalo zvySenému vplyvu slne¢ného ziarenia. Zatienenie poskytovali brehové porasty.
Na zaznamendavanie teploty vody sme na piatich lokalitach, pouzili teplomery Minikin Tie od
firmy EMS Brno. Jedna sa o odolné a vodotesné zariadenia, ktoré meraji a zaznamenavaju
teploty vody v intervaloch od 30 sekiind aZ po 4 hodiny. Stahovanie udajov prebiehalo
prostrednictvom prenosné¢ho pocitaca, softwéru Mini32 a IrDA kabla. Na lokalite ustie
Jaloveckej doliny sme udaje o teplote vody prebrali z automatickej stanice MicroStep-MIS.
Udaje z tejto stanice su nam k dispozicii online. Udaje o teplote vzduchu sme prebrali z troch
lokalit a to Ondrasova (560 m n.m.), Priemstav (750 m.n.m.) a Hlboka dolina (1 400 m n.m.).
Na lokalite Ondrasova je teplota vzduchu zaznamenavana prostrednictom automatickej stanice
MicroStep-MIS. Na lokalitach Priemstav a Hlboka dolina st teploty vzduchu zaznamenavané
prostrednictvom pristrojov Minikin THi resp. Minikin RTHi s radiacnym krytom (EMS Brno),
ktoré podobne ako teplotné snimac¢e Minikin Tie zaznamenavaju teploty vzduchu v intervaloch
od 30 sekund az po 4 hodiny.

VYSLEDKY

Hodinovd, dennd a mesa¢nd dynamika teploty vody

Hodinovy chod teploty vody pocas diia bol analyzovany na zaklade udajov z hydrologického
roku 2022 (obr. 2, tab. 2). Najvyssie kolisanie hodinove;j teploty vody (od -1,0 °C do 22,3 °C)
zaznamenan¢ v Bobroveckej doline. So stipajucou nadmorskou vySkou sa kolisanie hodinove;j
teploty vody znizuje (az do nadmorskej vysky 1 009 m n. m.). Minimalne hodnoty sa vyskytuju
rdno pri vychode slnka a maximéd popoludni. NajvysSie priemerné teploty vody boli
(4,1°C). Rovnaké priemerné hodinové hodnoty teploty vody boli zaznamenané aj v Jalovecke;j
doline (4,2 °C) a v doline Parichvost (4,2 °C). V zimnych mesiacoch ma teplota vody pocas
dita nizSiu amplitidu (tu nie je znazornend). Priemerné hodinové hodnoty teploty vody
v zimnych mesiacoch sa v najnizSej nadmorskej vySke (560 m n. m.) pohybovali od -1,0 °C do
12,6 °C, kym v letnych mesiacoch sa teplota vody pohybovala v rozmedzi od 4,1 °C do 22,3
°C. V najvyssej nadmorskej vyske (1 110 m n. m.) sa v zime priemerné hodinové teploty vody
pohybovali v rozmedzi -1,2 °C az 7,9 °C a v lete od 2,1 °C do 15,1 °C.

Tabulka 2. Zakladné Statistické charakteristiky hodinovych teplot vody namerané na
skiumanych lokalitach v povodi Jaloveckého potoka

Lokalita Nadmorska vy§ka | Minimum Maximum Median Priemer
[mn.m.]
Ondrasova 560 -1,0 22,3 6,1 6,7
Ustie Jaloveckej doliny | 850 0,4 13,4 45 5,2
Jalovecké dolina 960 -1,0 13,0 3,6 472
Bobrovecké dolina 1009 -0,4 10,5 3,8 41
Dolina Parichvost 1015 -0,8 13,3 3,2 4,2
Hlbok4a dolina 1110 -1,2 15,1 4,0 4,5
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Hodinové teploty vody (hydrologicky rok 2022)
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Obr. 2. Hodinové teploty vody merané na réznych lokalitaich a nadmorskych vyskach. Linia
zobrazuje median teplét vody. Cerveny bod oznacuje priemernua hodnotu teploty vody.

Na obr. 3 je zndzorneny denny chod a dynamika kolisania nameranej teploty vody pocas
hydrologického roku 2022. Zakladné Statistické charakteristiky priemernych dennych teplot
vody uvadzame v tab. 3. Priebeh priemernych dennych teplot vody ma charakter sinusoidy. Vo
vSeobecnosti by sa teplota vody mala pocas roka v miernom klimatickom pasme pohybovat’ od
0 °C do 25 °C. Hodnoty priemernych dennych teplot vody sa pohybuju od 4,1°C (Ondrasova)
do 6,7 °C (Bobrovecka dolina). Najvyssia priemerna denna teplota vody bola zaznamenana v
Ondrasovej (18,3°C), najnizsia bola namerana v Hlbokej doline (-1,5 °C). Tato skuto¢nost’
vyplyva z rozdielnej nadmorskej vysky stanic (OndraSovéa 560 m n. m., Hlboka dolina 1 009 m
n. m.). Minimalna denna teplota vody klesla na alebo pod 0 °C na vSetkych lokalitach s
vynimkou Ustia Jaloveckej doliny. Zaujimavostou je, Ze priebeh teploty vody sa v lete viac
meni medzi Bobroveckou dolinou a dolinou Parichvost. M6Ze to byt spdsobené odlisSnym
geologickym podloZzim (dolomity vs. Zula). Denné vykyvy teploty vody st vo vSeobecnosti
vysSie v odlesnenych oblastiach, kde brehové porasty nebrania vode proti prehriatiu pocas dia.

Tabulka 3. Zakladné $tatistické charakteristiky priemernych dennych teplot vody namerané na
skiumanych lokalitach v povodi Jaloveckého potoka

Lokalita Nadmorska vy§ka | Minimum Maximum Median Priemer
[mn.m.]
Ondrasova 560 -0,8 18,3 6,0 6,7
Ustie Jaloveckej doliny | 850 0,4 12,0 45 5,2
Jalovecké dolina 960 -0,9 11,3 3,7 472
Bobrovecké dolina 1009 -0,2 9,0 3,8 41
Dolina Parichvost 1015 -0,8 11,8 3,2 42
Hlbok4a dolina 1110 -1,2 11,7 4,0 4,3
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Denné teploty vody (hydrologicky rok 2022)
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Obr. 3. Priemerné denné teploty vody merané na réznych lokalitich a nadmorskych vySkach.

Priemerné mesacné teploty vody mozno oznacit’ za jeden z ddlezitych zdrojov, ktory je
poskytovany réoznym odvetviam vodného hospodérstva. Vel'mi zretel'ne totiz vykazuji zmeny
teploty vody v priebehu roka a predstavuju vyrovnanu hodnotu, bez podstatného skreslenia
nahodnymi vplyvmi, ako je to pri dennych teplotach vody. Priemerné mesacné teploty vody
boli vypocitané z merani v hodinovom ¢asovom kroku za hodnotené obdobie a st uvedené na
obr. 4 a v tab. 4. Vyraznej$i narast teploty vody sme zaznamenali v juli a v auguste, comu
zodpoveda aj vysSia teplota vzduchu. Najvyssia priemernad mesacna teplota vody bola namerana
v juali (15,7 °C) na lokalite Ondrasova, zatial’ ¢o najnizsia bola pozorovana v decembri (-0,2 °C)
na tej istej lokalite a taktiez v Jaloveckej doline. Mesa¢na dynamika teploty vody ma zretelny
sezonny charakter. NajvysSie kolisanie teploty vody spomedzi skimanych lokalit sme
zaregistrovali pocas leta (jun — august), kedy priemerny mesacny teplotny rozsah dosahoval az
8,0 °C, zatial’ ¢o najniZsi priemerny mesacny rozsah (priblizne 1 °C) sme pozorovali v janudri,
februari, marci a v aprili. Najvacsi rozdiel medzi najnizSou (560 m n. m.) a najvysSou (1 110 m
n. m.) nadmorskou vyskou sme zaznamenali v juli, kedy priemerny mesacny teplotny rozsah
dosahoval az 6,7 °C.
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Mesacné teploty vody (hydrologicky rok 2022)
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Obr. 4. Priemerné mesacné teploty vody merané v ré6znych lokalitich a nadmorskych vyskach.

Tabulka 4. Zakladné Statistické charakteristiky priemernych mesa¢nych teplot vody namerané
na skimanych lokalitach v povodi Jaloveckého potoka

Mesiace Ondrasova | Ustie Jalovecka Bobrovecka Dolina Hlboka
Jaloveckej | dolina dolina Parichvost dolina
doliny

November 3.7 4.0 2.5 2.4 2.5 1.6

December -0. 1.2 -0.2 0.9 0.3 -

January 0.1 14 0.0 1.2 0.2 -

February 0.7 1.3 0.2 1.2 0.4 0.8

March 1.6 1.3 0.2 11 0.6 1.0

April 4.2 3.2 2.1 2.8 1.9 2.4

May 7.4 5.4 4.6 4.8 4.1 4.1

June 13.3 8.7 8.2 7.0 8.2 7.4

July 15.7 10.3 9.6 7.8 9.9 9.0

August 15.1 10.7 9.7 7.8 10.3 9.4

September 10.5 8.2 7.1 6.6 7.0 6.3

October 7.6 6.6 5.5 5.5 5.2 4.9

Zavislost’ teploty vody od nadmorskej vysky a teploty vzduchu

Vztah medzi teplotou vzduchu, teplotou vody a nadmorskou vyskou bol hodnoteny pomocou
rozptylovych grafov a korelacnych koeficientov. Korelacie si vyhodnotené pre tri lokality s
réznou nadmorskou vyskou (560 m n. m., 750 m n. m., 1 400 m n. m.), ako je zndzornené na
obr. 5. Hodnota korelaéného koeficientu (r) blizka 1 vyjadruje tesnii zavislost medzi
skimanymi veli¢inami. Je zrejmé, Ze existuje vysoka zavislost medzi teplotami vzduchu a vody
(hodnota r pre teplé¢ a chladné obdobie nad 0,9). Vysledky ukazujt, ze korelacie sa medzi
hodnotenymi obdobiami (chladné, teplé obdobie) vyrazne neliSia. VysSsie korelacie sme
zaznamenali vo vysSich nadmorskych vySkach (Hlbokéa dolina). Napriklad korelacia v lete
medzi teplotou vody a Ta teplotou vzduchu na lokalite Ondrasova (560 m n. m.) je priblizne
0,82 a na lokalite s vy$sSou nadmorskou vyskou (HIboké dolina) je priblizne 0,87. M6Ze to byt’
sposobené tym, Ze voda sa ohrieva po celej dizke toku, a preto su korelacie nizsie v niZsej
nadmorskej vyske (lokalita Ondrasova) a vyssie vo vyssej nadmorskej vyske (Hlboka dolina).
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V zimnom obdobi st korelacie nasledovné: 0,80 (Ondrasova), 0,85 (Gstie Jaloveckej doliny -
Priemstav), 0,86 (Hlboka dolina). Vo vSeobecnosti je teplota vzduchu vyssia ako teplota vody,
najma vo vyssich nadmorskych vyskach.

Denné teploty vzduchu vs teploty vody (hydrologicky rok 2022)
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Obr. 5. Namerana denna teplota vzduchu vs. teplota vody v réoznej nadmorskej vySke v
hydrologickom roku 2022 (1. november 2021 — 31. oktéber 2022), d’alej v teplom obdobi (jin
— oktéber) a v zimnom obdobi (november — maj).

ZAVER

Udaje o teplote vody a vzduchu namerané v réznych nadmorskych vyskach v povodi
Jaloveckého potoka potvrdzuju rozdiely medzi horskou a podhorskou ¢ast'ou skumaného
povodia. Najvyssie priemerné hodinové/denné teploty vody boli zaznamenané v nizsich
nadmorskych vyskach (560 m n. m.), zatial' ¢o najnizSie boli namerané vo vysSich nadmorskych
vySkach (1 110 m n. m.). Najniz8ie mesacné odchylky teploty vody boli pozorované v zime, na
jar sa zvysili, aby dosiahli maximalne hodnoty zaciatkom leta, a potom opét’ klesali na jesen.
Vyssiu zavislost’ medzi teplotou vody a teplotou vzduchu sme zistili vo vys§ich nadmorskych
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vyskach. NaSe merania moézu sluzit na urcenie limitnych hodnét teploty vody pre dobry
ekologicky stav pre nadmorské vySky 560 az 1 100 m n. m. v malych horskych povodiach.
Mesacné hodnoty teploty vody by bolo mozné pouzit’ pri zarad’ovani vody vysokohorskych
tokov do jednotlivych tried kvality vody vzhl'adom na teplotu vody. Aj ked’ na urcenie hranic
by bolo potrebné vyhodnotit’ dlh$i rad merani, tieto merania nam poskytuju aspon orientacné
hodnoty pre toky malo ovplyvnené l'udskou ¢innost'ou vo vysokohorskom prostredi.
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ABSTRAKT

Z hydrofyzikalnych vlastnosti bola skiimana po ohreve vodoodpudivost’ pieso¢natej pddy. Ohrevom
sposobena vodoodpudivost’ lesnej pody je riadena roznymi faktormi (dosiahnuta teplota, mnozstvo
a typ vegetacie, vlastnosti pddy). Po lesnych poziaroch boli zistené vel'mi premenlivé podne
podmienky odpudzujice vodu, ktoré¢ majii vyznam pre hydrologiu pody. Pddne vzorky mineralnej
lesnej pody zo skimaného tzemia boli odobraté z vrstvy do hibky 25 mm a zahrievané pri teplotach
od 50°C do 900°C po 100°C. Merali sme ¢as infiltracie kvapky vody do pody metdédou water drop
penetration test. Vodoodpudivost’ pieso¢natej pody je rozdielna v ihlicnatom a listnatom lese .
V ihli¢natom lese je poda pri teplotach 20°C, 100°C, 200°C, 300°C, 400°C extrémne vodoodpudiva.
Vodoodpudivost' pody v ihlicnatom lese zanikd pri 500°C. V listnatom lese nie je poda
vodoodpudiva pri 20°C a 100°C. Vodoodpudivost’ vznika pri 200°C a pri 300°C sme zistili extrémnu
vodoodpudivost’. Vodoodpudivost’ pody v listnatom lese zanika pri 400°C.

Klucové slova: vodoodpudivost’ pddy, ohrev pody, water drop penetration test, piesocnatd lesna
poda

UvVoD

PoZiare moZu na lesnych pddach vytvorit’ alebo zvysit’ vodoodpudivost’ pody. (Certini, 2005;
Doerr, 2004). ZvySenie vodoodudivosti pody vplyvom poziaru mdze sposobit’, Ze poda nebude
schopna infiltrovat’ vodu a bude nachylnejsia na er6ziu (DeBano a Krammes, 1966).
Vodoodpudivost’ pddy je prirodny jav vyskytujtci sa za relativne suchych podmienok v pédach
so Sirokého spektra vyuzitia pddy a klimatickych podmienok, ktoré sa méZzu zintenzivnit
zohriatim pody pocas poziarov. Ohen v skutocnosti vytvara vodoodpudivost’ v predtym
hydrofilnych pddach a tiez ho zachovava alebo dokonca zvySuje v predtym odpudzujicich
podach v zavislosti od konkrétnych podmienok pred vznikom poziaru a od jeho zavaznosti.
Vodoodpudivost’ pody sa povazuje za ddlezité pre hydrolégiu po poziari, Co spdsobuje znizent
infiltraciu a zvySeny povrchovy odtok a er6ziu, najmé po poZiari, ked bola vegetacia odstranena
(Certini, 2005, DeBano, 1981, DeBano, 2000, Doerr a kol., 2004, Kettridge a kol., 2014).

Vplyvom poziaru v prirodnom prostredi teplota lesnej pody stipa. Na zvySenie teploty lesnej
pddy pocas horenia ma vyznamny vplyv intenzita a ¢as trvania poziaru, ktoré¢ zavisia od kvality
a vlhkosti horiaceho paliva, teploty a vlhkosti vzduchu, rychlosti vetra a topografie terénu
(Robichaud, 2000, Campbell a kol., 1995). Pri nizkej intenzite poziaru teplota lesnej pody
dosahuje od 250 °C do 450 °C (Janzen and Tobin — Janzen, 2008, Fox a kol. 2007). V
pritomnosti kvalitného mnozstva paliva, ktoré zvySuje intenzitu poziaru teplota lesnej pddy
stupa na 500 °C az 700 °C (DeBano a kol., 1998) ale boli pozorované miesta poziaru so
zaznamenanou teplotou lesnej pddy 850 °C. (DeBano, 2000). Niektoré laboratorne experimenty
odhalili, Ze zahriatie p6dy pod 175 °C sposobuje mierne zmeny vodoodpudivosti pddy. Vyrazné
zvySenie vodoodpudivosti pddy bolo zistené pri teplotach od 175 do 270 °C. Teploty v
rozmedzi od 270 °C do 400 °C nicia hydrofébne latky v pdde a vo vysledku potlacaju
vodoodpudivost’ pody. (DeBano a kol., 1976, Doerr a kol., 2004, Varela a kol., 2005). Uginky
poziaru na vodoodpudivost’ pddy zavisia od d’alSich faktorov vratane druhu pritomnych rastlin
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a ich hustoty, charakteristik organickych latok, Struktary pody alebo mineralogického zlozenia
ilovitej frakcie (Arcenegui a kol., 2007, Mataix-Solera a kol., 2008). Mikromorfologické
vyskumy naznacili, ze vysoké teploty mali za nésledok zvySenie tvorby organickych
uhlikovych povlakov zodpovednych za vodoodpudivost’ pody (Dekker a kol., 1998). (Martinez
a kol., 2022) uviedli, Ze vodoodpudivost pody dosahuje najvy$Sie hodnoty na hrubsich
frakcidch a menej na najjemnejSich, o je v stilade so vSeobecne uznavanym tvrdenim, ze
hrubozrnné¢ pddy maji vacsiu pravdepodobnost’ vzniku vodoodpudivosti. Pieso¢naté pody
maji mensie Specifické povrchové plochy ako pdédy s jemnou texturou a preto je
pravdepodobnejsie, ze budu potiahnuté rovnakym mnozstvom hydrofobnej latky (DeBano a
kol., 1976). Zahrievanie organicky potiahnutych Castic alebo zmiesanej pddy mdze vyrazne
zvysit vodoodpudivost’ pody (DeBano a kol., 1976).

Cielom ¢lanku je vyskum vplyvu ohrevu (100 az 900 °C s krokom 100 °C) na hydrofyzikalnu
vlastnost’ vodoodpudivost’ piesocnatej lesnej pddy s odlisnou vegetaciou (ihli¢naty a listnaty
les).

METODY A UDAJE (SKUMANE UZEMIE)

Zo vsetkych bodov vyskumu sme po odstraneni povrchového organického horizontu odobrali
pddne vzorky z mineralnej zlozky lesnej pody do hibky 25mm na laboratorny experiment.
Odobraté podne vzorky sme susili odokryté v laboratériu a na konstantni hmotnost’ sme pddne
vzorky suS$ili v laboratornej suSiarni. Podne vzorky sme preosiali cez 2 mm sito. Do
keramickych misiek priemeru 70mm a vysky 35 mm sme navazili 60 gramov preosiatej podne;j
vzorky. Pri teplote 20 °C sme testovali 5 ks misiek s pddnymi vzorkami na vodoodpudivosti
pody. Poziar sme simulovali v muflovej peci pri teplotach 20, 100, 200, 300, 400, 500, 600,
700, 800 a 900 °C s dobou trvania 1200 s. V muflovej peci bolo 5 ks misiek pri kazdej teplote.
Na povrch podnych vzoriek s laboratornou teplotou sme umiestnili kvapku vody. Merali sme
¢as infiltracie kvapky vody do pody (Tab. 1.). Podl’a ¢asu infiltracie kvapky vody do pddy sme
urcili vodoodpudivost’ pody.

Skiimané uzemie sa nachadza pri obci Gbely (48°71.313' N, 17°03.994' E) v Borskej nizine s
nadmorskou vyskou 172 m. Pdda je tvorena eolitickymi pieskami. Podnebie skimaného izemia
je mierne s miernou vlhkostou a zimou. Priemerny tthrn zrdzok 600 - 650 mm a priemerna
ro¢na teplota 9-10 °C (Atlas krajiny SR, 2002). V ramci skimaného tizemia boli vy¢lenené 2
body vyskumu. Prvy bod vyskumu (IL) ihli¢naty les, porast monokultary borovice lesnej (Pinus
sylvestris). Druhy bod vyskumu (LL) listnaty les monokulttira dub letny (Quercus robur), (Obr.
1).

Tabulka 1. Cas infiltracie kvapky vody do pady s rozdelenim vodoodpudivosti pédy (Dekker a
Ritsema, 1995)

Cas infiltracie kvapky vody do Vodoodpuvost’ pody
pddy (s)
<5 Zmacava
5-60 Slabo vodoodpudiva
60-600 Silno vodoodpudiva
600-3600 Vel'mi silno vodoodpudiva
>3600 Extrémne vodoodpudiva
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Obr. 1. Mapa skiimaného tizemia s vyzna¢enymi bodmi vyskumu IL - ihli¢naty les, LL — listnaty
les.

VYSLEDKY A DISKUSIA

Grafické znazornenie (Obr. 2.) priemerného Casu infiltracie kvapky vody do pddy v zavislosti
od teploty vykazuje vel’kt mieru variability pre mineralnu zlozku lesnej pody na vyskumnych
bodoch IL, LL. Na mineralnej zlozke lesnej pddy z vyskumného bodu IL pri 20°C (bez
simul4cie poziaru) sme namerali najvyssiu priemerni hodnotu ¢asu infiltracie kvapky vody do
pody 9564 s pri¢om na vyskumnom bode LL sme namerali hodnotu ¢as infiltracie kvapky vody
do pddy len 10 s. Mineralnu zloZzku lesnej pody na vyskumnom bode IL sme urcili za extrémne
vodoodpudivll a na vyskumnom bode LL bola zistena slaba vodoodpudivost’. Ohrevom pody
na 100 °C sa ¢as infiltracie kvapky vody do pody zvysil ale vyskumny bod IL mal extrémnu
vodoodpudivost’ a vyskumny bod sa tiez nezmenil so slabou vodoodpudivostou. Dalsie
zvySovanie teploty na 200 °C a 300 °C posobilo zvySovanim casu. Pri teplote 200 °C sa boli
namerané rovnaké vodoodpudivosti lesnej pieso¢natej pody ako pri 100 °C. Vyznamné zmeny
vo vodoodpudivosti lesnej piesocnatej pody boli spésobené ohrevom pody na 300 °C kedy sme
namerali najvyssie hodnoty ¢asu infiltracie kvapky vody do pddy. Na vyskumnom bode IL sme
namerali cas infiltrdcie kvapky vody do pody 12372 sextrémnu vodoodpudivost a na
vyskumnom bode LL bola zistena hodnota 11844 s ¢o zodpoveda extrémnej vodoodpudivosti.
Vodoodpusdivost’ zanika pri teplote 400 °C piesocnata pdda v listnatom lese a pri 500 °C
pieso¢natd poda v ihlicnatom lese. Vplyvom rastlinného opadu sa v ihli¢natom lese vytvorila
lesna pieso¢natd pdda, ktord ma extrémnu vodoodpudivost’ bez pdsobenia ohrevu pri 20 °C.
Zvysovanie teploty ohrevom sposobuje mierny narast hodot ¢asu infiltracie kvapky vody do
pddy, pricom pdda je stale extrémne vodoodpudiva. Extrémna vodoodpudivost’ zanika na lesnej
piesocnatej pode ihlicnatého lesa pri teplote 500 °C a do 900 °C je hodnota €asu infiltracie
kvapky vody do pody O sapodda nie je vodoodpudiva. Priebeh vodoodpudivosti lesnej
piesocnatej pody listnatého lesa je tiez ovplyvneny rastlinnym opadom ale vodoodpudivost’ je
slaba pri 20 °C, 100 °C a 200 °C. Pri 300 °C lesna piesocnatd pdda listnatého lesa dosahuje
extrémnu vodoodpudivost. Mozno konStatovat’” Ze ohrev pieso¢natej pody v listnatom lese
sposobuje extrémnu vodoodpudivost. Vodoodpudivost’ zanika pri 400 °C na piesocnatej pode
listnatého lesa a do 900 °C sme nezistili zmenu vo vodoodpudivosti lesnej piesocnatej pody.
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Obr. 2. Priemerny ¢as infiltracie kvapky vody do pddy v zavislosti od teploty, ktora na podu
posobila.

Zmeny casu infiltracie kvapky vody do pddy, ktoré sme graficky znazornili moézu byt
sposobené druhovo rozlicnymi lesnymi porastami, ihli¢naty a listnaty les. Lesné porasty na
povrchu mineralnej pieso¢natej lesnej pody tvoria organicky horizont, ktory moze mat’ vplyv
na vodoodpudivost’ mineralneho horizontu lesnej pddy. Vplyvom c¢asu sa organicky horizont
rozkladda a niektoré organické latky prenikaji do minerdlneho horizontu. Zanik
vodoodpudivosti pddy mozno vysvetlit’ vysokymi teplotami od 400 °C do 500 °C zahrievania
mineralnej lesnej pddy spalenim chemickych latok, ktoré spdsobujit vodoodpudivost’. ZvySenie
vodoodpudivosti pody spdsobuju organické uhlikové povlaky.

ZAVER

Mozno konstatovat, ze vplyv teploty na vodoodpudivost’ pddy pod druhovo rozlicnymi
porastami lesa na piesocnatej pdde nie je rovnaky. ZvySovanie teploty mdze zvysit, znizit
vodoodpudivost’” pddy alebo vodoodpudivost pody moédze zanikut. Rozdielne zmeny
vodoodpudivosti pody minerdlnej zloZky piesocnatej lesnej pddy v zavislosti od teploty sme
zistili na kazdom vyskumnom bode. Vplyvom ¢asu pod ihlicnatym lesnym porastom vznika
stabilna extrémna vodoodpudivosti pddy, ktoru teplota poziaru vyrazne nemeni. Pod listnatym
lesom vplyvom poZiaru vznika extrémna vodoodpudivost’ pody pri 300 °C, ktora vznika so
slabej vodoodpudivosti pri 20 °C, 100 °C a 200 °C. Vyznam vodoodpudivost’ pody pre
hydrologiu po poziari. Vodoodpudivost’ pddy spdsobuje znizent infiltraciu, zvySeny povrchovy
odtok a eroziu.
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ABSTRACT

In the contribution, we evaluate the results that were achieved for the air temperature and relative
air humidity in Hurbanovo based on the measurements, and we prepared a scenario for their further
development until the year 2100 (in a daily step) based on the outputs of the MP1 and KNMI regional
climate models (with SRES A1B emission scenario). Attention is also paid to singularities in the
annual course of air temperature and the duration of some typical air temperatures spells (T <0 °C,
T>5°C, T>10°C,T>15°C, T>20°C, T >25°C) at Hurbanovo in different periods. The obtained
results show that the air temperature in Hurbanovo has been increasing from 1901 to the present,
and according to the climate models, this growth will continue until the end of this century. The
results of the average annual relative humidity in Hurbanovo show a gradual slight decrease in
different periods between 1901 and 2020 and, according to both climate models, a further slight
decrease at the end of this century.

Keywords: air temperature, relative humidity, climate scenarios, regional climate models

UvVoD

Podl'a 6. spravy IPCC celkovy néarast globdlnej povrchovej teploty sposobenej l'udskou
¢innost'ou od obdobia 1850-1900 do 2010-2019 dosiahol hodnotu priblizne 0,8 °C az 1,3 °C, s
najpravdepodobnej$im odhadom 1,07 °C (IPCC, 2021). Vyhodnoteniu teplotnych
charakteristik a spracovaniu teplotnych scenarov sa na regionalnej tGrovni venuje velka
pozornost’ (Frick a kol. 2014, Jaczewski a kol. 2015, Vyber¢i a kol. 2018, Zhan a kol. 2020,
Koenigk a kol. 2020, Brecht a kol. 2020, Trimmel a kol. 2021, Milovanovi¢ a kol. 2021,
Zahradnicek a kol. 2021, Lukasova a kol. 2021, Garry a Bernie, 2023). Mnoho prac je
venovanych aj vyhodnoteniu vlhkosti vzduchu, ulohe vodnej pary v atmosfére,
evapotranspiracii, ako napriklad Unkasevi¢ (1996), Frick a kol. (2014), Wang a kol. (2020),
Lapin a Damborska (2021), Szabdova (2021), Pavelkova a kol. (2021), Damborska a Lapin
(2023).

Prehlad scenarov klimatickej zmeny pripravenych na Slovensku, ako aj vyhodnotené ¢asové
rady niektorych scenarov klimatickej zmeny na Slovensku (ako je teplota vzduchu, zrazky,
potencidlna a aktudlna evapotranspiracia, nova snehova pokryvka, sucho), sme priniesli v
naSich predchadzajucich pracach, ako napriklad Bochnicek a kol. 2017, Gera a kol. 2019, Melo
a Gera 2021. Z doterajSich vysledkov ohl'adom vlhkosti vzduchu na Slovensku vyplyva, ze
priemerna ro¢na relativna vlhkost’ vzduchu a priemerna vlhkost’ vzduchu teplého polroka (april
— september) by mala mat’ do roku 2100 len nevyznamny klesajuci trend alebo Ziadny trend.
Na druhej strane trend deficitu nasytenia vodnej pary bude pravdepodobne pozitivny pre cela
krajinu, pricom vacsi narast tohto deficitu sa ocakava v teplom polroku pre juzné niziny
Slovenska (Gera a kol. 2019). Ulohe vodnej pary v procese zmeny klimy na Slovensku sa
venovali Lapin a Damborska (2021), z ich vysledkov vyplyva, Ze klimatickd zmena sa prejavuje
na zmenach vlhkostnych charakteristik v obdobi 1961-2020 podstatne viac ako predpokladali
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klimatické modely KNMI a MPI so strednym emisnym scenarom SRES A1B, takze by sme
mali brat’ do tivahy skor extrémnejsie (pesimistickejSie) scenare. To sa zrejme prejavi na raste
poctu nepriaznivych dni a obdobi ovplyvnenych rastom teploty, vlhkosti vzduchu a sytostného
doplnku a poklesom relativnej vlhkosti vzduchu na celom Slovensku. Tykat’ sa to bude tak
vyskytu suchych obdobi ako aj intenzivnych zrazok a dni s pocitom dusna. Rast sytostného
doplnku ovplyvni predovsetkym zvySujicu sa potencidlnu evapotranspiraciu (Lapin a
Damborska 2021). Podl'a Szabdovej (2021) postupné zvySovanie teploty vzduchu v obdobi
1981-2020 ovplyviiuje Castejsi vyskyt dusného pocasia v Hurbanove.

Nas aktualny prispevok nadvézuje na predchadzajici ¢lanok (Melo a Gera, 2021), kde sme
vyhodnotili scenare ro¢ného chodu teploty vzduchu (v mesacnom kroku) pre 30-rocné
normalové obdobie na konci tohto storoc¢ia 2071-2100, ziskané z vystupov dvoch regionalnych
klimatickych modelov MPI a KNMI, a to pre 45 meteorologickych stanic na tizemi Slovenska,
pricom na ukézku sme tu publikovali jednotlivo vysledky pre 10 stanic a sthrnne pre 45 stanic.
Tieto vysledky sme porovnali s redlnym stavom rocného chodu teploty vzduchu, ktory bol na
tychto staniciach namerany v obdobiach 1951-1980 a 1991-2020. U vybranych stanic sme sa
vo vtedajSom ¢lanku zamerali iba na mesacné a rocné hodnoty teploty vzduchu. Na tomto
mieste budeme venovat’ pozornost’ vysledkom, ktoré sme dosiahli z vystupov tych istych
klimatickych modelov MPI a KNMI, a to v dennom kroku na priklade meteorologickej stanice
v Hurbanove. Vyhodnotime tu vysledky pre teplotu vzduchu a relativnu vlhkost” vzduchu.

METODY

Vyber vhodnych regiondlnych klimatickych modelov MPI a KNMI a vyber typu emisného
scenaru SRES A1B sme zdovodnili v naSej predchadzajtcej praci (Melo a Gera, 2021), kde
sme uviedli aj metodiku, ktorti sme pouzili na vypocet teploty vzduchu z gridovych bodov
modelu do miesta merania meteorologickych tdajov. V tomto prispevku pracujeme s tymi
istymi vystupmi modelov, avSak vyhodnocujeme scenare ro¢ného chodu teploty vzduchu v
dennom kroku pre posledné 30-ro¢né normalové obdobie tohto storocia 2071-2100, pricom na
tomto mieste vyhodnocujeme iba vysledky pre meteorologicku stanicu Hurbanovo. Vysledky
porovnavame s realnym stavom ro¢ného chodu teploty vzduchu, ktory bol na tejto stanici
dosiahnuty na zaklade merani v obdobi 1951-1980 a 1971-2000. Rovnako tiato metodika je
platna aj pri vyhodnocovani d’alSieho klimatologického prvku, ktorému venujeme pozornost’ v
tomto prispevku, a to relativnej vlhkosti vzduchu pre Hurbanovo (na zéklade vystupov tych
istych klimatickych modelov v dennom kroku).

Singularity v ro¢nom chode teploty vzduchu na priklade Hurbanova a trvanie niektorych
vyznamnych teplotnych obdobi v Hurbanove sme Studovali pre obdobia 1951-1980, 1971-2000
a 2071-2100 s pouzitim 7-ditového kizavého priemeru v roénom chode.

Podobne sme postupovali aj pri rocnom chode priemernej relativnej vlhkosti vzduchu v
Hurbanove, kde sme pouzili zhladenie 7-diiovym kizavym priemerom pre obdobia s
nameranymi udajmi 1951-1980, 1971-2000 a 1991-2020 a pre obdobie 2071-2100 na zaklade
vystupov z klimatickych modelov MPI a KNMI. Pri charakterizovani priemernej rocnej
relativnej vlhkosti vzduchu v Hurbanove sme pouzili rdzne normélové obdobia medzi rokmi
1901 a 2020.

Udaje z nameranych dennych hodnét teploty vzduchu a relativnej vlhkosti vzduchu pre
Hurbanovo sme ziskali od SHMU Bratislava.

Teplota vzduchu v Hurbanove v rokoch 1901-2100

V obdobi 1901-2023 wvzrastli v Hurbanove priemerné mesacné teploty vzduchu v
najchladnejSom 1 v najteplejSom mesiaci roka (Obr. 1 a 2). Tak napriklad podla linearneho
trendu v tomto obdobi dosahuje teplotny narast v januari hodnotu +2,5 °C (z -2,4 °C v roku
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1901 na +0,1 °C v roku 2023) a v jali hodnotu +2,8 °C (z 19,3 °C v roku 1901 na +22,1 °C v
roku 2023). Na zaklade scenérov, vychadzajucich z vystupov klimatickych modelov MPI a
KNMI, mézeme konstatovat, ze teplotny rast bude kontinudlne pokracovat’ aj nad’alej pocas
celého 21. storocia (Obr. 1 a 2). Priemerna mesacna teplota vzduchu v januéri sa v roku 2100 v
porovnani s rokom 2023 v Hurbanove zvysi na zaklade linedrneho trendu o +4,8 °C v pripade
modelu KNMI a o +4,9°C podl'a modelu MPI a mohla by tak v roku 2100 dosahovat’ hodnotu
priblizne +4,9 °C (KNMI), resp. +5,0 °C (MPI). Priemerna mesacna teplota vzduchu v juli by
v Hurbanove podl'a modelu MPI mohla na zaklade tohto linearneho trendu v roku 2100
dosiahnut’ hodnotu 24,7 °C (o je narast o 2,6 °C medzi rokmi 2023 a 2100) a podl'a modelu
KNMI dokonca az 25,8 °C (narast o 3,7°C medzi rokmi 2023 a 2100).

Na Obr. 3 je vidiet' roény chod teploty vzduchu v Hurbanove (zhladeny 7-diiovym kizavym
priemerom) v rdznych obdobiach, a to 1951-1980 a 1971-2000 (na zédklade meranych tidajov)
a 2071-2100 (na zaklade vystupov z klimatickych modelov MPI a KNMI). Priemernd ro¢na
teplota vzduchu v Hurbanove dosiahla pri pouziti 7 ditového kizavého priemeru v obdobi 1951-
1980 hodnotu 10,0 °C, v obdobi 1971-2000 vzrastla na 10,3 °C. Podl'a scenarov na zaklade
klimatického modelu KNMI by mohla v obdobi 2071-2100 dosiahnut’ hodnotu 13,8 °C a podl'a
modelu MPI dokonca az 14,2 °C (Obr. 3). Z tohto roéného chodu mézeme vyhodnotit’ aj
vysledky pre teplotné singularity v Hurbanove, ako aj dobu nastupu, ukoncenia a trvania
niektorych vyznamnych charakteristickych teplot vzduchu v Hurbanove, ktoré vyhodnotime na
d’alSom mieste v tomto texte.

Rast priemernej dennej teploty vzduchu (pri pouziti 7 diiového kizavého priemeru) je
v obdobi 2071-2100 vychadzaju podl'a obidvoch modelov na jarné mesiace april a maj. Podla
modelu MPI by mal byt v obdobi 2071-2100 v porovnani s obdobim 1971-2000 dosiahnuty v
jednotlivych ditoch najmensi nérast 0 0,9 °C a v porovnani s obdobim 1951-1980 o 1,4 °C (Obr.
4). Podl'a modelu KNMI vychadza v obdobi 2071-2100 najmensi nérast pre jednotlivé dni o
0,8 °C v porovnani s obdobim 1971-2000 a o 1,5 °C v porovnani s obdobim 1951-1980.
Naopak, najvyssie narasty priemernej dennej teploty vzduchu v obdobi 2071-2100 vychadzaja
na jesenné a zimné mesiace. V pripade modelu MPI je to v porovnani s obdobim 1971-2000
najviac 0 6,7 °C (na konci oktobra) a v porovnani s obdobim 1951-1980 je to najviac 0 6,2 °C
(pocas niektorych oktobrovych dni). V pripade modelu KNMI je to v porovnani s obdobim
1971-2000 najviac o 5,8 °C (na konci decembra) a v porovnani s obdobim 1951-1980 je
najvyssi narast priemernej dennej teploty vzduchu s hodnotou o 6,3 °C dosiahnuty v tretej
dekade januéra (Obr. 4 a 5).
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Obr. 3. Priemerna mesa¢na teplota vzduchu v januari pre Hurbanovo v rokoch 1901-2100 (v
obdobi 1901-2023 na zaklade merani a v obdobi 2024-2100 na ziklade klimatickych modelov
MPI a KNMI).
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Obr. 2. Priemerna mesac¢na teplota vzduchu v juli pre Hurbanovo v rokoch 1901-2100 (v obdobi
1901-2023 na zdklade merani a v obdobi 2024-2100 na ziklade klimatickych modelov MPI a
KNMI).
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Obr. 3. Ro¢ny chod teploty vzduchu [°C] (jeho 7-denny kizavy priemer) v Hurbanove v
obdobiach 1951-1980, 1971-2000 a klimaticky scenar zaloZeny na modelovych vystupoch MPI a
KNMI v obdobi 2071-2100.
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Obr. 4. Rast priemernej dennej teploty vzduchu [°C] (pri pouZiti 7 diiového kizavého priemeru)
v obdobi 2071-2100 podl’a modelu MPI v porovnani s obdobiami 1951-1980, resp. 1971-2000 (na
zaklade nameranych udajov).
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Obr. 5. Rast priemernej dennej teploty vzduchu [°C] (pri pouZiti 7 diiového kizavého priemeru)
v obdobi 2071-2100 podla modelu KNMI v porovnani s obdobiami 1951-1980, resp. 1971-2000
(na zaklade nameranych udajov).

Singularity v rocnom chode teploty vzduchu v Hurbanove

V roénom chode sa u nas v strednej Eurdope vyskytuju niektoré vyznamnejSie teplotné
singularity, ktoré moézeme zretelne vidiet aj na Obr. 3. Pod pojmom teplotné singularity
oznacujeme pomerne pravidelné odchylky od celkového trendu pocasia, podmienené zvySenym
vyskytom urcitych poveternostnych situacii na tomto Uzemi v danej Casti roku. V naSej
predchadzajucej praci (Skvareninova a kol. 2009) sme §tudovali vyskyt teplotnych singularit v
roénom chode teploty vzduchu (pri pouZiti jeho 5-denného kizavého priemeru) na priklade
Hurbanova v troch réznych obdobiach 20. a zaciatku 21. storoc¢ia (1901-1950, 1951-2000,
1992-2006) a tiez v obdobi 2051-2100 ako scenar z vystupov kanadského klimatického modelu.
Teraz k tymto vysledkom pripajame spracovania pre 30-ro¢né obdobia 1951-1980, 1971-2000
a scenare pre obdobie 2071-2100 z vystupov regionalnych klimatickych modelov MPI a KNMI
(pri vietkych obdobiach s pouzitim 7-denného kizavého priemeru v roénom chode). V strednej
Europe sa najcastejsSie vyskytuji nasledovné singularity:

e Navrat zimy vo februari, kedy studené anticyklonalne pocasie, pdvodom zo Sibirskej
oblasti, sa rozsSiri do Eurdpy a zacne tu ovplyviovat klimu aj v naSej oblasti. V
Hurbanove sa tato singularita v obdobi 1901-1950 prejavovala svojim vyskytom
priemerne od 5. do 15. februara, v obdobi 1992-2006 vsak bola menej vyznamna
(Skvareninové a kol. 2009). V §tudovanych obdobiach 1951-1980 a 1971-2000 bola
zaznamenana priblizne okolo polovice februara (Obr. 3). Podla vystupov z oboch
klimatickych modelov by sa mala tato singularita v ro¢nom chode na konci tohto
storoCia stale vyskytovat, a to priblizne v ¢ase od konca januara do priblizne polovice
februara, pricom podl'a modelu KNMI vychéadza este jedna vina ochladenia aj na konci
februara (Obr. 3).

e V jarnom obdobi je charakteristicky vpad studeného arktického vzduchu zo severu
alebo severozapadu Europy do strednej Europy, pricom sa moze vyskytovat’ v roznych
datumoch tohto obdobia (v marci, v aprili i v maji). V obdobiach 1951-2000 a 1992-
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2006 sa napriklad najcastejSie vyskytovala v obdobi medzi 4. az 12. aprilom, v tomto
pripade bol arkticky vzduch velmi chladny iba vo vysSich nadmorskych vyskach
(Skvareninova a kol. 2009). V obdobi 1951-1980 bol tento vpad studeného vzduchu
zaznamenany medzi 6.-12. aprilom a potom opat’ medzi 19.-23. majom a v obdobi 1971-
2000 medzi 6.-16. aprilom a tieZ medzi 20.-26. majom (Obr. 3). Podl'a scenarov z
vystupov klimatickych modelov by mala byt’ tdto singularita na konci tohto storocia
(2071-2100) menej vyznamna. Prejavit’ by sa mohla podl'a oboch modelov medzi 1.-5.
aprilom a potom opat’ medzi 16.-18. majom (Obr. 3).

Pokles teploty vzduchu, spojeny s vpadom morskej vzduchovej hmoty zo zapadu na
Slovensko, ktory sa zacina vyskytovat’ priblizne od zaciatku do polovice jina. Toto
vlhkejSie obdobie (zaznamenany je zvySeny vyskyt atmosférickych zrazok) konci
priblizne v druhej polovici jula (Medard). V strednej Eurdpe je to doteraz
najvyznamnejsia singularita v roénom chode (pravdepodobnost’ vyskytu je priblizne
90%). Podl'a scenarov by tato singularita mala zostat’ vyznamnou aj v obdobi 2071-
2100. Podl'a oboch modelov je zaznamenany len mierny rast teploty vzduchu v tretej
dekade juna a najmé vyznamny pokles v druhej polovici jala (Obr. 3).

Priblizne na konci septembra a zaCiatku oktébra je strednd Eurdpa ovplyviiovana
anticyklondlnou situéciou, s typickym relativne teplym a suchym pocasim (Babie leto).
Pocas dna st dosahované relativne vysoké hodnoty maximalnych dennych teplot
vzduchu. Priemerné denné teploty vzduchu vSak nevykazujii nejaké vyznamnejSie
odchylky od optimalnej (zhladenej) krivky dlhodobého ro¢ného chodu teploty vzduchu,
nakol’ko v tomto obdobi sii zaznamenavané tiez relativne nizke hodnoty minimalnych
dennych teplot vzduchu (napr. v obdobi 1951-1980). Napriek tomu, v obdobi 1971-
2000 bola dosiahnutd mierna odchylka od optimalnej krivky roéného chodu priemerne;j
dennej teploty vzduchu v ditoch medzi 17.-21. septembrom (Obr. 3). Tieto priemerné
denné teploty vzduchu tak dosiahli vysSie hodnoty i napriek niz§im hodnotam
minimalnych dennych teplot. V poslednych rokoch vyznamnost’ tejto singularity u nas
rastie a v sucasnosti pravdepodobnost’ vyskytu Babieho leta je na porovnatel'nej irovni
s pravdepodobnostou vyskytu Medardovského pocasia u nas. Podla klimatického
modelu KNMI sa tato singularita v obdobi 2071-2100 na Obr. 3 prejavuje zaciatkom
oktobra a podl'a modelu MPI menej vyrazne v polovici oktdbra.

Koncom roku (v decembri) je u nas typicky cyklonalny typ pocasia, kedy sa putujica
tlakova niz od Janovského zalivu presiva smerom na severovychod a ¢iastocne zachyti
aj oblast’ juzného Slovenska. Pocasie je pocas tohto obdobia teplejSie a dazdivejsie (tzv.
viano¢né oteplenie). Na konci tohto storocia by sa podl'a oboch klimatickych modelov
tato singularita mala i nad’alej vyskytovat’ na konci decembra, a to dokonca dost’
vyrazne (Obr. 3).

Dosiahnuté vysledky ohladom vyskytu singularit v ro¢nom chode teploty vzduchu pre
Hurbanovo v obdobi 2071-2100 na zéklade dvoch regiondlnych klimatickych modelov MPI a
KNMI st teda vel'mi podobné s predchadzajiicimi vysledkami, ktoré sme dosiahli na zaklade
vystupov kanadského klimatického modelu CGCM2 (s uvazovanym emisnym scenarom SRES-
A2) pre obdobie 2051-2100 (Skvareninova a kol. 2009).

Trvanie niektorych vyznamnych teplotnych obdobi v Hurbanove
Vyznamnou klimatickou charakteristikou je nastup, ukoncenie a doba trvania teplot s
niektorymi vyznamnymi charakteristickymi hodnotami. Prakticky vyznam ma $tadium trvania
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obdobi s priemernou dennou teplotou vzduchu < 0 °C (zimné obdobie s mrazom), > 5 °C (vel'ké
vegetatné obdobie), > 10 °C (hlavné, resp. malé vegetaéné obdobie), > 15 °C (pravé letné
obdobie), o ma suvis so zivou prirodou. K tymto hodnotdm sme pripojili este aj trvanie obdobi
s priemernou dennou teplotou vzduchu > 20 °C a > 25 °C. Studovali sme datum nastupu a
ukoncenia tychto obdobi, ako aj celkovy pocet dni s tymito teplotami. Tieto obdobia sme
uréovali na zéklade ro¢ného chodu teploty vzduchu (jeho 7-denného kizavého priemeru) v
Hurbanove pre obdobia 1951-1980, 1971-2000 a pripravili sme klimaticky scenar z vystupov
modelov MPI a KNMI pre obdobie 2071-2100 (Obr. 3). Pri analyze sme pouzili dvojaka
metodiku: A, vyber najdlhsieho kontinualne trvajuceho obdobia s pozadovanymi hodnotami
teploty vzduchu bez prerusenia, a potom B, vyber celkového obdobia s pozadovanou teplotou
vzduchu, v ramci ktorého sa mézu vyskytnut’ aj prerusenia (s uvedenim celkového poc¢tu dni v
takomto obdobi). Rozdiel vo vysledkoch medzi obidvoma pouzitymi metéodami je
zanedbatel'ny (vacSina vysledkov vychadza rovnako) (Tab. 1).

Tabulka 1. Trvanie (datum nastupu, ukon¢enia a celkovy pocet dni) niektorych vyznamnych
obdobi s teplotou vzduchu (T<0°C, T>5°C, T>10°C,T>15°C, T>20°C,T>25°C) v
Hurbanove (s pouZitim 7-diiového kizavého priemeru) v obdobiach 1951-1980, 1971-2000
a klimaticky scenar, zaloZeny na vystupoch regionalnych klimatickych modelov MPI a KNMI
pre obdobie 2071-2100 (A - znamena najdlhSie kontinualne trvajice obdobie a B - znamena
celkovy pocet dni v obdobi s poZadovanou teplotou vzduchu)

1951-1980 1971-2000 2071-2100 MPI 2071-2100 KNMI
od - do dni od - do dni od - do dni od —do dni
A 30.12.-8.2. 41 1.1.-22.1. 22 - 0 - 0
<0°
B | 30.12.-8.2. 41 1.1.-2.2. 23 - 0 - 0
A116.3.-17.11. 247 14.3.-12.11. 244 8.2.-10.12. 306 14.2.-9.12. 299
> 50
B|16.3.-17.11.| 247 [14.3.-12.11. 244 25.1.-2.1. 326 23.1.-2.1. 319
A|14.4.-15.10.| 185 |[18.4.-17.10. 183 |24.3.-15.11,| 237 25.3.-3.11. 224
>10°
B|14.4.-15.10.| 185 |[18.4.-17.10. 183 |24.3.-15.11,| 237 25.3.-3.11. 224
A 13.5.-16.9. 127 10.5.-21.9. 135 2.5.-20.10. 172 30.4.-2.10. 156
>15°
B | 13.5.-16.9. 127 10.5.-21.9. 135 2.5.-20.10. 172 30.4.-2.10. 156
A 8.7-21.1. 2x14 | 30.6.-20.8. 52 3.6.-20.9. 110 26.5.- 8.9. 106
o a 28.7.-10.8.
>20
B | 23.6.-10.8. 33 30.6.-20.8. 52 3.6.-20.9. 110 26.5.- 8.9. 106
A - 0 - 0 13.7.-17.7. 5 10.7.-19.7. 10
>25°
B - 0 - 0 13.7.-13.8. 9 10.7.-2.8. 17

Tieto vysledky taktiez poukazuj na otepl'ujuci charakter klimy v Hurbanove (Obr. 3, Tab. 1).
Celkovy pocet dni obdobia s priemernou dennou teplotou vzduchu < 0 °C (zimné obdobie s
mrazom) klesol medzi rokmi 1951-1980 a 1971-2000 takmer o polovicu a podla oboch
modelov sa takéto obdobie na konci tohto storoc¢ia (2071-2100) uz v Hurbanove prakticky ani
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vobec nebude vyskytovat. Trvanie vel'kého 1 malého vegetatného obdobia sa medzi rokmi
1951-1980 a 1971-2000 vel'mi nezmenilo (dokonca bol u oboch zaznamenany nepatrny pokles
poctu takychto dni), avSak podl'a scendrov oboch klimatickych modelov sa trvanie tychto dvoch
vegetaénych obdobi na konci tohto storodia znaéne prediZi, o niedo viac to vychadza v pripade
modelu MPI. NajvyznamnejSie zmeny vychadzaju pri obdobiach s vyskytom vyssich teplot
vzduchu (T > 15 °C a T > 20 °C), kde boli narasty poctu dni zaznamenané uz aj medzi
obdobiami 1951-1980 a 1971-2000, a to najma pri teplote vzduchu > 20 °C. Podl'a oboch
klimatickych modelov sa pocet takychto teplotnych dni vyraznejSie zvysi na konci tohto
storoc¢ia v obdobi 2071-2100 (o nieco viac podl'a modelu MPI), v pripade poctu dni s teplotou
vzduchu > 20 °C to vychadza dokonca na viac ako dvojnasobok v porovnani s obdobim 1971-
2000. Obdobie s priemernou dennou teplotou vzduchu > 25 °C sa doteraz v Hurbanove
nevyskytovalo, avSak podl'a oboch klimatickych modelov sa na konci tohto storocia (2071-
2100) moéze kratkodobo vyskytnit’, podl'a modelu MPI by celkovy pocet dni v obdobi s touto
pozadovanou teplotou vzduchu mohol dosiahnut’ pocet 9 a podl'a modelu KNMI dokonca az
17.

Relativna vihkost’ vzduchu v Hurbanove

Priemerna roc¢na relativna vlhkost’ vzduchu v Hurbanove v roznych obdobiach medzi rokmi
1901-2020 postupne klesa. Kym v obdobi 1901-1950 dosahovala hodnotu 76,25%, v
najnovsom obdobi 1991-2020 mé hodnotu len 72,58%. Z porovnania 30-ro¢nych normalov
medzi obdobiami 1951-1980 a 1991-2020 vyplyva, Ze priemerna ro¢na relativna vlhkost’
vzduchu klesla o 2,33% (Tab. 2). Podl'a oboch scenarov hodnota priemernej ro¢nej relativne;j
vlhkosti vzduchu v Hurbanove v obdobi 2071-2100 d’alej klesne, a to viac podl'a modelu MPI
(na hodnotu 69,30%).

Tabul’ka 2. Priemerna ro¢na relativna vlhkost’ vzduchu [%] v Hurbanove v r6znych obdobiach
(na zaklade merani v rokoch 1901-2020 a scenar na zaklade modelov MPI a KNMI v rokoch

2071-2100)
1901 - 1931 - 1951 - 1961 - 1971 - 1981 - 1991 - 22017010- 22017010-
1950 1960 1980 1990 2000 2010 2020 (MPI) | (KNMI)
76,25 75,75 74,90 73,67 73,23 72,74 72,58 69,30 72,20

V rocnom chode dosahuje relativna vlhkost vzduchu v Hurbanove (na zéklade priemernych
mesacnych udajov) v réznych doterajsSich obdobiach od roku 1901 do 2020 najnizsie hodnoty
zvy€ajne v aprili a sekundarne v jali, na druhej strane najvysSie hodnoty st zaznamenané
v mesiacoch od oktobra do februara (s maximom v decembri) (Obr. 6). Pokles medzi
obdobiami 1901-1950 a 1991-2020 bol dosiahnuty v kazdom mesiaci, najviac v jarnom obdobi
od marca do méja, priCom maximalny pokles ¢ini v aprili az -7,01%. Najmensi pokles medzi
tymito dvomi obdobiami bol zaznamenany v mesiacoch september (-1,40%) a oktober (-
1,58%). V poslednom obdobi relativna vlhkost’ vzduchu v oktébri dokonca mierne rastie, napr.
medzi obdobiami 1951-1980 a 1991-2020 hodnota vzrastla o 0,29% a v porovnani s obdobim
1961-1990 dokonca o0 1,98% (Obr. 6).
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Obr. 6. Ro¢ny chod relativnej vlhkosti vzduchu [%)] (v mesa¢nom kroku) v Hurbanove v
obdobiach 1901-1950, 1931-1960, 1951-1980, 1961-1990, 1971-2000, 1981-2010 a 1991-2020 (na
zaklade meranych udajov z SHMU).

Podrobnejsi roény chod relativnej vlhkosti vzduchu v Hurbanove v r6znych obdobiach vidiet
na Obr. 7, ktory bol zostaveny z dennych udajov (po jeho zhladeni 7-diiovym kizavym
priemerom). Na tomto obrazku je doplneny aj scenar rocného chodu na zéklade vystupov
z regionalnych klimatickych modelov MPI a KNMI pre obdobie 2071-2100. Z vysledkov
vyplyva, ze najvyraznejsi pokles relativnej vlhkosti vzduchu sa v Hurbanove podl'a modelu
MPI oc¢akéva priblizne od polovice augusta do polovice novembra a podl'a modelu KNMI to
vychadza na obdobie priblizne od polovice juna do polovice septembra. Obidva modely sa
zhoduju na raste relativnej vlhkosti vzduchu v Hurbanove v aprili, pri¢om vyssi narast je vidiet
Vv pripade modelovych vysledkov KNMI. Pri porovnani oboch modelov je vidiet’ nestulad medzi
vysledkami v marci, kedy MPI déava pokles relativnej vlhkosti vzduchu na rozdiel od
vykazovaného narastu pri modeli KNMI v porovnani s doterajSim stavom a tieZ v mesiaci maj
a na zaciatku juna, kedy naopak model MPI dosahuje narast a KNMI pokles v porovnani so
sucasnym stavom (Obr. 7).

V obdobi 2071-2100 by podl'a modelu MPI malo byt dosahované hlavné minimum relativne;j
vlhkosti vzduchu v Hurbanove na prelome augusta a septembra s hodnotou priemerne okolo
58%, sekundarne minimum na zaciatku druhej polovice marca s hodnotami okolo 65,5%
a hlavné maximum v decembri a v januari s hodnotou nad 80%. Podl'a modelu KNMI by
najnizSie hodnoty relativnej vlhkosti vzduchu (menej ako 55%) v Hurbanove mali byt
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dosahované v obdobi od zaciatku jala do zaCiatku augusta a najvysSie hodnoty relativnej
vlhkosti vzduchu v mesiacoch november, december a januar (viac ako 85%) (Obr. 7)
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Obr. 7. Ro¢ny chod priemernej relativnej vlhkosti vzduchu [%] v Hurbanove v obdobiach 1951-

1980, 1971-2000, 1991-2020 (na ziklade merani a po zhladeni 7-diiovym kizavym priemerom) a

v obdobi 2071-2100 (na zaklade vystupov z klimatickych modelov MPI a KNMI a po zhladeni 7-
diiovym kizavym priemerom).

ZAVER

Z dosiahnutych vysledkov vyplyva, Ze teplota vzduchu v Hurbanove sa od roku 1901 do
sucasnosti zvySuje a podla regionalnych klimatickych modelov MPI a KNMI bude tento rast
pokracovat’ do konca tohto storocia aj d’alej. Narast sa tyka nielen priemernej rocnej teploty
vzduchu, najteplejSicho 1 najchladnejSieho mesiaca, ale taktiez priemernej dennej teploty
vzduchu pocas celého roku. Podobné singularity v ro¢nom chode, aké sme tu mali doteraz, by
sa podl'a scenarov mohli vyskytovat’ aj na konci tohto storocCia, vyraznejSie v porovnani so
si¢asnym stavom sa z nich méZe prejavit’ najmi vianoéné oteplenie na konci roka. Co sa tyka
trvania niektorych vyznamnych teplotnych obdobi v Hurbanove, tak najvyraznejSie rozdiely
sme na jednej strane dosiahli v pripade trvania obdobia s nizkymi teplotami vzduchu (T <0
°C), ktorych celkovy pocet takychto dni sa medzi obdobiami 1951-1980 a 1971-2000 znizil a v
budticnosti (v obdobi 2071-2100) by sa podl'a oboch klimatickych modelov MPI a KNMI v
Hurbanove ani nemal vyskytovat a na druhej strane v pripade trvania obdobia s vysokymi
hodnotami teploty vzduchu (T > 15°C a T >20°C), kde bol zisteny vyznamny narast celkového
poctu dni s takymito teplotami vzduchu. V Hurbanove moézeme dokonca podla oboch
klimatickych modelov o¢akavat’ na konci tohto storocia vyskyt nového obdobia s T > 25 °C.

Vysledky ohl'adom priemernej ro¢nej relativnej vlhkosti vzduchu v Hurbanove ukazuji na
postupny mierny pokles v réznych obdobiach medzi rokmi 1901-2020 a podla oboch
klimatickych modelov taktiez i na d’alsi mierny pokles na konci tohto storocia. Najvyraznejsi
pokles relativnej vlhkosti vzduchu sa v Hurbanove podl'a modelu MPI ocakéva priblizne od
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polovice augusta do polovice novembra a podla modelu KNMI to vychadza na obdobie
priblizne od polovice juna do polovice septembra. Na druhej strane by sa v zhode podl’a oboch
modelov mala na konci 21. storocia v porovnani so suCasnym stavom zvysit’ relativna vlhkost’
vzduchu v Hurbanove v aprili.
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spolufinancovany zo zdrojov Europskeho fondu regionalneho rozvoja.

Tato praca bola tiez podporena Agenturou na podporu vyskumu a vyvoja v ramci projektu ¢.
APVV-20-0374 a ¢. DS-FR-22-0017.

Pouzité boli idaje z meteorologickej stanice SHMU pre Hurbanovo a vystupy z klimatickych
modelov MPI a KNMI.
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ABSTRACT

Snow cover and its characteristics are among the meteorological indicators that are usually the most
affected by the changing climate. In the complex natural conditions of Slovakia, this can mean the
emergence of conflicting tendencies even within small regions. In connection with the geographical
location of Slovakia, the influence of the greater continentality of the climate of eastern Slovakia,
or more pronounced manifestations of the oceanic climate of the western and south-western regions
of Slovakia, can also influence formation and durability of the seasonal snow cover (SC). This paper
therefore presents spatio-temporal and statistical analysis of the seasonal snow cover (SC) observed
at the precipitation stations located a within the territory of Slovakia during the winter season
1921/1922 — 2022/2023.

Keywords: snow, persistent snow cover, snow depth, climate change

INTRODUCTION

Snow cover plays a crucial role in the Earth's cryosphere and has a significant impact on the
regulation of the planet's climate system. It acts as a natural insulator, influencing energy
balance, surface albedo, and the distribution of water resources. However, the dynamics of
snow cover have been greatly affected by ongoing climate change, leading to significant
implications for ecosystems, water availability, and regional climate patterns. Understanding
the changes in snow cover accumulation and its relationship to a changing climate is essential
for predicting future environmental conditions and informing sustainable management
strategies.

One of the most apparent consequences of climate change on snow cover accumulation is the
reduction in the extent and duration of seasonal snow cover. Warmer temperatures cause a
greater proportion of precipitation to fall as rain rather than snow, resulting in decreased
snowpack accumulation. Additionally, elevated temperatures contribute to earlier snowmelt,
leading to a shorter duration of snow cover. These alterations have serious implications for
water resource management, as snowpack serves as a natural reservoir, storing water during the
winter months and gradually releasing it during warmer seasons. (Barnett et al., 2005, Bach et
al.,2018, Mudryk et al., 2020, Notarnicola 2022, Roessler et al., 2023).

Snow cover, a vital component of the Earth's cryosphere, has a significant impact on the global
climate system. It serves as a natural insulator, affects energy balance, influences surface
albedo, and plays a pivotal role in shaping water resource distribution. However, the intricate
dynamics of snow cover are increasingly vulnerable to the climate change. Gaining a
comprehensive understanding of the evolving dynamics of snow cover accumulation is
paramount in forecasting future environmental conditions and devising strategies for
sustainable resource management.

One of the most apparent consequences of climate change's impact on snow cover is the
perceptible reduction in both the extent and duration of seasonal snow cover, particularly
evident in regions like Slovakia. The rising global temperatures, an unmistakable hallmark of
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the Anthropocene era, are contributing significantly to this phenomenon. These warmer
temperatures trigger a transformation in the precipitation landscape, leading to a greater
proportion of precipitation falling as rain rather than snow. Consequently, the once-ample
snowpack dwindles, as its accumulation dwindles in the face of the encroaching warmth.
Furthermore, elevated temperatures hasten the onset of snowmelt, curtailing the duration of
SNow cover.

Empirical evidence from studies by Barnett et al. (2005), Bach et al. (2018), Mudryk et al.
(2020), Notarnicola (2022), and Roessler et al. (2023) underscores the magnitude of these
alterations and their far-reaching consequences. As snowpack serves as a natural reservoir,
storing precious water resources during the winter months and gradually releasing them during
the warmer seasons, its diminishing presence threatens water resource management and
underscores the urgency of comprehending and mitigating the impacts of climate change on
snow cover in Slovakia and similar regions (Fasko et al., 2020).

To address this issue, this paper presents a spatio-temporal and statistical analysis of the
seasonal SC in the form of a persistent seasonal snow cover (PSC), observed at precipitation
stations situated within the territory of Slovakia throughout the winter seasons from 1921/1922
to 2022/2023.

DATA AND METHODS

Daily snow cover depth (SCD) measurements in Slovakia were obtained from 84 precipitation
stations (Fig.1), each equipped with complete and consistent SCD datasets spanning 101 winter
seasons from 1921/1922 to 2022/2023. These stations were located at elevations, ranging from
102 meters above sea level (MASL) in Milhostov to 1017 MASL in Tatranska Javorina.

The SCD at each station was measured daily at 7:00 AM using a standardized snow stake. To
calculate the actual snow cover depth (SCD), three measurements were taken in close proximity
to each station, and the results were averaged to yield a representative value.

For our analysis, we defined Persistent Snow Cover (PSC) based on the Samaj and Valovi¢
(1988) as an uninterrupted sequence of days with a daily SCD greater than 1 cm. To
accommodate natural variations, we allowed for the inclusion of up to 3 days with SCD less
than 1 cm within a given PSC period while still considering it as an uninterrupted period. This
definition was chosen based on careful consideration of the ecological and hydrological
significance of snow cover.

To facilitate our analysis, we divided the dataset into seasonal periods, with each season defined
as a 12-month period spanning from July to June of the following year. This seasonal approach
allowed us to capture the entirety of snow cover dynamics within an annual cycle.

To simplify and streamline the presentation of our calculated results, we categorized the stations
into six elevation clusters based on their altitude. These elevation levels are defined as follows:
102 — 200 MASL (15 stations), 201 — 300 MASL (20 stations), 301 — 400 MASL (15 stations),
401 — 500 MASL (12 stations), 501 — 700 MASL (12 stations), and 701 — 1017 MASL (10
stations). While we acknowledge that this approach to cluster analysis does not fully account
for regional differences in snow accumulation patterns, it was adopted as a practical preliminary
measure, given its borderline satisfactory performance in our initial analysis.
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Fig. 4. Selected precipitation stations with the assigned elevation level.
RESULTS

Maximum and minimum PSC duration

A clear pattern emerges from our spatio-temporal analysis of the maximum and minimum
durations of persistent snow cover (PSC) (Fig. 2). Maximum durations exceeding 100 days
were observed at all stations, except those situated in the lowlands in the western part of
Slovakia. The highest values were consistently found in the mountainous regions of central and
Northern Slovakia. Notably, the absolute longest PSC duration of 182 days was recorded at the
Tatranska Javorina station during the winter season of 2007/2008. In contrast, the shortest
maximum PSC duration, a mere 75 days, was calculated for the lowland Hurbanovo station
during the winter season of 1928/1929. It is noteworthy that the majority of stations included
in our analysis reached their maximum PSC length during and prior to the 1961-1970 decade
(Fig. 3).

When examining the shortest PSC duration, we identified five stations with no recorded PSC
days: Uhrovec (2022/2023 season), Trnovec and Védhom (2013/2014), Vréable (2022/2023),
Plavé Vozokany (2022/2023), and Jelsava (2017/2018) (Fig. 4). Notably, all of these seasons
without any snow cover days occurred within the last six winter seasons. The longest season
with the minimum PSC length occurred at the Tatranskéd Javorina station during the winter
season of 2015/2016. This exceptionally short duration at this station is unprecedented when
considering that the bottom decile of PSC duration accounts for 81.3 days. In general, it can be
observed that most of the analyzed stations recorded their shortest PSC durations in or after the
1991-2000 decade (Fig. 5).
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Fig. 2. Spatial distribution of the maximum PCS length [days] at the selected stations in the
period 1921 — 2023.
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Fig. 3. Decade of the occurrence of the maximum PCS length [days] at the selected stations in
the period 1921 — 2023.
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Fig. 4. Spatial distribution of the minimum PCS length [days] at the selected stations in the
period 1921 — 2023.
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Fig. 5. Decade of the occurrence of the minimum PCS length [days] at the selected stations in the
period 1921 — 2023.
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Evolution of the maximum PSC duration

Decadal analysis

The temporal analysis, which focuses on the decadal changes in the average PSC duration at
selected elevation levels (Fig. 6), reveals a clear pattern. There is a clear peak in PSC duration
at all levels during the 1961-1970 decade, with average values ranging from 41 to 121 days,
contrasting sharply with a distinct minimum observed in the most recent completed decade,
2011-2020, where average values ranged from 17 to 74 days. Mean decadal averages equal to
values in the 30 — 97 range.

It is noteworthy that the sharp decrease in mean values observed in the last decade is expected
to persist into the upcoming decade. This trend underscores the ongoing impact of climate
change on PSC duration in the region.
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Fig. 6. Decadal changes in the average PSC duration [days] in the elevation levels [MASL] in the
period 1921 — 2023.

Cluster analysis of century time series

Distinct decreasing trends were identified across all selected elevation levels (Fig. 7A, 7B, 7C).
Statistically significant decreasing trends, at a confidence level of 0.001, were observed at
elevation levels 102-200 MASL, 201-300 MASL, 401-500 MASL, and 501-700 MASL, as
confirmed by the Mann-Kendall test.

When characterizing these trends using linear regression, the steepest decreasing trend of 5.7
days per decade was detected at the 401-500 MASL level, while the smallest decreasing trend
of 1.6 days was observed at the 301-400 MASL level. The mean trend value across all elevation
levels was calculated to be -3.5 days per decade.

With these observed trends, it is expected that the mean PSC duration at the lowest elevation
level will decrease to only 25 days per decade by the middle of this century and drop below 10
days per decade by the end of the century. However, given the rapid pace of warming and the
significant recent decreases in PSC duration, even these projections may be overly optimistic.
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Fig. 7A. Temporal evolution of the maximum duration of the persistent snow cover PSC [days]
at elevation levels 102 — 200 MASL and 201 — 300 MASL with displayed linear trendline (dashed
line) and moving 10-year average (dotted line) in Slovakia in the period 1921 — 2023.
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Fig. 7B. Temporal evolution of the maximum duration of the persistent snow cover PSC [days]
at elevation levels 301 — 400 MASL and 401 — 500 MASL with displayed linear trendline (dashed
line) and moving 10-year average (dotted line) in Slovakia in the period 1921 — 2023.
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Fig. 7C. Temporal evolution of the maximum duration of the persistent snow cover PSC [days]
at elevation levels 501 — 700 MASL and 701 — 1017 MASL with displayed linear trendline
(dashed line) and moving 10-year average (dotted line) in Slovakia in the period 1921 — 2023.

CONCLUSIONS
Our analysis revealed distinct trends arising from the escalating decline in snow cover

accumulation. Particularly noteworthy is the pronounced decreasing trends observed across the
majority of Slovakia, which has become increasingly prominent since the onset of the second
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decade of the 21st century. Despite experiencing higher levels of winter precipitation compared
to the past, changing temperature conditions have led to a shift in the composition of
precipitation types favoring a greater proportion of liquid and mixed precipitation, at the
expense of solid precipitation. Consequently, the newly formed SC experiences more frequent
melting or substantial reduction in its depth before fresh snowfall occurs. This phenomenon has
contributed to the intermittent nature of snow cover occurrence. A direct implication of this
trend is the considerably shortened duration of PSC. This reduction is evident across all regions
of Slovakia, irrespective of their geographical longitude or latitude. When considering the
influence of altitude, these trends extend beyond high elevations to lower and even medium
mountain elevations. Presently, the occurrence of snow cover during the main winter season
(XI1 — 1) has become notably sporadic, and its occurrence at the beginning and end of the
season is now characterized by increased irregularity compared to the past. From a practical
standpoint, these trends hold significant implications. Not only are winter resorts experiencing
shortened ski seasons but due to the irregular snow cover this phenomenon exacerbates the
onset of spring drought and intensifies summer drought conditions.
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ABSTRAKT

Biouhlie je jednym z nastrojov, ktoré sa pouziva v pol'nohospodarskej praxi na zlepSenie vlastnosti
pody. Viacero $tudii preukdzalo zvySenie retencnej schopnosti pddy, a tiez dlhSie zadrzanie vo vode
rozpustnych hnojiv v pdde s pridavkom biouhlia. V tomto prispevku sme sa zamerali na to, ¢i a ako
moze biouhlie ovplyvnit’ sorpciu dusi¢nanovych a fosforeénanovych iénov v pode. Na odobratych
vzorkach &istej pody, pody s biouhlim v mnoZstve 20 tha™ a reaplikovanym biouhlim v rovnakom
mnozstve, boli v laboratoriu urobené merania sorpcie. Vysledky preukazali, Ze sorpcia
dusi¢nanovych i6nov sa zvysila o polovicu pri aplikacii biouhlia a dvojnasobne pri reaplikacii
biouhlia. Pri sorpcii fosfore¢nanovych ionov doslo k zvySeniu o 13% pri zapracovani biouhlia, resp.
0 30% pri reaplikacii biouhlia v porovnani s kontrolou.

Kracové slova: sorpcia, biouhlie, prachovito hlinitd poda, dusi¢nany, fosfore¢nany, urodnost’ pody

UvVoD

Biouhlie ziskalo zvySenll pozornost’ odbornej verejnosti, pretoZe sa zda byt sl'ubnym nastrojom
na dosiahnutie environmentalnych ciel'ov, akymi st napr. sanacia pody a vody (Ahmad et al.
2014). Je relativne l'ahko dostupnym materidlom pre pol'nohospodarstvo (Biederman a Harpole
2013) a viaceré Studie preukdzali jeho pozitivny efekt pri zmene hydrofyzikalnych a
chemickych vlastnosti pody (Tan et al., 2017; Kammann et al., 2011; Vitkova et al., 2019).
Biouhlie m6ze dodéavat’ ziviny rastlinam v ochudobnenych podach, pddam s nizkou trodnost’ou
a degradovanym pddam (Lehmann 2007; Novak et al. 2009). Biouhlie je obyc¢ajne alkalicke,
¢o prispieva k jeho vépenatému ucinku a ovplyviiuje dostupnost’ Zivin v pdde. Existuju aj
biouhlia s niz§im pH, napr. neutralne, ale aj kyslé (Ippolito et al. 2016; Qi et al. 2017).

Biouhlie pridané do pddy ma tiez potencial znizovat’ emisie N>O (Van Zwieten et al., 2015),
avSak skiimanie jeho pozitivneho vplyvu na emisie N2O z pody je predmetom mnohych diskusii
(Sanchez-Garcia et al. 2014; Cayuela et al. 2013). Vapenaty ucinok biouhlia méze zvysit’ pH
kyslych pod, ¢im sa vytvoria optimalnejsie podmienky pre podne nitrifikatory (Prosser a Nicol,
2012). Jednym zo spdsobov, ako prekonat’ vysoké straty dusika (N) prostrednictvom
nitrifikdcie, st inhibitory nitrifikdcie (NI), ¢im sa zlepsi wG€innost vyuZivania N v
pol'nohospodarskych pddach a zniZia sa emisie N2O relevantné pre klimu (Friedl et al. 2017;
Yang et al. 2016). Aby sa prediSlo zvySenej nitrifikdcii a sivisiacim stratdm N, pouzitie
syntetického NI by mohlo poskytnit’ cennu stratégiu pre pol'nohospodarske polia obohatené o
biouhlie. Napriek tomu je méalo znadmy vplyv biouhlia na sorpciu NI v pdde, okrem tedrie, Ze
zrychlend cista nitrifikdcia v ekosystémoch doplnenych o biouhlie mdéze byt spdsobena
odstranenim prirodzeného NI ako st polyfenoly a triesloviny (Clough et al., 2013).
Sorpcia/desorpcia organickych molekal v pdde je ovplyvnena najmid obsahom organickej
hmoty a fyzikalno-chemickymi vlastnostami pody, ktoré sa mézu vyrazne zmenit' pridanim
biouhlia (t. j. polarita a nabojové vlastnosti adsorbatov a podnych ¢astic a mikrobialne reakcie).
KedZe biouhlie mdze pridat’ nové vdzobné miesta a vyrazne zmenit fyzikalno-chemické
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vlastnosti pody (t. j. pH, hydrofébnost’), méze ovplyvnit' sorpcné spravanie NI v podnom
prostredi (Rechberger et al., 2017; Kumari et al., 2014).

Predchadzajuce stadie ukazali rozporuplné vysledky, pokial’ ide o to, €i aplikacia alkalického
biouhlia zvysuje fixaciu alebo dostupnost’ fosforu (P) (Atkinson et al., 2010; Yao et al., 2012;
Morales et al., 2013). Zhai et al. (2015) v ramci vyskumu zameraného na problematiku biouhlia
v pol'nohospodarstve uviedli, Ze aplikdcia biouhlia z kukuri¢nej slamy zvysila obsah
dostupného P v pode. Okrem toho Xu et al. (2014) ukazali, ze aplikacia biouhlia zvysila pH v
kyslej pode vd’aka jeho vysokej alkalite a nasledne znizila fixaciu P pomocou zelezitych (Fe) a
hlinitych (Al) mineralov. Iné stadie vSak uvadzaju, Ze aplikécia alkalického biouhlia znizila
dostupnost’ P hlavne v alkalickych pddach, ¢o bolo pravdepodobne spdsobené znaénym
uvolnovanim katiénov vratane kationov vapnika (Ca) a hor¢ika (Mg) z biouhlia, ktoré¢ sa v
alkalickych podmienkach komplexuji s P (DeLuca et al., 2015). Dostupnost’ P v pode do
znacnej miery zavisi od rozsahu sorpénych a zrdzacich reakcii. V kyslych pddach sa P viaze
najmd na oxidy Fe a Al a hydroxidové minerdly prostrednictvom zrazania a reakcii vymeny
ligandov, zatial Co fixdcia P v alkalickych a vapenatych podach prebieha najmi
prostrednictvom tvorby Ca-fosfatovych zlucenin a sorpciou a zrazanim s CaCO3z (Havlin et al.,
2005). Biouhlie mdze priamo alebo nepriamo ovplyviiovat’ sorpciu P. Zhang et al. (2016)
uvadzaju, ze zvysenie retencie P v pdde upravenej biouhlim mozno pripisat’ sorpcii P mineralmi
Ca v biouhli. Na rozdiel od toho, iné Studie naznacili, Ze pridavok biouhlia znizil sorpciu
fostatov v kyslych podach v dosledku zvySenia pH, ktoré moze zvysit' Cisty zdporny naboj
odpudzujuci fosforecnanové idny zo sorpcie na pddne minerdly (DeLuca et al., 2015) a
zvySenie uvolnovania rozpusteného organického uhlika, ktory moze sut'azit’ o miesta sorpcie
fostatov v pdde (Schneider a Haderlein 2016; Liu et al., 2018). Soinne et al. (2014) uvadzaju,
ze alkalické biouhlie vyrobené z dreva, méa vel'mi nizku afinitu k fosfore¢nanom a pridavok
biouhlia nezvySuje sorpciu fosforeénanov v pode. Ale pridavok biouhlia moze znizit' straty
Castic P zvySenim stability podnych agregatov.

Na zaklade predchadzajucich studii bolo cielom naSej prace zistit’, ¢i a v akej miere mdze
biouhlie ovplyvnit’ sorpciu dusi¢nanovych a fosfore¢nanovych iénov v prachovito hlinitej pode,
a do akej miere ju ovplyviiyje aplika¢néd davka biouhlia.

MATERIAL A METODY

Vyskum aplikéacie biouhlia v pol'nych podmienkach (v prachovito hlinitej pol'nohospodarsky
vyuzivanej pode - 15.2% piesku, 59.9% prachu a 24.9% ilu) vykonavame od roku 2014 na
vyskumnej lokalite Dolnd Malanta, ktora patri Slovenskej pol'nohospodarskej univerzite
Vv Nitre. Vtedy bolo toto tizemie rozdelené na 45 policok, na ktorych bolo aplikované biouhlie,
kompost a hnojiva v ré6znych koncentraciach. My sme sa zamerali na plochy s aplikovanym
biouhlim do hibky 10 cm v mnoZstve 20 t.ha. V roku 2018 prebehla reaplikacia biouhlia, ¢o
znamend, Ze plochy s biouhlim boli rozdelené na polovicu, pricom jedna polovica zostala
S povodnym biouhlim, a na druhu polovicu plochy sa aplikovalo to isté biouhlie v rovnakom
mnozstve ako v r. 2014. Experiment blizSie popisali napr. Igaz et al. (2018) resp. Horak et al.
(2021). Vtejto praci sme sa zamerali na porovnanie ploch bez biouhlia (Kontrola),
s aplikovanym biouhlim v r. 2014 v mnozstve 20 t.ha™® (B20) a s reaplikovanym biouhlim v r.
2018 tiez v mnozstve 20 t.ha™l (B20 reap.). Z tychto vyskumnych ploch boli odobraté porusené
podne vzorky na analyzu sorpcie dusicnanovych a fosforecnanovych idénov.

Pouzité biouhlie bolo vyrobené firmou Sonnenerde (Raktisko) z papierenského kalu a obilnych
Supiek, pyrolyzou pri teplote 550 °C. Jeho zakladny rozbor je uvedeny v Tab. 1.
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Tabul’ka 3. Chemické zloZenie pouZitého biouhlia

C N H O Ca P pH(caci2)
(%) (%) (%) (%) (mgkg") (mg.kg") (@)
53.1 14 184 53 57000 6200 8.8

Adsorpcéné experimenty boli vykondvané v rovnovaznych podmienkach pouzitim tzv. "batch
equilibration technique". Vzorky pody boli homogenizované a preosiate sitom s vel’kostou 6k
2 mm. Najskdr boli premyté roztokom na odstrdnenie ruSivych idnov a vysuSené.
V laboratérnych podmienkach boli k jednotlivym vzorkdm pody priddvané r6zne koncentracie
elektrolytu (dusi¢nanov, fosfore¢nanov) a mechanicky premiesavané. Pomer poda : roztok bol
1:2 (10 g podnej vzorky a 20 ml nasycovacieho roztoku). Podna suspenzia bola trepand na
laboratornej trepacke na dosiahnutie rovnovaznej adsorpcie. Po skonceni trepania bola
suspenzia sfiltrovand, zmerand teplota, pH a stanovené mnozstvo dusi¢nanov resp.
fosforecnanov. Diferenciu pociatoéného mnozstva idnov a mnozstva i6nov po trepani
povazujeme za adsorbované mnozstvo dusi¢nanovych resp. fosfore¢nanovych iéonov.

Tymto spdsobom bol pre kazdi z uvedenych pod ziskany subor adsorpénych tdajov na
vyhodnotenie pomocou adsorpénej izotermy. Analyzy adsorbovaného mnozstva idnov boli
vykonavané spektrofotometricky, na kvantitativne vyhodnotenie nekonkuren¢nej sorpcie idnov
Vv pdde bola pouzita linearna, resp. Freundlichova adsorpéna izoterma.

Stanovenie dusi¢nanov

Dusi¢nanovy dusik bol stanovovany spetrofotometricky na Spektrofotometri DR 2800 (fy
HACH LANGE), ktory obsahuje predprogramované metody a pracovné postupy na stanovenie
vsetkych foriem dusika: dusi¢nanovy dusik N-NOs, dusitanovy dusik N-NO2", amoniakalny
dusik N-NH4" resp. N-NHz". Na stanovenie dusi¢nanov bol pouzity kyvetovy test LCK 339,
ktory umoziuje ich stanovenie v rozsahu 0.23 — 13.50 mg.I"X N-NO3 pri vlnovej dizke 345 nm.
Princip: dusi¢nanové i6ny v roztoku obsahujicom kyselinu sirovu a fosforeénu reaguju s 2,6-
dimetylfenolom na 4-nitro-2,6-dimetylfenol. Medzi odobratim vzorky a analyzou by nemalo
uplynut’ viac ako 3 hod. Postup: do kyvety odpipetujeme 1.0 ml vzorky, pomalym pipetovanim
pridame 0.2 ml roztoku LCK 339. Kyvetu uzavrieme a niekol’kokrat potrasieme. Po 15 min.
ocistime kyvetu a na spektrofotometri od¢itame vysledok stanovenia (obr. 1).

Obr. 1. Priprava na meranie sorpcie dusi¢cnanovych a fosfore¢nanovych iéonov.
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Stanovenie fosfore¢nanov

Fosfore¢nanové i6ny reagujii s molybdatom a i6onmi antimoénu v kyslom prostredi za vzniku
antimonylfosfomolybdatového komplexu, ktory sa zredukuje kyselinou askorbovou na
fosfomolybdénovli modru. Na stanovenie fosfore¢nanovych ionov spektrofotometricky bol
pouzity Spektrofotometer DR 2800 (fy HACH LANGE) a kyvetové testy LCK 349, ktoré
umoziiuju stanovenie v rozsahu 0.05 — 1.5 mg.I"t P-PO4* (obr. 1).

VYSLEDKY A DISKUSIA

Vstupné hodnoty adsorpéného koeficientu boli pri oboch skimanych sorbentoch najnizsie na
ploche Kontrola as pridavkom biouhlia postupne rastli (Tab. 2). Najvyssie hodnoty boli
pozorované na ploche B20 reapl. Pri dusi¢nanoch bolo pociato¢né zvySenie na ploche B20
0 34%, resp. pri B20 reap. 0 50% oproti Kontrole. Pri fosfore¢nanoch sa na ploche B20
sorbovalo na zaciatku o 10% a na B20 reap. 0 25% vysSie mnozstvo sorbentov. Po sorbovani
10 mg.I"! doslo k este vyssiemu rozdielu medzi skimanymi vzorkami. Pri N-NO3™ doglo na
ploche B20 k zvyseniu adsorp¢ného koeficientu o 44% a na B20 reapl. dokonca o viac ako 90%
oproti Kontrole (Tab. 2, obr. 2). V pripade P-PO4* doslo k zvyseniu adsorpéného koeficientu
na ploche B20 o0 12% a na ploche B20 reap. o0 30% oproti Kontrole (Tab. 2, obr. 3). Rozdiel
medzi pociatoénym mnozstvom a zostatkovym mnozstvom, ¢ize adsorbované mnozstvo iénu,
bolo v pripade dusi¢nanov na ploche B20 vyssie o 55% a na ploche B20 reap. 0 140% oproti
Kontrole. Pri fosfore¢nanoch sa sorpcia zvysila na ploche B20 o 13% a na ploche B20 reap.
0 32% oproti Kontrole. Néarast sorpcie fosfore¢nanov s vysSou davkou biouhlia pozorovali aj
Zheng et al. (2020) v pieso¢natej pdde. Yao et al. (2012) uvadza, Ze biouhlie z paprikového
dreva vyznamne znizilo vyplavovanie NOz a POs* 0 34% resp. 20%. Chandra et al. (2020)
zase pozoroval, ze biouhlie vyrobené z ryZovej slamy a aplikované v pieso¢nato hlinitej pdde
vykazovalo dobrii sorpénost NOsz aj POs*. Naopak, Morales et al. (2013) zistili pokles
fosfore¢nanov o 55% po aplikacii biouhlia v degradovanej tropickej minerdlnej pdde. Vedecké
Stiidie sa zhodujl na tom, Ze sorpciu dusi¢nanov a fosfore¢nanov ovplyviiuje viacero faktorov,
pocinajic vstupnym materidlom, z ktorého sa biouhlie vyrobi, teplotou a samotnym procesom
pyrolyzy, aplikacnou davkou biouhlia, aZ po druh pody, v ktorej je biouhlie aplikované.

Tabulka 2. Sorpcia dusi¢nanovych a fosfore¢nanovych iénov na skimanych vzorkach ¢istej
pody (Kontrola) a na vzorkach pody s biouhlim (B20 a B20 reap.).

koncentracia elektrolytu

1mg.I? | 10 mg.I"t | 1 mg.It | 10 mg.I*
N-NOs | N-NOs~ | P-POs* | P-PO*
(mg.g™?)
Kontrola | 0.118 0.218 0.2 0.73

B20 0.159 0.314 0.22 0.82
B20 reap. | 0.178 0.418 0.25 0.95
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Obr. 3. Sorpcia fosforeénanovych ionov.
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ZAVER

Nevhodné hospodarenie na pdde mdze ohrozit’ nielen kvalitu pddy, ale aj povrchovych a
podzemnych vod. Biouhlie je jednym z nastrojov, ktoré sa pouziva v pol'nohospodarskej praxi
na zlepSenie chemickych aj fyzikdlnych vlastnosti pody, ¢im dochadza aj k zmenam vodného
rezimu pddy. Taktiez dochadza aj k zmenam sorpénych vlastnosti pody. Nase vysledky ukézali,
ze aplikaciou biouhlia do prachovito hlinitej pody doslo k zvySenej sorpcii dusi¢nanovych aj
fosforecnanovych i6nov oproti plocham bez biouhlia. VyraznejSie sa to prejavilo pri
dusi¢nanovych idnoch a na plochach s reaplikovanym biouhlim, teda s vy$$ou davkou biouhlia.
Nasa Studia tiez potvrdila, ze sorpcia dusi¢nanovych a fosfore¢nanovych iénov je priamo
umernd mnozstvu biouhlia v pode. ZvySenie sorpcie v pdde znamena dlhSie zadrzanie
dusi¢nanov a fosforecnanov v pdde a inych, vo vode rozpustnych zivin, ¢im sa vytvaraju
priaznivejSie podmienky pre rast a vyvoj pestovanych plodin. Ddlezitym odporti¢anim je
stanovenie sorp¢nej schopnosti biouhlia este pred jeho aplikdciou do pddy, pretoze kazdé
biouhlie je $pecifické a jeho vplyv na podne vlastnosti moze byt rozny.
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ABSTRACT

Earthworms are known to be ecosystem engineer species. Spatio-temporal monitoring of earthworm
communities looks back to several decades-long history, however, key driving factors of their
assembly are still not clearly defined. In the G6d6116 Hills Landscape Protection Area, sampling was
performed every month in 2023 on the top of Margita Hill and further below on the hillside. Same
soil samples of 25%25x%25 cm have been dug out every month and hand sorted for earthworms (5
replicates) at both sites to quantify the abundance and biomass of earthworms and test the hillside
hypothesis. Altogether 6 earthworm species were found and some show different spatio-temporal
distributions. Soil samples were measured using a portable near InfraRed (NIR) device. No soil
parameters had a significant effect on earthworm abundance and biomass. Significantly more
earthworms in some samples and big variations in sampling sites might lead to the conclusion that
the aggregation of earthworm communities is driven primarily by demographic reasons. The hillside
hypothesis was only accepted for biomass as it was found to be significantly bigger at the bottom of
the hill than at the top.

Keywords: nature conservation, spatio-temporal monitoring, land use, earthworm abundance

INTRODUCTION

Soils matter from humanity’s point of view, as we build on them, and cultivate plants in them,
but also is a geological and cultural archive (Petd et al., 2008, Barczi et al., 2009, Salata et al.,
2014), and a gene reservoir, too (Barczi et al., 2008). There is, however, a worldwide pressure
on soils, that results in landslides, erosion, decline in soil carbon and biodiversity. The effects
of land use change and soil degradation (Centeri et al., 2012) and protective measures (Bolf et
al., 2014) have been reported. The soil degradation risks global food security and ecosystem
sustainability (Adhikari et al., 2016). Soil fauna function as decomposers and they are vital for
normal ecosystem structures and functions, as well as restoring degraded soil (Yin, 2001,
Jouquet, 2006). Among the macro-invertebrates living in the soil, earthworms are the most
important species-, and are an essential part of soil fauna (Horvath et al., 2018) due to their role
in soil formation and maintenance of soil structure and fertility (Curry, 2004). Their influence
on the latter appears via their participation in soil structure regulation and organic matter
dynamics (Lemtiri et al., 2014). The abundance and the biomass of earthworms (Magyari-
Mesko et al., 2019), should be included in the minimum suite of indicators for ecosystem
functions in connection with water regulation services, carbon sequestration, and nutrient
provision (Griffiths et al., 2016). They are also considered useful for monitoring different
farming practices and landscape structures, as they respond quickly to land-use change (Jouquet
et al., 2006) and they are significant indicators of the biological and physical condition of the
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soil (Bakti et al., 2017, Kalu et al., 2015). Furthermore, the experiments conducted with
earthworms can also include them as treatment variables to study their impact on the
environment (for example biotic impact on soil and ecosystem services) (Friind et al., 2010).
Earthworms are known to be ecosystem engineers (Schon & Dominati, 2020) or keystone
species (Singh et al., 2017), contributing to global food production with approximately 6.5% of
global grain production and 2.3% of legume production (Fonte et al., 2023), as their activity
enhances root distribution so that immobile macronutrients like phosphorous and other
micronutrients are easily available to the plants (Ojha & Devkota, 2014). They modify soil
properties and contribute to the provision of multiple ecosystem services (Schon & Dominati,
2020) and have positive effects on soil microbes, soil microbial biomass, fungal community,
soil structure, water retention, and plant growth (Al-Maliki, 2021). Despite the increasing
research on the taxa, their contribution to ecosystem service throughout the year remains poorly
understood (Schon et al., 2017). Soil fauna, especially earthworm communities have a key role
in ecosystem services provided by soil. As they influence soil structure, water capture, organic
matter cycling, and nutrient availability (Fonte et al., 2019), they enhance plant growth and
could trigger effective crop immune responses to some soil pathogens, as well as root biomass
was not affected by nematodes in their presence (Blouin et al., 2005). Additionally, they
regulate the climate and provide pollution remediation and cultural services (Blouin et al.,
2013).

Their abundance and biomass can also be used to assess the environmental impact and various
farming systems (Paoletti 1999). It is understood that there are various agricultural practices,
that reduce earthworm abundance, such as heavy tillage, the use of chemical fertilizers
(Chauhan, 2014) monoculture, with simple crop rotation and compacted soil (Thejesh, 2020),
unlike permaculture farming, where the number of earthworm species was significantly higher
(Szilagyi et al., 2022). A similar reduction in earthworm diversity was recorded when natural
forests were converted into different land uses, affecting soil health and ecosystem functions
parallel (Mulia et al., 2021), Arable land has lower earthworm density and biomass compared
with permanent grasslands (Kanianska et al., 2016). Land use change does not always affect
earthworm diversity and abundance, but communities of smaller-size earthworms tended to
become more frequent in more intensive land use types (Susilo et al., 2009). Geographical
factors alone seem to be less relevant than climatic factors in the case of earthworm abundance
and species diversity (Rutgers et al., 2016). Soil water capacity and organic matter content of
soil are important factors that control earthworm reactions to drought conditions (Richardson
et al., 2009). Soil moisture (Singh et al., 2016, Dekemati et al., 2019, Szilagyi et al., 2020),
altitude (Salomé et al., 2011), and soil parameters such as texture, depth, pH, and organic matter
content are known to be important factors for earthworm activity and presence (Curry, 2004).
However, it is also important to note that the appearance of invasive earthworms could reduce
the diversity and density of soil invertebrates in previously earthworm-free ecosystems (Ferlian
etal., 2018).

The aim of soil research should partly be to better understand the drives behind the assembly
of earthworm communities. There are methods available to study earthworm dispersal, such as
landscape genetics or RFID tags and they can provide an estimation of the contribution to
population dynamics and ecosystem functioning (Mathieu et al., 2018), but it is also reported
that there is no standardized protocol for performing comparable studies (Friind et al., 2010).
To improve the ecosystem services driven by the earthworms, policymakers should focus on
landscape management to enhance earthworm diversity (Hoeffner et al., 2021), and local
ecological knowledge is required for communication between scientists and farmers (Dewi &
Senge, 2015).

The objective of our study was to perform a spatio-temporal experiment in the G6dolld
Landscape Protection Area, which is in one of the most eroded parts of Hungary (Demény &
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Centeri, 2008), on earthworm abundance and biomass, via monitoring the earthworm
community. As various earthworm research focus on their abundance and their influencing
factors in sites dominated by agriculture such as pastures and there is a lack of research on
nature conservation areas. We hypothesized that on the bottom of the hill, there would be more
earthworms than on the top of the hill, due to the hillside effect.

MATERIAL AND METHODS

In the G6dol116 Hills Landscape Protection Area in Hungary, two sampling points were chosen,
near its peak at Margita (altitude 345 and 340 m, respectively) in Szada. The area belongs to
the G6doll6 Hills microregion of the North Hungarian Range (Csorba et al., 2018). Namely,
the first place at the Hilltop, and samples from this location were marked with ‘MT’, while the
second spot was lower on the side of the hill, marked with ‘MA’. Both MT Hilltop and MA
Hillside were in an oak forest. Sampling sites are shown in Figure 1.
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Fig. 1. Location of study sites in Szada (Source: Google Earth, access: 2023.10.03.).

Sampling was performed once a month at both locations, 5 replicates each, and at each time
point, a new soil cube was sampled near the previous ones, within a 5-meter radius. When
deciding where the sample site will be, choosing a nature conservation area was an important
point, as earthworm data from protected areas is limited in Hungary (Szederjesi, 2011). Also,
the two sample sites are in proximity of each other; however, there is an altitude difference
between them, so they could be used to investigate the hillside effect.

At both sampling sites, 5 samplings were done at every sampling day, by digging soil blocks of
25%x25x%25 ¢cm with a spade, according to ISO (2006) standard. Hand-sorted earthworms were
placed in closed containers with holes. For adults, their species could be identified, for
juveniles, only ecotypes were noted. Additionally, approx. 150 g of soil samples were taken
from each sampling site to assess them using a portable NIR (near-infrared) soil scanner of
AgroCares Company. Measurements were carried out using the SoilCares phone application
and results were exported in Excel file for the following parameters: pH, exchangeable Calcium
(Ca), Potassium (K), Magnesium (Mg), potential mineralizable nitrogen, soil moisture content,
clay content, and soil organic matter content, all phosphorous (P), all Aluminum (Al) and all
Iron (Fe), as well as cation exchange capacity (CEC). Mean and standard deviation values were
calculated for the 5 replicates. Abundance and biomass values were calculated to 1 m?, by
multiplying the number of earthworms found and their weight by 16. Statistica software was
used for further statistical analysis. Abundance data (number of earthworms/m?) were square
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root transformed to respect the conditions for normality and the homogeneity of variance. When
the distribution was non-normal based on the Shapiro-Wilk test, the non-parametric Kruskal-
Wallis test was performed. The hillside hypothesis was tested using one-way ANOVA for
which the following conditions were met: the expected value of &jj errors is 0; &ij errors follow
a normal distribution; homoscedasticity: the variance of the error is constant and ¢jj errors are
independent both within and between groups. Correlation analysis was performed to see if any
soil parameters have a statistically significant influence on the biomass and abundance of
earthworms. Variance components were estimated to determine whether the sampling time or
the error part had a bigger influence. The error part contained all the parameters not considered
in our model.

RESULTS AND DISCUSSION

Earthworm communities of sampling sites

Altogether 6 earthworm species were found during the fieldwork: 3 endogeic (EN) — the most
numerous ecotype, 2 epigeic (EP), and 1 anecic (AN) species (Table 1.). Aporrectodea rosea
was found to be the most frequent of them, both in abundance as well as the frequency of
occasions when it was present at a sampling site compared with other species.

Table 1. Count of adult earthworms by species, sampling site, and time of sampling. N/A:
missing data, J: only juvenile individuals, - means neither adult nor juvenile individuals found

Sampling area and month of Margita
sampling MT MA
species Eco- | 2022. 2023. 2023.
type (04 [05 |01 {02 (02 (03|04 |05 (07|07n| 08 [09|01[02(02|03|04 (05|07 |08 |09
Aporrectodea rosea EN 6 8 4| 3| 2f 1 1| 3| 4] 8 7| 1] 1
Lumbricus terrestris AN 1
Aporrectodea caliginosa | EN 1 1 1
Lumbricus rubellus EP 1 1
Eisenia fetida EP 1
Octolasion lacteum EN 1
No. of species 1|1 NALJ | 222 2|1 |J]|-INAlT|4|2|2|2|1]|1

The rest of the species could be categorized, whether it was found both at MA and MT or just
either of them. Two species, namely Aporrectodea caliginosa and Lumbricus rubellus were
common and found at both sites. However, at the bottom of the hill, Lumbricus terrestris,
Eisenia fetida, and Octolasion lacteum were only present at MA. In most cases, 1 or 2 species
were found at a sampling site (in the five soil blocks). The only exception was MA in February
2023, when four species were present in the samples. At this time point, 2 x 5 replicates were
performed at both sites. To conclude, more earthworm species were found at the bottom of the
hill (MA). Species diversity was highest during the spring months (March-May), including
February when the most four species were found. The presence of epigeic Eisenia fetida at a
wide range of locations is due to composting (Szederjesi, 2018) and is a vermiculture species,
together with other epigeic species, Lumbricus rubellus (Lowe et al., 2014). Lumbricus
terrestris, the only anecic species found, creates deep burrows and tends to feed at night (Daniel,
1992); also, as our sampling depth was 25 cm and sampling happened during the daytime, there
was a lower chance of finding this species. Aporrectodea rosea and A. caliginosa are endogeic
and are widely distributed in the temperate zone of the Holarctic (Hendric et al., 2008). The
third endogeic species was the Octolasion lacteum, which can dominate earthworm
communities with Aporrectodea caliginosa (Bonkowski et al., 1998).
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Comparison of sampling times

As visible in Figure 2., the peak in biomass was in April for MA (48.35 g/m?) and in March for
MT (23.43 g/m2). These values are still quite low; however, the minimum biomass values for
both sites with 0 earthworms found in September are quite extreme. As for the abundance, the
maximums were in April: MA with 73.60 individuals/m? and MT with 64.00 individuals/m?.
Similar to the biomass, abundance values were 0 in September; hence, no earthworms were
found.

The spring months (March, April, May), including February, had much higher earthworm
biomass and abundance than the summer and autumn data. During last summer, there was an
extended drought period in the area, this summer was also dry. In the summer period,
earthworms tend to dig deeper in the soil, and autumn has also been without much precipitation,
an unfavourable condition for earthworms.
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Fig. 2. Biomass of earthworm at MA and MT at different sampling times (Biomassza = Biomass,
Minta azonositéja = Sample ID).

The variation was quite big between the five replicates, regardless of the sampling time. When
checking the variance components, the error component had a much bigger effect than the
sampling time. It means that the not-considered parameters had a bigger influence on
earthworm abundance and biomass than the sampling time.

Hillside effect hypothesis

We hypothesized that more earthworms and higher biomass are expected at the bottom of the
hill than at the top. The assumption is that soil water content and other important macro- and
micronutrients considered beneficial for earthworm abundance are higher at the bottom of the
hill, which could result in higher numbers and bigger biomass. According to our results (Figure
3.), for the abundance, the p-value was 0.304, so the null hypothesis was rejected; however,
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there is a significant difference (p=0.020) between the biomass of earthworms at Szada, Hillside
Deep (MA), and Top (MT) so the null hypothesis has been accepted.
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Fig. 3. Box plot of earthworm biomass at MT and MA.
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Comparison of soil parameters, abundance, and biomass of earthworms

Based on the statistical analysis, there is no significant correlation between soil parameters, the
abundance, and the biomass of earthworms. This is the case for both MT and MA sampling
sites. This can be due to the small sample sizes, as well as the variation in data. Also, there
could be significant parameters that we did not check. But our finding is also in line with
Hodson et al. (2021), that earthworm distribution is not driven by measurable soil properties.

CONCLUSIONS

Our hypothesis regarding the hillside effect on the number of earthworms was partly accepted.
A significant difference was found in the biomass of earthworms; however, this did not apply
to their abundance. This hypothesis is also supported by the difference in earthworm
communities found at MA and MT, all 6 species found were present at MA, while only two
species at MT. Mostly endogeic species were found. This could be due to the sampling depth
(25 cm) and the fact that some species are nocturnal. We could not statistically confirm other
soil parameters influencing earthworm abundance and biomass. Species diversity was highest
during February-May, while the abundance and biomass of earthworms also had their
maximums during spring (March and April) samplings. Abundance and biomass dropped
during the summer months, even in September did not increase, which might be due to the dry
summer and autumn in the area.
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ABSTRACT

The retreat of large glaciers is an excellent indicator of climate change. At the same time, the study
of the retreat of large glaciers is necessary to characterize the degradation of the glaciological basin.
An effective solution to this problem is possible only by using high-resolution Earth satellites
because these effective remote sensing tools can dynamically record the retreat of large glaciers.
From the second half of the 20 st century the large glaciers are retreating and this process is
accelerating due to the non-linearity of modern climate change. The objective of the article is
analytically describe the dependence of large glaciers retreats on time. Under certain assumptions,
it allows us to determine the approximate date of the complete melting of large glaciers. The retreat
dynamics of the r. Enguri Basin large glacier North Liadeshti and the r. Rioni Basins’ large glacier
Kirtisho (Georgia) is discussed and the analytical characteristics of their retreat are determined.
Based on the Bussiness as Usual scenario of climate change full melting dates of the glacial basins
of rivers Enguri and Rioni (Georgia) are investigated. Using the results of previous studies of the
other large glaciers of r. Enguri and r. Rioni glacial basins expected time of full melting of mentioned
glacial basins can be determined

Keywords: glacial basins, large glaciers, retreat, climate change, satellite remote sensing

INTRODUCTION

On the ridge of the Greater Caucasus, (Georgian side) there are rather high glaciers (the
maximal elevations are up 5 200 m). Georgia's glaciers are an important climatic and economic
resource and represent the country's wealth, as they store a large amount of fresh water. Glaciers
are one of the main factors in shaping the water regime and regional climate in the country.
They form the unique landscape of the area that is important for tourism and economic
activities.

Since the beginning of the 21st century, research on glaciers in Georgia has become
increasingly important due to the degradation of glaciers under the impact of climate change.
Due to the degradation of large glaciers, a change in the water balance and degradation of
landscapes and the growth of the natural disasters’ frequency and intensity of glacial origin are
observed.

The last problem resulted in material and human losses due to the retreat of large glaciers. We
can give examples of the latest natural disasters of glacial origin that took place in the 21st
century due to climate change. The terrible negative impact had a place in some areas of the
country, namely in the Kazbegi municipality due to the melting of the Devdoraki glacier (2014)
(Kordzakhia et al., 2015), in Mestia municipality due to the degradation of the Murkwami
glacier (2019) and the newest in Showi municipality due to the fall of the glacier Buba (2023).
There were human losses and heavy damage to infrastructure.
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This poses a significant threat to the sustainable development of the country, and the study of
glaciers is considered one of the priority activities. Therefore, it becomes necessary to
determine the trends of glacier degradation in the background of global climate warming
(Tignor et.al., 2018; Bates et. al., 2008).

An effective indicator of regional climate change is the retreat of large glaciers (area > 2 km?).
Scientific study of this issue is possible only by using high-resolution satellite remote
monitoring (SRS) because today it is impossible to carry out expensive ground-based
observations on the necessary scale and accuracy, in the conditions of limited resources and
time.

STUDY AREA, METHODOLOGY AND DATA

Georgian Glaciers are located on the ridge of the Greater Caucasus. They are well-developed,
rather high glaciers (the maximal elevations are up 5 200 m). They are mainly concentrated in
the basins of Enguri, Rioni, Kodori, Tergi and other rivers. This makes 12 glacial basins.

Scientific observations of glaciers in Georgia began in 1860. As a rule, observations of glaciers
were carried out mainly by ground observations. It should be noted that during the year it was
possible to cover the glaciers of one or two valleys annually, which amounted to a few tens of
glaciers when more than 600 glaciers were registered in Georgia at that time. Thus, it is clear
that observation of all glaciers by land-based observations requires several decades. A large
volume of glaciological work was carried out in Georgia during the Tsarist Russian Empire,
and later in the former Soviet Union, based on which the catalogue of glaciers of the Soviet
Union (hereinafter the catalogue) was created, various volumes of which were published in the
60s and 70s of the last century. The glaciers of West Georgia are discussed in (Katalog lednikov
USSR, 1977).

Currently, the objective of our study is the research of retreat dynamics of North Liadeshti (R.
Enguri glacial basin) and Kirtisho (R. Rioni glacial basin) glaciers. These glaciers are from
highland glacial basins. Thus, they are very important and their degradation study is very
interesting.

Based on SRS, the dynamics of the retreat of large glaciers are studied by determining the
retreat of the end of the glacier tongue, for those glaciers whose end of the tongue is formed
and is not covered with debris material.

The methodology for determining the retreat of the end of the large glacier tongue is presented
in (Kordzakhia et al., 2020; 2019). For this purpose, data from various Landsat satellites have
been used, although the results are significantly influenced by the level of satellite data
processing. The date and cloudiness of the satellite data are taken into account, although in
some cases images with fairly high cloudiness are also used. It should be noted that at the
observational time, the glacier surface should be as free from snow as possible, in particular,
high-resolution SRS data should be selected for the period from the end of the ablation until the
first snowfall. This period strongly depends on the location of the glacier, i.e. altitude, climate
and weather conditions. Under the conditions of the modern climate, this time interval for
Georgia is in the range from the end of August to the beginning of October.
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In our earlier studies, we studied the retreat dynamics of glaciers Adishi, Qvishi, Shkhara (r.
Enguti glacial basin) and Boko (r. Rioni glacial basin) that we will use for the conclusions of
these glacial basins degradation (Kordzakhia et al., 2019; 2015).

RESULTS AND DISCUSSION

Retreat dynamics of the large glaciers Shkhara (r. Enguri glacial basin) and Kitisho (r. Rioni
glacial basin) are studied based on determining glacier tongue end location change. The pictures
(Fig. 1 a and b) show the location of glaciers in different years with different colour contours.
Contours are traced using manual digitization. The length of glacier retreat is calculated using
a white broken line crossing the contours. Tables 1 and 2, respectively, show the retreat
characteristics of North Liadeshti and Kirtisho glaciers according to SRS data.

L
18.09.2022
09.09.2016
01.09.2010
16.09.2004
08.09.1998
07.09.1992
06.08.1986

a. b.

Fig. 1. Schematic images of glaciers retreat a. North Liadeshti (Enguri glacial basin), b.
Kirtisho (Rioni glacial basin).
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Table 1. North Liadeshti Glacier retreat parameters according to SRS data

Ne Type of the Observational Coordinates Retreat from Total
satellite date the previous retreat
Latitude Longitude benc(rr:]r?ark (m)

1 Landsat 5 TM 06.08.1986 43.183983° 42.458027° 0 0

2 Landsat 5 TM 07.09.1992 43.184025° 42.458419° 32.7 32.7
3 Landsat 5 TM 08.09.1998 43.184169° 42.458914° 415 74.2
4 | Landsat7 +ETM 16.09.2004 43.183989° 42.459733° 73.8 148
5 | Landsat7 +ETM 01.09.2010 43.184492° 42.460746° 101 249
6 |Landsat 8 OLI TIRS | 09.09.2016 43.185415° 42.461358° 113 362
7 |Landsat9 OLITIRS | 18.09.2022 43.185445° 42.461727° 30 392

Fig. 2 presents North Liadeshti and Kirtisho glaciers retreat graphs for the full observational
period (Fig.2 a. and c.) and two sub-periods (Fig.2 b. and d.). The initial location corresponds
to 1986. two additional graphs are constructed, where the observational period is divided into
two sub-periods: 1986-2004 and 2004-2022 to detail an explanation of the current climate
change impact on glaciers.
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Table 2. Kirtisho Glacier retreat parameters according to SRS data

Ne Type of the Observational Coordinates Retreat from Total
satellite date the previous retreat
Latitude Longitude ben(Err:]r?ark (m)
1 Landsat 5 TM 06.08.1986 43.15195 42.10432 0 0
2 Landsat 5 TM 07.09.1992 43.151344 42.10501 83.9 83.9
3 Landsat 5 TM 08.09.1998 43.15108 42.10529 40.6 124.5
4 Landsat 7 +ETM 16.09.2004 43.15065 42.10553 47.0 171.5
5 Landsat 7 +ETM 01.09.2010 43.15042 42.1054 31.6 203.1
6 | Landsat 8 OLI TIRS | 09.09.2016 43.14987 42.10539 63.8 266.9
7 | Landsat 9 OLI TIRS 18.09.2022 43.14865 42.10552 134.0 400.9
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Fig. 2. Retreat graphs and appropriate trends of glaciers North Liadeshti and Kirtisho for the

full period of observation (1986 — 2022) correspondingly: a. and c. and for two sub-periods (1986
— 2004 -the orange lines) and (2004 — 2022 — the blue lines) correspondingly: b. and d.

The analysis shows that the retreating speed of glacier North Liadeshti for the entire period of
observation is approximately 11.9 m/year; in the first sub-period it is approximately 8 m/year
and in the second sub-period - approximately 14 m/year.

The rate of the retreat of the Kirtisho glacier for the entire period of observation is 13 m/year;
the rate of retreat in the first sub-period is approximately 2.6 m/year; and in the second sub-
period - approximately 22.9 m/year.
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For both glaciers, the retreat and retreat speeds in the second sub-period is significantly greater
than the retreat and correspondingly the retreat speeds in the first sub-period. It means that the
retreat of the glaciers is non-linear. This is a clear indicator of the increased degree of the impact
of climate change on the glaciers on one hand and on another hand, the accelerated character
of current climate change itself. The analysis and corresponding calculations show that the
non-linear retreat of North Liadeshti and Kirtisho glaciers is described with high accuracy by
the second-order parabola curve (Fig. 3).

600 450
y = 0,4756x2 - 4,219x + 11,112 a0 Y- 0,1321x2 +7,148x - 12,027
500
350
— 400 2 300
% = 250
300 &
2 g 200
1] o
=200 M 150
100
100 50
0 0
0 10 20 30 40 0 10 20 30 40
years years
a. b.

Fig. 3. Corrected retreat graphs of glaciers North Liadeshti and Kirtisho for the full period.

After the detailed study of glaciers retreat dynamics it is interesting to determine the date of
complete melting of those glaciers. It is relatively easy to solve this problem in conditions if
climate change continues as it has been. This scenario, in climatology as well as in other
activities, is called Business as Usual (BaU).

Based on the retreating equations (1) and (2), it is possible to calculate the estimated time of
the glacier's full melting time.

y = 0.1321x2 + 7.148x - 12.027 (1)
y = 0.4756x2 - 4.219x + 11.112 )

In the case of North Liadeshti Glacier. The length of this glacier in 2022 was 4273 m. From
1986 to 2022, the glacier has shortened by 392 m. If we plug the sum of these numbers into
equation (1) instead of the y coordinate, the solution of the resulting equation will give us the
approximate date of the glaciers’ full melting. The time that is needed for the glacier full melt
Is 163 years. If we add this time to the North Liadeshti starting date, we receive the glaciers’
approximate data of full melting that makes 2149.

In the case of Kirtisho glacier. The length of the glacier in 2022 was 3963 m. From 1986 to 2022, the
glacier has shortened by 481 m. The same calculations as above give us the time 101 years. If
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we add this time to the Kirtisho glacier starting date, we receive that the glaciers’ approximate
data of full melt makes 2087.

As it was mentioned in the r. Enguri glacial basin the retreat and full melting date were
determined for Shkhara, Qvishi and Adishi glaciers.

The area of the North Liadeshti glacier according to the catalogue of glaciers of the Soviet
Union (hereinafter catalogue) is 3.4 km?, which we adjusted with the topographic map and it
turned out to be 4.3 km2. According to our calculations, the approximate date of its complete
melting is 2149.

The area of the Shkhara glacier according to the catalogue of glaciers of the Soviet Union
(hereinafter catalogue) is 5.2 km?, which we adjusted with the topographic map and it turned
out to be 5.48 km2. According to our calculations, the approximate date of its complete melting
is 2151.

The area of Qvishi Glacier is 8.4 km?2. The approximate date of the complete melting of the
Quvishi glacier is 2095

The area of the Adishi glacier is 9.9 km2. The estimated date of melting of the Adishi glacier is
2146.

In the r. Rioni glacial basin the retreat and full melting date were determined for Kirtisho and
Boko glaciers.

The area of the Kirtisho glacier according to the catalogue is 4.6 km?. According to our
calculations, the approximate date of its complete melting is 2087.

The area of the Boko glacier according to the catalogue is 4.6 km?. According to our
calculations, the approximate date of its complete melting is 2161.

According to our calculations, it can be concluded that if not in place mitigation measures and
adaptation strategy the rivers Enguri and Rioni glacial basins will likely completely melt
correspondingly in 2151 and 2161.

CONCLUSION

The dynamics of the retreat of two large glaciers of Georgia North Liadeshti (Enguri Basin)
and Kirtisho (Rioni Basin) are calculated in detail based on SRS, by determining the locations
of glacier tongue end displacements. The detailed study of the retreat dynamics shows that the
glaciers' retreat is non-linear. That shows the acceleration of modern climate change. Based on
the simplest BaU scenario of climate change are studied full melting dates of the glacial basins
of rivers Enguri and Rioni. Calculations show that the full melting approximate date for the r.
Enguri glacial basin would be 2151. Regarding the Rioni basin, the likely date for the full
melting of this glacial basin would be 2161.
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ABSTRACT

Arable field suffer tremendous pressure from rodents in Hungary. Their digging activities can affect
soil attributes, mainly due to the mixture of lower and upper part of the soil. This is the reason that
changes greatly depend on the thickness and other parameters of the soil profile. Samples of soil
materials removed and piled up on the surface by rodents and the nearby intact soil were analyzed
to evaluate 12 soil parameters by a NIR device (e.g. SOM, N, P, K, Ca, Al, pH, etc.). Our aim was
to show differences between the freshly remove soils of the lower layers, if there were any possible
mixing effect that might change the soil forming processes. We found no statistical differences in
the measured parameters in the chosen sample area. However, there are obvious trends, e.g. soil
organic matter is usually lower in the materials removed from the lower layers. Statistically only the
pH was close to the limit (p=0.055). More samples are needed to prove the effects that can be
measured. Furthermore, there are more effects that can only be measured with other methodologies,
e.g. macropores cause more infiltration and also affect heat and other aeration processes.

Keywords: bioturbation, soil formation, trend, chemical properties, NIR

INTRODUCTION

As human population is growing, anthropogenic effects are also causing tremendous, mostly
negative effects in our environment. As soil is still the major natural resource of food
production, its protection and improvement are of high importance. One of the major conflicts
in relation with soils is the wildlife effect, as it is mostly considered as damage and not as an
effect (Fabok and Koviacs 2019). Regardless of these problematic relations, soil dwelling
animals are considered as those who have positive effects on soil formation, soil quality and
many soil parameters. It is vital to find good impact indicators to evaluate the effect of animals
in relation with soils. There are some widely investigated groups, e.g. the effect of wild boar is
well-known and evaluated (Pitta-Osses et al., 2020, Sebastian-Pardo et al., 2023, Fehér et al.
2022, Alkhasova and Katona, 2021, Siit6 et al., 2020, 2021), however, other vertebrates also
cause changes, some positive and negative effects. One of these is the European mole (Talpa
europea), not favoured in cityscapes and private gardens, especially on lawn, people find it “not
nice”. Regardless of their appearance, little is known about their real effects on soil
characteristics (Centeri et al. 2022).

Our search in the Google Scholar for scientific articles resulted between 24 and 100 hits on the
following search inputs, depending on adding or removing the following keywords: “rodents"”
+ "mound” + "soil nutrients” + "pH" + "phosphorous™ + "nitrogen” + "Ca" + "carbon" + "soil
organic matter" and the same number was found on the 8" of October of 2023. This means that
there is a lot of space for further analysis, especially that the type of rodents investigated are
various.
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Platt et al. (2016) analysed the publication trends in the literature of soil-disturbing vertebrates
with emphasis on physical and chemical properties of soil. They analysed the impacts of
vertebrates on color, texture, horizon creation, soil structure, soil bulk density, soil moisture,
porosity and permeability, soil organic matter, pH, cation exchange capacity, and some of the
nutrients (e.g. Ca, Mg, N, K, P, S, and Si). The activity of vertebrates included some destruction
of soil structure, decrease in soil bulk density, and increase in infiltration rates, porosity and
permeability. The organic matter, nitrogen and potassium content increased, possibly due to
adding excrement and some plant material to the soil. Soil degradation e. g. water erosion was
found to be an indirect impact; surface vegetation was tremendously decreased due to mound
making and/or foraging behaviours.

In the recent paper, the effects of rodents were analysed based on soil samples taken from arable
fields of four settlements in the Great Hungarian Plane. Our null hypothesis was that there are
differences in the magnitude of some soil characteristics (pH (H20), carbon content and organic
carbon content, total N, P, exchangeable K, Ca and Mg, CEC (Cation Exchange Capacity), total
Al and Fe). Furthermore, besides assuming that there should be or can be differences, the
assumption of bringing up soil materials with lower nutrient content and/or higher or lower pH
and CEC were also hypothesised.

METHODS AND DATA (STUDY AREA)

The situation of the study sites
The samples were taken in the lowland area of Hungary (Figure 1), near the following
settlements:

- Biharnagybajom (1.12.12. Nagy-Sarrét, characterized by meadow chernozem and salt
affected soils, yearly sunshine hours are between 1960 and 2000, yearly precipitation is
520-540, mean annual temperature is 10.1-10.3 °C), sampling point’s coordinate:
47°10'13.79"N, 21°13"25.49"E;

- Kenderes (1.7.22. Szolnok-Turi-sik, floodless flatland, characterized by chernozem,
meadow chernozem and salt affected soils, yearly sunshine hours are between 1970 and
2020, yearly precipitation is 490-510, mean annual temperature is 10.2-10.4 °C),
sampling point’ coordinate: 1. 47°15'1.35"N, 20°37'12.15"E, 2. 5 meters from the
previous, 3. 47°17'31.90"N, 20°38'0.39"E (Figure 2);

- Kuncsorba (1.7.22. same as Kenderes), sampling point’s coordinate: 47° 8'56.93"N,
20°32'7.40"K, 47° 8'46.25"N, 20°32'21.53"E, 47° 7'3.25"N, 20°32'37.20"E and

- Ujszasz (1.7.15. Jaszsag, characterized by meadow soils, meadow chernozems and salt
affected soils, yearly sunshine hours are 2000, yearly precipitation is 510-520, mean
annual temperature is 10.1-10.3 °C) (D6vényi 2010; Csorba et al., 2018). the sampling
point’s coordinates: 47°16"23.31"N, 20° 4'46.30"E.
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Fig. 1. The arable fields sampled for rodent impact analyses in Biharnagybajom Kenderes,
Kuncsorba and Ujszasz (Source: Google Earth).
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Fig. 2. The arable field in the Kenderes sampling site, the soil profile on the left in a core sampler
and the soils that rodents removed from the deeper part of the soil to the surface, a nice
structure of the soil is visible (Photo: Centeri Cs. 1% of September 2023).
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All sampled soils were Vertisols, the structure of the rodents’ burrows was nice in all cases,
small, rectangular shape, 0.3-0.7mm soil pieces were created by the rodents during their
digging.

The surface layer of the mound made by rodents and the nearby control areas were sampled,
100-150 g soil samples were collected and transported to the university in double plastic bags.
The paper with the sample data was placed in between the two plastic bags to avoid humidity,
so the paper can be read. A Near Infrared (NIR) device was used off-site. Soil chemical
characteristics pH (H20), carbon content, total N, P, exchangeable K, Ca and Mg, CEC (Cation
Exchange Capacity), total Al and Fe were measured with the device. NIR spectrometer is using
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a wavelength range of 1300-2600nm (MEMS technology). It is produced by the AgroCares
company and works with the SoilCares mobile application.

RESULTS AND DISCUSSION

Normality of the data was checked first. The yellow part shows the parameters with non-normal
distribution, the grey part shows the parameters with normal distribution (based on the Shapiro-
Wilk test).

Mann-Whitney U test was used in case of the non-normal data while t-probe was used for the
normal distribution data (Table 1.).

Table 1. Normality test results of the rodent mound data, Hungary
Tests of Normality

1=control  Kolmogorov-Smirnov? Shapiro-Wilk
2=mound Statistic ~ df  Sig.  Statistic df  Sig.
pH 1.00 141 8 .200" 971 8 906
2.00 175 8 .200" 878 8 .180
SOM 1.00 335 8 .009 718 8 .004
2.00 325 8 .013 715 8 .003
N 1.00 180 8 .200° 915 8  .392
2.00 232 8 .200° 884 8 204
P 1.00 411 8 <.001 .642 8 <.001
2.00 406 8 <.001 .616 8 <.001
K 1.00 223 8 .200" 892 8 245
2.00 299 8 .033 767 8  .013
Ca 1.00 313 8 .020 819 8 .045
2.00 279 8  .067 817 8  .043
Mg 1.00 216 8 .200" 829 8 .059
2.00 208 8 .200" 891 8 240
Organic_C 1.00 318 8 .017 724 8 .004
2.00 328 8 011 713 8 .003
A _N_PMN 1.00 331 8 .010 715 8 .003
2.00 441 8 <.001 561 8 <.001
CEC 1.00 303 8 .029 819 8 .046
2.00 197 8 .200° 874 8 166
Al 1.00 158 8 .200" 987 8  .988
2.00 251 8 .147 883 8 .202
Fe 1.00 172 8 .200° 936 8 570
2.00 227 8 .200" 889 8 228
Clay 1.00 189 8 .200" 945 8 665
2.00 221 8 .200" 897 8 273
Soil_moisture  1.00 218 8 .200" 953 8 745
2.00 182 8 .200" 908 8 341

df=degrees of freedom, Sig.= significance level, A_N_PMN: potentially
mineralizable nitrogen, *=similar non-significant values

The results of the statistical analyses provided no significant differences. The closest where
difference could be assumed was the pH, where the p value was 0.055. In case of all other
parameters where there was non-normal distribution of the data, the p values were: 0.188, 0.511
and above 0.8.

In case of the data with normal distribution, the p values were as follows: 0.083, 0.13, 0.574
and above. The closest to be significant with a p value of 0.083 was the calcium-content.
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CONCLUSIONS

The huge variabilities between the sites were one of the possible reasons why no significant
differences were found. The soil thickness was below 50 cm that was shallow enough to create
bigger differences between the control and the mound.

Regardless of the non-significant differences, there are some trends that show possible
differences in some soil parameters, e.g. in Kenderes the pH values of the mounds were always
smaller than the control while the soil organic matter was always smaller on the mounds than
in the control.

Other trends in case of certain nutrient contents can also be found but these are not significant
differences. Sometimes the trends are opposite in the different settlements. This means that
analysing the settlements one-by-one might result significant differences and these results could
also be contradictory, e.g. rodents can cause the growth of certain parameters in one site and
can cause decrease in the other site.

REFERENCES

Alkhasova, P., Katona, K. (2021): Comparison of some soil properties of wild boar (Sus scrofa) rootings. In: L.,
Botyanszka; J., Vitkova Hydrological Processes in the Soil-Plant-Atmosphere System, Bratislava,
Slovakia: Ustav hydrologie SAV pp. 25-30.

Centeri, Cs., Vona, V., Vona, M., Bir6, Zs. (2022): Impacts of mole activities on soil properties In: Bayoumi
Hamuda, Hosam (szerk.) Proceedings of VI. International Symposium on Biosphere & Environmental
Safety. Budapest, Hungary: Obuda University 614—619.

Csorba, P., Adam, Sz., Bartos-Elekes, Zs., Bata, T., Bede-Fazekas, A., Cziicz, B., Csima, P., Csiillég, G., Fodor,
N., Frisnyak, S. et al. (2018): Landscapes. In: Kocsis, K., Gercsak, G., Horvath, G., Keresztesi, Z.,
Nemerkényi, Zs. (eds.) National atlas of Hungary: volume 2. Natural environment. Budapest, Hungary:
Geographical Institute, Research Centre for Astronomy and Earth Sciences, pp. 112-129.
https://www.nemzetiatlasz.hu/MNA/National-Atlas-of-Hungary _Vol2_Ch10.pdf

Dovényi, Z. (2010): Magyarorszag kistijainak katasztere (Cadastre of the micro-regions of Hungary). MTA
Foldrajztudomanyi Kutatd Intézet, Budapest

Fabok, V., Kovacs, E. (2019): A bioldgiai sokféleséggel kapcsolatos nézépontok vizsgalata Q modszerrel.
Szocioldgiai Szemle, 29, 2, 68-93.

Fehér, A., Pitta-Osses, N., Katona, K., Centeri, Cs. (2022): Comparison of wild boar effects on soil thickness in
forests. In: Bayoumi Hamuda, H. (ed) Proceedings Book of 13th ICEEE-2022 International Annual
Conference on “Global Environmental Development & Sustainability: Research, Engineering &
Management”, Budapest, Hungary: International Council of Environmental Engineering Education
(ICEEE), Obuda University, pp. 272-276.

Pitta-Osses, N., Katona, K., Grosz, J., Centeri, Cs. (2020): Potential of wild boar (Sus scrofa) rooting for slowing
down erosion processes. In: Pekarova, P., Miklanek, P., Halmova, D., Vitkova, J. Water Dynamics
Changes in the Soil-Plant-Atmosphere System, 2020, 11, 11., Bratislava, Slovakia, Ustav hydrologie
SAV, Slovak Academy of Sciences, Institute of Hydrology, pp. 188-195.

Platt, B. F., Kolb, D. J., Kunhardt, C. G., Milo, S. P.; New, L. G. (2016): Burrowing through the literature. The
impact of soil-disturbing vertebrates on physical and chemical properties of soil. Soil Science, 181, 3-4,
175-191.

Sebastian-Pardo, M., Laguna, E., Csanyi, S., Gacic, D., Katona, K., Mirceta, J., Bennedek, Zs., Beltran-Alcrudo,
D., Terjek, Zs., Bird, Zs. (2023): Assessment of the factors for the presence of wild boar near outdoor
and extensive pig farms in two areas of Eastern Europe. EFSA Supporting Publications 20, 5 Paper: EN-
8015

Siit6, D., Farkas, J., Siffer, S., Schally, G., Katona, K. (2020): Spatiotemporal pattern of wild boar rooting in a
Central European dry oak forest. European Journal of Forest Research, 139, 2020, 407-418.

Siito, D., Siffer, S., Farkas, J., Katona, K. (2021): Spatial analysis of wild boar rooting can help reveal its impact
on oak regeneration. In: Csanyi, S., Kalandarishvili, A.: Vadbiologia évkonyv - Abstracts of the 35 UGB
Congress G6dollé, Hungary: Szent Istvan University, Institute for Wildlife Protection pp. 66.

168


https://www.nemzetiatlasz.hu/MNA/National-Atlas-of-Hungary_Vol2_Ch10.pdf

Electronic Book
Contemporary Challenges in Environmental Research

THE IMPACT OF WILD BOAR ROOTING ON SOIL CHEMICAL
ATTRIBUTES ALONG A SLOPE — COMBINED EFFECTS OF
BIOTURBATION AND WATER EROSION

Krisztian Katonal2, Adam Fehér!, Natalia Pitta-Osses'2, Csaba Centeril?
nstitute for Wildlife Management and Nature Conservation, Hungarian University of Agriculture and Life
Sciences
ZNational Laboratory for Health Security, Hungarian University of Agriculture and Life Sciences

Corresponding author: Csaba Centeri, Institute for Wildlife Management and Nature Conservation, 2103-
Godolls, Pater K. u. 1., Hungary, Centeri.Csaba@uni-mate.hu

ABSTRACT

Disturbances highly affect soil parameters, species richness and water erosion. A grid-based field
experiment at Voros-kévar hill of Budapest, Hungary was conducted on 125 cells, each 20x20m
large along a 500m long grassy slope. Soil samples of wild boar rootings from the upper and lower
slope sections were analyzed to evaluate organic matter content, water moisture and the
concentration of essential macroelements (e.g. N and P). Our aim was to reveal how interacting
effects of soil disturbances and water erosion shape nutrient composition of the topsoil. We
confirmed statistical differences in nutrient content between rooted and intact soil and between upper
and lower slope sections. Organic matter, nitrogen and moisture was affected only by wild boar
rootings; clay content differed in function of slope only; while P had different concentrations
between slope locations and when the rooted and intact soils were contrasted. However, the
interaction effect between slope and rooting was not significant, indicating that wild boar impact on
soil nutrient composition was uniform along the slope and water erosion affects other attributes of
the soil than this bioturbation.

Keywords: Sus scrofa, grubbing, NIR, soil organic matter, runoff

INTRODUCTION

The continuous growth of the human population is inevitably causing an increase in human-
wildlife conflicts as agricultural and natural areas are shrinking and wild boar (Sus scrofa)
population is growing. Wild boar has been in the scope of these conflicts recently, in the multi-
player universe of the 21% century where scientists, farmers, wildlife managers, hunters,
foresters, tourists, rangers, city dwellers, and other involved citizen enforce their own views
about the same situation.

One of the most visible impacts of wild boar in the environment is its rooting that causes
significant changes in soils and soil properties (Katona & Heltai, 2018, Penksza et al. 2016).
Regardless of the magnitude of the visible appearance of these rootings, we have limited
knowledge about their measurable effects on biodiversity, ecosystem services, soil and soil
degradation processes, and nutrient accumulation/relocation. The fast demographic growth of
the wild boar population in Hungary created challenges for its management (e.g. Fehér et al.,
2014, Csokas et al., 2020).

Only a few research studied the effects of rooting on soil properties in Hungary (Alkhasova and
Katona, 2021, Pitta-Osses et al., 2022, Fehér et al., 2022) so far.

In the background of our previous studies in this field, we investigated the effects of water
erosion and wild boar rooting on a hillslope in the current study to reveal: 1) whether these
factors enhance their impact on nutrient accumulation in the soil when combined; or 2) one of
these factors predominates over another.
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METHODS AND DATA ANALYSIS

The study site is located in the green belt zone of the 2" district of Budapest, Hungary
(47°33'39.94" N, 18°5822.10" E) near the Voros-kovar hill at the eastern border of Buda hills
(Csorba et al., 2018). The area has a simple topography with gentle slopes starting from the hill
peak (338m ASL) and gently undulating westbound towards the residential area (Figure 1).

s

e >

Fig. 1. The investigated area from the upper part of the slope of Voros-kévar, eastern side of the
Buda Hills, Hungary (Photo: Centeri, Cs. 23" of March, 2023).

The amount of yearly sunny hours is 1930, the average yearly temperature is 10.5-11 °C, the
average yearly precipitation is 600 mm (D6vényi 2010). Despite the urbanized surroundings
and the almost continuous human presence, wild boars frequently roam the densely vegetated
parts of the area, where they create rootings, a characteristic sign of their presence while seeking

for food (Figure 2).

Fig. 2. A large rooting surrounded by researchers at the bottom of the slope of Voros-kévar,
eastern side of the Buda Hills, Hungary (Photo: Centeri, Cs. 23" of March, 2023).

The shrubby patches form a mosaic with the remnants of semi-natural grasslands (Figure 3)
providing an ideal habitat for wild boar (Siitd et al., 2020) that can highly adapt to this urban

environment (Csokas et al., 2020).
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Fig. 3. Map of the study area at Voros-kévar, western edge of Budapest, eastern side of the Buda
Hills, Hungary.

To monitor the spatiotemporal dynamics of wild boar’s rooting behaviour a 100m x 500m large
rectangular grid was laid out on the site in 2023, containing 125 grid cells with a size of 20m X
20m each. The grid was oriented by slope direction to depict the potential effect of water erosion
as much as possible under different levels of rooting. We also divided the grid into three equal
parts where each third represents a different part of the slope (slope top, mid-slope, slope
bottom). In this paper we only compare the upper and the lower thirds to emphasize the effects
of water erosion induced nutrient accumulation.

The frequency of rootings was monitored along transects (N=5) placed on the centreline of each
cell running lengthwise with the grid. We found 12 rooting on the slope top and 19 on the slope
bottom. Soil samples were collected from the inside of the rooting, from the redistributed soil
on the rooting edge (ring), and within 1m distance from the edge of the rooting as a control
sample. Only the upper 5cm layer of the soil was taken and 2509 of soil was collected per
sample.

Soil samples were analysed by near-infrared spectroscopy using a portable AgroCares Nutrient
Scanner (www.agrocares.com). We evaluated the differences in phosphorous (mg/kg), total
nitrogen (g/kg), potentially mineralizable nitrogen (mg/kg), soil organic matter (%), organic
carbon (%), clay content (%) and soil moisture (%) in function of rooting and slope effects with
repeated measures MANOVA in R (R Core Team, 2021). The repeated measures approach was
used due to the non-independence of related samples collected from each rooting (rooting vs.
ring vs. control). Interaction plots were generated using the ggplot2 package (Wickham, 2016)
inR.
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RESULTS AND DISCUSSION

Total nitrogen, potentially mineralizable nitrogen and organic carbon highly correlated with
each other and with soil organic matter (r > 0.9, p < 0.001); thereby we only incorporated
organic matter data in the MANOVA. The test confirmed the significant impact of water
erosion and wild boar related bioturbation on the studied soil attributes (Table 1). However,
their interaction effect was not significant, indicating that wild boar rootings have not enhanced
the slope-dependent soil attributes and vice versa.

Table 1. The results of nested design MANOVA on soil NIR data. Soil attributes were
analyzed considering each sample from the same rooting (rooting + ring + control) as
directly related samples by adding a within subject effect (Rooting) to the test

df Pillai's Trace F

Between subject effects

Slope 1 0.76 17.83%**
Within subject effects

Rooting 2 0.82 10.81***

Rooting x Slope 2 0.23 0.69

df=degree of freedom, F is explaining the results of Pillai’s Trace, *** p < (0.001

Soil samples collected from the slope top (upper third of the grid) were significantly different
from the slope bottom (lower third of the grid) in their phosphorous (top: 23.04 + 7.8 mg/kg vs.
bottom: 28.86 + 6.3 mg/kg) and clay content (top: 21.83 + 2.9% vs. bottom: 18.69 + 2.4%)).
While the disturbance of wild boar caused a significant change in soil organic matter (rooting:
1.98 +£0.4%, ring: 2.72 £0.8%, control: 3.52 +1.4%), soil moisture (rooting: 20.7 +3.1%, ring:
19.65 +£2.7%, control: 23 +3.3%) and also in phosphorous content (rooting: 23.18 + 6.7 mg/kg,
ring: 27.08 £ 6.5 mg/kg, control: 28.85 +8 mg/kg). Since soil organic matter was highly
correlated with total nitrogen, potentially mineralizable nitrogen and organic carbon, the proven
significant effects on this variable are also true for its correlated pairs (Table 2).

Table 2. Univariate test results of the between subject (Slope) and within subject effects
(Rooting) and their interactions on soil NIR data. SOM = Soil Organic Matter

da P SOM Clay Moisture
Between subject effects
Slope 1 8.81** 0.36 19.6*** 35
Residuals 26
Within subject effects
Rooting 2 8.68** 20.8*** 1.85 18.61***
Rooting x Slope 2 0.34 2.73 0.58 0.32
Residuals 52

df=degree of freedom, F is explaining the results of Pillai’s Trace, *** p <0.001 ** p <0.01

Significant interaction effect was not revealed in any case, but their visualization provides an
adequate description about the tendencies (Figure 4).
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Fig. 4. Interaction plots of the slope effect and wild boar rooting for each studied response
variable.

The response of phosphorous and soil moisture was similar to rooting in both locations on the
slope; while potential interactions of the studied factors can be suggested regarding to organic
matter and clay content.

CONCLUSIONS

The effects of the slope and erosion were obvious on soil properties. One of the expected soil
parameters to reflect differences both between the slope sections and between the rooting-ring-
control groups, as it is moving with the soil particles, is the phosphorous. The phosphorous
content was higher at the bottom of the slope than at the top of the slope. On the other hand, a
monotonous decreasing tendency was observed along the control-ring-rooting triplet. The
differences in this regard were also proved in the case of soil organic matter and soil moisture
but the combined effect of slope and rooting did not result in significant effects.

We assume that wild boar rooting affects soil attributes uniformly along the slope, however,
the trends could be overwritten by the impact of water erosion. Therefore the underlying
combined effects of these two factors remained hidden. Contrasts are more obvious
(measurable) at the bottom of the slope (where the soils are thicker and the texture is less sandy
and more clayey/loamy, there was more phosphorous detected in the soil as well) than at the
top of the slope (where soils are shallower, more sandy and less phosphorous). Despite their
non-significancethe crossing trends in soil organic matter (Figure 4.) could provide an ideal
starting point for further investigations, since their diverging tendencies between slope top vs.
bottom in the function of rooting indicate a potential interaction between these two factors.
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ABSTRAKT

Biouhlie sa javi ako vhodny materidl na zlepSenie fyzikalnych, chemickych a biologickych
vlastnosti pody. ZlepSenie vsak zavisi od viacerych faktorov, ako je textira pddy, biomasa, teplota
pyrolyzy, velkost' frakcie biouhlia alebo aplika¢na davka. V naSej $tudii sme sa zamerali na
aplikiciu biouhlia v davke 20 t.ha™ do hlinitopieso¢natej pody. Zmesi hlinitopieso¢natej pody a
biouhlia boli pripravené v laboratéornych podmienkach. VSetky 3 varianty (s velkostou Castic
biouhlia: > 2 mm, 125 pm — 2 mm a < 125 pm) boli pripravené v 3 opakovaniach. Tieto pripravené
zmesi boli porovnané s referenénou podou (bez biouhlia), ktora bola tieZ pripravena v 3
opakovaniach. Vysledky jasne ukazuju, ze velkostna frakcia <125 pm ma najlepsie vysledky pri
zvySovani obsahu vody v makro (>50 pm) a mezo (15-50 um) péroch v porovnani s referenénou
pddou a inymi velkostnymi frakciami biouhlia. V pripade mikropérov (<15 um) boli priemerné
hodnoty na variantoch s biouhlim niz$ie ako na referenénej pdde, ale celkovy rozsah nameranych
hodnét vlhkosti bol vyssi ako na referencnej pode.

KPacové slova: rozdelenie porov, vihkost' pody, biouhlie

UvVoD

Prejavy sucha v dosledku nastavajicej klimatickej zmeny st Coraz viac citel'né aj v oblasti
pol'nohospodarstva. Jednym z najzévaznejSich problémov je zmena prerozdelenia zrdzok a tym
aj riziko sucha v krajine. Vlastnosti pdd ako aj ich vlhkostny rezim sa mdze zavaznym
sposobom menit’ k horSiemu v dosledku nepriaznivych vplyvov klimatickej zmeny. Biouhlie
ma jedine¢né chemicke, fyzikalne a biologické vlastnosti, ktoré z neho robia zaujimavy material
s rozmanitymi aplikédciami. Pridanie biouhlia do pddy mo6Ze napomdct’ k zvySeniu nasytenej
hydraulickej vodivosti a tym aj prispiet’ k efektivnemu hospodareniu s vodou v hlinitej pode
v podmienkach nastavajucej klimatickej zmeny.

Biouhlie je na uhlik bohaty, porézny a pevny materidl, ktory mozno vyrobit’ pyrolyzou z
akejkol'vek biomasy (Ahmad a kol., 2014). Niektoré stadie uvadzaju, Ze biouhlie dokaze zlepsit’
vlastnosti pody atym aj samotny vodny rezim (Mukherjee a Lal, 2013) napriklad
prostrednictvom vytvorenia novych pérov (de Jesus Duarte a kol., 2019). Aplikacia biouhlia do
pody by mohla zmenit' distribiciu podnej vody a zlepSit efektivitu vyuzivania
pol'nohospodarskej pody (Awasthi a kol., 2020).

Podrla dostupnej literatiry st zname rdzne klasifikécie pddnych pérov, tak ako aj rézne metody
urcovania vel'kosti porov alebo distribucie velkosti porov (pore—size distribution). Napriklad
Dexter a kol. (2009) a Dlapa a kol. (2020) vo svojej studii rozdelil pory na makro pory (macro
pores), Struktiralne péry (structural pores) a textirne pory (textural pores). Makro pory
zahfiaja pory vytvorené obrabanim pddy a bio pory vytvorené podnou biotou, Strukturadlne pory
sa oznaCuju ako medziagregatové péry a textirne pory, ktoré st oznacované ako
intraagregatové ¢i medziCasticové pory. Ina literatira uvadza rozdelenie podla toho, ako sa
Vv danej kategorii porov nachddza voda. Tieto pory st uzko spojené s hydrolimitmi. V stadii
Hlavacikova a kol. (2019) sa podne pory rozdelili do kategérii makro pory (macro pores), ktoré
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maju priemer >300um, prenosné pory (transmission pores) s priemerom od 10um do 300um,
skladovacie pory (storage pores) s priemerom od 0,2um do 10um a zvyskové pory (rezidual
pores) ktoré maju priemer <0,2pum. Skladovacie pory su napriklad tie pory, ktoré sa nachadzaju
Vv rozsahu hydrolimitov pol'na vodna kapacita a bod viadnutia, ¢ize v tychto poéroch sa nachadza
voda pristupna pre rastliny. Dal3ia klasifikacia, je podla de Jesus Duarte a kol. (2019), ktori
rozdelili pory na makro (macro) d >50um, meso 15—50pum a mikro (micro) d<15um pory.
V tejto studii stanovili aj distribiiciu podnych pérov s pouzitim retencnej krivky.

V naSom prispevku sme pouzili rovnaku metodu uréenia porovitosti ako bola spomenuta vyssie.
Nasim cielom bolo analyzovat’ vplyv aplikovaného biouhlia z viby §védskej v davke 20 t.hat
s vel'kost'ou Castic <125um, 125um — 2mm a >2mm na vlhkost’ v r6znych kategoriach porov
(makro, meso a mikro) hlinitopieso¢natej pody.

METODIKA PRACE

Hlinitopieso¢natd poda pouzitd pri tomto experimente bola odobratd z okolia Dolnéd Malanta
v Nitrianskom kraji. Biouhlie pouZzité pri tomto experimente bolo vyrobené v reaktore
UNYPIR, ktory je sucastou centra AgroBioTech patriaceho Slovenskej pol'nohospodarske;j
univerzite v Nitre. Vstupnym materidlom biouhlia bola viba $védska, odroda Tordis ((Salix
schwerinii x S. viminalis) x S. viminalis). Pri vyrobe biouhlia bol pouzity tlak 101 kP, a teplota
pyrolyzy 300 °C. Vyrobené biouhlie bolo zomleté na elektrickom mlynceku a preosiaté na
sitaich s velkostou 6k 2mm a 125um (Obr. 1). Pdédne vzorky zmesi boli pripravené Vv
laboratornych podmienkach s pomerom mnozstva biouhlia 20 tha* do Kopeckého valéekov
(100 cm?). Varianty laboratérneho experimentu boli nasledovné: zmes hlinitopieso¢natej pody
a biouhlia vyrobenom pri teplote pyrolyzy 300 °C s velkost'ou ¢astic <125um (oznacené ako
PB1), s velkostou castic 125um — 2mm (oznacené ako PB2) a s velkostou Castic >2mm
(oznacené ako PB3). Pre kazdy variant boli nasledne pripravené 3 opakovania. Tieto pripravené
zmesi sa porovnali s referen¢nou pddou (hlinitopieso¢nata pdda oznacovana ako Kontrola),
ktora bola pripravena taktiez v 3 opakovaniach.

Obr. 5. Velkostné frakcie pouzitého biouhlia z Pava: <125um, 125pum — 2mm a >2mm.

Distribucia velkosti poérov sa robila z nameranych tdajov vlhkostnej reten¢nej krivky pri
tlakoch 0; 60; 100; 300; 560; 1000; 3000, 4800 and 15000 Pa. Objemova vlhkost’ pody pri
roznych tlakoch sa puzila na odhad vody v roéznych kategériach porov. Zvolili sme Si tri
kategorie porov podla de Jesus Duarte a kol. (2019): makro (>50 pm), meso (15—50 pm)
a mikro (<15 um) pory. Predpokladalo sa, ze nasavanie vody suvisi s priemernou vel’kost'ou
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porov podla priblizného vztahu (1) (Dlapa a kol., 2020; Jensen a kol., 2020). Rovnica je
odvodena z fyzikalnej rovnice kapildrneho vzlinania podl'a Young—Laplaceovej:

d = —3000/h (um) (1)
kde:
d je priemer pérov (um) a

h je potencial podnej matrice (hPa).

Na vyhotovenie krabicovych grafov ndm sluzil program Microsoft Excel. Krabicovy graf
uvadza: minimalnu a maximalnu hodnotu (okrajové Ciary), horny adolny kvartil (hrany
obdlznika), median (Ciara v obdlzniku) a priemernt hodnotu (krizik v obdlzniku).

VYSLEDKY A DISKUSIA

Vplyv biouhlia na vlhkost' pédy v roznych kategériach pérov (makro, meso a mikro pory)
hlinitopiesocnatej pody je graficky znazorneny na Obr. 2.

0,6

-l F
ookl ae oS .

X
|

l_
|_

Vlhkost' pddy (cm3.cm)
=
W

=
—

macro-pory (>50pm) meso-pory (15 - 50um) micro-pory (<15um)

O Kontrola CIPB1 [ PB2 M PB3

Obr. 2. Vlhkost’ pody v makro, meso a mikro poroch hlinitopieso¢natej pody
obohatenej biouhlim.

Zaznamenali sme zvySenie objemovej vlhkosti pddy v makro a meso péroch (Obr. 2) po
aplikécii biouhlia réznych frakcii v porovnani s Kontrolou. NaSe vysledky o zvySeni vlhkosti
v makro a meso poroch po aplikacii biouhlia st v stlade s pracou de Jesus Duarte a kol. (2019).
V pripade najmensSich porov (mikro) sme zaznamenali pri vSetkych frakciach znizenie
objemovej vlhkosti pody v tejto kategérii porov v porovnani s Kontrolou (Obr. 2). Do kategorii
mikro porov (d <15 um) by spadali aj skladovacie péry (0,2um — 10um) podl'a Hlavacikove;j
a kol. (2019). Z vysledkov teda vyplyva, Ze biouhlie (v akejkol'vek vel'kosti) znizilo obsah vody
Vv danej kategorii porov t.j. vody pristupnej pre rastliny. Je vSak dolezité poukazat’ aj na fakt, ze
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rozptyl hodnot vlhkosti v danej kategorii bol vyssi na variantoch s biouhlim (Obr. 2) i ked’
priemerna hodnota bola nizsia ako Kontrola.

Z vysledkov je jasné, ze vlhkost' je vzdy vysSia v pripade biouhlia s najnizSou frakciou
a zvySovanim frakcie biouhlia sa vlhkost' postupne znizuje vo vSetkych kategoridch porov.
MozZe to byt zapriCinené tym, Ze mensie Castice biouhlia (<125um) sa mézu jednoduchsie
a rychlejsie usadit’ medzi Castice hlinitopiesocnatej pody bez toho, aby blokovali uz existujuce
pory, ¢im sa zaroven vytvaraju nové pory (de Jesus Duarte a kol., 2019) a zvySuju celkovia
porovitost’. V pripade mikro pérov sa tento efekt neprejavi, lebo vsetky frakcie biouhlia su
vicsie ako pory v tejto kategorii (<15 um).

Autori de Jesus Duarte a kol. (2019) uvadzaju, Ze tato vysoka porovitost’ je spojena s vysokym
Specifickym povrchom, ktory sa zvicSuje so zmenSovanim velkosti Castic biouhlia, ktoré
sposobuje zvySenie obsahu dostupnej vody pre rasliny (Uzoma a kol., 2011). Organizacia
podnych castic a pridruzenych porov medzi Castiami uréuje v zna¢nej miere hydraulické
vlastnosti pody ato Vv zasadnej miere ovplyviiuje vplyv zraZok a sucha na podu. V naSich
predchadzajucich stadiach o vplyve biouhlia z viby na hydraulicke vlastnosti pody (Tokova
akol., 2022) sme preukazali, Ze jemnejSie frakcie biouhlia (<125pum) efektivnejSie zvysili
nasytent hydraulicku vodivost pddy. Tento jav mohol byt zapri¢ineny prave vd’aka lepSiemu
vyplneniu medzi—porového priestoru biouhlim.

ZAVER

Z nagich vysledkov vyplyva, ze biouhlie v davke 20 t.ha ! aplikované do hlinitopieso¢nate;
pody s vel'kostnou frakciou <125um ma najlepsie vysledky vo zvyseni obsahu vody v makro
(>50um) a meso (15—50pm) poroch v porovnani s referencnou pddou a ostatnymi vel’kostnymi
frakciami biouhlia. V pripade mikro porov (<15um) sa priemerne hodnoty na variantoch
s biouhlim pohybovali nizsie ako na referen¢nej pode, avSak celkovy rozsah nameranych
hodnét vlhkosti bol vy$s$i na tychto variantoch ako na referencnej pdde. V zavislosti od
podmienok pyrolyzy, velkostnej frakcie ¢i aplikacnej ddvky biouhlia sa vlastnosti biouhlia
moéZu menit, preto je dolezité v dalSom vyskume interakcie medzi biouhlim a podou
pokracovat’ aby sme lepSie pochopili mechanizmu tohto materialu.
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ABSTRACT

Climate change is accompanied by irregularly distributed precipitation throughout the year and the
occurrence of drought periods. These drought periods during the vegetation growing seasons
significantly affect physiological processes in plants; therefore, in many ecosystems, they are
considered a limiting factor with ecological and economic consequences. In our study, we analysed
the effects of climate conditions, including precipitation, climatic water balance, and temperatures,
on the onset of general leaf colouring (BBCH94) of oaks (Quercus sp.) in individual forest
vegetation zones (FVZ). Phenological stations with oak trees are located in the Western Carpathians
and adjacent plains, in alluvial forests (FVZ 0) and from FVZ 1 (oak) to FVZ 4 (beech).
Meteorological and phenological data from these stations cover two climatic normal periods: 1961-
1990 and 1991-2020. The results of partial correlations indicated a significant effect (p < 0.05) of
temperature and precipitation variables on the onset of BBCH94. Specifically, higher minimum and
average temperatures, particularly in September, led to delayed BBCH94 in FVZs 0 to 3.
Conversely, in case of decreased precipitation and adverse climatic water balance during the summer
period, the onset of BBCH94 started earlier in FVZs 0 to 2. In addition, the differences in the climatic
water balance between the two normal periods indicated an increase in summer drought over the last
30 years in FVZ 1 (oak) and 2 (beech-oak). Following these results, we concluded that the drought
periods are becoming a significant limiting factor for the length of the growing season in oak forests,
particularly in FVZ 1 and 2.

Keywords: climate change, precipitation, climatic water balance, autumn phenology, oak

UvVoD

Klimatickd zmena prindsSa okrem ndrastu globalnej teploty aj zmeny v zrazkovych rezimoch,
ktoré maji vyznamné dopady na lesné ekosystémy. Za posledné desatrocia sme sa stretli nie
len na Slovensku, ale aj v Eurdpe s roznymi troviiami stresu suchom u lesnych drevin. Stres
suchom sprevadza spomalenie asimilacie a rastu (Camarero et al. 2018), vyraznejSie stresované
dreviny mozu predcasne ukoncit’ vegetacné obdobie (Bigler and Vitasse, 2021), pricom
extrémne sucho moze viest’ az k thynu jedincov (Frei et al. 2022, Obladen et al. 2021).

Dub letny (Quercus robur) a dub zimny (Quercus petraea) patria v Eurépe medzi ekonomicky
najvyznamnejSie druhy lesnych drevin. Vo vSeobecnosti st vd’aka xerotermnej Struktare listu a
koretiove] sustave, ktora sa dokdze vysporiadat’ s réznou uroviiou zasobenia pddy vodou,
relativne tolerantné voci suchu (Cehuli¢ et al. 2019). Napriek tomu viak utlmuji svoj rast, ak
sa obdobie sucha vyskytuje pocas jarnych mesiacov a to aj na stanovistiach, kde inak ich
dlhodoby rast nie je vyznamne ovplyvneny klimatickymi faktormi (Bose et al. 2021).

Duby moézu potencidlne reagovat’ na nedostatok zrdzok aj predCasnym alebo skorsim
ukoncenim ich vegetacného obdobia. Stvisi to s tym, Ze nastup fenologickych faz u vyssich
rastlin vyznamne ovplyviiuju prave sezénne fluktudcie pocasia, hlavne teplota a zrazky
(Richardson et al. 2013). Stale vSak existuju protichodné zistenia, ako jednotlivé druhy drevin
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reaguju na teplejsie a/alebo suchsie podmienky — ¢i sa zltnutie listov oneskoruje alebo naopak
nastava skor.

Dubové porasty sa nachadzaju v Zapadnych Karpatoch v teplejSich oblastiach od luznych lesov
az po 4. lesny vegetacny stupen (LVS). Predmetom nasej prace bolo preskumat’ fenologickt
odozvu dubov na klimatické podmienky v jednotlivych LVS so zameranim najmé na limitujtci
efekt nepriaznivej klimatickej vodnej bilancie pripadne nizkych atmosférickych zrazok
Vletnom obdobi na wukoncdenie vegetacného obdobia. Pochopenie fyziologickych
mechanizmov, ktorymi sa riadi nacasovanie jesenné¢ho Zltnutia listov pomdze obmedzit
neistotu v projekciach fenoldgie a produktivity stromov v buducnosti a v navrhoch adapta¢nych
stratégii v lesnictve, krajinnom pldnovani a ochrane biodiverzity.

METODY A UDAJE

V zmysle geobotanickej Skoly prof. Zlatnika moézeme vegetacny stupenn definovat’ ako
klimaxové spolo¢enstvo podmienené makroklimou a mezoklimou v podmienkach meniacej sa
nadmorskej vysky (Randuska et al. 1986). Duby (Quercus robur L. a Quercus petraea (Matt.)
Liebl.) st podl'a klasifikacie lesnych vegetacnych stupniov podl'a Zlatnika (1976) klimaxovymi
drevinami. Na zéklade tejto klasifikacie je uzemie Zapadnych Karpat roz¢lenené na 8§ lesnych
vegetacnych stupniov a 9. alpinsky — nelesny. Pre potreby analyz sme v tejto praci vyc€lenili
luzné lesy ako samostatny 0. LVS. Fenologické plochy, na ktorych st zaznamenavané
fenologické fazy na duboch sa nachadzaji od 0. po 4. LVS (Obr. 1).

D ostatné LVS

nelesna pdda
0 25 50 75 100km D P
I T ]

Obr. 1. Mapa lesnych vegeta¢nych stupiiov (LVS) s fenologickymi pozorovaniami dubov na
tuzemi Slovenska.

Fenologické a klimatické tidaje pouzité v tejto praci boli pozorované a merané v ramci
monitorovacich sieti Slovenského hydrometeorologického ustavu. V ramci izemia Zapadnych
Karpat a pril'ahlych nizin bolo vybratych 66 fenologickych stanic, na ktorych su sledované duby
a Casovy rad obsahuje minimalne 70% tdajov v normalovom obdobi 1961-1990 a 1991-2020.
Tieto fenologické stanice boli zatriedené do LVS (Tab. 1), pre ktoré sme odvodili priemerné
dni nastupu fenologickej fazy BBCH94 v jednotlivych rokoch.
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Za deni nastupu fenologickej fazy BBCH94 — vSeobecné zltnutie listov sa povazuje deni v roku,
kedy 50% listov na sledovanych jedincoch v rdmci fenologickej stanice stratilo zelent farbu,
¢o signalizuje ukoncenie vegetacného obdobia.

Tabul’ka 4. Charakteristika lesnych vegetaénych stupiiov (Zlatnik, 1976) a pocet sledovanych
fenologickych ploch v ramci kazdého LVS.

Lesny vegetacny Lat. Nadm.vyska Teplota  Zrazky Lo
stupen ploch
0. luzné lesy 5
1. dubovy Quercetum <300 > 8.5 <600 8
2. bukovo-dubovy Fageto-Quercetum 200-500 6,0-85 600-700 18
3. dubovo-bukovy Querceto-Fagetum 300 - 700 55-75 700-800 29
4. bukovy Fagetum 400—-800 50-7,0 800-900 5

Teplotné a zrazkové udaje definujuce klimatické podmienky za normalové obdobia 1961-1990
a 1991-2020 boli ziskané zo 79 meteorologickych stanic, ktoré sme zatriedili do jednotlivych
LVS. Z nameranych udajov boli pre kazdy LVS vypocitané priemerné klimatické premenné —
priemernd mesacnd teplota (Tavg), maximalna mesacnd teplota (Tmax), minimalna mesacna
teplota (Tmin), mesa¢ny thrn zrazok (P), a klimaticka vodna bilancia (KVB). Klimaticka vodna
bilancia bola definovand ako rozdiel medzi mesaénymi zrdZzkami a potencidlnou
evapotranspiraciou. Potencidlnu evapotranspiraciu sme vypocitali podla Thornthwaita
(Thornthwaite, 1948). Klimatické premenné boli odvodené¢ pre rézne dlhé obdobia
predchadzajice Zltnutiu listov: vegetacné obdobie (april-september), letné obdobie (jun-
september), jul-september, august-september apre samotny september. Vplyv tychto
klimatickych premennych na nastup BBCH94 bol zistovany metdodou parcidlnej koreléacie,
kedy pri analyze vplyvu zrazkovych premennych (P, KVB) bol kontrolovany vplyv priemernej
teploty vzduchu a pri analyze vplyvu teplotnych premennych (Tmin, Tmax, Tavg) bol
kontrolovany vplyv atmosférickych zrazok. Hladina vyznamnosti korelaéného koeficienta bola
stanovend pre p < 0.05.

VYSLEDKY A DISKUSIA

Zmeny klimatickych podmienok v lesnych vegetaénych stupsioch po¢as obdobia 1961-2020

Zmeny v zraZkovom a teplotnom reZime medzi normalovymi obdobiami viedli k zmene
potencidlnej evapotranspiracie, ktoré sa prejavili v zmene klimatickej vodnej bilancie. Pocas
druhého normélového obdobia stipli vplyvom rasticej teploty ro¢né sumy potencialnej
evapotranspiracie podobne ako sumy vo vegetacnom obdobi vo vsetkych LVS (Obr. 2). Narast
sme zaznamenali aj v thrnoch zrazok, napriek tomu vsak doslo k poklesu klimatickej vodnej
bilancie (KVB) predovsetkym vo vegetacnom a Vv letnom obdobi. Zatial’ ¢o v ro¢nych uhrnoch
bola klimaticka vodna bilancia zaporna len v 0. a 1. LVS, sumy za vegeta¢né obdobie a letné
obdobie boli v zapornych hodnotach od 0. az po 3. LVS v oboch normalovych obdobiach.
NajvyraznejSia zmena KVB bola zaznamenana v 3. LVS, kde medzinormalovy rozdiel v KVB
dosiahol -33 mm v letnych mesiacoch a -37 mm pocas vegetacného obdobia (Obr. 2).
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Obr. 2. Normalové hodnoty klimatickych premennych Tavg (priemerna teplota), P (zrazky),
PET (potencialna evapotranspiracia) a KVB (klimaticka vodna bilancia) pre obdobie 1961-1990
a1991-2020 a ich zmeny vypocitané pre rok, vegetacné obdobie a letné obdobie.

Vplyv klimatickych premennych na nacasovanie v§eobecného Zltnutia listov duba

V obdobi 1961-2020 zacinalo vSeobecné Zltnutie listov (BBCH94) v dubovych porastoch
Vv priemere medzi 10. az 17. oktobrom (poradovy den 283 az 290). Parcialna korelacia medzi
BBCH94 u dubov a klimatickymi premennymi ukazala vyznamny vplyv oboch — teplotnych aj
zrazkovych premennych (Tab. 2). Vyznamny vplyv teploty sa prejavil predovSetkym v luznych
lesoch (0. LVS) a v bukovo-dubovom stupni (2. LVS). Cim vys§ia bola teplota v letnom obdobi,
tym neskor dochadzalo k nastupu BBCH94. V 1. a 3. LVS boli vyznamnymi minimélne a
priemerné denné teploty v septembri, v zmysle ¢im neskorsi nastup chladného pocasia v jeseni
tym neskorsi nastup Zltnutia listov u dubov.

Ako limitujuci faktor, ktory zabranuje neskorSiemu ukonceniu vegetaéného obdobia sa prejavili
zrazkové premenné. Zatial' ¢o v rokoch bohatych na zrazky a s vy$Sou klimatickou vodnou
bilanciou zltnu duby signifikantne (p < 0.05, Tab. 2) neskor, ich nedostatok sposobuje posun
tejto fenofazy BBCH94 do skorSicho obdobia hlavne v porastoch od 0. po 2. LVS. V tychto
LVS je klimaticka vodna bilancia v letnom obdobi nizsia ako -100 mm (Obr. 2). Na zaklade
porovnania klimatickej vodnej bilancie medzi normalovymi obdobiami 1961-1990 a 1991-
2020 prezentovanymi v predchadzajtcej kapitole moZeme ocakéavat’, ze 1. a 2. LVS sa budu
stavat’ aj nad’alej suchS§imi. V 3. LVS sa nateraz negativny vplyv sucha neprejavil, avsak KVB
letného obdobia tu medzi normalovymi obdobiami klesla z -49 na -82 mm (Obr. 2). Ak bude
tento trend pokracovat’, da sa oCakavat’, Zze v si¢asnom normalovom obdobi 2021-2050 mdze
klesnut’ pod -100 mm. To by znamenalo, ze KVB sa méze stat’ v 3. dubovo-bukovom LVS
limitujicim faktorom pre nastup BBCH94 uZ pocas najblizSieho obdobia. Sucho pocas
vegetacného obdobia rastlin ma vyznamny vplyv na fyziologické procesy preto je v mnohych
ekosystémoch limitujucim faktorom s vyznamnymi ekonomickym a ekologickym dopadom.
Spomalenie asimilacie a rastu vplyvom sucha nemusi byt nevyhnutne sprevadzané skorSim
zltnutim listov (Didion-Gency et al., 2023), ak vSak dojde k Zltnutiu, znamend to definitivny
koniec asimilacie v danom roku.
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Tabul’ka 2. Parcialna koreliacia medzi klimatickymi premennymi odvodenymi pre rozne dlhé
obdobia pred nastupom Zltnutia listov a samotnou fenofazou BBCH94 za obdobie 1961-2020.
Statisticky vyznamné korelacie (p < 0.05) su zvyraznené ¢ervenou farbou.

LVS Hodnoteného obdobie P KVB Tmax Tmin Tavg
Vegetacné obdobie 0.10 0.10 0.51 0.50 0.51
Letné obdobie 0.13 0.15 0.50 0.51 0.50
0 Jil-september 0.40 0.41 0.60 0.58 0.59
August-september 0.38 0.40 0.52 0.52 0.53
September 0.27 0.29 0.37 0.41 0.40
Vegetacné obdobie 0.19 0.22 0.22 0.21 0.24
Letné obdobie 0.25 0.29 0.15 0.17 0.18
1 Jil-september 0.31 0.35 0.17 0.24 0.21
August-september 0.28 0.31 0.18 0.26 0.22
September 0.29 0.31 0.23 0.36 0.32
Vegetacné obdobie 0.21 0.25 0.27 0.26 0.23
Letné obdobie 0.26 0.30 0.35 0.36 0.32
2 Jil-september 0.33 0.36 0.38 0.34 0.34
August-september 0.29 0.31 0.40 0.41 0.38
September 0.28 0.28 0.45 0.44 0.43
Vegetacné obdobie -0.18 -0.17 -0.21 -0.05 -0.16
Letné obdobie -0.17 -0.16 -0.09 0.01 -0.05
3 Jil-september -0.13 -0.11 0.03 0.09 0.06
August-september -0.17 -0.16 0.07 0.14 0.12
September -0.03 -0.02 0.27 0.34 0.34
Vegetacné obdobie -0.11 -0.08 -0.12 -0.23 -0.17
Letné mesiace -0.16 -0.11 0.09 -0.13 0.01
4 Jul-september -0.11 -0.06 0.19 -0.06 0.11
August-september 0.15 0.18 0.25 -0.02 0.16
September 0.05 0.07 0.25 -0.06 0.12
ZAVER

V prezentovane] $tadii sme sa zaoberali hodnotenim vplyvu klimatickych podmienok so
zameranim na zrazky, klimaticki vodnl bilanciu a teploty, na nastup vSeobecného Zltnutia
listov (BBCH94) u dubov (Quercus sp.) Vv jednotlivych lesnych vegetacnych stupiioch.
Vysledky ukézali, Ze vySSie miniméalne a priemerné teploty, predovSetkym v septembri,
postivaja  BBCH94 do neskorsich terminov v 0. — 3. LVS &m prispievaji k predizeniu
vegetacného obdobia. Naopak vplyvom nedostatku zrdzok a nepriaznivej klimatickej vodne;
bilancie pocas letnych mesiacov nastava zltnutie v 0. — 2. LVS vyznamne skor ¢im sa vegetacné
obdobie skracuje. Porovnanie klimatickej vodnej bilancie medzi normalovymi obdobiami
1961-1990 a 1991-2020 ukazalo, Zze v 1. a 2. LVS doslo k prehibeniu sucha po¢as vegetaéného
obdobia a letnych mesiacov v poslednych 3 dekadach. Vyskyt sucha sa tak stdva vyznamnym
limitujucim faktorom pre dizku vegetaéného obdobia u dubov v niz§ich LVS (dubovom
a bukovo-dubovom), pricom v nasledujicom normalovom obdobi 2021-2050 moézeme
oc¢akavat’ jeho dopady uz aj v 3. LVS (dubovo-bukovom).
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ABSTRACT

The aim of this paper was to find out the consequences of Gab¢ikovo — Topol'niky channel silting
up, the one from three main channels of Zitny ostrov channel network, to the flow conditions at this
channel. This article deals with evaluation of results from the field measurements at Gab¢ikovo —
Topolniky channel for period from 2018 to 2023. The area of Zitny Ostrov is flat land and the
velocities in all channels of channel network are very slow. The occurrence of small velocities is
considered for main reason of sediment’s aggradation at channel bed. The flow profile of channels
is reduced by increasing of thickness of bed sediments and in consequence of permanent
sedimentation processes is adversely changing not only the cross-section of channel, but also its
longitudinal profile. The volume of sediments is growing, too. Bed sediments, its thickness and
texture have the important impact to interaction between surface water in channels of ZO network
and groundwater in its surroundings. There were performed the detailed field measurements of bed
sediment thicknesses along the Gab¢ikovo-Topolniky in 2018 and 2023. Based on the calculation
of the values of the average thickness of the bed sediments, there was determined the longitudinal
distribution of the bed sediments along the G-T channel, the percentage of silting of the flow area
in this channel and the values of the volumes of bed sediments in the G-T channel for the monitored
period. The results of these measurements are summed up in all tables and figures of this paper and
their comparison indicates the growing trend of longitudinal silting up of this channel and the
volume quantity of bed sediments during the observed period.

Keywords: channel network, bed sediments, cross-section, longitudinal profile, volume of
sediments

UvVoD

ZanaSanie vodnych tokov sedimentami v znaCnej miere ovplyviiuje prietokové pomery
pradenia v toku, a to najmé u nizinnych tokov, ku ktorym radime aj kanalovu siet’ Zitného
ostrova (Z0). Jej nizky pozdizny sklon je pri¢inou vyskytu velmi nizkych hodnét prietokovej
rychlosti prudenia v jednotlivych kandloch kandlovej siete, v dosledku ¢oho dochédza k
usadzovaniu nesenych Castic v toku, a to vo zvySenej miere najmi na dne kanalov. Tieto tzv.
dnové sedimenty postupne zvacsuju svoju hrubku. V doésledku zviac¢Sovania hrubky sedimentov
sa prietokovy profil kanala zmenSuje a vplyvom pretrvavajiucich sedimentacnych procesov
dochadza k nepriaznivej zmene nielen prie¢neho, ale aj pozdizneho prietokového profilu, ako
aj k zvySeniu objemového mnozstva dnovych sedimentov (Kovacova, 2020). Dnové nanosy,
ich hriibka a zloZenie v kone¢nom dosledku vyznamne vplyvaji na vzajomnu interakciu medzi
povrchovou vodou v kanalovej sieti a okolitou podzemnou vodou v celej oblasti ZO
(Dulovicova et al., 2013).

Prispevok je zamerany na otazku vplyvu dnovych sedimentov na zmenu prietokovych pomerov
v kanali Gabéikovo-Topolniky, jednom z troch hlavnych kanalov Zitného ostrova, na ktorom
prebieha monitorovanie zanesenia uz od roku 1993, a vychadza z porovnania vysledkov
terénnych merani na tomto kanali v rokoch 2018 a 2023.
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ZAUJMOVA OBLAST

70 je stiéastou Podunajskej niziny, geomorfologickej oblasti Malej dunajskej kotliny - Obr. 1.

Obr. 1. Oblast’ Zitného ostrova.

70 je ohranieny z juhu korytom rieky Dunaj, zo severu Klatovskym ramenom Malého Dunaja
a z vychodu na kratkom tseku riekou Véh. Je tvoreny z ndplavovych sedimentov z horného
toku Dunaja. M4 elipsovity tvar, ktorého dizka je 84 km a $irka sa pohybuje v rozmedzi 15-30
km. Jeho celkova rozloha je 1 885 km? (P4sztorova et. al., 2013), jeho priemerna sirka je 20 km
a jeho plocha je priblizne 2 000 km?. Je to rovinaté uzemie, s vel'mi malymi vyskovymi
rozdielmi: najvys§i bod ZO sa nachadza v okoli Samorina (134 m n. m.), najniZie poloZena
oblast’ (105 m n. m.) je pri Komarne (Gyalokay, Prochazka (1970)). Jeho povrch klesa
juhozapadnym smerom, jeho pozdizny sklon je len okolo 0.25%o, ¢o bolo jednym z hlavnych
dévodov na vybudovanie kanalovej siete v tejto oblasti.

Vybudovanie kanalovej siete na ZO koncom 19. storodia vyplynulo z prvotnej potreby
odvodnenia zamokrenych pdd na jeho uzemi. V dosledku intenzifikécie pol'nohospodarske;j
vyroby sa neskor dostala do pozornosti aj potreba zavlah na poI'nohospodérsky obrabanej pdde
pocas vegetaéného obdobia. Kanalova siet’ ZO mala teda plnit’ funkciu regulaéni, aj funkciu
transportni. Casom boli obe tieto funkcie vo velkej miere ovplyvnené zmenou prietokového
profilu kanalov, spdsobenou zandSanim dnovymi sedimentami, a to najmi zviacSovanim ich
hrabky atiez zmenami priepustnosti dnovych sedimentov v kandlovej sieti. Zakladnymi
prvkami kanélovej siete ZO st kanaly, ¢erpacie stanice a stavidla, slaZiace predovietkym k
odvodiiovacej ¢innosti a k nim st pridruzené vtokové, napustné a odberné objekty, potrebné na
zavlahy — schéma na Obr. 2.
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Obr. 2. Schéma kanalovej siete na ZO.

Kanal Gab¢ikovo-Topol'niky (G-T) - Obr. 3. - je dlhy cca 29 km, §irka koryta kanala v hladine
sa pohybuje Vv rozsahu cca od 8 m do 17 m. Hibka vody v kanali (na zaklade zmeranych
prie¢nych profilov) sa pohybuje od 2.0 do 2.60 m. Voda z tohto kanala odtekéd gravitacne.
Vsetky stavidla, ktoré st ur¢ené na odtok do oblasti Chotarneho kanala (Aszéd), st za
normalneho stavu zatvorené, otvaraju sa iba v Case velkych povodni pre odlahcenie alebo
vV suchom obdobi na dodavku zavlahovej vody. Stavidlad na bo¢nych kanéloch kanala G-T su
pri odvodnovani otvorené, podl'a pokynov sa zatvaraju na vzdutie, resp. na regulaciu hladiny
podzemnej vody. Kanal G-T je napustnym objektom prepojeny s Dunajom a vyustuje do
Klatovského ramena Malého Dunaja medzi obcami Topol'niky a Trhova Hradska. G-T kanal je
napajany vodou z 'avostranného priesakového kanala privodného kanala VD Gab¢ikovo medzi
obcami Baka a Gab¢ikovo. Odberny objekt do kanala G-T je umiestneny v 'avostrannej hradzi
privodného kanala pred plavebnymi komorami. Nachadzaju sa tu aj dve vodomerné stanice,
stanica Gabc¢ikovo v kilometri 25.7 a stanica TopolI'niky v kilometri 0.30.

| o Trstice
DUNAJSKA STREDA D\i;?niky 7

Velke %,
Dvorniky ’

Dolny Bar

Dolny Sta

. Trsteng
na Ostrove

. Vrakag

Gab(’,‘l'kovo

Obr. 3. Situovanie kanala Gabéikovo — Topol’niky na ZO.
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METODIKA MERANI

Zanasanie kanalovej siete ZO dnovymi sedimentami, ako uz bolo spomenuté, sa zacalo
sledovat’ a zaznamenavat’ uz od roku 1993 - na troch hlavnych kanaloch kanélovej siete ZO
(okrem kanala G-T aj na Chotarnom a Komariianskom kanali). Terénne merania zanesenia
pokryli cca 100 km kandlovej siete, boli zmerané hribky dnovych sedimentov v cca 200
priecnych profiloch. Okrem toho sa vo vybranych prie¢nych profiloch, v ktorych boli
zaznamenané nanosy vel’kej mocnosti, odoberali aj vzorky dnovych sedimentov - na zistenie
nasytenej hydraulickej vodivosti dnovych nanosov, vyjadrujicej mieru ich priepustnosti
(Dulovi¢ova, Veliskova, 2005; Dulovi¢ova, 2019; Gombos et al., 2021). V roku 2018 sa merala
hrubka dnovych sedimentov na kanali G-T pomocou jednoduchého zariadenia tzv. pichacej
sondy (Dulovi¢ovda, Veliskova, 2006), pricom merania sa vykonavali z prenosného
nafukovacieho ¢lna v prieénych profiloch, vzdialenych od seba cca 1.0 — 2.0 km (v zavislosti
od pristupnosti k prieénemu profilu) a v kazdom jednom bola meranid hribka sedimentov
s pravidelnym krokom 1.0 m pozdiZ prie¢neho profilu. V roku 2023 sa zopakovali kontrolné
merania v rovnakych prie¢nych profiloch kanala G-T ako v roku 2018, tou istou metodikou
merania. Z nameranych hodnét hriibky sedimentov v kazdom prie¢nom profile bola stanovena
pre kazdy priecny profil hodnota priemernej hribky sedimentu — ako podiel plochy priecneho
rezu nanosu v danom profile a jeho Sirky (Dobiasova, Dulovi¢ova, 1994).

Samotné hribky sedimentov sa pozdiZ jednotlivych prie¢nych rezov zna¢ne menili, od nulovej
hodnoty pri brehovej ¢iare aZz po maximalne hodnoty, ktoré v niektorych miestach dosahovali
mocnosti 1.0 az 2.0 m. Avsak tieto vel'ké nanosy sa nevyskytli vzdy v strede jednotlivych
prie¢nych profilov, ¢o mozno vysvetlit' na zéklade vplyvu meniacich sa geometrickych a
hydraulickych charakteristik kanala.

Ako uz bolo spomenuté, vo zvisliciach vo vzdialenostiach 1.0 m pozdiz kazdého prie¢neho
profilu kanala sa z merani hibky vody po tiroven sedimentu a hribky sedimentu vyhodnocovala
aj prietokova plocha, spolu s jej zanesenou ¢astou (plocha sedimentu) a to podla vztahu:

(1)

kde hi je stidet nameranej hibky vody a hribky sedimentu v i-tej meranej zvislici daného

priecneho profilu [m], AX; je vzdialenost’ dvoch susednych meranych zvislic [m].

Podl’a rovnice (1) sa vyhodnocovala aj plocha sedimentu v danom priecnom profile. V tom
pripade hi bola namerana hriibka sedimentu v i-tej meranej zvislici. Nasledne bolo pre kazdy
zmerany priecny profil kandla ur€ené percento zanesenia prietokovej plochy (Dulovicova,
Veliskova, 2011; Dulovicova et al., 2014). Vysledky tychto vyhodnoteni pre kanal G-T za
sledované obdobie st zhrnuté v Tabulke 1 a 2, ktora je v Casti Vysledky a diskusia.

Na zaklade vy¢islenia hodnét priemernej hribky dnovych sedimentov bolo zistené pozdizne
rozdelenie dnovych sedimentov v kanali G-T za sledované obdobie. Vysledky v podobe
grafického zobrazenia na Obr. 4 su takisto uvedené v Casti Vysledky a diskusia.

V doésledku pretrvavajucich sedimentacnych procesov dochédzalo nielen k narastu hrabky
sedimentov atym k nepriaznivej zmene nielen prieéneho, ale aj pozdizneho prietokového
profilu kandla, ale aj k zvySeniu objemového mnozstva dnovych sedimentov. Z priemernych
hribok nanosov a ich rozdelenia pozdiZ kanala bolo moZné vy&islit objem dnovych sedimentov
podrla vzt'ahu (Dulovicova, Veliskova, 2006):
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p-1
V=> (S, +Sy )D/2
= (2)

kde Sni su plochy sedimentov jednotlivych prie¢nych profilov

Di su vzdialenosti medzi susednymi profilmi, p je celkovy pocet zmeranych profilov
Vy¢islené objemy dnovych sedimentov na kanali G-T za sledované obdobie su zhrnuté v Casti
Vysledky a diskusia v Tabul'ke 3, ktord uvadza pre porovnanie hodnoty objemov sedimentov
na kanali G-T za roky 1993 a 2008 (Dulovi¢ova, Veliskova, (2007); Dulovi¢ova, Veliskova,
(2010)), doplnené o hodnoty, ziskané z merani zanesenia v rokoch 2018 a 2023.

VYSLEDKY A DISKUSIA

Z vyhodnotenia nameranych tidajov na kanali G-T v roku 2018 a 2023 a ich porovnanim bolo
mozné ziskat’ redlnu predstavu o vyvoji zanesenia tohto kanala pocas kratSieho monitorovaného
obdobia piatich rokov.

Tabulka 1 dokumentuje zdznam hrubky sedimentov v 30 prie€nych profiloch, zmeranych
pozdiz kanala G-T v roku 2018, s nasledne vy&islenymi hodnotami priemernej hrabky
sedimentu v kazdom profile (podl'a rovnice (1)) a % jeho zanesenia.

Tabul’ka 1. Priemerna hribka sedimentu, prietokova plocha, plocha sedimentu a % zanesenia
profilu pozdlZ kanala G-T v roku 2018

Profil ~ Stanienie Priemerna hrubka  Plocha prieéneho  Plocha nanosu % zanesenia

¢. [km] nanosu [m] profilu [m] v profile [m] profilu
1 1,00 0,16 2,43 28,59 8,48

2 2,00 0,13 1,78 23,56 7,53

3 3,00 0,15 2,52 23,87 10,55
4 4,00 0,20 2,73 25,14 10,86
5 5,00 0,15 1,99 21,01 9,47

6 6,00 0,10 1,57 19,24 8,16

7 7,00 0,39 6,18 26,93 22,94
8 8,00 0,32 4,73 25,80 18,33
9 9,00 0,22 3,30 19,39 17,02
10 10,00 0,07 1,08 15,07 7,14

11 11,00 0,34 5,56 21,30 26,11
12 12,00 0,29 4,47 19,67 22,73
13 13,00 0,71 11,35 26,02 43,61
14 14,00 0,39 5,58 18,91 29,53
15 15,00 0,46 5,24 17,93 29,20
16 16,00 0,36 5,03 17,25 29,16
17 17,00 0,16 2,62 25,83 10,14
18 18,00 0,23 3,86 26,71 14,44
19 19,00 0,26 4,50 27,17 16,54
20 20,00 0,26 3,55 18,03 19,67
21 21,00 0,49 7,66 20,18 37,93
22 22,00 0,44 6,89 22,01 31,28
23 23,00 0,64 10,88 22,25 48,90
24 23,50 0,36 6,29 20,98 29,97
25 24,00 0,22 2,35 12,33 19,03
26 25,00 0,32 4,03 15,06 26,78
27 26,00 0,44 8,78 35,59 24,67
28 26,85 0,19 2,60 21,08 12,33
29 28,00 0,21 3,06 24,50 12,47
30 28,90 0,16 1,83 18,40 9,95
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Obdobne zaznamy merani za rok 2023 a vycislenie hodn6t priemernej hrubky sedimentu v
kazdom profile a % jeho zanesenia v tomto roku uvadza Tabulka 2.

Tabulka 2. Priemerna hriibka sedimentu, prietokova plocha, plocha sedimentu a % zanesenia
profilu pozdlz kanala G-T v roku 2023

Profil Stani¢enie Priemerna hribka Plocha prie¢neho Plocha nanosu % zanesenia

¢. [km] nanosu [m] profilu [m] v profile [m] profilu
1 1,00 0,19 3,27 30,50 10,72
2 2,00 0,18 2,64 24,85 10,60
3 3,00 0,17 2,64 23,53 11,22
4 4,00 0,22 3,69 28,98 12,72
5 5,00 0,17 2,45 23,88 10,26
6 6,00 0,17 2,77 25,00 11,07
7 7,00 0,41 7,64 35,27 21,65
8 8,00 0,38 6,94 33,81 20,52
9 9,00 0,34 5,70 30,15 18,91
10 10,00 0,10 1,60 22,67 7,06

11 11,00 0,25 4,34 27,74 15,65
12 12,00 0,33 5,69 26,89 21,16
13 13,00 0,63 10,12 30,12 33,60
14 14,00 0,40 6,38 24,58 25,96
15 15,00 0,45 5,58 21,61 25,83
16 16,00 0,31 4,88 21,92 22,26
17 17,00 0,15 2,34 27,08 8,64

18 18,00 0,21 3,61 27,79 12,97
19 19,00 0,22 4,02 27,27 14,75
20 20,00 0,24 3,42 18,84 18,15
21 21,00 0,52 8,77 21,87 40,10
22 22,00 0,37 5,93 21,90 27,06
23 23,00 0,78 14,78 28,64 51,61
24 23,50 0,44 8,22 23,07 35,63
25 24,00 0,28 3,12 13,78 22,61
26 25,00 0,36 4,53 16,25 27,90
27 26,00 0,58 11,54 36,59 31,54
28 26,85 0,21 2,88 20,88 13,77
29 28,00 0,20 2,80 23,54 11,88
30 28,90 0,12 1,59 18,59 8,55

Hodnoty priemernej hrabky nadnosov v jednotlivych prie¢nych profiloch kanala G-T z Tabul'ky
1 a 2 boli pouzité na zobrazenie priebehu zanesenia pozdiZ kandla G-T pre sledované roky a
ich nasledné porovnanie. Grafické znazornenie pozdizneho rozdelenia dnovych sedimentov na
kanali G-T je na Obr. 4.

Tento graf dokumentuije, Ze za toto sledované obdobie pozdizne zanesenie kanala G-T pozvolna
narastlo (s vynimkou usekov, v ktorych bol prieto¢ny profil kanala v rdmci Gdrzby &isteny),
teda za obdobie od roku 2018 do roku 2023 doSlo k miernemu narastu vrstvy dnovych
sedimentov.

Ako priklad zmeny hribky dnovych sedimentov pozdlZ kandla G-T je mozno uviest
porovnania zanesenia v roku 2018 a v roku 2023 vo vybranych priecnych profiloch tohto kanala
- na jeho zaciatku, v strede a na jeho konci. Obr. 5a - 5¢ dokumentuje zmeny vo vybranych
prie¢nych profiloch kandla G-T v dosledku zanesenia dnovymi nanosmi v km 1.0, km 15.0 a
km 26.85.
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Obr. 4. Porovnanie pozdiZneho zanesenia kanila Gab&ikovo-TopoPniky v rokoch 2018 a 2023.
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Obr. 5a Porovnanie zanesenia prieéneho profilu v roku 2018 a 2023 - km 1.00
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Obr. 5b Porovnanie zanesenia prie¢neho profilu v roku 2018 a 2023 - km 15.00.
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Priecny profil kanala G-T v km 26,85 - 2018
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Obr. 5¢c Porovnanie zanesenia prieéneho profilu v roku 2018 a 2023 - km 26.85.

Hodnoty prietokovej plochy a plochy sedimentu v jednotlivych prieénych profiloch z Tab. 1
a 2 (vycislené na zaklade rovnice (1)), spolu s hodnotami % zanesenia jednotlivych profilov,
st pre rok 2018 graficky zobrazené na Obr. 6, pre rok 2023 na Obr. 7.

Kanal Gabéikovo-Topolniky 2018
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Obr. 6. Percentualne vyjadrenie zanesenia prie¢nych profilov pozdiz kanala G-T v roku 2018.

Obrazok 8 je grafickym vyjadrenim porovnania percentualneho zanesenia jednotlivych
priecnych profilov dnovymi sedimentami za sledované obdobie.

Tabulka 3 uvadza hodnoty objemov sedimentov, usadenych pozdlZ kandla G-T, ktoré boli
vycislené na zaklade rovnice (2). Ako vidno z tdajov v tejto tabul’ke, v roku 2023 bol oproti
roku 1993 (odkedy sa zacalo so sledovanim zanesenia kanalovej siete) zaznamenany priblizne
1.5 nasobny narast objemu sedimentov. Z porovnania objemov dnovych sedimentov v roku
2018 a vroku 2023 je takisto evidentny jeho rastuci trend — 1.14 nasobny narast objemu
sedimentov. Pri porovnani objemov sedimentov medzi rokom 2008 a 2018 bol zaznamenany
mierny pokles mnozstva usadenych sedimentov, ¢o mozno vysvetlit ako ddsledok
intenzivnejSej udrzby Cistenia kanala v tomto obdobi.
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Kanal Gabéikovo-Topolniky 2023
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Obr. 7. Percentuilne vyjadrenie zanesenia prie¢nych profilov pozdiz kanala G-T v roku 2023.
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Obr. 8. Porovnanie zanesenia jednotlivych prie¢nych profilov pozdiZ kanala G-T v rokoch 2018
a 2023 (percentudlne vyjadrenie).
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Tabulka 3. Celkové objemy dnovych sedimentov v kanali Gabc¢ikovo-Topol'niky

Rok Objem sedimentov [m?]
1993 93793
2008 126 411
2018 122 354
2023 139 150

Obr. 9 dokumentuje narast objemu dnovych sedimentov na kanali G-T za obdobie od roku 1993
do roku 2023, resp. jeho rastuci trend.

Priebeh vyvoja objemu sedimentov na kanali G-T
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Obr. 9. Zobrazenie narastu objemu dnovych sedimentov na kanali G-T za sledované obdobie od
1993 do 2023.

ZAVERY

Na zaklade vyhodnotenia vysledkov terénnych merani zanesenia kandla G-T dnovymi
sedimentami v rokoch 2018 a 2023 mozno skonstatovat’, Ze celkovo doslo k nérastu vrstvy
dnovych sedimentov a k zvySeniu ich objemového mnozstva. Tento zaver dokumentuje graf na
Obr. 4, ktory zobrazuje, Ze za toto sledované obdobie pozdizne zanesenie kanala G-T pozvolna
narastlo (s vynimkou usekov, v ktorych bol prieto¢ny profil kandla v rdmci udrzby Cisteny).
Porovnanie pozdiZneho zanesenia kanala G-T v roku 2018 a v roku 2023 vo vybranych
priecnych profiloch (na jeho zaciatku, v strede a na konci - km 1.0, km 15.0 a km 26.85),
zobrazenych na Obr. 5a - 5c, ktoré dokumentuji zmeny ich prietoéného profilu nasledkom
zanesenia dnovymi nanosmi, rovnako potvrdzuje nérast zanesenia.

Z porovnania hodnét prietokovej plochy, plochy sedimentu a percentudlneho vyjadrenia
zanesenia jednotlivych prie¢nych profilov (vy¢islenych na zéklade rovnice (1) v Tab. 1 a Tab.
2), zobrazeného na Obr. 8, je taktieZ zrejmé, Ze vplyvom zvéacéSenia hribky sedimentu sa v roku
2023 prietokova plocha jednotlivych priecnych profilov oproti roku 2018 skér zmensila,
s vynimkou stredného useku kanala G-T medzi km 10.0 — 20.0, kde doslo pravdepodobne
v doésledku intenzivnejSiecho prevedenia Cistenia tohto useku kandla v ramci udrzby
k zmenseniu hrabky dnovych sedimentov a nasledne k zvédcSeniu prietokovej plochy tychto
profilov, resp. zlepSeniu prietokovych pomerov na tomto useku kanala G-T. To potvrdzuje
predpoklad, Ze ak spravca kanalovej siete ZO bude dbat’ na dodrziavanie prevadzkového
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poriadku a intenzivne vykonavat’ pravidelni udrzbu ¢istenia kanalov v celej kanalovej sieti na
70, zmensi sa nanosova vrstva dnovych sedimentov. Tymto zasahom dojde k zlepseniu
prietokovych pomerov a tym aj zlepSeniu vzajomnej interakcie medzi hladinou povrchovej
vody V jednotlivych kanaloch s hladinou podzemnej vody Vv jej okoli v ramci celého uzemia
70. Z porovnania objemov dnovych sedimentov, usadenych pozdiz kanala G-T za sledované
obdobie, ktoré boli vycislené na zaklade rovnice (2) a graficky zobrazené na Obr. 9, taktiez
vidno celkovo rasttci trend objemového mnozstva dnovych sedimentov na kanali G- T, a to tak
za celé monitorované obdobie od roku 1993, ako aj za sledované obdobie medzi rokom 2018
a 2023, ktorému sa venuje tento prispevok.

Zaverom mozno skonstatovat’, ze aj nad’alej je potrebné pokracovat’ v monitorovani zanesenia
kanélovej siete na ZO, aby mohli byt’ nase vysledky a odportcania, ziskané z terénnych merani
na jednotlivych kandloch, vyuzité prevadzkovatelom v praxi na zlepSenie prietokovych
pomerov pridenia v celej kandlovej sieti ZO, resp. na zintenzivnenie vzijomnej interakcie
kanalovej siete s podzemnou vodou v okoli kanalov a tym na zlepSenie jej vyuzitia na vzajomnu
vymenu mnozstva vody medzi sebou, podla aktualnej potreby.

Pod’akovanie
Tento prispevok vznikol s podporou projektu VEGA-02/0028/23.
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ABSTRAKT

Biouhlie moéze efektivne vyrabat’ obnovite'nu energiu z pol'nohospodarskych zdrojov, ¢o slubuje
environmentalne a ekonomické vyhody pre udrzatelné polnohospodarstvo. Je potrebny prieskum
tykajtci sa reakcii rastlin v interakcii s biouhlim. Na trovni fotosyntetického aparatu sa vplyv
faktorov prostredia prejavuje zmenou aktivity fotosyntetického aparatu. Aktivita fotosystému II na
urovni fotochemickych procesov je monitorovana rychlou kinetikou fluorescencie chlorofylu. Tato
stadia hodnoti vplyv aplikacie a opitovnej aplikdcie biouhlia na fotosyntetické procesy rastlin
ja¢mena. NaSe zistenia ukazujl, ze aplikacia biouhlia do pddy ovplyvnila rychlu kinetiku
fluorescencie chlorofylu jaémena, ale bez Statistického vyznamu. Tento efekt sa prejavil aZ pri nizsej
teplote resp. niz$ej vihkosti pody. Ziadny z testovanych parametrov nedokézal jednoznaéne rozlisit
vzorky s pridanym biouhlim od kontrolnych vzoriek. Zvolena metéda poukazuje na jej potencialnu
vyuzitelnost’ pri d’al$ich vyskumoch pdsobenia biouhlia v pdde na rastliny. Odporu¢ame ju ale
doplnit’ inym meranim aktualneho stavu porastu rastlin.

KPiacové slova: biouhlie, jaémen jarny (Hordeum vulgare L.), fluorescencia chlorofylu

UvVoD

Uhlik je neoddelitel'nou sti€astou vSetkého Zivého a prechddza medzi roznymi ekosystémami
v ramci uhlikového cyklu (Berner, 1989). Rastliny Casto prispievaju k obsahu uhlika v pode,
ked’ dochadza k ich rozkladu alebo spalovaniu. Biouhlie, ktoré vznika pri spalovani biomasy
bez pritomnosti kyslika, zndme aj ako pyrolyza, je vyznamnym zdrojom uhlika a ma schopnost’
zlepsit’ p6dnu trodnost’ (Lehmann a Joseph, 2009).

Vysoké vstupné ceny hnojiv a ich naruSanie pddnej mikroflory nepriaznivo ovplyviiujua
udrzatelnost’ pol'nohospodarstva (Prashar a Shah, 2016). Biouhlie ma potencial vyrabat
obnovitel'n energiu z polnohospodarskych zdrojov ekologicky a nakladovo efektivne, ¢o
predstavuje sl'ubny pristup pre environmentalne, pol'nohospodarske vyhody a udrZatelnost
pol'nohospodarstva (Oni a kol. 2019). Podobne jeho zaclenenie do zahradnickych postupov
moéze zlepsit kvalitu pddy, podporit’ rast rastlin a udrzateI'né a ekologické zdhradnictvo a
pestovanie. Vyuzitie a uc¢innost’ biouhlia zavisia od niekol’kych faktorov, vratane typu pddy,
mnozstva a kvality biouhlia, surovin vstupujucich do pyrolyzy a pestovanej plodiny (Tomczyk
a kol., 2020). Odolna vlastnost’ biouhlia poskytuje jeho potencial pri pomalom uvolfiovani
uhlika, ako aj mineralnych zivimn pocas vel'mi dlhého obdobia (Spokas a kol., 2010).
Aktualne vyskumy ukazuju, ze aplikécia biouhlia do pody moze mat’ pozitivny, negativny alebo
ziadny vplyv na produkciu plodin. Aj ked’ mnoh¢ Studie dokumentuju pozitivne efekty biouhlia
na vlastnosti pddy a rast rastlin, existuje obmedzeny pocet S§tadii v literatire, ktoré sa
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zameriavaju na vplyv biouhlia na fotosynteticky aparat rastlin. Tento vplyv sa zvykne
prejavovat’ zmenou aktivity fotosystému II (PSII). Pre pol'né experimenty je meranie rychlej
kinetiky fluorescencie chlorofylu povazované za vhodny a perspektivny spdsob kvantifikécie
tychto zmien (Thatcher a kol., 2016).

METODIKA PRACE

Pol’né vegetacné pokusy

Pestovanie rastlin ja¢mena jarného (Hordeum vulgare L.) sa realizovalo v roku 2023, na
vyskumno — experimentalnej baze SPU Nitra — Dolnd Malanta. Nadmorska vyska dosahuje 175
— 180 m n. m. Priemerna ro¢na teplota vzduchu je 9,8 °C a priemerny ro¢ny thrn zrazok je 540
mm (Simansky a kol., 2018). Pdda je klasifikovana ako hnedozem kultizemna (WRB, 2014).
Merané varianty pol'ného experimentu boli variant K (kontrolny variant) (obrazok 1.A), variant
B20 (variant kde bola aplikacia biouhlia v roku 2014 v davke 20 t.ha™?) (obrazok 1.B), variant
B20r (variant s reaplikdciou biouhlia v roku 2018 v davke 20 t.ha!) (obrazok 1.C).

a B20r (C).

Biouhlie pre tento pol'ny experiment bolo vyrobené z kalov papierového vldkna s obilnymi
plevami v pomere 1:1 vzhl'adom k hmotnosti (firma Sonnenerde, Rakusko) pyrolyzou pri
teplote 550 °C po dobu 30 minut v reaktore Pyreg (pyreg GmbH, Gorhe, Nemecko). Biouhlie
malo velkost' frakcii 0 — 5 mm (Simansky a kol., 2019).

Popis pouZitej analyzy rychlej kinetiky fluorescencie chlorofylu a

Tato metdéda umoznuje analyzu fotochemickej ucinnosti listov na trovni PSII v reakcii na
zmeny v prostredi alebo funkéné zmeny fotochemického aparatu (Strasser a kol., 2010).
Kinetiku fluorescencie chlorofylu sme rychlo merali s prenosnym fluormetrom FluorPen FP
110 (Photon Systems Instruments, spol. s. r. 0.) s pouzitim odnimatel'nych listovych spon
(obrazok 2). Na rastlinach sme vykonavali 1sekundovy impulz na meranie fluorescencie pri
intenzite Gerveného svetla 3500 pmol.s? po 15-minttovej adaptacii vzorky v temnote.
Fluorescencné signaly boli zaznamenané v ¢asovom rozsahu od 10 ps do 1 s a nasledne boli
zobrazené v logaritmickom c¢asovom meradle charakteristické pre krivku OJIP. Hodnoty z
krivky OJIP mo6zu byt vyuzité na vypocet roznych fluorescencnych parametrov, ktoré odrazaja
aktivitu a uc¢innost’ jednotlivych ¢asti elektronového transportného retazca.
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Obr. 2. Ukazka merania listovymi klipsami na listoch jaémeiia (A), pristroj FluorPen FP 110

(B).

Meranie obsahu vody a teploty v pode

Merania sa uskutoc¢nili S0 senzormi STM (Decagon Devices, Pullman, USA). Dva snimace boli
indtalované na kazdom experimentdlnom pozemku v hibke 5 az 10 cm. V dataloggeroch boli
zaznamenané udaje o pddnej teplote a obsahu vody v 5 minGtovom intervale. V tejto praci
uvadzame 1,5 hodinovy Casovy priebeh nameranych tdajov, pocas ktorého doslo k meraniu
fluorescencie chlorofylu. Celkovo boli urobené Styri merania v ¢ase od 25.5. do 6.7.2023.

Popis Statistickej analyzy

Vplyv aplikacie biouhlia na fotosynteticky vykon ja¢mena bol vyhodnoteny pomocou
jednofaktorovej analyzy odchylok (One-Way ANOVA). Statisticky vyznamné vplyvy pri
p<0,05 boli stanovené testom LSD. ANOVA test sa uskutoc¢iioval v softvéri Statgraphics
Centurion XV.I (Statpoint Technologies, Inc., Warrenton, VA, USA). Grafické vyhodnotenie
sa robilo pomocou programu Microsoft Excel.

VYSLEDKY PRACE A DISKUSIA

Na zéklade Siroko uvadzanych pozitivnych ucinkov Upravy pody biouhlia na plodiny (Woolf a
kol., 2010; Vitkova a kol., 2017; Lehmann a kol., 2021 a iny) sme predpokladali, ze uprava
pody biouhlim by: 1. zlepsila vykon rastlin jaémena, 2. odlisila r6zne varianty aplikacie biouhlia
do pddy. V ramci poI'ného experimentu sme uskutocnili meranie na listoch jacmena jarného a
na zaklade tychto merani sme identifikovali niekol'ko parametrov, ktoré slizia na neinvazivne
hodnotenie su¢asného stavu rastlin v poraste. Pre zobrazenie vplyvu biouhlia v pdde na rastliny
ja¢mena sme analyzovali fluorescencnu krivku. V kratkom ¢asovom intervale sme sledovali
zmeny v prerozdelovani excitacnej energie v dosledku pdsobenia viacerych faktorov. Nase
vysledky ukazuju, Ze reaplikéacia biouhlia zvySila maximalny vytazok primarnej fotochémie
fotosystému Il (PSII) (Fv/Fm), ako je znazornené na obrazku 3, Co potvrdzuje zvySenie
potencidlnej fotochemickej ucinnosti PSII pridanim biouhlia do pody. Avsak tento efekt sa
nepreukazal pri variante B20, kde sice bolo aplikované biouhlie, ale v SirSom ¢asovom obdobi
a preto sa takyto efekt pravdepodobne nepreukézal. Zvysenie parametra Fv/Fm sa potvrdil aj
Statisticky (Tabul’ka 1) v datume 22.6.2023 kedy bola teplota pody vyssSia a obsah vody nizsi.
Fotosynteticky systém PSII hra ddlezita tilohu pri reakcii listového fotosyntetického aparatu na
vplyv environmentalnych faktorov. Rozli¢né sposoby aplikacie biouhlia sposobili variacie vo
fluorescencii chlorofylu, ktoré sme pozorovali v nameranych hodnotach.
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Obr. 3. Maximalny vyt’azok primarnej fotochémie fotosystému II (PSII) (Fv/Fm) pre varianty
K, B20. a B20r v 4 datumoch merani.

Parametre Sm, ABS/RC, Mo, Ss, N, TRo/RC a DIo/RC nedetekovali ziadne Statisticky
vyznamné rozdiely medzi kontrolnym variantom a variantami s aplikovanim biouhlim vo
vSetkych datumoch (Tabulka 1). V datume merania 8.6.2023 sa Statisticky nepreukazal vplyv
na ziaden zo sledovanych parametrov (Tabul'ka 1.). Ostatné¢ parametre (Tabul'ka 1) oddelili
varianty s pridanim biouhlia, ale nepreukazali Statisticky rozdiel s kontrolnym variantom.

Za dostatocnych vodnych podmienok biouhlie aplikované do pddy zvySuji fotosyntézu,
prieduchovt vodivost’ a relativny obsah vody v listoch, ako aj nutricny stav rastlin a vyvoj
rastlin. Co potvrdzuji viaceré $tudie rastlin jaémena (Kondrlova a kol., 2018; Abdelaal a kol.,
2022; Dai a kol., 2022), ryze a kukurice (Ghorbani a kol., 2022; Li a kol., 2022), arasidov (Xu
a kol., 2015) atd’. Znizena dostupnost’ vody v kombinacii pddy a biouhlia méze byt spdsobena
schopnostou pody zadrZiavat’ vodu, ¢o za ur€itych podmienok moZze viest' k vodnému stresu u
rastlin (Abel a kol., 2013). Toto moze sposobit’ nizsiu fotosyntézu, obmedzent pohyblivost’
prieduchov a zniZeny relativny obsah vody v listoch (RWC). V nasom experimente bola teplota
pddy vyrovnana (Obrazok 4.) a podna vlhkost’ vySSia pri kontrolnom variante v porovnani
s variantom B20. a B20r (Obrazok 3.), ¢o ale nespdsobilo pokles maximalneho vytazku
primarnej fotochémie PS II. Tento rozdiel mohol byt spdsobeny vplyvom réznych vonkajsich
faktorov napr.: nerovnomerné pokrytie rastlinami v désledku zeru zverou. Liu a kol. (2016)
zistili, ze biouhlie zvysilo dostupnost’ vody pre rastliny na poli pocas najsuchsich mesiacov leta,
¢im sa zlepsil vztah medzi rastlinami a vodou. V naSom pripade sa takyto jav nepotvrdil. Pri
zvysujucej sa teplote nad 26° C (obrazok 4.c¢) si v tom istom ¢ase zachovaval variant K najlepsie
hodnoty vlhkosti pody (obrazok 4.C).
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Tabulka 1. Statistické zhodnotenie priemernych hodnét parametrov z merani kinetiky rychlej
fluorescencie chlorofylu na listoch. Rézne pismena (a, b) v tom istom stipci naznaéuj, Ze
priemery oSetrenia st vyznamne odli$né pri p < 0,05 podPa testu najmenej vyznamného rozdielu
(jednosmerna ANOVA). Statistické rozdiely boli vyhodnotené pre jednotlivé ditumy samostatne

date 25.5.2023 8.6.2023 22.6.2023 6.7.2023
index K B20. B20r K B20. B20r K B20. | B20r K B20. | B20r
Vj 059a | 06la |06la| 048a | 0.48a | 0.46a | 0.48a | 050a | 0.58a | 0.50a | 0.54b | 0.46a
Vi 0.65a | 0.67a | 0.68a| 0.64a | 0.62a | 0.62a | 0.54ab | 0.61a | 0.67b | 0.67ab | 0.68a | 0.68b
Fm/Fo | 3.49a | 3.54a |3.47a| 4.07a | 398a | 4.24a | 3.48ab | 3.78a | 3.61b | 3.74ab | 3.45a | 3.99b
Fv/Fo |249a | 2.54a |247a|3.07a | 298a | 3.24a | 2.48ab |278a| 2.61b | 2.74ab | 2.45a | 2.99b
Fv/Fm | 0.71a | 0.71a | 0.71a | 0.75a | 0.75a | 0.76a | 0.70b | 0.73a | 0.71b | 0.73a | 0.71a | 0.75a
Mo 127a | 132a | 127a| 099a | 096a | 0.93a | 1.18a |1.03a| 1.31a | 1.07a | 1.14a | 0.99a
Sm 275a | 284a | 271a | 240a | 267a | 258a | 342a | 266a | 273a | 260a | 238a | 262a
Ss 047a | 046a |049a| 0.49a | 0.50a | 0.50a | 0.41a |0.50a | 0.46a | 0.47a | 0.48a | 0.48a
N 585a | 617a | 557a | 492a | 531a | 516a | 86la | 539a | 604a | 560a | 506a | 549a
Phi_Po | 0.71a | 0.71a |0.71a| 0.75a | 0.75a | 0.76a | 0.70b | 0.73a | 0.71b | 0.73ab | 0.71a | 0.75b
Psio | 0.4l1a| 039a |039a| 052a | 0.52a | 0.54a | 0.52a | 0.50a | 0.42a | 0.50b | 0.46a | 0.54a
Phi_Eo | 0.29a | 0.28a | 0.28a | 0.39a | 0.39a | 0.4l1a | 0.37a |0.37a| 0.30a | 0.37ab | 0.33a | 0.40b
Phi_Do | 0.29a | 0.29a | 0.29a | 0.25a | 0.25a | 0.24a | 0.30a | 0.27b | 0.29a | 0.27ab | 0.29b | 0.25a
Phi_Pav | 920a | 923a | 919a | 900a | 905a | 902a | 906ab | 902a | 927b | 912a | 913a | 911a
Pi_Abs | 0.60a | 0.56a | 0.56a | 1.32a | 1.27a | 1.54a | 0.86a |1.17a| 0.85a | 0.99ab | 0.74a | 1.32b
ABS/RC | 3.02a | 3.05a |292a| 2.74a | 2.70a | 2.66a | 3.62a |2.8la| 3.23a | 2.96a |3.00a | 2.84a
TRo/RC | 2.15a | 2.18a |2.06a | 2.06a | 2.02a | 2.02a | 2.51a |2.04a| 2.23a | 2.16a |2.1la | 2.1la
ETo/RC | 0.87b | 0.85ab | 0.80a | 1.07a | 1.05a | 1.09a | 1.33a | 1.01a|0.92 a| 1.08ab | 0.97a | 1.12b
Dlo/RC | 0.87a | 0.88a | 0.85a | 0.69a | 0.68a | 0.64a | 1.11a |0.77a|1.00 a | 0.80a | 0.89a | 0.73a
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Obr. 4. Grafy znazoriiuji meranu vlhkost’ (A,B,C,D) a teplotu (a, b, ¢, d) pody pre konkrétny
datum A-a (25.5.2023), B-b (8.6.2023), C-c (22.6.2023), D-d (6.7.2023).
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ZAVER

Nase zistenia potvrdzuju, Ze fluorescencia chlorofylu a skimaného jaémena jarného bola
ovplyvnena pridanim biouhlia do pody, avSak nebola Statisticky preukazna. Takyto jav sa
prejavil aZ pri vyssej teplote pody resp. nizsej vlhkosti pody. Ziaden parameter nedokéazal
oddelit’ varianty s reaplikovanym biouhlim od kontroly, aj ked” to dokazali medzi sebou. Da sa
preto konsStatovat, ze pridanim biouhlia v naSom experimente sa nezlepSil vykon rastlin
ja¢mena. Zvolend metdda poukazuje na jej potencialnu vyuzitelnost’ pri d’alSich vyskumoch
poOsobenia biouhlia v pdde na rastliny, avSak odporuca sa ju doplnit’ inou metédou hodnotenia
hustoty porastu resp. jeho pokryvnost’ pody.
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