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VYVOJ VLASTNOSTi ROZDIELNYCH PODNYCH DRUHOV V POLDRI BESA
PO JEHO ZAPLAVENI V ROKU 2010

EvoLuTION OF PROPERTIES OF DIFFERENT SoIL TYPES IN BESA POLDER
AFTER 2010 FLooD

Dana Kotorovd ! — Ladislav Kovi¢ ! — Petra SEMANCOVA 2

ABSTRACT

In year 2009 in dry polder BeSa ended solution of project “Quantification of no-
production functions of soil and land in dry polder Besa”. In year 2012 in dry polder
Besa started researching of project “Analyse of soil properties and landscape devel-
opment of non-regularly overflowed areas®. This project builds on the previous one
and focuses on the quantification of soil properties changes in the polder Besa after
flooding in 2010. In four soil profiles in depths 0.0 — 0.6 m in each 0.2m were deter-
mined parameters as follows: particle-size composition, bulk density, total porosity.
In year 2012 the content of clay particles was in range 22.28 — 78.89% and charac-
terized soil in polder Besa as sandy-loamy soil till clay. Ground survey, made in year
2012, confirmed very spatial soil heterogeneity from 2009 year. Overflowing of this
area in year 2010 contributed to increasing of soil bulk density and decreasing of to-
tal porosity. Based on the obtained results can be assumed negative changes in soil
properties after flooding of the polder Besa area.

KEY WORDS
overflowing of area, ground survey, physical soil properties

Uvob

Zvyseny vyskyt extrémnych poveternostnych javov v poslednych desatrociach tzko
suvisi s prebiehajacou globalnou klimatickou zmenou. Preto sa v nasich zemepisnych
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Sirkach CastejSie stretavame s privalovymi dazd’ami, povodnami, ¢i dlh§imi obdobia-
mi bez zrazok. V suvislosti s povodiiami na Vychodoslovenskej nizine a celkovymi
vodohospodarskymi upravami tohto izemia bol pri obci Besa vybudovany tzv. suchy
polder, ktory sa naptsta iba pri mimoriadnych povodnovych situaciach, ked hro-
zi nedodrzanie zmluvy s Mad’arskou republikou o maximalnom prietoku a hladine
Bodrogu v Strede nad Bodrogom. Pri poklese hladiny vody v rieke Laborec sa polder
vypusta a po vyschnuti sa mézu povodne zaplavené pozemky obrabat’.
Nepravidelné zaplavovanie tizemia suchého poldra Besa sa odraza nielen v zmene
vodného rezimu a zasobenosti pddy vodou, ale aj v zmenach fyzikalnych a hydrofy-
zikalnych vlastnosti pody a ich vyznamnej priestorovej variabilite.

Ochrana pred povodnami sa zabezpecuje aj budovanim reten¢nych nadrzi — tzv. pol-
drov. Na Vychodoslovenskej nizine (VSN) bol vybudovany suchy polder Besa, v kto-
rom sa zachytavaju velké vody z povodia rieky Bodrog. Polder je naptGstany len
v mimoriadnych pripadoch, ked’ hrozi nedodrzanie dohody o maximalnom prietoku
a hladine Bodrogu v Strede nad Bodrogom. Pri poklese hladiny vody v rieke Labo-
rec sa polder vypusta a po vyschnuti sa mézu povodne zaplavené pozemky obrabat.
Od uvedenia do prevadzky v roku 1965 bol polder Besa napusteny 7-krat, naposledy
v roku 2010.

Uzemie suchého poldra Besa predstavuje krajinny priestor zlozeny z réznych eko-
systémov (lesy, prirodzené luky a pasienky, vodné ekosystémy, agroekosystémy)
s vysokym stupniom biodiverzity. Ekologicka stabilita krajiny je na tomto tizemi
v dlhsich a nepravidelnych casovych intervaloch narusovana ¢innostou cloveka, a to
umelym zaplavovanim poldra. Dalej je stabilita a prirodna hodnota izemia na jed-
nej strane ohrozovana procesmi intenzivnej pol'nohospodarskej vyroby, a na druhej
strane opustanim polnohospodarskej pody. Obidva tieto procesy st negativne, lebo
vedu k strate a degradacii biotopov a ekosystémov, k tibytku biologickej rozmanitos-
ti, k erozii a degradacii pody, k zmene hydrologického rezimu a pod.

Z krajinarskeho pohl'adu sa druhotna krajinna Struktara Gizemia poldra Besa sklada
z 8 skupin krajinnych prvkov, pricom najvacsi podiel (vyse 50 %) dosahuje skupina
prvkov trvalych travnych porastov. Druhou najviac¢sou skupinou v reten¢nej nadrzi je
skupina prvkov lesnej a nelesnej vegetacie zaberajuca viac ako 25 % z rozlohy tze-
mia (BoLTizIAR et al., 2008). Napustanie poldra pri mimoriadnych povodnovych si-
tudciach ma priamy vplyv na zmeny vo vodnom rezime pdd v nasledujtcich rokoch
(Martr et al., 2007) a podl'a KoTorovEs et al. (2007) sa v rokoch po zaplaveni tizemia
vyrazne menia aj podne vlastnosti.

Vyskumu pddnych vlastnosti poldra Besa a kvantifikacii jeho mimoprodukénych
funkcii sa venoval projekt APVV-0477-06 ,,Kvantifikacia mimoprodukénych funkcii
pddy a krajiny v suchom poldri Besa“ v rokoch 2007 — 2009. V roku 2012 sa zacalo
rieSenie projektu APVV-0163-11 ,,Analyza vlastnosti pody a vyvoja krajiny v nepra-
videlne zaplavovanych uzemiach®.

Cielom tejto prace je porovnat’ a kvantifikovat’ zmeny zrnitostného zlozenia a vybra-
nych fyzikalnych vlastnosti pody r6znych podnych druhov nachadzajucich sa v su-
chom poldri Besa po jeho zaplaveni v roku 2010.



MATERIAL A METODY

Suchy polder Besa bol vybudovany v juhovychodnej ¢asti VSN pri obci Besa a svo-
jou vymerou 1 568 ha a kapacitou 53 mil. m*® vody je najva¢sim suchym poldrom
v strednej Eurdpe (SuTor et al., 1995). Z celkovej vymery pody sa polnohospodarsky
vyuzivalo 784,46 ha, ¢o predstavuje 50,03 %. Na zvysSnej vymere sa nachadzaju les-
né porasty, remizky stromov a krikov, rézne depresné polnohospodarsky nevyuzi-
tel'né plochy, stojaté vodné plochy v roznych ¢astiach poldra, mociare, kanaly, pol'né
cesty a pod. Ako orna pdda sa vyuzivaji okrajové vyvysené hony s vymerou 146,05
ha. Na vymere 638,41 ha (81,38 % p. p.) sa nachadzaju trvalé travne porasty (TTP).
Hranice poldra Besa st znazornené na Obrazok 1.

(Vs (st pdarrialectva a achrany pady
rchomag OSENSE 57 | O

Obrazok 1 Hranice poldra Besa

Terénny prieskum sa v roku 2012 realizoval na Styroch podnych profiloch reprezen-
tujicich najrozsirenejSie pédne druhy v poldri. Na zdklade lokalizacie uskutocnene;j
v roku 2009 pomocou GPS sa v roku 2012 znova odobrali pddne vzorky z identic-
kych bodov. Lokalizacia pédnych profilov je uvedena v Tabulke 1.

Tabul’ka 1 Lokalizacia odbernych profilov

Oznacenie . lokalizacia profilu
Popis profilu .
profilu s. §. v. d.
1. - 4002/1 ornd poda, severna Cast 48°34'13" 21°5820"
2. - 4204/1 typicka luka, severna Cast 48°32'39"" 21°55'30"
3.-1304/1 | velmi podmacané, vychodna cast 48°31'36" 21°59'57"
4.-3202/1 podmaécané, zapadna cast 48°31'50" 21°56'57"




Pdédne vzorky pre zistenie fyzikalnych a hydrofyzikalnych vlastnosti boli odoberané
v jarnom obdobi z hibky 0,0 — 0,6 m, z kazdych 0,2 m.

Overenie pddnych druhov sa uskuto¢nilo podla obsahu ilovitych Castic (Zauskc et
al., 2009). Pipetovacou metddou podla Kacinského sa stanovili jednotlivé zrnitostné
frakcie podla rozdielneho priemeru ¢astic: 1. frakcia — il (< 0,001 mm), 2. frakcia —
jemny a stredny prach (0,001 — 0,01 mm), 3. frakcia — hruby prach (0,01 — 0,05 mm),
4. frakcia — jemny piesok (0,05 — 0,25 mm), 5. frakcia — stredny piesok (0,25 — 2,00
mm). Obsah zin I. kategérie (< 0,01 mm) sa vypocital ako sucet 1. a 2. frakcie, t. j.
sucet obsahu ilu a jemného a stredného prachu.

Z fyzikalnych vlastnosti pody sa hodnotila objemovéa hmotnost redukovana (p,, kg.
m?) a celkova porovitost’ (Pc, %). Sledované pddne parametre boli stanovené znamy-
mi analytickymi metodami podla Fiaru et al. (1999).

VYSLEDKY A DISKUSIA

Pri vybere podnych profilov pre sledovanie zmien zrnitostného zlozenia a fyzikal-
nych vlastnosti pody v suchom poldri Besa sa zohl'adnovalo nielen zastupenie agro-
ekotypov, ale tiez vymery jednotlivych podnych druhov. Polder ma slizit’ v prvom
rade ako reten¢nd nadrz zachytavajica tzv. velké vody a z tohto dovodu je nepravi-
delne zaplavovany. Va¢sinu vymery pol'nohospodarskej pddy na tomto tizemi preto
tvoria trvalé travne porasty.

Zakladna klasifikacia zrnitostnych frakeii (KuTtiLek, 1978) charakterizuje Styri kate-
gorie vel'kosti podnych Castic: 1. kategoria — ilovité Castice, I1. kategoria — prach, I11.
kategoria — praskovity piesok, I'V. kategoria — piesok. Pre jednotlivé kategorie je ty-
picky rozdielny priemer zin. Podla obsahu ilovitych ¢astic (< 0,01 mm) sa poda roz-
del'uje na podne druhy. Ich zékladné kategorie vychadzaja z Novakovej klasifikacnej
stupnice zrnitosti (ZAUsEcC et al., 2009).

Tazké pody VSN sa vyvinuli na bezkarbonatovych tazko priepustnych sedimentoch
s kritickou vnutornou drenazou. Ich vlastnosti st podmienené textirnym a mineralo-
gickym zlozenim. Pri vybere odbernych profilov sa vychadzalo z potreby zastupenia
vsetkych podnych druhov nachadzajtcich sa v poldri Besa. Taktiez sa prihliadalo na
to, aby sa pdda vyuzivala rozdielnym spdsobom.

Obsah ilovitych castic (I. kategoria) sa v roku 2012 pohyboval v intervale 22,28
—78,89 % a podl'a Novakovej klasifikacnej stupnice je pdda v jednotlivych odbernych
profiloch v suchom poldri Besa hodnotena ako pieso¢nato-hlinita (profil 1.), ilovito-
hlinita (profil 2.), ilovita (profil 3.) az il (profil 4.). Aj na Gizemi suchého poldra Besa
sa potvrdilo zistenie VILCEKA (1998) o vyraznej heterogenite podnych pomerov na
Vychodoslovenskej nizine prejavujicej sa v striedani rozdielnych druhov pdd na vel-
mi kratkych vzdialenostiach.

Vysoky obsah ilovitych &astic v celej hibke podneho profilu je jednou z pri¢in ne-
priaznivych fyzikalnych vlastnosti tazkych az velmi tazkych pdod. Priemerné zrni-
tostné zlozenie pody v hibke profilu 0,0 — 0,6 m je uvedené v Tabulke 2.



TabulPka 2 Zrnitostné zloZenie pddneho profilu 0,0 — 0,6 m v suchom poldri Besa

Podny Rok O Castic [mm)] Druh
0.
profil <0,001 | 0,001-0,01| 0,01-0,05 | 0,05-0,25 | 0,25-2,00| <0,01| pédy
2009 10,34 | 13,55 24,36 3580 | 1595 | 23,89 ph'ﬁz
L 2012 1424 | 10,64 18,91 40,42 15,79 | 24,88 ‘;"ﬁz
A2012-2009 | 43,90 | -591 -5,45 +462 | -0,16 |+0,99
2009 21,83 | 31,60 25,94 18,46 216 | 5343 ov
-hlin.
2. 2012 26,50 | 27,41 26,06 16,93 311 |5301| Lov
-hlin.
£2012-2009 | +4,87 | -4,19 +0,12 1,53 | 1095 |+046
2009 40,42 | 26,60 19,55 9,56 387 | 67,02 ilovitd
3, 2012 3406 | 33,69 18,81 10,68 2,75 | 67,76 | ilovits
£2012-2009 | -6,36 | +7,09 -0,74 1,12 | 112 | +074
2009 41,70 | 3480 17,25 5,43 0,82 | 76,50 il
4. 2012 5232 | 2573 11,03 10,43 0,79 | 78,05 il
£2012-2009 | +10,62 | -9,07 -6,22 +500 | -003 |+1,55

kde: pies.-hlin. - pieso¢nato-hlinita pdda, ilov.-hlin. - ilovito-hlinita poda

V roku 2012 v porovnani s rokom 2009 nebola zistena vyznamnejSia zmena v obsa-
hoch jednotlivych zrnitostnych frakcii v sledovanych pédnych profiloch. Zistené roz-
diely (Tabulka 2) su skor vysledkom priestorovej heterogenity zaujmového tzemia,
ako vplyvu opdtovného zaplavenia izemia poldra. Zrnitostné zlozenie je vysledkom
dlhotrvajuceho pddotvorného procesu, v ktorom je jednym z vyznamnych faktorov
aj voda. Pdsobenie vody by muselo byt dlhodobé¢ a stistavné, a preto opédtovné zapla-
venie poldra v roku 2010 nemohlo vyrazne prispiet’ k zmenam v zastupeni jednotli-
vych zrnitostnych frakcii.

Zo zrnitostného zlozenia sledovanych pddnych profilov vyplyva, ze v roku 2012 sa
obsah ilu (1. frakcia) v hibke 0,0 — 0,6 m nachadzal v intervale 10,69 — 54,83 %. Obsah
jemného a stredného prachu (2. frakcia) v hibke 0,0 — 0,6 m dosahoval 9,67 — 41,01 %.
S obsahom tychto dvoch frakcii stvisi aj obsah zfn I. kategorie (tzv. ilovité Castice),
ktory sa v hibke do 0,6 m nachadzal v rozpiti 22,28 — 78,89 %. Vyrazné zmeny zr-
nitostné¢ho zlozenia sa v roku 2012 nezistili, ale aj tak je mozné predpokladat’ vplyv
nepravidelného zaplavovania tizemia suchého poldra Besa na obsah jednotlivych zr-
nitostnych frakcii v sledovanych pddnych profiloch.

Zaplavovanie urcitého tizemia prispieva k zhorSovaniu podnych vlastnosti, a toto
uzemie sa nasledne stdva menej vhodnym pre pol'nohospodarske vyuzivanie. Na
uzemi suchého poldra Besa sa nachddzaju hlavne tazké pody a len nevyznamné za-
stipenie maju pody l'ahsie. D4 sa preto predpokladat, ze pritomnost’ stivislej hladiny
vody na povrchu pody pocas urcitého ¢asového tseku moze mat’ negativny vplyv aj
na fyzikalne a hydrofyzikalne vlastnosti pody. Zaradenie vybranych pddnych profi-



lov k poddnym druhom, t. j. k pieso¢nato-hlinitej pdde, ilovito-hlinitej pdde, ilovitej
pode a ilu (Kotorova et al., 2010) sa v roku 2012 nezmenilo.

Vyznamnym indikatorom trodnosti pddy a jej funkcii je optimalny stav fyzikalnych
parametrov. Preto aj na plochach, ktoré patria z akychkol'vek dovodov k znevyhod-
nenym a len ¢iastoCne sa vyuzivaji na produkéné tGcely, st dolezité informacie o ich
zakladnych fyzikalnych ukazovateloch. Hodnoty objemovej hmotnosti a celkovej
pérovitosti zistené v roku 2012 (Tabulka 3) s porovnané s hodnotami z roku 2009.

Tabulka 3 Fyzikalne parametre pody v suchom poldri Besa

. p, [kg. m”] Pc [%]
Profil | Hlbka [m]
2009 2012 | A2012-2009 2009 2012 A2012-2009
0,0 -0,2 1660 1726 +66 36,82 35,08 -1,74
) 0,2-0,4 1776 1787 +11 32,86 32,79 -0,07
0,4 - 0,6 1720 1739 +19 34,73 34,93 +0,20
0,0 - 0,6 1718 1751 +33 34,8 34,27 -0,53
0,0 -0,2 1104 1160 +56 57,42 56,06 -1,36
0,2-04 1277 1271 -6 51,19 52,27 +1,08
> 0,4-0,6 1409 1406 -3 46,52 47,3 +0,78
0,0 - 0,6 1263 1279 +16 51,71 51,88 +0,17
0,0 -0,2 1151 1297 +146 56,09 50,87 -5,22
;3 0,2-0,4 1222 1397 +175 52,82 46,99 -5,83
0,4-0,6 1324 1369 +45 49,69 49,03 -0,66
0,0 - 0,6 1232 1354 +122 52,86 48,96 -3,90
0,0 -0,2 1040 1158 +118 61,74 56,53 -5,21
0,2-0,4 1106 1212 +106 58,35 54,47 -3,88
+ 0,4-0,6 1195 1245 +50 54,83 53,34 -1,49
0,0 - 0,6 1113 1205 +92 58,31 54,78 -3,53

Pri pédnom profile 1. (piesoCnato-hlinitd pdda) objemova hmotnost’ v roku 2012
v porovnani s rokom 2009 bola vyssia a zvySovala sa v celej hibke podneho profilu.
V profile 2. (ilovito-hlinita poda) sa v porovnani s rokom 2009 v roku 2012 objemova
hmotnost zvysila o 56kg. m? v hibke 0,0 — 0,2 m. Ete vyraznejsie zvysenie objemo-
vej hmotnosti sa v roku 2012 zistilo v profile 3. (ilovitej pody) — v priemere +122kg.
m? a v profile 4. (il) — v priemere +92kg. m?. Pri profiloch s vy$$im obsahom ilovi-
tych castic v§ak boli objemové hmotnosti podstatne nizsie ako v profile s pieso¢nato-
hlinitou pddou. Tieto zistenia st v stilade s tym, o publikovali, napr. Guspan et al.
(1975) a SuTor et al. (2002).

So zvySenim objemovej hmotnosti v roku 2012 korespondovalo zniZenie celko-
vej porovitosti, ktora sa v hibke 0,0 — 0,6m pohybovala od 32,79% do 56,53 %.
Nizsia celkova porovitost’ poukazuje na velmi pravdepodobni moznost' znizenia
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nielen transportnej, ale aj akumulaénej funkcie pody v poldri Besa zmensenim poro-
vého systému (KoTorova et al., 2011).

Z.AVER

Vysoka priestorova heterogenita pddy zistena v roku 2009 v suchom poldri Besa
sa potvrdila vysledkami terénneho prieskumu v roku 2012. Pritomnost’ rozdielnych
pddnych druhov — pieso¢nato-hlinitej pddy, ilovito-hlinitej pody, ilovitej pody a ilu
— opétovne poukazala na rozmanitost’ pody v poldri Besa a na ich striedanie na krat-
kych vzdialenostiach.

Zaplavenie zaujmového uzemia poldra Besa v roku 2010 prispelo k zvySeniu objemo-
vej hmotnosti a k zniZeniu celkovej porovitosti pody.

Na zaklade vysledkov doteraz ziskanych terénnym prieskumom mozno predpokla-
dat’ negativne zmeny podnych vlastnosti po zaplaveni zaujmového tzemia. Vyvoj
fyzikalnych vlastnosti pddnych druhov v suchom poldri Besa bude predmetom d’al-
Sieho vyskumu.
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A JEHO METODOLOGICKE ZAKLADY

THE ENVIRONMENTAL RISK OF SOIL DEGRADATION
AND ITS METHODOLOGICAL BAsIS
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ABSTRACT

The theoretical positions of the estimation of the ecological risk degradation topsoil
are presented. It is shown that the integral factor of the risk size of the soil ecological
condition for such estimations is the most acceptable. This factor is calculated from
these parameters, which give most information about soil condition.

KEYWORDS
risk, land use, integral factor, soil degradation

Uvob

Vyuzivanie krajiny na uzemi Ukrajiny je charakterizované vynimoc¢ne vysokou
uroviiou pol'nohospodarskej ¢innosti na pode, pri ktorej moze dojst’ k nezvratnej de-
gradacii pod (MEDVEDEYV, 2002). Tato sa casto moze posudzovat’ aj ako zanik ekosys-
tému. Cim je vyssia uroven antropického zatazenia, tym je vyssie riziko narusenia
mechanizmov, ktoré zabezpecuju stabilitu ekosystému, ako aj moznost ich precho-
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du do nového stavu, ktory nie je vhodny pre zivotné funkcie bioty, vratane cloveka
(Kocurov, 1992).

Riziko degradacie p6dy, nasledky a prepojenie medzi antropickym zatazenim a sta-
bilitou pdd st v stcasnosti nedostato¢ne preskiimane. Vychadzajtc z literarnych tida-
jov (ANDEL, 1994; MEDVEDEV, 2002; DoBrovoLsk1s, 2002) o poznatkoch zakonitos-
ti evolucie prirodnych systémov, metodologickym zakladom ekologickej stratégie
v oblasti vyuzivania pod by sa mala stat’ minimalizacia rizika degradacie pody. Ten-
to pristup sa povazuje za ovela lepsi ako ,,normativny* z dovodu, Ze berie do ivahy
vsetky faktory antropického vplyvu vzhl'adom na dlhodobé, naoko zanedbatelné, ale
potencialne velmi nebezpecné procesy.

MATERIAL A METODY

Hlavnym cielom préce je zdovodnenie teoretickych zakladov a rozpracovanie meto-
dologickych pristupov zdokonalenia mechanizmov bezpecného vyuzivania pod na
zaklade sledovania parametrov rizik degradacie pod. Metodologicky pristup pred-
poklada vyuzitie vysledkov dlhodobych aj kratkodobych polnych pokusov pri roz-
nom antropickom zatazeni, sledovani v r6znych podno-ekologickych podmienkach,
vratane roznych typov krajiny, vyuzivania pod i vegetacie. Dalej je dolezité zovieo-
becnenie udajov ziskanych v procese sledovania pddnych procesov a rezimov v pod-
mienkach rozli¢ného ekologického stavu pdd, ako aj imita¢no-optimaliza¢na metoda
systémovej analyzy.

VYSLEDKY A DISKUSIA

Hodnotenie a riadenie rizika degradacie pod

Termin ,,ekologické riziko degradacie pod®, podobne ako aj ,klasické ekologické
riziko™ (Koc¢urov, MiroNIUK, 1992) musi zahfnat tri zakladné prvky: a) pravdepo-
dobnost’ alebo moznost’ nezelaného vplyvu, b) hodnotenie moznych nasledkov neze-
laného vplyvu, c) riadenie rizika. Tieto tri prvky rizika degradacie pody boli zjed-
notené do dvoch Struktirnych blokov: 1) etapa hodnotenia rizika degradacie pod,
cielom ktorej bolo stanovenie kvantitativnych parametrov rizika, zodpovedajtcich
réznym scendrom rozvoja nepriaznivych vplyvov a stratégie ochrany pred nimi a 2)
etapa riadenia rizika degradacie pod, cielom ktorej bolo stanovenie mier, dovol'uja-
cich znizit Groven rizika do prijatelnych rozmerov a kontroly nasledkov ich G¢inku
(Obrazok 1).
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Hodnotenie rizika degradacie pod

1. Identifikacia rizika

|

2. Hodnotenie pravdepodobnosti
nepriaznivych vplyvov

|
\ 4 \ 4
3. Urcenie hranic pripustného - 4. Formovanie zakonitosti
ekologického rizika rozsirenie nebezpecenstva

|

5. Hodnotenie redlneho a potencidlneho ekologického rizika
degradacie roznych typov pod

l Riadenie rizika degradacie pod

6. Stanovenie procesov riadenie rizika degradacie
pod

|

7. Hodnotenie efektivnosti opatreni voci rizikam

|

8. Rozhodnutie 0 zavedeni konkrétnych opatreni (vratane
rozpracovania metodik, pokynov,
ako aj ich vyuzitie v praktickej Cinnosti)

v

9. Kontrola vysledkov vykonanych opatreni pre znizenie, resp.
odstranenie ekologického rizika degradacie pod

Obrazok 1 Schematicky blok hodnotenia a riadenia rizika degradacie pod
Figure 1 Schematic block assessment and risk management of soil degradation
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Sledujuc Struktiru prezentovant na Obrazok 1, sme neustale schopni pochopit, aky
problém sa v pdde vyskytol, aky rozmer a intenzitu tento problém ziskal, aké opat-
renie mozeme prijat, nakol'’ko sirnym a nevyhnutnym sa javi odstranenie, resp. ob-
medzenia problému. Uvedena Struktuara kladie presné poziadavky na charakter a ob-
jem informacii, nevyhnutnych na zabezpecenie prijatia riesenia, dovol'uje posudzo-
vat’ jednotlivé opatrenia v ramci celého kontextu, tzn. existuje moznost’ hodnotit’
dolezitost’ a prioritu ochrannych opatreni v komplexe s inymi opatreniami, ktoré
maju vztah k danému pédnemu problému, prostrednictvom hodnotenia ich celkové-
ho vplyvu na zosilnenie, resp. oslabenie existujuceho ekologického rizika.

Je treba mat’ na zreteli, ze usmernovanie ekologického rizika degradacie pod musi
byt z metodologickej stranky zabezpecené tvorbou a realizaciou zodpovedajucich
Standardizovanych metodik hodnotenia réznych jeho prejavov — ekologické riziko
znecistenia pdd tazkymi kovmi, ekologické riziko zaplavenych tizemi, ekologické
riziko zhutnenia p6d a pod.

Pri antropickej Cinnosti na pdde prebieha naruSenie pddnych funkcii a paramet-
rov najcastejsie v nasledovnej postupnosti: funkcie pddy ako historického média
(v ruskej literattre ,,informacna funkcia pody*) — biochemické, fyzikalno-chemic-
ké, chemické — fyzikalne parametre. SkutoCnost, ze rozne ekologické funkcie st
naruSované pri réznych stupfioch vplyvu, je v prvom rade treba brat do uvahy pri
hodnoteni ekologického rizika degradacie pody. Ak chceme zachovat’ plnohodnot-
né ekologické funkcie pody, hodnotenie ekologického rizika jej degradacie je treba
vykonat' na zaklade stupiia naruSenia tychto funkcii. Dal§im krokom je vyuZitie nie
maximalne pripustnej koncentracie znecist'ujlicej latky v pode, ale integrovaného
indikatora rizika ekologického stavu pody, ktory sa vypocitava na zaklade suboru
parametrov pddy, ktoré poskytujii najviac informacii o jej stave.

Pouzitie integrovaného indikatora sa podmienuje nasledovnymi pric¢inami:

a) dovol'uje objektivne ohodnotit’ stupen nebezpecenstva znecistenia pody celé-
ho radu latok rézneho mnozstva a toxicity pri jednorazovej ¢innosti na eko-
systém,

b) hodnotenie stupna nebezpecenstva znecCistenia pody sa mdze vykonavat
v kontexte lokalnej ekologickej situacie,

¢) integrovany indikator kvality pody eliminuje moznost’ preceneného hodnote-
nia pri neracionalnom vyuzivani pod a nizkej efektivnosti opatreni, smeruja-
cich k ochrane prirody, tzn. garantuje komplexny pristup.

Integrovany indikator musi vystupovat’ v tilohe konkrétnej hodnoty pri réznom stup-
ni rizika degradacie pddy. Predpoklada sa zaviest’ nasledovné stupne vyjadrenia eko-
logického rizika degradacie pddy: vel'mi slaby, slaby (tieto dva stupne zodpovedaja
takému stavu pddy, kedy riziko prakticky neexistuje), stredny (ked’ je riziko degra-
dacie relativne vysoké, ale stav pody sa da v plnej miere obnovit), silny a katastrofic-
ky (v pripade tychto dvoch stupnov sa jedna uz o vyrazné riziko, kedy ani agromelio-
ra¢né opatrenia nemusia postac¢ovat’ na obnovu pddnych vlastnosti) (Tabulka 1).
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Ekologické funkcie pody nie su narusené, pokial’ nenastane odchylka integrované-
ho indikatora od pdvodného stavu hodnotenych parametrov. Ak odchylka nastane,
kazdy z hodnotenych parametrov je sprevadzany degradaénym procesom (znizenie
arodnosti pddy, znizenie biologickej aktivity pody, zvySenie ploch zasolenia pdod
apod.)

Integrovany indikator je kalkulovany pre kazdy jednotlivy parameter samostatne
a potom sa porovnava so Skalou stupnov degradacie pody (Tabul'ka 1). Vypocitava
sa ako percentualny pomer vychodiskovych hodno6t hodnoteného parametra k aktu-
alnemu podl'a rovnice (1):

_ E-100
F

1 (1)

kde I — integrovany indikator hodnoteného parametra; E — vychodiskova hodnota
hodnoteného parametra; F — aktualna hodnota hodnoteného parametra.

TabuPka 1 Skala stanovenia hodnoty integrovaného indikatora pri roznej degradacii
pddy pri réznych hodnotenych parametroch

Table 1 Range of determining the value of an integrated indicator for different land
degradation at different evaluated paremeters

Stupne vyjadrenia rizika pomocou integrovaného indikato-
ra pri roznej degradacii pody

Hodnotené parametre
Velmi slaby | Slaby | Stredny Silny | Katastroficky

Pokles obsahu humusu

(% pévodného stavu) ~0 <30 30-70 70-90 >90
Plocha zasolenia pdd

(% povodného stavu) ~0 <> 5-20 20-50 >50
Plocha postihnutd veternou

eroziou (% poévodného ~0 <10 10-20 20-40 > 40

stavu)
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Tabulka 2 Kvalitativne ohodnotenie stavu (kvality) pody a tomu zodpovedajiice
hodnotenie rizika
Table 2 Qualitative assessment of the state (quality) of the soil and the corresponding
risk assessment

Uroven . .
straty ekolo- Stupen vyjadrenia PoSkodené vlast-
Cq . Kvalitativne priznaky stavu pody VY. nosti (funkcie)
gickej kvality rizika .\
o pody
pody
Velmi slaby
1 Priznaky degradécie nie st pritomné | (prakticky nebada- Ziadne
telny)
. o . Funkcia pod
Priznaky degradacie su slabo vyja- “cla paey
, e v , ako historického
drené, procesy degraddcia su v zacia- Slaby 1
2 . . 1 ° , . oo, , média ,,infor-
to¢nom $tadiu, prirodzené funkcie (mélo vyznamny) Y, .
A , . . macna funkcia
pody su prakticky nezmenené o
pody
Priznaky degraddcia su zrejmé, ale
s pouzitim zodpovedajucich opatreni Stredny Biochemické,
3 je mozné stav pody tplne obno- , v chemické, fyzi-
o b S (vyznamny) . -y
vit, prirodzené vlastnosti pody su kalno-chemické
c¢iasto¢ne narusené
Zmena vlastnosti a parametrov pody
je vyraznd, prirodzené funkcie st vy- Biochemické,
4 razne negativne ovplyvnené, zastavit Silny chemické, fyzi-
proces degradécie je problematické, (neZelané riziko) | kalno-chemické,
st potrebné nasledné investicie do fyzikalne
agromeliora¢nych opatreni
Po6da tplne stratila minimalne jednu , Biochemické,
. . ., . Katastroficky L, .
zo svojich funkcii, je mozné len ich , . - | chemické, fyzi-
5 .. Y, : , (vyrazne nezelané , T,
C¢iasto¢né obnovenie prostrednictvom riziko) kéalno-chemické,
agromeliora¢nych opatreni fyzikalne

V Tabulke 2 je uvedeny priklad $kaly hodnotenia rizika degradacie pddy, ktora je
kalkulovana na zaklade existujucich normativnych veli¢in pre kazdy hodnoteny pa-
rameter stavu pody (na priklade obsahu humusu, plochy zasolenia pod a ploch po-
stihnutych veternou eréziou). Urobiac také hodnotenie pod podla jednotlivych pa-
rametrov, je mozné synteticky zhodnotit’ celkové riziko degradacie podny, ktoré je
vyjadrené nasledujucou rovnicou (2):
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n

>v

Op =+ )

v

A

kde: Op — syntetické hodnotenie rizika degradacie pody (%), v — stupeni vyjadrenia
rizika jednotlivych parametrov, S — maximalne mozna suma stupiiov vyjadrenia rizi-
ka pre stanovované parametre, q — poradové ¢islo parametra, n — pocet parametrov.

Predkladany pristup hodnotenia ekologickych rizik degradacie péd mozno vyuzit
pri realizacii opatreni, smerujticich k ochrane nielen pody, ale aj celej prirody: pri
hodnoteni vplyvu rizik na zivotné prostredie, pri bioindikacii a biodiagnostike de-
gradacnych zmien v pdde, pri monitoringu pod, pri ekologickom hodnoteni zneciste-
nia pdd, pri tvorbe ekologickych map, pri prognoézovani ekologickych vplyvov urci-
tej hospodarskej ¢innosti na danom uzemi, pri hodnoteni rizika katastrof, pri vyko-
navani ekologickej expertizy, resp. certifikacii uizemia a pod.

Z.AVER

Hodnotenie ekologického rizika sa musi vykonavat v kontexte konkrétnej lokalnej
ekologickej situacie. Nasledné riadenie rizika degradacie pod na zaklade integro-
vaného indikatora dovol'uje vytvarat’ nielen ekologicky ucelné, ale aj ekonomicky
efektivne programy na ochranu prirody. Takéto hodnotenie ekologického rizika (na
objektivnejSom zaklade) umoznuje pristupovat’ k problému definicie priorit ¢innosti
smerujucich k ochrane prirody.
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ABSTRACT
Persistent problems of soil degradation indicate that the current use of this natural
resource is not sustainable. To the immediate reasons belong:

— insufficient attention paid to the principles of good soil management and the
relevant supporting legislation,

— the negative impact of economic activities on soil quality, not only in indus-
trial and urban areas, but also on soil quality in the agricultural and forest
sector,

— giving preference in the long-term to the importance of soil production
function over remaining ecological functions,

— lackof utilisable information on soil protection in individual economic sectors,

— lack of broad public awareness to protect soil as a natural resource,

— building of infrastructure and industrial enterprises for provision of perma-
nent economic growth,

— misunderstanding the essence of ownership relations to the soil.
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Besides these issues, it is possible to identify deeper causes of soil degradation,
closely related to human thinking and activities. To them belong the favouring eco-
nomic views in contrast to environmental benefits, private and group interests to
cross societal ones, short-term benefits to long-term ones, promotion of excessive
consumption as well as permanent need to increase the economic growth of individu-
als or purpose-built groups. It is necessary to consider these causes at provision of
sustainable soil use. With regard to the complex nature of the causes, soil protection
must be of interest of all society.

KEY WORDS
soil degradation, soil use, soil protection

Uvob

P6du, podobne ako ostatné prirodné zdroje, ma ¢lovek k dispozicii pre zabezpecenie
harmonického zivota. Z uvedeného pohladu uvedeny prirodny zdroj by mal byt za-
chovany v rovnakej kvalite aj pre buduce generacie. Vyuzivanie a kvalita pody su vSak
neraz vzdialené od zelaného stavu. Viaceré dokumenty uvadzaju degradéciu pody ako
vyznamny problém na celosvetovej aj regiondlnej trovni (EEa, 2010; JonEs et al.,
2012; LouwagGIE et al., 2011; Van Cawmp et al., 2004 a i.). Procesy degradacie pody
znizuju kapacitu pddy zabezpecovat’ ekologické funkcie esencialne z pohladu l'ud-
ského zivota (BuiNovsky et al., 2009; JonEs et al., 2012; Fazeka$ovA, 2003; YAALON,
ARNoLD, 2000).

Sposob vyuzivania pody, vzhl'adom na charakter aktivit ¢loveka, ovplyviuje jej kva-
litu, funkcie a taktiez kvalitu ostatnych zloziek prostredia, ¢o sa premieta do celko-
vej stability izemia, resp. krajiny. Z dlhodobého hladiska spésob vyuzivania pody
a krajiny patri k hlavnym faktorom ovplyviiujicim globalny stav zivotného prostre-
dia a to prostrednictvom klimatickej zmeny a znecistovania vodnych zdrojov (MEy-
ER, TURNER, 1994; WaTsoN et al., 2000; UNEgp, 2007).

Identifikacia stavu degradacie pddy a monitorovanie vyvoja parametrov pody pred-
stavuje zdroj potrebnych informacii, ktoré nachadzaji vyuzitie tak pri tprave exis-
tujiicej legislativy, ako aj pri vykone praktickych opatreni zameranych na ochra-
nu pody (Fazekasova, 2012). V nadvéznosti na monitorovanie stavu pddy nadobtda
vyznam analyzovania pri€in, ktoré priamo ¢i nepriamo spdsobuju/ovplyviuju de-
gradaciu pddy (Van Cawmp et al., 2004). Okrem toho, ako uvddzaju MEYER, TURNER
1T (1994) a Brown (2003), l'udské aktivity predstavuju hlavny zdroj siasnych zmien
stavu a vyvoja biosféry. Prehodnotenie priorit a reStrukturalizacia globalnej ekono-
miky je vSeobecnou vyzvou pre zachovanie kvality Zivotnych podmienok l'udskej
civilizacie na Zemi v budiucom obdobi (Brown, 2003). Uvedené sa tyka aj oblasti
vyuzivania pody.
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MATERIAL A METODY

Prispevok analyzuje pri¢iny degradacie pddy v podmienkach Slovenska. Vychodis-
kovym zdrojom a metodickym principom je v tomto smere Koncept DPSIR (Euro-
pean Commission, 1999), ktory slazi ako pragmaticky ramec, resp. platforma pre
hodnotenie problému degradacie pddy a suvisiacej kvality pddy. V sulade s autormi
LoveLanp, TaompsoN (2002) za hybné sily (driving forces) povazujeme socio-eko-
nomické faktory, kym environmentalne, resp. prirodné faktory maju skor charakter
tlakov (pressures).

Prispevok prezentuje bezny a komplexnejsi pohl'ad na hodnotenie pri¢in degradacie
pody. V stilade s ndzormi LaMBINA (2005), je aplikovany pristup zalozeny na hibkovej
analyze faktorov spdsobujtcich, resp. podporujtcich vznik degradac¢nych procesov
pody pripadne zabranujtcich prijatie ucinnych opatreni. Uvedené zahrnuje tiez spra-
vanie jednotlivcov vo vztahu k vyuzivaniu prirodnych zdrojov. V SirSom kontexte
poskodzovanie Zivotného prostredia uvadzané v texte zahrnuje aj degradaciu pody.

VYSLEDKY A DISKUSIA

Zakladna analyza pricin degradacie pody

Stupen degradacie pody je podmieneny konkrétnym spdsobom vyuzivania pody
a spravidla klesa v poradi: priemyselné oblasti > urbanne oblasti > pol'nohospodar-
sky sektor > lesny sektor. Bezprostrednou pri¢inou degradacie pody v pol'nohospo-
darstve (a Ciastocne aj v lesnom hospodarstve) je nedostato¢né uplatiovanie zasad
spravnej polnohospodarskej, resp. lesohospodarskej praxe a trvalé nadradovanie vy-
znamu produkénej funkcie pody nad ostatné ekologické funkcie. V zmysle toho, do-
teraz (aj v podmienkach Slovenska), bola poda povazovana za vyrobny prostriedok,
ktory slazi uzivatelovi pody pre dosahovanie hospodarskeho zisku.

Hospodarske aktivity ¢loveka ovplyviuju kvalitu pody nielen v priemyselnych a ur-
bannych oblastiach (zhutfiovanie a znecistovanie pody), ale aj p6du v pol'nohospo-
darskom a lesnom sektore (acidifikacia a zneCistovanie pody). Budovanie infrastruk-
tary, priemyselnych zavodov a parkov pre zabezpecovanie trvalého ekonomického
rastu, ako aj rozvoj bytovej vystavby bolo a je spravidla spojené s trvalymi zabermi
pol'nohospodarskej pody. Uvedenym zaberom pody do budicna nemozno sice zabra-
nit, ale kvalitu zaberanej poddy mozno do urcitej miery regulovat.

Vlastnicke vztahy sa spravidla viazu s ekonomickym vyuzitim pddy (produkéna
funkcia, zdroj surovin, priestor pre hospodarske aktivity ¢loveka vratane bytovej
vystavby). Typ vlastnictva pddy sdm o sebe neméze uspokojivo riesit’ problém jej de-
gradacie. Poda v sukromnom vlastnictve je spravidla povazovana za prostriedok kto-
ry slazi vyluéne zaujmom vlastnika. Vlastnicke prava, dokonca aj sukromné, mali by
zahrnovat’ taktieZ povinnosti alebo zodpovednost’ za ich ochranu, pretoze dosledky
poskodzovania ekologickych funkcii pody zo strany vlastnika (pripadne uzivatela)
sa dotykaju aj druhych.

Politické, pravne a ekonomické regulacné opatrenia su spravidla povazované za hlav-
né nastroje pre rieSenie sticasnych environmentalnych problémov (NICOLAISEN et al.,
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1991; Okcp, 2005). Moznosti trhu vzhl'adom k rieseniu tychto problémov prostred-
nictvom internalizacie externych nakladov su az neadekvatne optimistické. RieSenie
ochrany pddy prostrednictvom priamych a nepriamych pravnych postupov je pred-
metom politického zaujmu (Louwagik et al., 2011). Jednou z oblasti, na ktoru sa pri
ochrane pddy kladie doraz je zvySovanie povedomia odbornej a Sirokej verejnosti
(EuropPEAN COMMISSION, 2012).
Mozno konstatovat,, ze vyznam pddy pre I'udski spolocnost’ nie je adekvatne do-
ceneny (DEKIMPE, WARKENTIN, 1998; Yaaron, ArNoLD, 2000) a cely rad odbornych
a vedeckych poznatkov o degradacii a ochrane pddy nenachadza potrebné uplatnenie
v praktickom Zivote.
V sulade s autormi Gorpon et al. (2001), trvalo udrzatelné vyuzivanie a G¢inna
ochrana prirodnych zdrojov vratane pddy predpoklada tri zakladné faktory:

— dostato¢né a dostupné informacie,

— dostato¢né kapacity pre prijatie potrebnych opatreni v praktickom Zivote,

— motivaciu pre trvalo udrzatelné vyuzivanie pddy a ostatnych prirodnych

zdrojov.

Kym tvorba poznatkov a informacii je v procese neustaleho vyvoja, motivacia pre pri-
jatie udrzatel'ného vyuzivania pody a ostatnych zloziek prirodného prostredia je sla-
ba. Spravidla nedostato¢né kapacity st casto krat neuc¢inne vyuzivané, ked’ namiesto
prierezovych a komplexnych rieSeni st uprednostiiované individualne rieSenia.

Komplexnejsi pohl’ad na pri¢iny degradacie pody

Ako uvadza pEGroot (1992), pre I'udi je tazké transformovat’ existujice poznatky
o vyzname prirodnych zdrojov (vratane pddy) pre prosperitu a zivotné podmienky
¢loveka do konkrétnych akcii pre zastavenie prebiehajtcich procesov destrukcie pri-
rodného prostredia. Pri¢iny vidi v nasledovnych oblastiach:

— rozdiel medzi politickymi a hospodarskymi/ekonomickymi zaujmami, ktoré
sa ststred’'uju hlavne na kratkodobé zisky, pricom ochranné ciele prinasaja
dlhodobé prinosy,

— trvalo udrzatel'ny rozvoj (TUR) je brzdeny tazkostami vyjadrit’ vplyvy hos-
podarskeho rozvoja na prirodné systémy,

— opominanie prirodnych statkov a sluzieb pri hospodarskom planovani a poli-
tickom rozhodovani,

— pomala implementécia principov ochrany a TUR do procesu hospodarskeho
planovania a politického rozhodovania ako prejav nedostatocnej komunikacie
a spoluprace zainteresovanych subjektov a expertov.

Napriek vSeobecnej neochote hladat’ a rieSit’ primarne priCiny degradacie pody
a ostatnych zloziek prostredia a snahe pripisovat’ vysledky ludskych aktivit vSe-
obecnym globalnym zmenam, nedostatku financii ¢i nedostatku inych zdrojov, treba
zdoraznit, ze akékol'vek pri¢iny degradacie pddy pripadne krajiny uzko suvisia
s myslenim ¢loveka a jeho aktivitami, ¢o vyplyva z viacerych literarnych zdrojov
(Catrns, 2002, 2003; MEaDOWS et al., 1993).

Ako uvadzaji MEYER, TURNER (1994), Struktura a trendy v spotrebe (materialnych)
produktov je rozhodujicim faktorom ovplyviiujucim atmosféru, vyuzitie krajiny
a biogeochemickych cyklov. Neustale rastiica spotreba materialov, energie spojena
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s rastom prijmov je jednou zo zakladnych ¢t konzumnej spolo¢nosti a v podstate
odraza nezaujem jednotlivcov o stav Zivotného prostredia a jeho zlepsenie. Navyse,
zakladny ekonomicky a socialny model 'udskej spolo¢nosti je v podstate zalozeny
na vlastnictve a ovladani zdrojov, materialov, produktov a sluzieb. Ako uvadza Con-
stanzA et al. (1997), vyvoj l'udskej spolo¢nosti bude menej zlucitelny s konceptom
hospodarskeho rastu. Uplatiovanie udrzatelného rozvoja s dorazom na kvalitativ-
nu stranku zlepSenia vytvara realne predpoklady pre Setrné vyuzivanie prirodnych
zdrojov.
Existujt viaceré spolocenské sily a fenomény, ktoré priamo alebo nepriamo ovplyv-
nuju stav a vyvoj zivotného prostredia, ¢im sa stavaja politicky vyznamnymi. Popri
ekonomickych, politickych, socialnych a kultturnych faktoroch, trhu, reklamy, demo-
grafickych, resp. popula¢nych faktoroch a technického rozvoja sa sem zarad’uju po-
stoje, nazory, presvedcenia, hodnotové hladiska, spravanie jednotlivca, domécnosti,
komunit a celej verejnosti. V tejto suvislosti treba zdoraznit, Ze spoloénym menova-
telom vsetkych socio-ekonomickych hybnych sil je uspokojovanie rastucich potrieb
Cloveka. Vyznamnym faktorom, ktory ovplyviuje tieto vlastnosti l'udi sit masmédia,
ktoré ovplyviuji hodnoty a identity celych skupin populacie.
KameneTzKy (1992) poukazuje na dolezitost” analyzovat’ skutoéné problémy, ktoré
sa skryvaju za jednotlivymi potrebami a prianiami. Napriklad nadmerné vyuzivanie
prirodnych zdrojov len zdanlivo zabezpecuje zivotné podmienky cloveka, pretoze
v dlhodobom ¢asovom horizonte tieto podmienky zhorSuje. Podobne, cely rad osob-
nostnych a psychickych problémov nie je mozné riesit’ kariérnym postupom, resp.
spolo¢enskym postavenim, rastom osobného majetku, ani vicSou spotrebou. Ako
uvadza KameneTzky (1992), uspokojovanie socialnych (re$pekt, tcta, spolupatric-
nost, akceptacia a i.) a etickych potrieb (laska, pravda, spravodlivost, dokonalost,
estetika, zmysluplnost’) spravidla nevyzaduju vel'ké mnozstvo trznych produktov
a sluzieb, niekedy ziadne. V skutocnosti aj viaceré z tzv. materialnych potrieb (napr.
bezpecie, istota) nie je mozné plne uspokojit’ externymi produktmi a sluzbami.
Vel’ké &ast’ populdcie nie je zatial’ pripravena akceptovat’ potrebu hibkovej analyzy
problémov Zivotného prostredia a spolocnosti, pretoze zije vo svojich predstavach,
nazoroch a presvedéeniach, s ktorymi sa stotoznuje. Jednou z myslienok, ktora dlho-
pecenie zivotnych podmienok vsetkych l'udi a z toho vyplyvajlca potreba sutazit,
resp. bojovat’ o tieto zdroje.
Sucasne sa natiska cely rad otazok (kvalita zivota pritom tzko stvisi so stavom
zivotného prostredia), napr.:
— AKka je uzitoCnost’ zakladnych presvedCeni pre kvalitu stcasného zivota vra-
tane kvality zivotného prostredia? Pomahaju ho zlepSovat’ alebo prispievaja
k postupnému zhorSovaniu?
— Je kvalita 'udského zivota podmienena len materialnym a ekonomickym do-
statkom?
— Kedy je dostatok ,,dostatocny*?
— Preco je dosahovanie ziskov a ekonomického rastu v praktickom zivote de
facto ddlezitejSie ako kvalita 'udského zivota?
— Co okrem chybajucich finanénych zdrojov (a tie pri su¢asnom spdsobe fun-
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govania modernej spolo¢nosti buda chybat’ vzdy) moze zasadnym sposobom
zmenit kvalitu zivota l'udi a kvalitu zivotného prostredia?

— Co sa musi stat, aby doglo k pozitivnym zmenam v spoloénosti vratane zlep-
Senia stavu zivotného prostredia?

Priciny, resp. faktory, ktoré sa v konecnom dosledku premietaja do bezprostrednych
pric¢in degradacie pody, resp. ostatnych zloziek prirodného prostredia, mozno zovse-
obecnit’ do niekol’kych Grovni (Obrazok 1):

— uprednostiovanie ekonomickych hladisk pred environmentalnymi (zabery
kvalitnych pdd; negativne externality vyuzivania pody a krajiny nie su sucas-
tou vyrobnych nakladov),

— uprednostiovanie individudlnych a skupinovych zaujmov pred celospolocen-
skymi,

— nazory, presvedCenia a hodnotové hl'adiska jedincov, komunit a spolo¢nosti,
ktoré nie su v sulade s udrzatelnym sposobom zivota,

— absolutizacia materialneho vnimania reality a sveta s tym, ze technologicky
pokrok predbieha moralny, eticky a duchovny vyvoj spolo¢nosti.

Zvratenie procesu degradacie zloziek zivotného prostredia Zeme predpoklada zlep-
Senie alebo zmenu vzorcov spravania 'udi, zmenu sti¢asného spdsobu zivota a nové
sposoby myslenia a konania. Ako uvadza Crans (2002), trvalé zhorSovanie zivotné-
ho prostredia zniZuje moznost’ udrzania suc¢asnej tirovne zivota v budicnosti. Z uve-
deného dovodu koncept trvalo udrzatel'ného rozvoja treba zamenit’ nevyhnutnostou
trvalo udrzatelného vyuzivania Zeme, ktoré¢ vychadza z reSpektovania prirodnych
limitov, resp. obmedzeni.

Zvratenie procesu v spolocnosti, kde spotreba je Strukturdlne v polohe odpovede
na mnohé potreby, zelania a problémy, a v ktorej alternativy su blokované Strukti-
rou danej spoloénosti moréalne presvedéovanie nie je u¢inné. Ziadat' ludi, aby kona-
li eticky je dolezité, ale predtym treba analyzovat’ a transformovat’ Struktury, ktoré
stazuju uplatnovanie tychto principov (Scror, 1998). Ako vyplyva z prac viacerych
autorov (Howarp, 2000; Por, 2002; STERN, 2000), pre vac¢sinu l'udi jednoducha zmena
v oblasti environmentalneho povedomia nepostacuje. Je potrebné zasadné prehod-
notenie zakladnych presvedceni a algoritmov myslenia, nakol’ko environmentalne
relevantné spravanie je na konci dlhého kauzalneho retazca zahrnujiceho spektrum
P'udskych a suvisiacich faktorov.
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Legislativne, technické a eduka¢né
opatrenia na odstranenie pri¢in

I'______L______l

Bezprostredné priciny suvisiace
s vyuzivanim pody

Tvorba novych poznatkov
a informacii pre podporu
rozhodovania a nivrh opatreni

T

Ucinnost’ realizovanych opatreni

Uprednostiiovanie ekonomickych
hradisk pred environmentalnymi

Uprednostiiovanie individudlnych
a skupinovych zaujmov pred
celospoloc¢enskymi

Nézory, presvedcenia a hodnotové
hlradiské l'udi, ktoré nie st v sulade

A

s udrzate'nym spoésobom Zivota

T

Absolutizdcia materidlneho
vnimania reality a sveta

Zmena ndzorov, presvedcent,
hodnotovych hl'adisk, myslenia
a spravania sa I'udi

Zmena postoja ¢loveka k zivotu

A

Pochopenie podstaty udskej
existencie

Obrizok 1 Urovne pri¢in degradacie pody a opatreni
Figure 1 Levels of soil degradation causes and measures

Treba pripomenut, ze hybnou silou zmien na Zemi (politickych, ekonomickych, spo-
lo¢enskych, environmentalnych) je myslenie, ktoré vytvara a neustale meni reali-
tu. Obrazok 2 ilustruje vplyv viery a presved¢eni ¢loveka na jeho environmentalne

orientované spravanie, ktoré sa vo v§eobecnosti ocakava.
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Zakladné l'udské viery, presvedCenia a nazory tykajuce sa existencie ¢loveka
a jeho mieste v univerze [prvotné idey|

l

Hodnoty ¢loveka vo vzt'ahu k okoliu a k zivotnému prostrediu
[idey, moralka (vychadzajuca z hodnot, vier a presvedceni)]

l

Postoj ¢loveka k zivotu a zivotnému prostrediu
[myslenie (iniciované potrebami a tizbami)]

l

Environmentéalne orientované spravanie ¢loveka
[rozhodnutia, aktivity]

Obrazok 2 Hierarchia pri¢innych faktorov environmentalne orientovaného
spravania ¢loveka

Figure 2 Hierarchy of causal factors of environmentally oriented human behaviour

Clovek mé4 vzdy moznost slobodnej voI'by (tak vedomej, ako nevedome;j), prostred-
nictvom ktorej meni realitu k lepSiemu, alebo horSiemu. Stcasne nesie zodpovednost’
za vlastné rozhodnutia. Ignorovanie tejto skuto¢nosti nezabezpe€uje imunitu voci
posobeniu prirodnych zdkonov (Cairns, 2002). Kym zmeny v oblasti vedecko-tech-
nického pokroku su evidentné, pozitivne zmeny v oblasti l'udskej mysle a I'udskych
postojov, spdsobe jednania a systémoch viery prebiechajii pomaly a obtiazne. Clo-
vek doteraz usilovne menil stav zivotného prostredia, ¢o sa odzrkadlilo degradaciou
pody a ostatnych prirodnych zdrojov. Z uvedeného dovodu je najvyssi ¢as zahdjit
pozitivne zmeny ¢loveka samotného.

Z.AVERY

Pretrvavajuce problémy degradacie pddy indikuju, Ze sicasné vyuzivanie tohto pri-
rodného zdroja je neudrzatel'né. K bezprostrednym pricinam patri:
— nedostatocné reSpektovanie zasad spravnej pol'nohospodarskej/lesohospodar-
skej praxe a prisluchajucej legislativy,
— dlhodobé uprednostiiovanie vyznamu produkénej funkcie pred ostatnymi
ekologickymi funkciami,
— nedostatok vyuzitelnych informécii o ochrane pddy v jednotlivych hospodar-
skych sektoroch,
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— nedostatoné povedomie Sirokej verejnosti vzhladom k ochrane pody ako
prirodného zdroja,
— hospodarske aktivity ovplyviuji kvalitu pddy nielen v priemyselnych
a urbannych oblastiach, ale aj v sektore pol'nohospodarstva a lesnictva,
— migracia vidieckeho obyvatel'stva do miest,
— budovanie infrastruktury, priemyselnych podnikov a parkov pre zabezpeco-
vanie trvalého ekonomického rastu,
— nepochopenie podstaty vlastnickych vztahov v pode.
Okrem tychto pri¢in mozno identifikovat’ d’alsie pri¢iny degradacie pddy, ktoré tzko
suvisia s myslenim a aktivitami l'udi. K nim patri uprednostinovanie hospodarskych
zaujmov pred ekologickymi, sukromnych a skupinovych pred celospoloc¢enskymi,
kratkodobych ziskov pred dlhodobymi, podporovanim nadmernej spotreby, ako aj
trvalej potreby ekonomického rastu jednotlivcov a ucelovych skupin. Uvedené prici-
ny je potrebné zohl'adniovat pri zabezpecovani trvalo udrzatel'ného vyuzivania pody.
Vzhl'adom na komplexny charakter uvedenych pric¢in ochrana pédy musi byt zauj-
mom celej spolo¢nosti.
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ABSTRACT

The purpose of this study was to assess a current status of fish diversity in the Choti-
na River with aspect to stream regulation. The fishes were caught in natural and
regulated part of river by using a back electric fishing device. Totally 13 fish spe-
cies, belonging to 4 families (Cyprinidae, Balitoridae, Salmonidae, Percidae) were
observed, with higher value for natural stream. At both localities the accompany-
ing and indirect fish species were as a dominant. Estimated values of abundance
were higher for regulated than natural stream (7453 and 6787 ind. ha’'), but values
of biomass were opposite — higher for natural than regulated (359 vs. 118 kg. ha”).
Diversity and equitability indices were approximately equal, with little higher val-
ues for natural stream. Within the frame of basic biometric data (standard length,
body weight), significantly higher values (P<0.05) in natural stream for Gobio gobio,
Squalius cephalus and Chondrostoma nasus were recorded. On the other hand, sig-
nificantly (P<0.05) higher values in regulated stream for Phoxinus phoxinus and Al-
burnoides bipunctatus were recorded.

KEY WORD
Chotina River, river regulation, fish, abundance, biomass, dominance

INTRODUCTION

First river regulations in our country are known since XV. and XVI. centuries and
they are associated with the timber harvesting and its rafting (Janco, 1971; HUska,
1972; FErkLOvA 1995). These activities were relatively simple, represented by moun-
tain stream regulations, such as flow channelizing, sharp bend straightening, bank
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protection by lumber, log wall building, etc., realized mainly due to quick and save
timber rafting. In the end of valleys the artificial water reservoirs (tajchy) were built
to the artificial floods generating for the timber rafting possibility, during the low
discharges (VALTYNI & KaLiskY, 1990).

To greater and compact river regulations comes during the XIX. and at the start of
XX. centuries in lowlands, due to floods and material transport. Gradually river reg-
ulations continue upstream during the interwar period and to massive submountain
river regulations comes in the 50"-60" years of the XX. century (HanusiN, 1949;
BINDER, 1950; VALTYNI & KALISKY, 1990).

All those flood controls had one aim — safe diversion of water. Their finalization
resulted into the so called, “hard regulations” — application of prefabricate materi-
als, concrete, etc., without respecting of any biotic aspects. Large technical impacts
into the landscape fundamentally interfere the environment and change and/or affect
its fauna and flora. Impact of those human activities upon the ichthyofauna is well
known, mainly from the short-time period. Generally, comes to the changes in the fish
species composition, abundance and ichthyomass, decline of catches of economically
preferred fish species, deterioration of water environment, etc. (SEDLAR & KYSELOVIC,
1964; SEDLAR et al., 1976; ErTLOVA, 1986; Pourt, 1988; Lusk, 1989; STrRANAL 1997,
STrRANAT & ANDREN, 2004; etc.). But on a small scale is known the long-time ef-
fect as well as the effect of old stream regulation upon the ichthyofauna, which is
long time without any service or maintenance (HoL¢ik & Macura, 2001; HoHAUSOVA
& Juraipa, 2005). In our study we present a current status of fish diversity of two dif-
ferent sites of the Chotina River, with the aspect to stream regulation.

MATERIAL AND METHODS

Chotina River is right-hand tributary of the Nitra River in western Slovakia. It is the
stream of I'V. order with length of 29 km, which heads in the Povazsky Inovec moun-
tain in altitude of 780m above s. 1. and into the Nitra River inflows below the city
of Topol'€any. Two sections representing basic habitats were selected on the Chotina
River. Both are classified as the sub-mountain stream zone.

Section 1 — the natural stream — situated below the confluence with the Zeleznica
stream (9.0 r. km) and approximately 1.5km above the Jacovce village, GPS coor-
dinates N 48° 35.904" and E 18° 07.961". The selected part is 75 m long, with mean
wide of 4.5m, mean depth of 0.23 m, mean discharge 0.41 m*.s" and mean velocity of
0.28 m.s™!, water temperature 20.0 °C, and oxygen saturation 92.6%. The stream bed
is meandering, with gravel-sandy substratum. The river banks are covered by dense
bush and tree vegetation overgrowing the river bed.

Section 2 — the regulated stream — situated in the north-western part of the Jacovce
village (7.0 r. km), downstream from section 1, GPS coordinates N 48° 35.839" and
E 18°07.987". The selected part is 126 m long, with mean wide of 5. 1 m mean depth
of 0.29 m, mean discharge 0.39 m*.s! and mean velocity of 0.24 m.s™!, water tempera-
ture 21.5 °C, and oxygen saturation 88.8%. The stream bed is channelized with sim-
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ple trapezoidal shape, and with stone-pebble-gravelly substratum. The river banks
are covered by hammer-dressed stones with poor bush and tree vegetation.

The study was realized in July, 2010. The fish were caught with electrofishing tech-
nique (direct pulse current 230—400 V, 2.8-5.2 A) by using a back electric fishing
device type ELT 60 I GI (Hans Grassl, Germany), in an upstream direction by wad-
ding in the water with three catches (LiBosvarsky, 1967). After each catch the fish
were placed in the stocking net located beyond the electric field. Then each fish was
identified, counted, measured (SL—standard length to the nearest mm) using a meas-
uring tape and weighed (digital balance to the nearest gram). After processing all fish
were returned live to the water. The abundance and the ichthyomass of fish commu-
nities were estimated according to the LAsLIE & Davis (1939) method. The diversity
and equitability indices were estimated on the base of SHaNNON & WEAVER (1963) and
SHELDON (1969), respectively. Dominance was estimated according to the Losos et al.
(1984) method. Characteristic of ichthyofauna from the point of view of economic
aspects was made according to the Horcik (1998).

The physico-chemical characteristics of water were measured: temperature and dis-
solved oxygen by oxymeter type HQ10 (Hach LDO, USA). The discharges of the
stream sections were determined by hydrometry using the velocity-area method. At
each gauging site the proper number of verticals was chosen depending on the stream
width and they were spaced on the basis of the bed profile. The velocity was meas-
ured in each vertical by current meter according to the three-point velocity meas-
urement. Three rod-mounted propeller-type VUVH current meters were used (body
type HYM-21). All discharges were derived from the sum of the product of mean
velocity, depth and width between verticals by the mean-section method (BovEe,
1982; THoMas & Boveg, 1993). The mean profile velocities and water depth of each
site were also determined using these measurements. The GPS coordinates were as-
signed by GPS device type Etrex Summit (Garmin International, USA), and are pre-
sented in WGS-84 coordinate system.

For statistic analyze the t-test and Kolmogorov-Smirnov test were used for standard
length and body weight comparison between sections in computer program Stat-
graphic Centurion XV (StatPoint Technologies, Inc., USA).

REsuLTS

Totally 13 fish species belonging to 4 families were found as follows: minnows or
carps (Cyprinidae) — freshwater bream (4bramis brama Linnaeus, 1758), schneider
(Alburnoides bipunctatus Bloch, 1782), Prusian carp (Carassius gibelio Bloch, 1782),
common carp (Cyprinus carpio Linnaeus, 1758), gudgeon (Gobio gobio Linnaeus,
1758), common nase (Chondrostoma nasus Linnaeus, 1758), chub (Squalius cepha-
lus Linnaeus, 1758), Eurasian minnow (Phoxinus phoxinus Linnaeus, 1758), roach
(Rutilus rutilus Linnaeus, 1758); river loaches (Balitoridae) — stone loach (Barbatu-
la barbatula Linnaeus, 1758); salmonids (Salmonidae) — rainbow trout (Oncorhyn-
chus mykiss Walbaum, 1792), brown trout (Salmo trutta m. fario Linnaeus, 1758) and
perches (Percidae) — European perch (Perca fluviatilis Linnaeus, 1758). The presence
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of individual fish species and their individual as well as mass dominance at natural
and regulated flows are given in table 1. Higher total count of fish species at natural
flows (12) was recorded, comparing with regulated ones (11).

The economically preferred (EP) fish species (common carp, brown rout and rainbow
trout) represented from the total abundance 1.31% for natural flow and 0.63% for reg-
ulated flow. Indirect (IND) fish species (chub, common nase, freshwater bream and
European perch) represented 14.42% and 22.33% from the total abundance at natural
and regulated flow. Accompanying (ACC) fish species (Prusian carp, roach, gudg-
eon, schneider, Eurasian minnow, stone loach) represented the most abundant group
with 84.27% and 77.04% for the natural and regulated flow, respectively. Taking into
account mass dominance, the economically preferred fish species formed 21.57% and
3.77% at natural resp. regulated flow. Indirect fish species at both sites achieved the
values of 29.80% and 52.79% for natural and regulated flow, respectively. Accompa-
nying fish species reached at both sites relatively homogenous values of 48.62% and
43.44% for natural and regulated flows.

Generally, higher values of estimated abundance were detected at regulated flow
compared with natural one (Table 2). In natural flow higher abundance reached Eura-
sian minnow (1.8 times), gudgeon (1.6 times), chub (2.4 times), freshwater bream (2.0
times), stone loach (9.1 times) and European perch (3.1 times) compared with regu-
lated flow. On the second locality higher abundance in natural flow in schneider (7.5
times), roach (5.9 times), common nase (2.4 times) and in brown trout (1.9 times) was
observed compared with regulated one.

Estimated values of ichthyomass shows an opposite tendency compared with abun-
dance. Higher value was recorded in natural flow (Table 2). Evaluation of individual
fish species shows that estimated values of biomass copied the trend of abundance,
except the chub, where lower biomass (1.8 times) at regulated flow. For economically
preferred fish species this difference reaches value up to 37.5 times. For indirect fish
species it varies between 1.8 — 4.6 times. For accompanying fish species this differ-
ence varied 1.3 — 10.3 times.

Indices of diversity and equitability are almost identical, with little higher values for
natural flow (difference for H=0.13 and for J = 0.03). From the point of view of indi-
vidual fish species, the higher values of both indices have most abundant fish.
Standard length of 10 fish species measurements shows higher values at natural
stream for brown trout, common nase, chub, gudgeon and stone loach (Table 3). In the
case of common nase, chub and gudgeon it was statistically significant (P<0.05). Op-
posite to previous data, for species such as roach, freshwater bream, European perch,
schneider and Eurasian minnow (for two last mentioned also with statistical sig-
nificance P<0.05) greater values of standard length at regulated flow were recorded.

DiscussioN
In the study totally 13 fish species at two localities of the Chotina River — 12 at natu-

ral and 11 at regulated flow - were recorded. Higher fish species number at natural
compared with regulated flow is known also from other studies (SEDLAR & KYSELOVIC,
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1964; ANDREN & STRANAIL, 2004). This count corresponds with the data available
from other submountain river or river’s part in the Slovak Republic (KovA¢ & Sirvo-
VA, 2002, Kosco et al., 2006; Kosco, 2007), but fish species composition in our study
is untypical, affected mainly by two water reservoirs located on the Chotina river
and/or Zeleznica stream (common carp, Prusian carp, freshwater bream, roach, Eu-
ropean perch) as well as by fish stocking (common nase, rainbow trout).

Estimated abundance and ichthyomass showed reverse tendency. Higher value of
abundance at regulated flow and higher value of ichthyomass at natural flow were
recorded. In the case of abundance it is caused mainly by presence of higher density
of accompanying fish species. In the case of ichthyomass it is caused by higher indi-
vidual weight of economically preferred and indirect fish species. Opposite results
of abundance at natural versus regulated flow has been reported from the Nitrica
River (SEpLAR & KysELovic, 1964), from middle part of the Rajcianka stream (BELES,
2003) and from the middle part of the Handlovka stream (ANDREI & STRANAIL 2004).
In these studies it was caused by higher density of economically preferred species,
mainly brown trout. Data similar to ours are reported from the Drietomica River
(Horcik & Macura, 2001), even value of ichthyomass was higher at regulated flow
compared with our results. Higher ichthyomass values from natural flows in com-
parison to regulated flows are given in the studies of SEDLAR et al. (1976), STRANAI
(1997), STRANAT & ANDREJ (2002), ANDREJ & STRANAI (2004), etc.

Generally, from regulated flows lower values of fish species count, total abundance
and ichthyomass are reported. But these findings need to be further discussed as
mentioned properties are influenced by many biotic and abiotic factors. These factors
frequently show synergistic effects (HoLCik & Macura, 2001). It is also necessary to
differentiate between the type and age of regulation. Hard regulation (bed and banks
regulated by concrete or prefabricates) compared with soft regulation (bed and banks
are earthen, stabilized by fascine wood and grass) is less recommended from the as-
pect of qualitative and quantitative parameters of ichthyofauna (SEpLAR & KYSELOVIC,
1964). In older unattended regulations new riverbed and riparian vegetation forming
can be observed, similar to the unregulated (natural) flow (STRANAIL 1992; HoLCik et
al., 1997; STRANAT & ANDREI, 2004). This phenomenon is called “regulation ageing”.
Gradual reduction of differences between regulated and unregulated flows in qualita-
tive as well as quantitative parameters of the ichthyofauna can be thus detected. Re-
sults shows variability in monitored parameters, which is higher for regulated flow
compared with natural one, due to its higher instability (Macura et al., 2000, 2003).
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STRUKTURA ICHTYOFAUNY SLOVENSKEJ CASTI
POVODIA Bopvy

THE STRUCTURE OF FISH FAUNA IN THE SLOVAK PART
OF THE Bopva RI1VER BASIN

Martin HorvATH ! — Jin SEve ! — Jin Kosco !

ABSTRACT

This paper deals with the fish fauna of the Bodva River and its tributaries. The Slo-
vak part of the main stream is 48.4km long. Lampreys and fishes were sampled by
electrofishing during the period from 2006 to 2009. The paper describes occurrence,
dominance, frequency, feeding groups, reproduction guilds, relation to the current and
migration of the fish fauna. The work also offers characterization of the status of pro-
tection in compliance with the Slovak Red List in the researched area as well as spe-
cific resemblance of the Bodva River basin. During the period 2006 — 2009 we sampled
2 545 fishes at 10 localities within 27 species out of 9 families. The highest number of
species was determined in the Bodva River (27), in the Ida River (18), in the Perinsky
channel (5), and in the Stésky Brook only 2 species. In the Bodva River in Hostovce
we also noticed 1 crossbreed of common gudgeon (Gobio gobio) and Kessler’s gudg-
eon (Romanogobio kesslerii). Maximal dominance in the Bodva River was found espe-
cially with riffle minnow (Alburnoides bipunctatus), european chub (Squalius cepha-
lus) and brown trout (Salmo trutta m. fario). The most prominent fish in the Ida River
was whitefin gudgeon (Romanogobio viadykovi). Topmouth gudgeon (Pseudorasbora
parva) dominated in the Perinsky channel and brown trout in the Stosky Brook. The
non-specific carnivorous and the omnivorous species were the most numerous. With
regard to the flow, the number of rheophiles was higher than eurytopic species. Only
in the Ida river this ratio was more balanced. With respect to the migration, species
without migration, with probable or certain draught of fishes up to 100km prevailed. In
view of the conservation status, the most numerous categories were “near threatened”
and “least concern”. Only in the lower part of the Bodva River we noticed Kessler's
gudgeon which belongs to category “endangered” and also increased number of spe-
cies in category “near threatened”.
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Uvob

Povodie Bodvy ma zna¢n variabilitu habitatov, ¢o je spdsobené pestrostou fyzic-
ko-geografickych podmienok tejto oblasti. Je tu totiz vyrazny kontrast medzi hornou
a dolnou ¢astou povodia. Podl'a Kosca et al. (2006) je mozné predpokladat,, Ze rela-
tivne prirodzena $truktara ichtyocendz sa zachovava vdaka tizemnej ochrane v slo-
venskej, ale aj v mad’arskej Casti povodia. Tato praca poskytuje prehlad sezénnych
zmien v §trukture ichtyofauny, ako aj zmien v jednotlivych skiimanych rokoch.
Najstarsie prace o ichtyofaune Bodvy z ¢ias Uhorska zahrnul vo svojej praci HYKeS
(1921). Zozbierané a doplnené literarne idaje o rybach Bodvy v krasovej oblasti po-
dal Maxkara (1990). Dalsie udaje o ichtyofaune povodia Bodvy st v pracach Kosco
& Kosuth (2003) a Kosco et al. (2004). Makrozoobentos v povodi Studovali Kosco
& Manko (2006).

Ichtyofaune v mad’arskej ¢asti povodia Bodvy sa vo svojich pracach venovali VASAR-
HELYI (1961), HarkA (1992), Hoitsy (1994) a JunAsz (1996, 2007).

Charakteristika skimaného izemia

Povodie riecky Bodva je situované vo vychodnej Casti Slovenskej republiky, zapadne
od mesta Kosice. Celkova velkost’ povodia je 11 727 km?, jeho slovenské Cast’ ma
876 km?2. Z celkovej dizky hlavného toku (110 km) je na slovenskej strane povodia
necelych 45 km. Priemerny prietok Bodvy pri Hostovciach je 2,8 m*.s' a celkovy
ro¢ny objem vody odvedenej do madarskej ¢asti povodia je 88 mil. m®.rok!'. Z ume-
Iych vodnych ploch st v oblasti rozlohou najvécsie Perinske rybniky na Ide a Hrhov-
ské rybniky na Turni (Bopva, 2010).

Ricka Bodva prameni vo Volovskych vrchoch v ramci Slovenského Rudohoria v nad-
morskej vyske 910 m n. m. Pocetnejsie, dlhSie a vyvinutejsie su lavostranné pritoky,
napr. Stosky potok, Piversky potok, Borzov, Olava, Ida a d’alsie. Pravostranné kra-
sové pritoky (Sugovsky potok, Teplica, Turfia a i.) su kratsie a slabsie vyvinuté, ¢o
je sposobené charakterom krasového uzemia, v ktorom sa nachadzaji. V zvysenej
miere tu dochadza k infiltracii zrazkovej vody, a tym sa vyrazne zniZuje povrchovy
odtok v tomto izemi. V povodi sa vyskytuje aj siet’ nadrzi (¢ast’ byvalych hamrov),
ktora v minulosti ovplyviiovala prietoky Bodvy (BAarRABAs, 2009).

Pri analyze pozdizneho profilu rieky Bodva vidiet, Ze ide o profil zodpovedajuci dI-
hodobému vyvoju, priCom je jasna tendencia vyvoja smerujiuca k optimalnemu sta-
vu, ktory sa snazia dosiahnut’ vSetky toky (t. j. stav, ked’ sa v smere toku znizuje in-
tenzita rienej erdzie v prospech transportu materialu a nasledne jeho akumulacie)
(BaraBAs & FrRANIKOVA, 2009).

Toky v povodi Bodvy sa vyznacuju snehovo-dazdovym az dazdovo-snehovym re-
zimom odtoku (SvMo & Zatko, 2002). Z klimatického hl'adiska su zastiipené vietky
tri klimatické oblasti. Najmensia ¢ast’ povodia spada do chladnej oblasti (pramenna
oblast’ Bodvy) a naopak najvacsia do teplej oblasti s mierne vlhkym, resp. mierne su-
chym okrskom leziaca v ramci Kosickej kotliny (LAPIN et al., 2002). Priemerna ro¢na
teplota dosahuje podl'a StasTnEHO et al. (2002) hodnoty narastajiice v smere toku od
5 °C az po 8 °C. Priemerny ro¢ny uhrn zrazok naopak v smere od pramena klesa
z cca 900 mm na 600 mm (Fasko & StasTNY, 2002).
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MATERIAL A METODY

Udaje sme ziskali po¢as odlovov v rokoch 2006 az 2009 pomocou elektrického agre-
gatu v prvych troch rokoch kontinualnou metddou a od roku 2008 aj modifikovanou
bodovou metddou, pri ktorej sme ryby lovili tak, aby sme zachytili rozmanitost’ ha-
bitatov. Odlovy sme vykonali na $tyroch pravidelnych lokalitach (¢. 1, 2, 3 a 6), na
lokalite Buzica (€. 7), ktora bola pravidelnou v minulosti a na piatich jednorazovych
lokalitach (¢. 4, 5, 8, 9 a 10). Strukturalne a kvantitativne charakteristiky ichtyocenéz
sme spracovali na podklade Lososa et al. (1984), ekosozologicky status a nomenkla-
taru druhov podla Cerveného zoznamu mihal’ a ryb Slovenska (Kosco & HoLCiK,
2008) a zaradenie jednotlivych druhov ryb do ekologickych skupin podla Horcika
(1998). Pre zistenie faunistickej podobnosti na zaklade S6rensenovho indexu (IS6)
sme pouzili Statisticky softvér Past (HammeR et al., 2001). Pomer pévodnych druhov
k celkovému poctu druhov (index geografickej integrity = IGE) sme vypocitali podla
Bianca (1990). Zoznam lokalit s datumami jednotlivych odlovov je v Tabul'ke 1.

Tabul’ka 1 Terminy odlovov na jednotlivych lokalitach
Table 1 Dates of sampling on individual localities

tok/ lOkal,l ta/ p-&/ datumy odlovov / dates of sampling

stream  locality num.
pri Stoskom 1. |08.05.2008, 24. 10. 2008, 14. 07. 2009, 01. 10. 2009
potoku
Podkai 5 08. 05. 2008, 24. 10. 2008, 22. 04. 2009, 14. 07. 2009,

) " |01.10. 2009
VOP- 3 09. 08. 2007, 08. 05. 2008, 24. 10. 2008, 22. 04. 2009,
Moldava n. B. ' 14. 07. 2009, 01. 10. 2009
Bodva
nad stitokom " 9. 8. 2007
s Idou
pod sttokom 5 9. 8. 2007
s Idou
Hosfovce 6 08. 05. 2008, 24. 10. 2008, 22. 04. 2009, 14. 07. 2009,
' 01. 10. 2009
Buzica 7. 17. 05. 2006, 22. 09. 2006, 09. 08. 2007, 14. 05. 2008
Ida .

pri stitoku 8 [9.8.2007
s Bodvou

Perinsky kanal 9. |14.5.2008

Stésky potok 10. | 22.4.2009

43



VYSLEDKY

Druhové spektrum, dominancia a frekvencia druhov

Pocas 29 odlovov sme v Bodve a jej 3 pritokoch (Tabul'ka 1) ulovili a determinovali
2 545 kusov kruhoustnic a ryb. Celkovo islo o 6 radov, 9 ¢el'adi a 27 druhov a jedné-
ho krizenca (1 ks) — Gobio gobio x Romanogobio kesslerii. Najvyssi pocet druhov bol
zaznamenany na Bodve, a to 23 z 8 ¢el'adi. V Ide sme odlovili zastupcov 18 druhov
(6 Gel'adi) a najmensi pocet (2 druhy) sme zistili v Stoskom potoku (Tabulka 2 a 3).
Z hladiska dominancie patrili v Bodve ploska pasava (4/burnoides bipunctatus),
jalec hlavaty (Squalius cephalus) a pstruh potocny (Salmo trutta m. fario) medzi
eudominantné druhy. Postavenie zodpovedajuce dominantnému druhu dosiahli este
mrena Skvrnita (Barbus carpathicus), hraz Skvrnity (Gobio gobio) a podustva severna
(Chondrostoma nasus). V 1de sa zaradilo 5 druhov k eudominantom, predovsetkym
hraz bieloplutvy (Romanogobio viadykovi) a ploska pasava. Medzi dominantné druhy
patrilo 5 druhov — hruz Skvrnity, jalec hlavaty, hrizovec sietovany (Pseudorasbora
parva), lopatka duhova (Rhodeus amarus) a piz podunajsky (Cobitis elongatoides).
Zvysné pritoky mali jasnych superdominantnov, v Perinskom kanali to bol hrazovec
sietovany a v Stoskom potoku pstruh potoény (Tabulka 2 a 3).

Z vysledkov frekvencie vyskytu jednotlivych druhov v Bodve vyplyva, ze Ziaden
druh sa nevyskytol vo vsetkych odlovoch. Len 4 druhy dosiahli hodnoty nad 50 %.
Najvicsiu frekvenciu mali pstruh potoény a mrena skvrnita — obe po 77,3 %. Naproti
tomu v Ide dosiahli ploska pasava a jalec hlavaty frekvenciu vyskytu 100 % a d’al$ich
9 druhov hodnoty nad 50 % (Tabulka 2 a 3).

Pocet druhov v Bodve v smere toku vyrazne diferencuje. Na prvej lokalite boli
v oboch rokoch zistené 2 druhy — pstruh potoény a mihul’a potiska (Eudontomyzon
danfordi). Na druhej lokalite bol zaznamenany rovnaky pocet druhov — 6, pricom
jednoznaéne dominoval pstruh poto¢ny, v roku 2009 bola jeho dominancia nizsia.
Zvysila sa participacia mihule potiskej, mreny $kvrnitej a sliza severného (Barbatu-
la barbatula). Tretia lokalita bola prelovena aj v roku 2007. Potvrdili sme 4 druhy,
superdominantnym druhom bol jalec hlavaty. V nasledujicom roku sme odlovili 4
druhy, opdtovne boli potvrdené len jalec hlavaty a mrena Skvrnita. Odlovy z roku
2009 potvrdili vSetky druhy z predoslych dvoch rokov a pribudla k nim este mihul’a
potiska. Superdominantné postavenie si udrzala mrena $kvrnita. Siesta skimana lo-
kalita bola druhovo najbohatsia. Po¢as roku 2008 sme zistili 17, v nasledujicom 13
druhov. Najvyssie zastipenia mala ploska pasava (Tabul'ka 2). Rozdiely v zlozeni
ichtyofauny jednotlivych lokalit Bodvy a Idy medzi jednotlivymi sezonami su uve-
dené v Tabulke 4 a 5.

Index geografickej integrity rieky Bodvy bol 90,9 %. V Ide dosiahol index hodnotu
88,9 %. Stésky potok mal IGE = 100 % a Perinsky kanal len 60 %.

Ekologicka charakteristika druhov

Na prvej lokalite Bodvy bola v sledovanom obdobi struktara ekologickych skupin
rovnaka. Podobne tomu bolo aj na druhej lokalite. Prevladali nespecializované ma-
sozravé druhy, doplnené euryfagmi. V ramci reprodukénych skupin prevazovali
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litofily-ukryvace s neresom na otvorenom podklade. Vo vztahu k prudu dominova-
li reofily. Struktiira skupin tretej lokality bola tiez podobna, aviak oproti roku 2007
pribudli litofily-ukryvace, eurytopné druhy a druhy s tahom do 100 km. Nespecia-
lizované mésozravé druhy tvorili na lokalitach pri sutoku s Idou véa¢sinu druhového
spektra, pribudla aj mikrofytofagna podustva severna. Z reprodukénych skupin boli
druhovo najpocetnejsie litofily s neresom na otvorenom podklade. Aj tu prevazovali
reofilné druhy, vo vztahu k tahom najmi netazné druhy, doplnené druhmi s tahom
do 100 km. Zaznamenali sme taktiez podustvu severnu s tahom nad 100 km. V po-
slednej lokalite bola §truktura ekologickych skupin najvariabilnejSia v roku 2008.
Okrem skupin zaznamenanych v predoslych lokalitach, sme v ramci potravnych sku-
pin evidovali rybozravého zubaca velkousteho (Sander lucioperca). Vo vztahu k re-
produkeii sme zistili vyskyt druhov zo skupiny hniezdicov a tiez fytofily a litofily zo
skupiny nehniezdicov. Vo vztahu k tahom prevazovali netazné druhy (Tabulka 6).
V Ide (lokalita ¢. 7) dominovali vo v§etkych troch rokoch nespecializované méasozra-
vé a vSezravé druhy. V ramci reprodukénych skupin mali pocetnejsie zastpenie lito-
fily a fytofily s neresom na otvorenom podklade. Vo vztahu k pradu bola pritomnost’
reofilnych druhov takmer konstantnd. Vo vztahu k tahu tvorili najpocetnejsiu sku-
pinu netazné druhy, resp. druhy s tahom do 100 km. Osma lokalita mala ekologicki
struktaru podobnu ako predchadzajuca lokalita. V Stoskom potoku bola $truktira
totozna s prvou lokalitou Bodvy. V Perinskom kanali sa potvrdili ne$pecializované
karnivorné a euryfagne druhy. Zvicsa islo o nehniezdiCe s neresom na otvorenom
podklade. V tomto toku prevazovali eurytopné a netazné druhy (Tabulka 6).

Status druhovej ochrany

V celom skimanom povodi dominovali druhy patriace do kategorii ,,takmer ohro-
zeny“ (NT) a ,,menej dotknuty* (LC). V dolnom useku rieky Bodva (t. j. na posled-
nych troch lokalitach) sme zaznamenali ,,silne ohrozeného (EN) hrtiiza Kesslerovho,
v §tvrtej a Siestej lokalite sme evidovali aj invazne druhy - karasa striebristé¢ho (Ca-
rassius gibelio) a hriizovca sietovaného. V Ide prevazovali druhy patriace do kate-
gorie LC pred NT. Boli tu pritomné oba invazne druhy. V Stoskom potoku bol po&et
druhov NT a LC 1:1, v Perinskom kanali 1:2. Aj v tomto toku sme zaznamenali oba
spominané invazne druhy (Tabulka 6).

Pri porovnani sezén v ramci jednotlivych lokalit je nutné spomentt’ najmé absenciu
hriza Kesslerovho v letnom odlove v Hostovciach (zisteny len na jar a jesen) a tiez
jarnu absenciu oboch invaznych druhov v tejto lokalite (Tabul'ka 6).

Faunisticka podobnost’

Druhovo najpodobne;jsie st lokality, ktoré sa nachadzaju vo svojej blizkosti (Obrazok
1). Napriklad Bodva — pri Stoskom potoku a Stosky potok maju IS8 = 100 %. V sme-
re toku nasledne podobnost’ klesa. IS v blizkosti sutoku Bodvy a Idy sa pohyboval
v rozmedzi od 63,6 % do 84,6 %. IS6 nad 75 % dosiahla dvojica Bodva-Pockaj a Bod-
va-VOP-Moldava n. B., a to 76,9 % (Tabul'ka 7).

Porovnanim lokalit medzi jednotlivymi rokmi sme zistili, ze prvé dve skimané mies-
ta na Bodve dosiahli podobnost’ 100 %. K rozdielom doslo az pri tretej lokalite, ked’
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druhova identita Struktiry ichtyofauny v roku 2007 a 2008 bola 50 %, pri porovna-
ni rokov 2007 a 2009, resp. 2008 a 2009 uz 72,7 %. Vysoku mieru podobnosti mala
aj Siesta lokalita (2008 a 2009 — 89,7 %). Podoba struktury v Ide na lokalite Buzica
nadobudala v kazdom porovnani ini hodnotu a pohybovala sa v rozmedzi od 72 %
do 86,7 %. Sezénne komparacie ukazali odlisnosti na vSetkych lokalitach rieky Bod-
va. V prvej bola podobnost’ 100 % len medzi jarou a letom, zvy$nych porovnaniach
66,7%. V druhej a tretej lokalite bola najvyssia hodnota podobnosti uz len 90,9 %.
IS6 v siestej lokalite dosiahla nizsie hodnoty, ale menej variabilné (76,2 % — 81,5 %).
V siedmej lokalite sa index podobnosti pohyboval v rozmedzi od 50 % len do 75 %.

Diskusia

Horné casti Bodvy st typické dominantnym zastiipenim pstruha poto¢ného (Kosco
etal., 2006) a vyskytom mihule potiskej. Absentuje pritomnost sprievodnych druhov
ako su Cerebla pestra (Phoxinus phoxinus) a hlavac pasoplutvy (Cottus poecilopus).
V slovenskej ¢asti povodia Bodvy sa vyskytuju len v riecke Ide (Kosco et al., 2004).
Pritomnost’ Cereble pestrej v madarskej ¢asti bola zaznamenana v niektorych prito-
koch — Josva, Rakaca (VASARHELYI, 1961; BotTa et al.,, 1984; Hortsy, 1994; JuHAszZ,
1996 a 2007), zastupenie pstruha poto¢ného dosahuje nizke hodnoty (Hortsy, 1994).
Lipen tymianovy (Thymallus thymallus) je evidovany len v kratkom useku hornej
Casti slovenskej Bodvy (Kosco et al., 2006). Pre strednu Cast’ povodia je charakteris-
ticky vyskyt mreny skvrnitej a hriza Skvrnitého. Prezencia mreny Skvrnitej je pri-
znaéna najmé pre Turiiu (Kosco & Manko, 2006). Naopak, jej pritomnost’ v madar-
skej Casti povodia nie je taka vysoka (Junasz, 1996). Nizke pocetné zastupenie mreny
severnej (Barbus barbus) je charakteristické pre slovensky aj mad’arsky tsek Bodvy
(Hortsy, 1994). Podiel podustvy severnej a najma lopatky dihovej je podstatne vyssi
v madarskej Casti povodia (Botta et al., 1984; Harka, 1992; Hortsy, 1994; JunAsz,
1996). S vynimkou hornych usekov slovenského povodia Bodvy, dosahuje jalec hla-
vaty pocetné zastpenie, zatial' ¢o v madarskych pritokoch je jeho podiel spolu so
slizom severnym este vyssi (Hortsy, 1994). Ploska pasava a sliz severny su bezné
v celom slovenskom i mad’arskom povodi Bodvy (Kosco et al., 2006). Vyskyt malo
pocetného hruza fuzatého (Romanogobio uranoscopus) v dolnom useku nasej Bodvy
(Kosco et al., 2006) vyskum nepotvrdil. PiZ podunajsky je registrovany v Bodve aj
jej pritokoch (Kosco et al., 2004; Kosco & Manko, 2006), ale nase zistenia dokazujt
jeho pritomnost’ v Ide a Bodve len v oblasti ich stitoku. Podobna situacia nastala aj
u piza vrchovského (Sabanejewia balcanica). Podl'a Kosca et al. (2006) je tento druh
typicky pre hlavny tok Bodvy, my sme ho potvrdili v oblasti stitoku Bodvy a Idy.
V Mad’arsku ho zaznamenal Hortsy et al. (1984) v pritoku Rakaca.

Druhové zloZenie ichtyofauny ovplyviuja aj aktivity rybarov. Napr. pritomnost’ zu-
baca vel'kotsteho v dolnom useku slovenskej Bodvy je podmienend umelym zaryb-
novanim (MO SRZ Moldava nad Bodvou, in verb.). Vybudované rybné hospodar-
stva (Perinske rybniky na Ide) pravdepodobne prispeli k vyskytu invaznych druhov
(KovAca et al., 2008), hrizovca sietovaného a karasa striebristého v Perinskom ka-
nali, Ide aj Bodve. Taktiez ovplyvnili pritomnost’ typicky rybni¢nych druhov — ka-
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rasa striebristého a kapra rybni¢ného (Cyprinus carpio), vo vyssie uvedenych tokoch
(Kosco & Kosuth, 2003). Zatial’ ¢o Kosco et al. (2004) ich evidovali len v Ide, v na-
Som pripade sa vyskytovali uz aj v Bodve.

Podobne ako v praci Kosca et al. (2006), prevladali neSpecializované mésozravé dru-
hy oproti euryfagnym. Rybozrava stuku severnt (Esox lucius) doplnil zubac vel’ko-
usty. V ramci reprodukénych skupin dominovali nehniezdice, najma litofily a psamo-
fily. Dominantné zastupenie reofilov dopiiali eurytopné druhy. Vyrazne sttipol po&et
druhov patriacich do Cerveného zoznamu mihal’ a ryb Slovenska zo 78,3 % (Kosco
et al., 2006) na 91,3 %.

Index geografickej integrity rieky Bodvy si zachoval oproti predo§lému obdobiu vy-
soku troven v dosledku zachovania povodnych ichtyocenoz. V porovnani s viacery-
mi tokmi, patriacimi do slovenského povodia Tisy (Slana — 82 %, Hornad a Turna —
87 %), je index geografickej integrity vyssi, oproti Ronave (95 %) zasa nizsi. Situdcia
v pritokoch Bodvy (najmi v Perinskom kanali) je menej priazniva v dosledku zavle-
¢enia viacerych druhov z rybnych hospodarstiev. Napriek tomu hodnota indexu v Ide
stupla (z 86 % na 88,9 % (Kosco et al., 2006 a 2009).
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Tabulka 3 Dominancia D (%) a celkova frekvencia F (%) druhov v pritokoch Bodvy
v jednotlivych skamanych rokoch

Table 3 Dominance D (%) and total frequency F (%) of fish species in tributaries of
the Bodva River in individual researched years

Ida
7 s 9. 10.
p- ¢ druh
2006 2007 2008 2007 X D F 2008 2009
ks D ks D ks D |ks D ks D |[ks D
PETROMYZONTIFORMES (mihule) - Petromyzontidae (mihulovité)
1 Eudontomyzon danfordi [ - - - - - - - - - - - - - 13 33,3
CYPRINIFORMES (kaprotvaré) - Cyprinidae (kaprovité)
2 Alburnus alburnus 6 42 10 149 - - 4 53 20 44 40| - - - -
3 Alburnoides bipunctatus | 24 16,7 21 31,3 11 64 13 173 69 151 100 | - - - -
4 Barbus barbus - - - - - - - - - - - - - - -
5  Barbus carpathicus - - - - - - - - - - - - - - -
6 Carassius gibelio 13 90 2 30 - - - - 15 33 40 | 7 12,7 | - -
7 Cyprinus carpio 4 28 1 L5 - - - - 5 L1 40| - - - -
8  Romanogobio vladykovi | 35 243 - - 33 192 4 53 72 157 80 | - - - -
9  Gobio gobio 12 83 1 15 42 244 2 27 57 125 80 |1 1,8 | - -
10 Romanogobio kesslerii - - - - - - - - - - - - - - -
11 Chondrostoma nasus 6 4,2 2 30 1 0,6 - - 9 20 60| - - - -
12 Squalius cephalus 14 97 7 105 9 52 28 373 58 12,7 100| - - - -
13 Leuciscus leuciscus 1 07 6 90 1 0,6 4 53 12 26 80 |1 1,8 - -
14  Phoxinus phoxinus 1 0,7 - - - - - - 1 02 20| - - - -
15  Pseudorasbora parva 11 7,6 - - 37 21,5 1 1,3 49 10,7 60 |39 709 | - -
16  Rhodeus amarus 1 07 8 11,9 12 70 13 173 34 7,4 80 | - - - -
17 Rutilus rutilus 2 1,4 2 30 4 2,3 1 L3 9 20 80| - - - -

18  Vimba vimba - - - - - - - - - - - - - - -

Gobio gobio x Gobio Kesslerii | - - - - - - - - - - |- - - -
CYPRINIFORMES (kaprotvaré) - Balitoridae (slizovité)

19 Barbatula barbatula - - - -
CYPRINIFORMES (kaprotvaré) - Cobitidae (plzovité)

20 Cobitis elongatoides 2 1,4 2 30 15 87 5 67 24 52 80 |7 12,7 - -

21 Sabanejewia balcanica - - - - - - - - - - - - - - -
ESOCIFORMES (stukotvaré) - Esocidae (Stukovité)

6 35 - - 6 1,3 20| - - - -

2 Esox lucius [8 56 1 15 - - - - 9 20 40]- - [- -
SALMONIFORMES (lososotvaré) - Salmonidae (lososovité)
23 Salmo trutta m. fario [ - - - - - - - - - - - [ - - [ 26 66,7

SALMONIFORMES (lososotvaré) - Thymallidae (lipiovité)

24 Thymallus thymallus [ - - - - - - - - - - - [ - - [ - R

GADIFORMES (treskotvaré) - Gadidae (mienovité)

25 Lota lota [1 o7 - - - - - -1 02 20][]- -T]- -
PERCIFORMES (ostriezotvaré) - Percidae (ostriezovité)
26 Sander lucioperca - - - - - - - - - - - - - - -
27 Perca fluviatilis 3 21 4 6,0 1 0,6 - - 8 L8 60| - - - -
SPOLU kusov ryb 144 67 172 75 458 55 39
SPOLU druhov 17 13 12 10 18 5 2
SPOLU odlovov 2 1 1 1 5 1 1
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Tabul’ka 4 Dominancia D (%) a celkova frekvencia F (%) druhov na lokalitach rieky
Bodva v jednotlivych sezonach

Table 4 Dominance D (%) and total frequency F (%) of fish species at localities in the
Bodva River in individual seasons

Bodva
1. 2. 3.

jar leto jesen jar leto jesen jar leto
ks D ks D ks D |ks D ks D ks D |ks D ks D
PETROMYZONTIFORMES (mihule) - Petromyzontidae (mihulovité)
1 Eudontomyzon danfordi - - - - 11 139 13 190 2 27 8 56 10 333 - -
CYPRINIFORMES (kaprotvaré) - Cyprinidae (kaprovité)

2 Alburnus alburnus - - - - - - - - - - - - - - - -

Alburnoides bipunctatus | - - - - - - - - - - - - - - 11 131
Barbus barbus - - - - - - - - - - - - R B - R
Barbus carpathicus - - - - - - 5 53 17 230 20 139 11 337 20 238
Carassius gibelio - - - - - - - - - - - - R R R _
Cyprinus carpio - - - - - - - - - - - - - - R -
Romanogobio viadykovi | - - - - - - - - - - - - - - - -
Gobio gobio - - - - - - - - 2 27 5 35 3 100 15 179
10 Romanogobio kesslerii - - - - - - - - - - - - - - - -

=TI - I B N

11 Chondrostoma nasus - - - - - - - - - - - - - - - -
12 Squalius cephalus - - - - - - - - - - - - 2 67 31 369
13 Leuciscus leuciscus - - - - - - - - - - - - - - - -
14 Phoxinus phoxinus - - - - - - - - - - - - - - - -
15  Pseudorasbora parva - - - - - - - - - - - - - - - -
16  Rhodeus amarus - - - - - - - - - - - - - - - -
17 Rutilus rutilus - - - - - - - - - - - - - R - R
18  Vimba vimba - - - - - - - - - - - - - R _ _
Gobio gobio x Gobio Kesslerii - - - - - - - - R R - . R . R .
CYPRINIFORMES (kaprotvaré) - Balitoridae (sliZovité)
19 Barbatula barbatula | - - - - - - 13 137 14 189 26 181 - - 1 1,2
CYPRINIFORMES (kaprotvaré) - Cobitidae (plzovité)
20  Cobitis elongatoides - - - - - - - - - - - - - - - -

21 Sabanejewia balcanica - - - - - - - - - - - - - - - -
ESOCIFORMES (3tukotvaré) - Esocidae ($tukovité)

22 Esoxlucius | - - - - - - - - - - - - - - - -
SALMONIFORMES (1 tvaré) - Sal idae (1 ité)

23 Salmo trutta m. fario | 29 1000 6 1000 68 861 58 61,1 39 527 81 563 4 133 6 71
SALMONIFORMES (lososotvaré) - Thymallidae (lipiovité)

24 Thymallus thymallus | - - - - - - 1 L1 - - 4 28 - - - -
GADIFORMES (treskotvaré) - Gadidae (mienovité)
25  Lotalota | - - - - - - - - - - - - - - R _

PERCIFORMES (ostriezotvaré) - Percidae (ostriezovité)

26  Sander lucioperca - - - - - - - - - - - - - - - -

27 Percafluviatilis - - - - - - - - - - - - - - - -

SPOLU kusov ryb 29 6 79 95 74 144 30 84
SPOLU druhov 1 1 2 5 5 6 5 6
SPOLU odlovov 1 1 2 2 2 2 2
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Tabul’ka 4 Dominancia D (%) a celkova frekvencia F (%) druhov na lokalitach rieky
Bodva v jednotlivych sezonach — pokracovanie

Table 4 Dominance D (%) and total frequency F (%) of fish species at localities in the
Bodva River in individual seasons - sequel

Bodva
3. 4. 5. 6.

p-c druh
jesen leto leto jar leto jesen z D F

ks D ks D |ks D ks D ks D ks D

PETROMYZONTIFORMES (mihule) - Petromyzontidae (mihulovité)

1 Eudontomyzon danfordi [ - - - - - - - - - R

CYPRINIFORMES (kaprotvaré) - Cyprinidae (kaprovité)

2 Alburnus alburnus -k - 34 74 6 65 - - - - - - 40 20 91
3 Alburnoides bipunctatus - - 58 127 36 391 76 304 98 551 132 36,1 411 20,6 40,9
4 Barbus barbus - - 4 09 1 L1 4 L6 7 39 36 98 52 26 273
5 Barbus carpathicus 48 457 1 0,2 - 00 46 184 6 34 24 66 198 99 773
6 Carassius gibelio - - - - - - - - 1 0,6 5 1,4 6 0,3 13,6
7 Cyprinus carpio - - - - - - - - - - - - - - -
8  Romanogobio vladykovi - - 63 138 12 130 - - 9 51 4 1,1 88 44 182
9 Gobio gobio 20 191 16 35 1 L1 24 96 4 23 28 77 118 59 636
10 Romanogobio kesslerii - - 2 04 3 33 10 40 - - 8 22 23 1,2 273
11 Chondrostoma nasus - - 67 146 1 1,1 18 7,2 9 51 18 49 113 5,7 31,8
12 Squalius cephalus 27 257 131 286 13 141 60 240 40 225 63 172 367 184 54,6
13 Leuciscus leuciscus - - 34 7,4 - - 2 0,8 - - 5 1,4 41 2,1 13,6
14 Phoxinus phoxinus - - - - - - - - - - - - - - -
15 Pseudorasbora parva - - 3 07 - - - - - - 28 77 31 L6 91
16  Rhodeus amarus - - 42 92 5 54 6 24 2 11 6 1,6 61 31 227
17 Rutilus rutilus - - - - - - - - - - - - - -
18 Vimba vimba - - - - - - - - - - 1 0,3 1 01 46
Gobio gobio x Gobio Kesslerii - - - - - - 1 0,4 - - - 1 0,1 46
CYPRINIFORMES (kaprotvaré) - Balitoridae (slizovité)
19  Barbatula barbatula 2 1,9 - - - - - - 1 0,6 1 0,3 58 2,9 40,9
CYPRINIFORMES (kaprotvaré) - Cobitidae (piiovité)
20  Cobitis elongatoides - - 1 02 6 65 - - - - - - 7 04 91
21 Sabanejewia balcanica - - 2 04 7 7,6 - - - - - - 9 05 4,6

ESOCIFORMES (3tukotvaré) - Esocidae (3tukovité)

22 Esox lucius [ - - - - - - - - - - - - - - -

SALMONIFORMES (lososotvaré) - Salmonidae (lososovité)

23 Salmo trutta m. fario [ 11 10,5 - - - - 3 1,2 1 0,6 3 08 309 155 773

SALMONIFORMES (lososotvaré) - Thymallidae (lipnovité)

24 Thymallus thymallus [ - - - - - - - - - - - 5 03 136

GADIFORMES (treskotvaré) - Gadidae (miefovité)

25 Lotalota [ - - - - - - oo oo a1 46
PERCIFORMES (ostriezotvaré) - Percidae (ostriezovité)
26  Sander lucioperca - - - - - - - - - - 4 11 4 02 46
27 Percafluviatilis - - - - - - - - - - - - - -
SPOLU kusov ryb 108 458 92 250 178 366 1993
SPOLU druhov 5 14 12 11 11 16 23
SPOLU odlovov 2 1 1 2 1 2 22
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Tabul’ka 5 Dominancia D (%) a celkova frekvencia F (%) druhov v pritokoch Bodvy
v jednotlivych sezonach

Table 5 Dominance D (%) and total frequency F (%) of fish species in tributaries of
the Bodva River in individual seasons

Ida 9 10.
. ) 7. 8.
p-& druh jar leto jesen leto >| D F jar jar
ks D ks D ks D |ks D ks D ks D
PETROMYZONTIFORMES (mihule) - Petromyzontidae (mihulovité)
1 Eudontomyzon danfordi | N - - . . - N - = . - - - 13 33,3
CYPRINIFORMES (kaprotvaré) - Cyprinidae (kaprovité)
2 Alburnus alburnus - - 10 149 6 72 4 53 20 44 40 | - - - -
3 Alburnoides bipunctatus 20 86 21 31,3 15 181 13 173 69 151 100 | - - - -
4 Barbus barbus - - - - - - - - - - - - - - -
5 Barbus carpathicus - - - - - - - - - - - - - - -
6 Carassius gibelio - - 2 30 13 157 - - 15 33 40 |7 12,7 - -
7 Cyprinus carpio - - 1 15 4 48 - - 5 L1 40| - - - -
8  Romanogobio vladykovi 55 236 - - 13 157 4 53 72 157 80 | - - - -
9 Gobio gobio 52 223 1 15 2 24 2 57 125 80 |1 18| - -
10 Romanogobio kesslerii - - - - - - - - - - - - - - -
11 Chondrostoma nasus 1 04 2 30 6 72 - - 9 20 60 | - - - -
12 Squalius cephalus 11 4,7 7 105 12 145 28 373 58 12,7 100 | - - - -
13 Leuciscus leuciscus 2 09 6 90 - - 4 53 12 26 80 |1 18] - -
14 Phoxinus phoxinus 1 04 - - - - - - 1 0,2 20 | - - - -
15 Pseudorasbora parva 48 206 - - - - 1 13 49 10,7 60 |39 709| - -
16 Rhodeus amarus 13 56 8 1.9 - - 13 173 34 74 80 | - - - -
17 Rutilus rutilus 6 26 2 3, - - 1 1,3 9 20 80 | - - - -
18 Vimba vimba - - - - - - - - - - - - - - -
Gobio gobio x Gobio Kesslerii - - - - - - - - - - - -
CYPRINIFORMES (kaprotvaré) - Balitoridae (slizovité)
19 Barbatula barbatula | 6 26 - - - - - - 6 13 20| - - - -
CYPRINIFORMES (kaprotvaré) - Cobitidae (piiovité)
20  Cobitis elongatoides 17 73 2 30 - . 5 6,7 24 5,2 80 |7 12,7 - -
21 Sabanejewia balcanica - - - - - - - - - - - - - - -
ESOCIFORMES (St'ukotvaré) - Esocidae (3t'ukovité)
22 Esox lucius - - 1 15 8 96 - - 9 20 40]- -T- -
SALMONIFORMES (lososotvar¢) - Salmonidae (lososovité)
23 Salmo trutta m. fario - - - - - - - - - - I - - | 26 66,7
Thymallidae (lipniovité)
24 Thymallus thymallus | - - - - - - - - - - - | - - | - -
GADIFORMES (treskotvaré) - Gadidae (miefnovité)
25 Lotalota - - - .1 12 - g 02 al- 1.
PERCIFORMES (ostriezotvaré) - Percidae (ostrieZovité)
26  Sander lucioperca - - - - - - - - - - - - - -
27 Perca fluviatilis 1 04 4 60 3 36 - - 8 18 60 | - - - -
SPOLU kusov ryb 233 67 83 75 458 55 39
SPOLU druhov 13 13 11 10 18 5 2
SPOLU odlovov 2 1 1 1 5 1 1
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Tabul’ka 6 Systematicka a ekologicka charakteristika ryb Bodvy
Table 6 Systematic and ecological characteristic of fish in Bodva River

Ekologicka skupina Status ochrany
Taxén: Ecological guild Conservation status
RAD Celad' Druh Taxon: -
ORDER Family Species Potrava Repro- Vatah | Cerveny 92/43/EHS | Bern
dukcia | kpridu | zoznam
I. PETROMYZONTIFORMES - mihulotvaré
1. Petromyzontidae - mihulotvaré
1. Eudontomyzon danfordi Ca.l | A.2.3 Re NT 2
II. CYPRINIFORMES - kaprotvaré
2. Cyprinidae - kaprovité
2. Barbus barbus Ca.l | A L3 Re LC 5
3. Barbus carpathicus Eu A 1.3 Re LC 2,5 B3
4. Carassius gibelio Eu A. 1.5 Et
5. Cyprinus carpio Ca. 1l A 1.5 Et LC
6. Romanogobio viadykovi Ca.l | A L6 Et NT 2 B3
7. Gobio gobio Ca.l | A L6 Et LC
8. Romanogobio kesslerii Ca.l | A L6 Re EN 2 B3
9. Romanogobio uranoscopus Ca. 1 A. 1.6 Re EN 2 B3
10. Pseudorasbora parva Eu B.2.2 Et
11. Rhodeus amarus Eu A.2.5 Et LC 2 B3
12. Chondrostoma nasus He.2.2 | A 1.3 Re NT B3
13. Squalius cephalus Eu A 1.3 Re LC
14. Leuciscus leuciscus Ca. 1 A.1.3 Re NT
15. Rutilus rutilus Eu A l.4 Et LC
16. Vimba vimba Eu A 1.3 Re NT
17. Alburnoides bipunctatus Ca. 1l A 1.3 Re LC B3
18. Alburnus alburnus Ca. 1l A l.4 Et LC
3. Cobitidae
19. Cobitis elongatoides Eu A 1.5 Re LC 2 B3
20. Sabanejewia balcanica Ca.l | A 1.5 Re NT 2 B3
4. Balitoridae
21. Barbatula barbatula Ca. 1l A. 1.6 Re LC
ITI. ESOCIFORMES
5. Esocidae
22. Esox lucius Ca.2.1 [ A 1.5 Et LC
IV. SALMONIFORMES
6. Salmonidae
23. Salmo trutta m. fario Ca. 1 A2.3 Re LC
7. Thymallidae
24. Thymallus thymallus Ca. 1 A2.3 Re LC 5 B3
V. GADIFORMES
8. Gadidae
25. Lota lota Ca. 1l Al.2 Et LC
VI. PERCIFORMES
9. Percidae
26. Sander lucioperca Ca.2.1 | B.2.5 Et LC
27. Perca fluviatilis Ca. 1 Al. 4 Et LC
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Tabul’ka 7 Faunisticka podobnost jednotlivych lokalit v povodi Bodvy - Is6 (%)

Table 7 Faunistic similarity of particular localities in the Bodva River Basin - Is6 (%)

| 2. 3. 4, 5. 6. 7. 8. 9. 10. | lokality

50 44,4 0 0 11,1 0 0 0 100 1.

76,9 20 11,1 36,4 16,7 12,5 18,2 50 2.
38,1 31,6 52,2 32 35,3 16,7 44,4 3.
84,6 73,3 62,5 75 42,1 0 4.
57,1 60 63,6 23,5 0 5.
58,8 53,8 38,1 11,1 6.
71,4 43,48 0 7.
53,3 0 8.
0 9.

¢ 4 ¢ & s‘”&.

S J \fby‘? . ﬁf fs‘*py qﬁo\"‘f‘ @‘“ﬁ & & vqnb“’\ @Qs@@

Simiarity

Obrazok 1 Grafické znazornenie faunistickej podobnosti lokalit v povodi Bodvy

Figure 1 Graphic illustration of the faunistic similarity of localities
in the Bodva River Basin
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ABSTRACT

The fish passage of Hronska Dubrava hydroelectric power station (HPP) on river
Hron has been surveyed during 2012. Altogether three samplings in the fish pas-
sage and adjacent river section under the weir of HPP have been performed using
electrofishing device. The main objective was to examine differences between the
fish communities of fish passage and those of the affected river section immediately
under the weir. The qualitative and semiquantitative data of ichthyofauna in both
sections are compared to evaluate the efficiency of fish passage for migratory fish.
Respectively, 14 fish species were recorded within the river stretch below the HPP
and 10 species in the fish passage between August and November 2012. Altogether 15
fish species were recorded in both monitored sites. Spirlin (Alburnoides bipunctatus),
gudgeon (Gobio gobio) and stone loach (Barbatula barbatula) were eudominant spe-
cies. In the fish passage dominated spirlin, gudgeon and the Eurasian minnow (Phox-
inus phoxinus). Although the presented data are representing only partial results of
ongoing research, particular differences within the qualitative composition of the
compared samples can be stated, as well as the quantitative and qualitative seasonal
alterations within individual samplings are apparent.
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Uvob

V stvislosti s poziadavkou na produkciu tzv. environmentalne Cistej energie vyrobe-
nej z obnovitelnych zdrojov sa Coraz viac pozornosti venuje vystavbe malych vod-
nych elektrarni (MVE). I ked’ vo vztahu k zivotnému prostrediu neprodukuju vodné
elektrarne takmer ziadne emisie, ich negativne u¢inky na rie¢ne ekosystémy a popu-
lacie ichtyofauny st dnes uz vieobecne zname (CERNY et al., 2003, MosERr et al., 2002,
Han et al. 2008, HoLc¢ik et al., 2000). Aktualnou oblastou vyskumu je i problemati-
ka vplyvu bariérovych prvkov na ichtyofaunu (Gosser et al. 2006, Kemp ET O’HaN-
LEY 2010). V predlozenej praci st prezentované parcialne vysledky prebiehajiceho
prieskumu, ktorého cielom je vyhodnotit’ selektivnost a efektivnost’ rybieho precho-
du vo vztahu k potencialnym migrantom.

MATERIAL A METODY

Charakteristika lokalit

Ichtyologicky prieskum bol vykonany 30. 08., 21. 10. a 23. 11. 2012 na dvoch lokali-
tach v blizkosti MVE Hronska Dubrava na rieke Hron v rkm 142,9.

Prvé sledovana lokalita je isek rieky pod hatou MVE pozdiz Favostranného opevne-
ného brehu do vzdialenosti 50 m od vyustenia rybovodu. Pri love sa postupovalo od
brehu smerom k prudnici a spét, v zaujme pokrytia ¢o najvacsej plochy potencial-
nych habitatov s vyskytom ichtyofauny.

Druha lokalita predstavuje vlastny objekt rybovodu, ktory je komodrkového typu
(kombinéacia Zelezobetonu a lomového kamena) celkom so 17 komoérkami. Rybovod
je situovany do lavo-breznej linie. Koryto ma tvar lichobeznika s drevenymi pre-
pazkami. Sirka jednotlivych sekcii je 3,0 — 3,3 m, dizka 3,0 - 5,0m, vyskovy rozdiel
sekcii 0,2 — 0,3 m. Prepazky sekcii st tvaru §irokého V. Celkova dizka biokoridoru je
94 m, prekonava vysku 4,5 m; optimalny prietok je 0,546 — 0,750 m*.s!, maximalny
prietok prevedeny cez biokoridor je 1,63 m3.s”'. Vtok do rybovodu je opatreny sta-
vidlom na umoznenie regulacie hibky vody. Vonkajsi okraj rybovodu je opevneny
drotokamennymi matracmi (VirosTko et al., 2012). V ramci rybovodu boli sledované
vybrané trojice komdrok (¢. 2, 3, 4; 8,9, 10 a 15, 16, 17). Terminy sledovani rybovodu
sa zhodovali so sledovaniami prvej lokality.

Zber a vyhodnotenie udajov
Pri odlovoch bol pouzity prenosny motorovy elektricky agregat (typ Hans Grassl,
ELT60-1IH, 1,3 kW, 300/500 V, 670 Hz). Ryby boli ihned” po uloveni druhovo de-
terminované, zmerané a priamo na lokalite vypustené spat’ do vody. Merala sa Stan-
dardna dizka tela (Standard length = SL) a zistovala relativna pocetnost’ a konstant-
nost’ zastupenych druhov vo vzorkach (Horc¢ik et HENSEL 1972, Losos et al. 1984).
Triedy dominancie boli vyhodnotené podla modifikovanej stupnice (MUHLENBERG,
1993):

— eudominantny druh s relativnou abundanciou >16 % (2%),

— dominantny 8(2%) az 16 %,
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— subdominantny 4 % (2%) az 8 %,

— recedentny 2% (2') az 4 %,

— subrecedentny 1% (2°) az 2 %,

— sporadicky sa vyskytujici <1 % celkového ulovku.

Jednotlivé druhy boli zaradené do ekologickych skupin z hl'adiska vztahu k prudu
(ScHIEMER & WAIDBACHER 1992), potravnych preferencii (AarTs & Niennuis 2003),
vztahu k reprodukénému substratu (BaLon, 1975) a migra¢nych narokov (HoLc¢ik,
1998).

Stupeni ohrozenia druhov bol hodnotena v sulade s anotovanym cervenym zozna-
mom ryb a kruhotstych Slovenska (Kosc¢o & Horc¢ik 2008). Status ochrany jednotli-
vych druhov je v sulade s aktualne platnou prilohou Vyhlasky MZP SR &. 579/2008
Z. z., ktorou sa meni Vyhlaska MZP SR ¢&. 24/2003 Z. z.

VYSLEDKY

Pocas nasho vyskumu bolo v sledovanom tseku rieky Hron vySetrenych 679 jedin-
cov ryb. V hodnotenej vzorke ichtyofauny na oboch sledovanych lokalitach bolo za-
znamenanych 15 druhov (Tabul’ka 1). Z hladiska pdvodu mozno vsetky zistené dru-
hy povazovat za autochtonne. Eudominantymi druhmi boli ploska pasava (Albur-
noides bipunctatus) a hruz skvrnity (Gobio gobio) (Tabul'ka 2). Ploska pasava svo-
jou vysokou pocetnostou vyznamne ovplyviovala celkovi abundanciu ichtyofauny
v useku pod rybovodom i v rybovode (Obrazok 1, 2).

150 /.
/./ === ploska
100
== celkova
50 abundancia
V

30.VIII. 21.X. 23.XI.

Obrazok 1 Relativna abundancia plosky pasavej a relativna abundancia
ichtyofauny pod rybovodom pocas jednotlivych odlovov
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Obrazok 2 Relativna abundancia plosky pésavej a relativna abundancia
ichtyofauny v rybovode pocas jednotlivych odlovov

V useku pod rybovodom sme zaznamenali celkom 14 druhov ryb (Tabulka 1, 2). Eu-
dominantné zastapenie mali ploska pasava a hraz skvrnity (Tabul'ka 2). Z hladiska
preferencii k pridu v Gseku pod rybovodom prevazovali pocetnostou reofily typu
A, pri¢om zastlpenie eurytopnych druhov (vratane reofilov typu B) bolo vyssie ako
v rybovode (Tabulka 2). Z hl'adiska vztahu k potrave tu prevazovali polyfagne a zo-
obentofagne druhy. Z hl'adiska reprodukcie prevazovala skupina druhov neresiacich
sa na otvorenom substrate, v ramci ktorej mali dominantné postavenie litofilné dru-
hy, psamofilné a fytolitofilné druhy. Z hladiska ohrozenia, viésina zistenych druhov
patri do kategoérie menej dotknutych, dva druhy do kategorie takmer ohrozenych.
Zaznamenany bol jeden druh narodného vyznamu a dva druhy eurépskeho vyznamu
(Tabulka 1).

V objekte rybovodu sme pocas troch navstev zaznamenali celkom 10 druhov ryb (Ta-
bul'ka 1). Eudominantné postavenie mala ploska a hrz $kvrnity, dominantné ¢erebla
pestra (Phoxinus phoxinus) (Tabul'ka 2). Lipen tymianovy (Thymallus thymallus) bol
zaznamenany iba v rybovode. Z hladiska vztahu k pridu vyrazne prevazovali reo-
fily typu A, kym podiel eurytopnych druhov bol nizsi ako v tiseku pod rybovodom
a taktiez ani reofily typu B v rybovode neboli zaznamenané (Tabul'ka 2). Vo vztahu
k potrave prevazovali opét’ polyfagne a zoobentofagne druhy. Z hladiska reproduk-
cie prevazovali podobne ako v Giseku pod rybovodom litofilné druhy. Z druhov ziste-
nych pod rybovodom sme v rybovode nezaznamenali 5 druhov (Tabul’ka 1). Stupen
ohrozenia a status ochrany ichtyofauny rybovodu je zhodnoteny v Tabul’ke 1.
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Tabulka 1 Prehlad zistenych druhov v sledovanom tseku Hrona podla réznych auto-
rov' a nasho prieskumu

¢ Druh’ skratka F P T C M FP FG RG

1. Squalius cephalus Sq-ce 933 | AU | LC SD Et Ben/Pis/Phy Li

2. Gobio gobio Go-go 80,0 | AU | LC NM | ReA Ben/Det Ps

3. | Chondrostoma Ch-na | 800 | AU | NT LD | ReA Per/Ben Li
nasus

4. | Alburnoides Albi | 667 | AU | LC | NV | SD | ReA Ben/Phy Li
bipunctatus

5. Barbus barbus Ba-ba 66,7 AU LC SD Re A Ben Li

6. Leuciscus leuciscus Le-le 66,7 | AU | NT SD Re A Ben/Pla Pl

7. Alburnus alburnus Al-al 60,0 | AU | LC SD Et Pla/Ben Pl

g | Barbatula Btbt | 600 | AU | LC NM | Rea Ben Ps
barbatula

9. | Barbus carpathicus Ba-ca 46,7 | AU | LC EV SD | ReA Ben Li

10. | Esox lucius Es-lu 46,7 | AU | LC SD Et Pis Ph

11. Rutilus rutilus Ru-ru 46,7 AU LC SD Et Pla/Ben/Phy Pl

12. Vimba vimba Vi-vi 46,7 AU NT LD Re A Ben Li

13. | Carassius gibelio Ca-gi 40,0 | AL INV | SD Et Ben/Phy/Det Ph

14. | Perca fluviatilis Pe-fl 400 | AU | LC SD Et Pla/Ben/Pis Pl

15. | Phoxinus phoxinus Ph-ph 400 | AU | LC NM Rit Pla/Ben Li

16. Abramis brama Ab-br 26,7 AU LC LD Re B Pla/Ben Pl

17. | Aspius aspius As-as 26,7 | AU | LC EV SD Re B Pla/Ben/Pis Li
Cyprinus carpio -

18. ult. forma Cy-ca 26,7 | AL | LC SD Et Ben/Pla/Phy Ph

19, | Oncorhynchus Onmy | 267 | AL INV | SD | Rit Ben/Pis Li
mykiss

20. | Leuciscus idus Le-id 20,0 | AU | NT SD Re B Ben/Pla Pl

21. Salmo trutta Sa-tr 20,0 AU LC SD Rit Ben/Pis Li

22. | Silurus glanis Si-gl 20,0 | AU | LC SD | ReB Ben/Pis Ph
Thymallus . .

23. thymallus Th-th 20,0 AU LC SD Rit Ben Li

24. | Tinca tinca Ti-ti 200 | AU | NT NM | Lim Ben/Phy/Det Ph

25. | Anguilla anguilla An-an 133 | AL | LC LD Kat Ben/Pis Pe

26. | Blicca bjoerkna Bl-bj 133 | AU | LC SD Re B Ben/Pla/Phy Ph

27, | Clenopharyngodon | g | 133 | AL LD | ReB Phy Pe
idella

28. | Hucho hucho Hu-hu 133 | AU | VU | EV SD Rit Pis Li

29. | Lotalota Lo-lo 133 | AU | LC SD Re B Ben/Pis Li/Pe

30, | Romanogobio Rovl | 133 | AU | NT | EV | NM | ReA Ben/Det Li
viadykovi

31. | Sander lucioperca Sa-lu 133 | AU | LC LD | ReB Ben/Pis Ph

3. | Scardinius Scer | 133 | AU | LC SD | Lim Ben/Phy Ph
erythrophtalmus

33. | Carassius carassius Ca-ca 6,7 AU | VU | NV [ NM | Lim Ben/Phy/Det Ph

34, f: Z‘;ﬁjmsm’m Ps-pa | 67 | AL INV | NM | Et | Ben/Pla/Phy/Det | Po

35. | Rhodeus amarus Rh-am 6,7 AU | LC EV NM Et Pla/Ben/Phy Os

36, | Romanogobio Ro-ur | 67 | AU | EN | EV | NM | ReA Ben Li
uranoscopus

37. | Zingel streber Zi-st 6,7 AU | VU EV SD | ReA Ben Li
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! Spracované podla autorov: ZITNAN (1965), SEDLAR et al. (1983a), SEDLAR et al. (1983D),
SEDLAR et al. (1985a), SEDLAR et al. (1985b), CHLADECKY et al. (2007), Muzik (2007, 2008,
2010, 2011), SKOVRANOVA et al. (2012).

Vysvetlivky: F - frekvencia vyskytu, P - pévod (AU - autochténny, AL - alochténny), T - ka-
tegodrie ohrozenia, C - status ochrany (NV - druh narodného vyznamu, EV - druh eurépskeho
vyznamu, INV - invdzny druh), M - migracie (LD - tahy nad 100km, SD - tahy do 100km, NM
- netazny). Ekoetologické skupiny: FP (Flow preference) preferencie k pradu: Et - eurytop, Lim
- limnofil, Re A - reofil typu A, Re B - reofil typu B, Rit - rithral; FG (Feeding guilds) — potravné
skupiny: Det = detritovorny, Ben = zoobentofédgny, Pla = zooplanktonofégny, Pis = piscivorny,
Phy = fytofagny, Per = perifytofagny; RG (Reproductive guilds) — reprodukéné skupiny: Li = li-
tofil, Li/Pe = litopelagofil, Os = ostrakofil, Pe = pelagofil, Ph = fytofil, Po = polyfil, Ps = psamofil,
PI = fytolitofil.

Tabul’ka 2 Relativna abundancia (N,) a dominancia (D, v %) zistenych druhov ich-
tyofauny v tiseku pod rybovodom a v rybovode

pod rybovodom v rybovode

druh YNi ¥Di (%) | Trieda dominancie YNi | ¥Di (%) Trieda dominancie
Al-bi 213 65,14 eudominantny 173 49,15 eudominantny
Go-go 42 12,84 eudominantny 71 20,17 eudominantny
Bt-bt 28 8,56 dominantny 23 6,53 subdominantny
Pe-fl 22 6,73 subdominantny 29 8,24 dominantny
Ph-ph 5 1,53 subrecedentny 50 14,20 dominantny
Ba-ba 4 1,22 subrecedentny 0 0 -

Ro-vl 3 0,92 sporadicky 0 0 -

Ba-ca 2 0,61 sporadicky 1 0,28 sporadicky
BI-bj 2 0,61 sporadicky 0 0 -
Ch-na 2 0,61 sporadicky 2 0,57 sporadicky
Es-lu 1 0,31 sporadicky 0 0 -

Ru-ru 1 0,31 sporadicky 1 0,28 sporadicky
Sq-ce 1 0,31 sporadicky 1 0,28 sporadicky
Sa-lu 1 0,31 sporadicky 0 0 -

Th-th 0 0 - 1 0,28 sporadicky

15 druhov 327 100,00 352 100,00
Diskusia

V sledovanom tiseku bol dosial’ zaznamenany vyskyt 37 druhov ryb (ZiTNan 1965,
SEDLAR et al. 1983a,b, SEDLAR et al. 1985a,b, CHLADECKY et al. 2007, Muzik 2007,
2008, 2010, 2011, SkovrRANOVA et al. 2012) (Tabul’ka 1). Nami zisteny poéet druhov
zodpoveda intenzite a dobe odlovu (Tabulka 2). Okrem nami zistenych druhov boli
v rybochode pozorované aj hlavatka podunajska (Hucho hucho) a podustva severna
(Chondrostoma nasus) (obsluzny personadl MVE in verb).
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Zretelny postupny narast pocetnosti plosky pasavej v useku pod rybovodom od kon-
ca augusta do konca novembra indikuje, Ze ploska vyuziva hlbsiu a dobre okysli¢ena
vodu pri Gsti rybovodu ako zimovisko (Obrazok 1). K podobnym zaverom dospeli
i TREER et al., (2006) a BREITENSTEIN & KIRCHHOFER (2000).

Sledovany usek Hrona ma charakter podhorskej rieky - prechod medzi zénou hypo-
ritralu a epipotamalu (LAMPERT & SoMmMER 2007, Muzik 2011). Sti¢asne sa tu vysky-
tovali reofilné druhy podhorskej zony (Cerebla, ploska, lipen, hriz, mrena, mrenica,
sliz) ale i niektoré eurytopné druhy, typické pre nizinnu zonu (kapor, sumec, pleskac
vysoky, karas striebristy).

Podla starsich udajov sa druhy charakteristické pre nizinni zoénu zacinali v Hrone
objavovat’ od Revistského Podzamcia (SEDLAR et al., 1983b). My sme tieto druhy zis-
tili uz aj v nami sledovanom useku toku, ¢o moze byt’ zapric¢inené pritomnostou zdr-
7i, do ktorych boli introdukované rybarmi. Tieto zmeny indikuji posun rybich pa-
siem, ¢im dochadza k degradacii povodnych spolocenstiev podhorskej zony Hrona.
Zmeny abiotickych podmienok vyvolané budovanim prie¢nych stavieb na toku, aj
napriek rehabilitaénym opatreniam, vedd aj k znizovaniu pocetnosti a biomasy po-
pulacii pévodnych reofilnych druhov ryb (Muzik, 2007). Zaroven dochadza i k roz-
Sirovaniu ne$pecializovanych euryeknych druhov (ostriez, plotica, karas striebristy),
ktoré Gspesne kolonizuji takto degradované biotopy (CAMBARRAY, 2003, KovAc et al.,
2007, Kosco et al., 2010).
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ABSTRACT

We describe the distribution of alien fish species in lakes in Uzhhorod (Ukraine) lo-
cated in six points of the city. Overall we found 10 native and six alien species: Prus-
sian carp Carassius gibelio (Bloch, 1782), topmouth gudgeon Pseudorasbora parva
(Temminck et Schlegel, 1846), black bullhead Ameiurus melas (Rafinesque, 1812),
brown bullhead Ameiurus nebulosus (Lesueur, 1819), pumpkinseed Lepomis gibbo-
sus (Linnaeus, 1758), Chinese sleeper Perccottus glenii Dybowski, 1877. For two
advent species, morphological features were assessed. The most frequently encoun-
tered species in the studied lakes is Prussian carp, in all six points, least frequently
—black bullhead, only at two points. On the other hand, the greatest diversity of alien
species is in Lakes of Bozdoksky Park and Black Lakes (present all 6 species) and the
lowest was at pond near Trudova st. (only one species).

KEY WORDS
Uzhhorod city, alien fishes, morphological features, lakes, Transcarpathia

INTRODUCTION

Transcarpathia is a very special region of Ukraine, separated from the rest of terri-
tory by Carpathian Mountains. Its waters belong to the basin of the Danube. There
are several endemic species of the Danube River Basin such as vairone Telestes souf-
fia (Risso, 1827), danubian longbarbel gudgeon Romanogobio uranoscopus (Agas-
siz, 1828), huchen Hucho hucho (Linnaeus, 1758). The recent spread of alien fish
species, however, may negatively affect them. Composition of alien fish species of
Transcarpathia is more similar to other countries of the Danube basin than to other
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regions of Ukraine. Currently alien component of fish population of the observed
lakes consists of 6 species: Prussian carp Carassius gibelio (Bloch, 1782), topmouth
gudgeon Pseudorasbora parva (Temminck et Schlegel, 1846), black bullhead Ameiu-
rus melas (Rafinesque, 1812), brown bullhead Ameiurus nebulosus (Lesueur, 1819),
pumpkinseed Lepomis gibbosus (Linnaeus, 1758), Chinese sleeper Perccottus glenii
(Dybowski, 1877).

Prussian carp is usual for the lowland part of Trascarpathia. This species is found
in almost every lake, river or channel including all studied lakes of Uzhhorod city.
Its recent distribution in the Transcarpathia is unknown. Species was not included
in the species list of Koljushed (1949), later the species was evaluated as present
(Tatarynov, 1973). Prussian carp is also widespread in Ukraine; somewhere the alien
status of this species is questionable.

Topmouth gudgeon is a small cyprinid fish (Cyprinidae), native for Eastern Asia. It is
a little similar to youth of grass carp Ctenopharyngodon idella (Valenciennes, 1844).
That is why this species was accidentally introduced to the many waters of Eura-
sia including Ukraine, where it conducted naturalization of herbivorous fish from
Eastern Asia especially from River Amur basin (KAaraBaNov et al., 2010). At first
this species was found in the rivers’ Danube and Dniester basins, then in the lower
parts of the rivers Danube and Dnieper (MovcHAN, KozLov, 1978; MOVCHAN, SMIR-
Nov, 1981). For the Transcarpathia topmouth gudgeon was specified in the publica-
tions of MovcHaN (2000) and Kosco et al. (2004).

Bullheads of Ameiurus genus are common in lowland, also found in the sub-moun-
tain lakes. Brown bullhead was firstly introduced in 1954, since 1980-s and up to now
this fish has been widely distributed in suitable habitats (small reservoirs, former riv-
erbeds, ponds) (MovcHan, 1988). Black bullhead was for the first time found in the
Transcarpathia (and in Ukraine generally) near Slovakian boundary (Kosco et al.,
2004). It should be noted here, that identification of these two species is difficult and
in general today it is unknown how both species are distributed in Transcarpathia. In
addition, we can expect the displacement of brown bullhead by black bullhead, simi-
lar processes occur in adjacent areas (Nowaxk et al., 2008).

Pumpkinseed, according to the data of Pavlov and Bilko (1962) came to Europe as an
aquarium fish around the end of XVIII century firstly to France, then to Germany.
From ponds this species got to the rivers Rhine, Oder, Danube. It was known from
1914 — 1918 in Romania and from there it got to the Transcarpathia. Now this species
is common in the lowland part of the region (Kosco et al., 2004; Movchan, 2000).
Native range of the Chinese sleeper is in Eastern Asia. First findings of this species
in Ukraine was in the river Vyshnya from Vistula basin at 23. 06. 1988 (MovcHaN,
1989). In Transcarpathia this species was found in the lake from of River Latorica
basin and near Chop town at 1999 (Kozus, Syvorop, 2000). For example, in the lakes
near Chop, Batove and Mukacheve this species was absent in 1996 but present and
numerous since 2000 (LitviNncauk, Borkin, 2002). Currently Chinese sleeper popu-
lation in Transcarpathia is quite numerous.

The fishes in Uzhhorod are relatively better studied in the River Uzh, less so in lakes
(Vladykov, 1926; Vlasova, 1956; Turjanyn, 1982; Lugovoj, Kovalchuk, 2000). That
is why our attention was attracted to the spread of the introduced species in lakes and
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ponds of Uzhhorod, the capital of Transcarpathian region in Ukraine and center of
spread of advent fish species.

MATERIAL AND METHODS

Research was conducted in the period from 2008 to 2011, from spring to autumn.
Results were examined for 6 places in Uzhhorod: 1. Radvanka granite Quarry Pond
(48°36°45.62°N 22°19’31.49°E); 2. Lakes in the Bozdoksky Park (48°37°07.82 N
22°16’17.86”" E); 3. Black lakes (48°37°41.86°N 22°14°59.44”’E); 4. Pond near Tru-
dova street (48°58’68”N 22°28’98”°E); 5. Pond near brick factory (48°60°97”N
22°28’65”’E); 6. Pond near Central clothing market (48°59°37°°N 22°34°27"’E). The
number of points for each species in percentage is presented as frequency of occur-
rence (F).
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Sites of sampling 1. Radvanka granite Quarry Pond; 2. Lakes in the Bozdoksky
park; 3. Black lakes; 4. Pond near Trudova street; 5. Pond near brick factory;
6. Pond near Central clothing market

Fish were caught by fishing rod, creel and other amateur gear. We also examined
other anglers’ catch. For morphological studies some specimens were fixed in 4%
formaldehyde solution. Total analyzed 2 000 specimens.

Morphological analysis was performed according to the recommendations suggested
in The Fauna of Ukraine (SCHERBUHA, 1981, MovcHAN, SMIRNov, 1982) for two spe-
cies: topmouth gudgeon (15 specimens) and pumpkinseed (15 specimens). Meristic
characters: number of rays in the dorsal fin — D; in anal fin — A; in caudal fin — C;
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number of transverse rows of scales — Squ. ; number of scales in the lateral line — 1.1
; number of scales above the lateral line — Squ. 1; number of scales under the lateral
line — Squ. 2. Plastic characters: standard length of the body (distance from the snout
tip to the end of scale cover or to beginning of the caudal fin) — 1; greatest body depth
— H; smallest body depth — h; maximum body thickness — iH; antedorsal distance —
aD; postdorsal distance — pD; antepectral distance — aP; anteventral distance — aV;
anteanal distance — aA; pectroventral distance — PV; ventroanal distance — VA; cau-
dal peduncle length — pl; length of dorsal fin base — ID; dorsal fin depth — hD; length
of subcaudal fin base — 1A; subcaudal fin depth — hA; length of pectoral fins — 1P;
length of ventral fins — 1V; length of upper lobe of the caudal fin — IC1; length of lower
lobe of the caudal fin — 1C2; head length — Ic; snout length — Ir; eye diameter — do;
postorbital distance — po; forehead width — io; head depth through middle of eye —
hel; head depth at occiput — hc; upper jaw length — mx; lower jaw length — mn. The
following statistical parameters were used: arithmetic mean — M; standard error — m;
maximum and minimum value — lim; in comparison of two samples the Student’s t-
test (t) was used; significance of differences — P.
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For statistical analyses was used Microsoft Office Excel 97-2003. Our morphological
data we compared with similar literature data, for lakes of Lower Danube, Ukrainian
part (MovcaAN & Kozrov, 1978) and for a lake of River Ros basin, Middle Dnieper
basin (Kutsokon, 2007) for topmouth gudgeon and from lakes of Lower Danube,
Ukrainian part (PavLov & BiLko, 1962) for pumpkinseed.

REsuLTS

We found advent piscine species in all of the studied lakes. Brief descriptions are
given below.

Radvanka granite Quarry Pond is an artificial lake in place of the stone quarry. It is
deep - near 20 meters, with bottom of large stone boulders. Water clarity is high. The
lake is poor in phytoplankton and zooplankton. Despite this, there are fish species
like pike Esox lucius Linnaeus, 1758, chub Squalius cephalus (Linnacus, 1758), roach
Rutilus rutilus (Linnaeus, 1758), European catfish Silurus glanis Linnaeus, 1758, sun
bleak Leucaspius delineatus (Heckel, 1843), perch Perca fluviatilis Linnaeus, 1758.
Of alien species, there are Prussian carp, topmouth gudgeon, brown bullhead, pump-
kinseed, Chinese sleeper.

Lakes in the Bozdoksky Park are two very silted lakes that make up the floodplain
of the river Uzh, mostly disconnected from the river. The average depth is about 30
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—50cm, sometimes up to 1 m. The water clarity is low; water’s well warmed at sum-
mer. There is a lot of phytoplankton and zooplankton. Frequent algal blooms can
lead to suffocation of fish population. Rain and soil waters recharge the lakes, so the
seasonal fluctuations in water level can reach 50 cm. Here live all of the biotic species
such as bitterling Rhodeus amarus (Bloch, 1782), roach, sun bleak. Alien fishes are
Prussian carp, topmouth gudgeon, black bullhead, brown bullhead, pumpkinseed.
Black Lakes are closed lakes, highly polluted with organic matter and other agents.
Waterworks is located nearby. Sometimes floodwater from the station enters lakes.
Algal blooms are typically frequent. Black lakes are rich in phytoplankton and zoo-
plankton. Water clarity is moderate, depending on weather conditions. On the terri-
tory of lakes marsh biotope has formed. There are many ducks, coots and other water
birds. In the Lakes are rudd Scardinius erythrophthalmus (Linnaeus, 1758), bitter-
ling, sun bleak, roach, pike, perch and perhaps other fish species. Alien fishes are
Prussian carp, topmouth gudgeon, black bullhead, brown bullhead, pumpkinseed,
Chinese sleeper.

Pond near Trudova Street was established as a firefighting water reservoir. The bot-
tom is made of concrete slabs, covered with a thin layer of silt. Aquatic vegetation is
poorly developed, the water is clear. Pond is filled by rainwater. We found here bit-
terling, sun bleak and Prussian carp only.

Pond near brick factory is a former brick quarry. Water is fairly clear. Bottom is mud.
It is filled by three streams. Pond has a lot of aquatic vegetation, including a lot of
cattails (Typha sp.). There are amphibians, reptiles, many aquatic birds and well-de-
veloped plankton and benthos.

Of native fishes we found pike, stone loach Barbatula barbatula (Linnacus, 1758),
bitterling, roach, sun bleak, perch. Alien species are Prussian carp, topmouth gudg-
eon, brown bullhead, pumpkinseed, Chinese sleeper.

Pond near Central clothing market has muddy bottom. Water clarity is low. A flow-
ing stream feeds the pond. There are many aquatic plants, phytoplankton and zoo-
plankton. Sun bleak, chub, perch, ruffe Gymnocephalus cernuus (Linnaeus, 1758)
and rudd are the native fish species present. Alien fishes are Prussian carp, topmouth
gudgeon, brown bullhead and pumpkinseed.

Fish species composition of the studied lakes is presented in Table 1.

Table 1 Fishes of the lakes of Uzhhorod city

Lakes
Pond
. Lakes in the Pond Pond near
Radvanka granite Black near near
Quarry Pond Bozdosky lakes Trudova brick Central E%
Species ry park clothing
street factory market
Native species
Rhodeus amarus - + + + + ? 66,7
Rutilus rutilus + + + ? + ? 66,7
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Leu,CGSP s + + + + 100,0
delineates
Squalius cephalus + ? ? + 33,3
Scardinius
erythrophthalmus ) + ) * 333
Barbatula

? ? ?
barbatula i i * 167
Silurus glanis + - - - 16,7
Esox lucius + + + ? 50,0
Perca fluviatilis + + + + 66,7
Gymnocephalus . . . N 167
cernuus
Alien species
Carassius gibelio + + + + 100,0
Pseudorasbora N N N N 833
parva
Ameiurus + . . . 833
nebulosus
Ameiurus melas - + - ? 33,3
Lepomis gibbosus + + + + 83,3
Perccottus glenii + + + ? 66,7
Total 11 12 10 9 16 sp.

For the two alien species - topmouth gudgeon and pumpkinseed - we analyzed mor-
phological features.
We measured 15 specimens of topmouth gudgeon from one of the Black Lakes. Our
results we compared with similar literature data The results are given in the Tables 2
and 3. Weight of the specimens are 7,81 + 0,47 g.

Table 2 Features of the topmouth gudgeon Pseudorasbora parva (see “Materials and
methods” for details)

2. Danube, 3. Lake on River
1. Black Lakes Ulzrl\fl.:)li'icailnaf:rt R?:si’t;?ill)an’fz:reliva Student’s t-test
Feature (n=15) Kozlov, 1978) basin (Kutsokon,
(n=27) 2007) (n=25)
M +m M +m M +m t1-2 P t1-3 P
1, cm 7,09 0,15 6,32 0,10 6,85 0,17 4,27 0,001 1,08
% of the 1
H 27,00 0,31 25,99 0,35 22,92 0,25 2,17 0,05 10,02 0,001
h 12,26 0,16 12,26 0,16 9,91 0,16 0,02 10,04 0,001
iH 13,48 0,30 14,33 0,22 11,16 0,15 2,27 0,05 6,89 0,001
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aD 49,66 0,39 48,55 0,28 50,34 0,22 2,32 0,05 1,53
pD 39,16 0,56 41,59 0,31 39,74 0,19 3,82 0,001 0,99
aP 27,63 0,45 24,95 0,14 5,67 0,001
aV 50,20 0,60 48,03 0,29 48,06 0,31 3,26 0,01 3,18 0,01
aA 70,86 0,66 68,88 0,32 68,79 0,35 2,72 0,02 2,78 0,02
pl 23,17 0,51 23,59 0,25 22,77 0,25 0,73 0,71
PV 24,98 0,40 23,07 0,23 23,51 0,29 4,10 0,001 2,93 0,01
VA 22,69 0,52 22,66 0,21 22,35 0,27 0,06 0,58
ID 12,84 0,26 13,44 0,22 12,73 0,26 1,76 0,1 0,28
hD 23,61 0,43 22,81 0,24 21,46 0,28 1,63 4,19 0,001
1A 8,29 0,26 9,03 0,12 9,21 0,19 2,62 0,02 2,91 0,01
hA 15,70 0,29 14,9 0,23 15,75 0,24 2,17 0,05 0,15
1P 17,11 0,37 17,29 0,22 16,25 0,18 0,41 2,08 0,05
v 17,82 0,26 17,43 0,24 17,25 0,22 1,09 1,66
IC, 22,25 0,42 25,33 0,3 21,21 0,26 5,97 0,001 2,11 0,05
ICZ 22,49 0,50 25,28 0,27 21,83 0,23 4,92 0,001 1,19
Ic 24,92 0,33 25,44 0,26 21,79 0,15 1,23 8,67 0,001
% of the lc
Ir 35,55 0,59 30,69 0,32 30,5 0,49 7,22 0,001 6,57 0,001
do 19,10 0,43 22,71 0,49 21,95 0,39 5,54 0,001 4,92 0,001
po 43,30 0,64 46,41 0,44 44,81 0,39 3,98 0,001 1,98 0,1
io 38,79 0,84 40,19 0,5 40,85 0,62 1,44 1,98 0,1
hc, 50,58 1,17 42,86 0,73 48,77 0,65 5,58 0,001 1,35
he 68,53 0,84 67,19 0,76 71,52 0,73 1,19 2,69 0,02
mx 23,12 0,90 20,45 0,44 21,75 0,56 2,66 0,02 1,29
mm 28,29 0,76 25,17 0,38 27,06 0,48 3,67 0,01 1,30

Table 3 Features of the topmouth gudgeon Pseudorasbora parva, meristic (see “Ma-
terials and methods” for details)

2. Danube, .3. Lake on
Ukrainian part River Ros, Bila
1. Black Lakes Tserkva city, N
(Movchan, . . Student’s t-test
Feature (n=15) Kozlov, 1978) Dnieper basin
(n—’27) (Kutsokon,
_ 2007) (n=25)
M +m M +m M +m t1-2 P t1-3 P
LL 35,47 0,27 33,61 0,37 35,76 0,22 4,03 0,001 0,84
Squ. 1 4,93 0,12 5 0 5,48 0,10 0,56 3,50 0,01
Squ. 2 3,27 0,12 3,77 0,08 3,80 0,08 3,53 0,01 3,71 0,01
D 7,27 0,12 7,04 0,04 7,36 0,09 1,82 0,1 0,61
A 6,33 0,13 6 0 5,96 0,09 2,65 0,02 2,40 0,05
P 14,33 0,23 11,64 0,06 11,92 0,11 11,23 | 0,001 9,32 0,001
\% 7 0 7 0 7,04 0,04 - 1,00
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Also we measured 15 specimens of pumpkinseed from Radvanka granite Quarry
Pond in Uzhhorod. Our data we compared with features of pumpkinseed from lakes
of Lower Danube, Ukrainian part (PavLov, BiLko, 1962). Data are presented in the
Table 4.

Table 4 Features of the pumpkinseed Lepomis gibbosus (see “Materials and methods”
for details)

Danube, Ukrainian
Radvanka granite quarry pond, n=15 part, n=17 (Pavlov, Student’s t-test
Feature Bilko, 1962)
M m lim M m t P
I, cm 6,49 0,17 5,72-7,69 5,17 0,40 3,04 0,01
% of the
41,11 0,58 37,83 — 44,27 43,3 0,53 2,79 0,02
h 13,51 0,24 11,89 - 14,97 13,49 0,26 0,05
aD 41,60 0,54 37,36 - 44,17 42,74 0,32 1,83 0,1
pD 19,61 0,33 17,71 - 22,66 21,24 0,41 3,10 0,01
aP 37,91 0,57 32,59 - 40,58
aV 46,46 0,74 39,72 - 49,64 42,24 0,54 4,60 0,001
aA 64,53 1,10 53,67 - 69,92 63,17 0,30 1,20
pl 19,91 0,28 18,33 - 22,38 18,80 0,27 2,87 0,01
PV 14,36 0,32 12,34 - 16,20 14,55 0,19 0,51
VA 22,42 0,37 19,56 - 24,49 23,55 0,30 2,37 0,05
ID 43,77 0,47 39,69 - 47,13 44,79 0,64 1,28
hD 18,63 0,49 16,12 - 22,34 15,18 0,33 5,81 0,001
1A 20,21 0,19 18,33 - 21,39 20,19 0,41 0,05
hA 19,74 0,42 16,75 - 22,78 20,42 0,30 1,30
P 27,88 0,37 25,74 - 30,37 29,80 0,44 3,32 0,01
v 23,40 0,57 18,62 - 26,61 23,24 0,31 0,25
IC, 26,03 0,55 19,72 - 28,50 26,74 0,25 1,17
IC, 26,20 0,42 22,07 - 28,18 27,05 0,41 1,46
lc 35,25 0,46 31,92 - 38,54 34,55 0,43 1,11
% of the lc
Ir 29,70 0,49 25,00 - 32,50 28,05 0,67 1,98 0,1
do 27,68 0,52 23,21 - 31,02 26,55 0,61 1,41
po 44,21 0,73 38,86 - 49,29 47,74 0,44 4,13 0,001
he 89,87 0,72 85,92 - 94,84
mx 31,01 0,42 28,03 - 33,57 28,61 0,43 4,00 0,001
mn 39,58 0,62 34,60 - 42,25 36,29 0,96 2,89 0,01

Meristics for fishes from Uzhhorod: scales in lateral line 35,87 + 0,38 mode 35, scales
in lateral series 34,93 + 0,47 mode 35, dorsal fin spines 9,93 £ 0,12 mode 10 and rays
11,53 = 0,13 mode 12, anal fin rays 10,40 + 0,29 mode 10, pectoral fin rays 13,87 +
0,22 mode 14, pelvic fin rays 5,40 + 0,13 mode 5, caudal fin rays 16,20 + 0,17 mode
16. Weight (g) 9,14 = 0,92.
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DiscussioN

The studied lakes are under great anthropogenic pressure, due to recreation, clogging
and infiltration of wastewater. That is why native ichthyofauna is often depressed,
some species fall out of its composition which in turn facilitates the penetration and
successful naturalization for alien species, less demanding of environmental condi-
tions. For example, black bullhead, which is spreading in a lot of countries to the west
of Ukraine and isn’t found anywhere else in Ukraine. In distribution of non-native
species, important role is played by large cities with extensive aquarium and amateur
fishing.

Summarizing, we can draw the following next conclusion. The lakes of Uzhhorod
city are very different and therefore it fish population are also quite different. There
are lakes with wide diversity of species (Black Lakes, Pond near brick factory), and
with low fish diversity (Pond near Trudova Street). We found 16 species of fish in the
investigated lakes in total. Because of specificity and selectivity of fishing gear, we
can’t claim that this is the complete list of species but it’s at least the major part of
it. Alien species are widely spread in the lakes of Uzhhorod city, especially Prussian
carp, which is presented in all the studied lakes, slightly less represented are top-
mouth gudgeon, pumpkinseed and brown billhead, found in the five points; Chinese
sleeper is present in four points and black bullhead in two only.

For the observed samples of topmouth gudgeon, we found 8-9 features that differ
with highest reliability, including body length in one case. Thus, we can assume
that a large variability of plastic features are linked to the bounding variability, but
generally with a variety of environmental conditions as well. Overall, this species
is very variable in body proportions; this is already mentioned in previous publica-
tions (Kutsokon, 2007; ZaHorskA et al., 2009; KaraBanov et al., 2010). So, meristic
features of topmouth gudgeon from different parts of Ukraine are likewise variable.
Most variability is in number of pectoral fin rays; the numbers of rays in anal, dorsal
and pelvic fins are more stable.

But only four features vary with the highest reliability in the two samples of pump-
kinseed. Maybe this is associated with similar environmental conditions, but most
likely it indicates a low variability of plastics features of this species. It would be
interesting to compare more samples from Ukraine and from other areas to test this
conclusion.

REFERENCES

KaraBanov, D. P. — Kobunova, Yu. V. — KuTsokon, Yu. K. 2010. Invasive range of sto-
ne moroko Pseudorasbora parva (Temminck et Schlegel, 1846) at inland water of
Eurasia. Vestnik Zoologii, 2: 115 — 124.

KorjusHEY, 1. 1. 1949. Short guide of the fishes of Transcarpathian region of URSR.
Uzhhorod: 45 pp.

73



Kosco, J. — Barazs, P. — Ivanec, O. — KovaLcuk, A. — MaNko, P. — TERek, J. 2004.
Prispevok k poznaniu ryb tokov Zakarpatskej oblasti Ukrajiny. Acta Facultatis
Studiorum Humanitatis et Naturae Universitatis PreSoviensis. Prirodne vedy XL:
138-152.

Kozus, I. I. — Syvonor, Y. M. 2000. Chinese sleeper (Perccottus glenii Dybowski) —
new species of fish of Transcarpathia. Scientific bulletin of Uzhhorod National
University, Biology, 7: 150.

Kurtsokon, Y. K. 2007. The current status of ichthyofauna in River Ros’ basin. Ab-
stract of thesis on PhD degree. Kyiv: Institute of fish industry UAAS: 23 pp.
LitvincHuk, S. N. — Borkin, L. Y. 2002. Distribution, ecology and conservation sta-
tus of Triturus dobrogicus (Amphibia, Salamandridae) in the Ukraine and Mol-

davia. Vestnik Zoologii, 3: 35 — 44.

Lucovor, A. E. — KovaLcHUK, A. A. 2000. Rare fauna of Transcarpathia. Uzhhorod,
Lira: 121 pp.

MovcHan, Yu. V. 1988. Fauna Ukrainy. Vol. 8. Fishes, part 3. Kyiv, Naukova dumka:
368 pp.

MovcHaN, Yu. V. 1989. First find of Chinese sleeper Perccottus glenii Dybowski,
1877 (Pisces, Eleotridae) in the waters of Ukraine. Vestnik Zoologii, 5: 87.

MovcHaN, Yu. V. 2000. Current species composition of jawless and fishes of the Ri-
ver Tisa basin in the Ukrainian part. Voprosy Ichthyologii, 40, 1: 121 — 123.

MovcHaN, Yu. V. — Kozrov, V. 1. 1978. Morphological characteristics and certain fe-
atures of the ecology of topmouth gudgeon (Pseudorasbora parva (Schlegel)) in
waters in Ukraine. Hydrobiologicheskyj zhurnal, 14, 5: 42 — 48.

MovcHaN, Yu. V. — SMIRNoV, A. . 1981. Fauna Ukrainy. Vol. 8. Fishes, part 2. 1. Kyiv,
Naukova dumka: 428 pp.

Nowak, M. — Kosco, J. — Porek, W. 2008. Distribution and history of spreading of the
black bullhead Ameiurus melas (Ictaluridae) in Europe. In: Managing alien spe-
cies for sustainable development aquaculture and fisheries — Book of abstracts,
International conference. University of Florence, Italy: 98.

Paviov, P. Y. — BiLko, V. P. 1962. Pumpkinseed in the Danube lakes. Reports of the
AS URSR, 11: 1514 — 1516.

ScHERBUHA, A. YA. 1982. Fauna Ukrainy. Vol. 8. Fishes, part 4. Kyiv, Naukova dum-
ka: 381 pp.

TataryNov, K. A. 1973. Fauna of vertebrates of the West Ukraine. Lviv: 257 pp.

Turianyn, L. 1. 1982. Fishes of the Carpathian waters. Uzhhorod, Karpaty: 144 pp.

Viapykov, V. 1926. Fishes of Podcarpathian Rus. Uzhhorod: 145 pp.

Viasova, E. K. 1956. Materials on the fish fauna of Transcarpathia. Scientific notes
of Uzhhorod State University, XVI: 38.

ZAHORSKA, E. — Kovac, V. — FaLka, 1. — BEYER, K. — KATINA, S. — Corp, G. H. — Goz-
LAN, R. E. 2009. Morphological variability of the Asiatic cyprinid, topmouth gud-
geon Pseudorasbora parva, in its introduced European range. J. Fish Biol., 74:
167-185.

74



ACTA UNIVERSITATIS PRESOVIENSIS
Folia Oecologica 8 Presov 2012

FAUNA PSEUDOKRASOVEJ PRIEPASTI MORSKE OKO
v TORNALI (SAFARIKOVO)

FauNA OF PSEUDO-KARST GULF OF MORSKE OkoO (SEA EYE)
IN TORNAL (SAFARIKOVO)
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ABSTRACT

In pseudo-karst gulf of Morské oko (Sea eye) we are confirmed previos dates about
physical and chemical features. From network of zooplankton we determined in gen-
eral: 23 taxons of Rotatoria, 8 Copepoda, 7 Cladocera + four other taxons of evet-
ebrates. Macrozoobentos represented 14 taxons which belong to different units. Ex-
amination also confirmed the presence of four fish species. Presence of other species
is assumed considering the good ecological conditions in upper part of gulf.

KEY WORDS
fauna, pseudokrast gulf, physical and chemical properties, zooplankton, zoobentos

Uvob

Studovana lokalita lezi v Rimavskej kotline, v priestore mesta Tornal’a (Safariko-
vo), Casti Kralik v nadmorskej vyske 173 m. Miestnymi obyvatel'mi je nazyvana ako
Morské oko (Meleg viz) alebo Tepla voda (Tengesrzem). Prvé udaje pochadzaju od
Orvana (1960, 1964, 1973), kde o. i. sa zmiefuje aj o chemizme, povode, geoldgii
atd’. Prvé speleopotapacske prieskumy boli uskuto¢nené v roku 1976 a 1979 (Sasva-
r1, 1999) skupinou Aquaspel (T. Sasvéri, J. Terek, V. Manica a J. Stefko). Predmetnii
krasovu oblast GAAL (1987) zarad’uje v ramci krasu gemerskych teras do pokryté-
ho krasu Rimavskej kotliny. Uvadza, Zze vznik pramena pravdepodobne ovplyvnila
aj porucha prebiehajuca dolinou Zapad, Turca a Rasického potoka, ktora v mieste
vyveru krizuje zlomy v doline Slanej s hlbinou cirkulaciou krasovych vod Sloven-
ského krasu. O lokalite sa zmietiuje Hocumuth (2000), ktory povazuje pévod vod za
neznamy. Priepast’ je povazovana za typicky pseudokrasovy utvar. Zmienky o faune
su v praci GaAL (1987).

1 prof. RNDr. Jozef Terek, PhD.
Katedra environmentdlneho manazmentu, Fakulta manazmentu, Slovenskd 67, 081 16, Presov,
jozef.terek@unipo.sk

75



MATERIAL A METODY

Pocas prilezitostnych potapacskych akcii v priebehu 25 rokov sme Sest’ krat odobrali
kvalitativne vzorky litoralneho sietového zooplanktonu a dvakrat litoralneho makro-
zoobentosu z pribreznej Casti a vzorky pre stanovenie zakladnych fyzikalno-chemic-
kych vlastnosti. Pri odberoch a spracovani sme pouzili Standardné odberové zaria-
denia a metodiky pre chemické rozbory. Teplota, obsah kyslika a konduktivita bola
stanovena analyzatorom znacky Horiba in situ.

VYSLEDKY A DISKUSIA

Jazierko Morské oko pri Tornali je elipsovitého tvaru o rozmeroch cca 60 x 50m
v zavislosti od vysky hladiny, hradza ma hrubku cca 2 m. Prieény profil ma tvar ne-
pravidelnych presypacich hodin, t. j. do hibky 6 m sa miskovite prehlbuje, v hibke cca
7 — 11 m v stredovej Casti sa nachadza otvor 21 x 14m, ktory sa opit’ nepravidelne
zvonovite rozsiruje do lichobeznika s dizkou 55 — 65m a Sirkou 12 — 14m. Maximal-
na hibka je 38 m, mocnost sedimentu 1,6 m. Na dne priepasti sa nachadza niekol’ko
VYVerov.

. 4 hibka (m
PROFIL A4 D fs ilbka (m)
o)

i i mierka

0 10m

MELEG Viz £ N \l
(Tornala) : -

Obrazok 1 Profil ,,Morskym okom* pri Tornali
(Mapovacia skupina ZO CSS Speleoaquanaut ex Hochmuth, 2000)

Prvé zname udaje o fyzikalno-chemickych vlastnostiach pochadzaji od Orvana (ibi-
dem) a zarad’uju vody ako slabo mineralizované hydrouhli¢itanovo-siranovo-vape-
nato-hore¢naté s pomerne malym obsahom volného CO, (100 — 130 mg. I'') s mine-
ralizaciou 700 mg. 1!, vzhl'adom na to, Ze sa nachadza mimo centra hlavného vystupu
CO,. Vydatnost sa uvadza 291. s s teplotou 17 — 18 °C. Orvan (2004) vodu z vyveru
Morskeé oko charakterizuje ako nevyrazny kalciumbikarbonatovy typ s celkovou mi-
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neralizaciou 769 mg. 1! s teplotou 16,2 °C. Celkova mineralizacia a obsah katiénov
a anionov su dlhodobo vyrovnané a ustalené. Nase vyskumy uskuto¢nené v rokoch
2001 a 2008 v pribreznych Castiach jazera st uvedené v Tabul'ke 1.

Tabul’ka 1 Fyzikalno-chemické vlastnosti vody jazera Morské oko pri Tornali

Fyzikalno-chemické charakteristiky Dtum odberu
22.09.2001 22.10.2008
0, [mg.17] 5,2 5,4
NH, [mg.17] 0,05 0,0
NO, [mg. 1] 0,0 0,0
NO, [mg.17] 0,6 1,0
PO, [mg. 1] 0,06 0,018
Ca [mg. 1] - 110,4
Mg [mg. 1] - 33,6
Na [mg. 1] - 14,2
tvrdost [mg. 1] - 4,14
alkalita [mg. '] - 5,16
konduktivita [pS. cm™ ] 818 808
pH 7,1 7,6
teplota [°C] 16,7 15,6

Z vyskumu zameraného na kvalitativne zastipenie sietového zooplankténu vyply-
nulo, Ze v jazierku Morské oko pri Tornali sa vyskytuje 23 druhov virnikov (Rotato-
ria), 8 druhov veslonoziek (Copepoda), 7 perlooCiek (Cladocera). Makrozoobentos
predstavoval 4 taxony patriacich do réznych skupin. Pozorovanim bol potvrdeny vy-
skyt Styroch druhov ryb, ktorych vplyv na faunu je evidentny (Tabulka 2, 3).

Tabul’ka 2 Kvalitativne zastiipenie sietového zooplankténu

Organizmus, datum odberu 28.11.84 | 14.8.86 | 4.11.86 | 17.9.96 | 22.9.01 | 22.10.08
Bdeloidea g. sp. + + +

Brach. quadridentatus Hermann +

Cephalodella sp. +
Colurella uncinata (Ehrb.) + + +
Cephalodella sp. + +
Euchlanis dilatata (Ehrb.) + + + + +
Keretella cochlearis (Gosse) + +
Keratella quadrata (O. F. M.) + +
Lecane cornuta (O. F. M.) +
Lecane (M.) bulla (Gosse) + + +

Lecane luna (O. F. M.) +
Lecane flexilis (Gosse) + +
Lecane quadridentata (Ehrb.) +

Lepadella acuminata (Ehrb.) +
Phylodina sp. +
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Polyarthra vulgaris (Carlin)

Polyarthra sp.

Synchaeta pectinata (Ehrb.) +

Synchaeta sp.

Testudinella patina (Herman)

Trichocerca sp.

Trichotria poecillum (O. F. M.) +

Trichotria tetractis (Ehrb.) +

Squatinella rostrum (Schmarda) +

Nauplius +

Copepodit +

Acanthocyclops vernalis (Fischer)

+ |+ |+ [+

Acanthocyclops robustus (Sars)

Eucyclops speratus (Lilljeborg)

Eucyclops serrulatus (Fischer) +

Eucyclops macruroides (Lilljeb.)

Paracyclops popei (Rehberg)

Thermocyclops hyalinus (Rehb.)

+
+
+ |+ |+ [+

Tropocyclops prasinus (Fischer)

Alona guttata (Sars)

Alona intermedia (Sars)

Alonella nana (Baird)

Bosmina longirostris (O. E. M.)

Chydorus sphaericus (O. E. M.) +

Graptoleberis testudinata (Fisch.)

Pleuroxus aduncus (Jurine)

Ostracoda g. sp. + +

Nematoda g. sp. +

Tardigrada g. sp.

Tabulka 3 Kvalitativne zastipenie makrozoobentosu

Datum odberu

Organizmus

22.09.2001 22.10.2008

Bathyomphalus contortus (Linné 1758)

+

Physa fontinalis (L.)

Physa ocuta Draparnaud 1805

Corixa punctata Iliger, 1807

+ |+ [+

Nepa cinerea L.

Geris rufoscutellatus Latreille, 1807

+

Gerris thoracicus Schummel, 1832

Gammarus roeselii Gervais 1835

|

Gammarus juv. sp.,

Asellus aquaticus L.
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Hydroporus sp., + _
Haliplus sp., +

Culicidae g. sp. - +
Chironomidae g. spp. - +

Zoobenthos: GAAL uvadza (1987): Asellus aquaticus a Gammarus roeselli.
Ryby: Rutilus pigus, Gobio gobio, Cyprinus carpio, Hypophtalmichthis molitrix

Indexy podobnosti v jednotlivych odberoch st extrémne nizke. Vzorky boli odobe-
rané v roznych obdobiach a nevenovala sa tomu rovnaka pozornost’, podobne aj kli-
maticky a hydrologicky faktor ma dolezita ulohu pri obsadzovani novych druhov.
Pri relativne stabilnych teplotnych podmienkach st v jazierku celoro¢ne dobré pod-
mienky pre zivot vodnych organizmov. Prenos organizmov, hlavne vtakmi, je mozny
celorocne a vyskyt d’alSich druhov je pravdepodobny.

Z.AVER

V pseudokrasovej priepasti Morské oko v Tornali boli potvrdené vyrovnané stavy fy-
zikalno-chemického zlozenia vody, ¢o kontrastuje s nizkou podobnost'ou fauny. Cel-
kovo sme zistili u sietového zooplankténu 23 druhov virnikov (Rotatoria), 8 druhov
veslonoziek (Copepoda), 7 perloociek (Cladocera). Makrozoobentos predstavoval 4
taxony patriacich do réznych skupin. Pozorovanim bol potvrdeny vyskyt Styroch
druhov ryb, ktorych vplyv na faunu je evidentny. Priaznivé ekologické podmienky
(celoro¢ne vyrovnane teplotno-chemické vlastnosti vo vrchnej ¢asti priepasti vytva-
raju podmienky pre vyskyt d’al§ich druhov. Vzhl'adom na stabilné fyzikalno-chemic-
ké zlozenie a vyrazne rozdielne indexy podobnosti doporucujeme venovat’ zvySenu
pozornost’ v sledovani bioty v ro¢énom chode.
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ABSTRACT

Maintaining and supporting of diversity, protection of natural resources, the preser-
vation of the natural soil fertility and land use are of strategic importance. Changes
of the natural components of the disappearing native communities and changing the
overall landscape of the country. Causes of this condition are long-term, excessive
and unilateral use of natural resources, leading to the loss of the natural properties
of the land, the loss of soil fertility, the deterioration of the absorption capacity and
reduce the diversity of native species. Fortunately, however, maintain a territory in
a relatively good condition, which give the possibility of restoring natural processes.
The aim of this work was based on the results of field research to assess the diversity
of flora in two different ecological conditions of vascular territories unit. Sites have
been selected for grass stands in the middle of Spis and Liptov Teplicky eco-land,
where the applied organic farming system on the land. Grasslands in the environ-
mental field have been loaded by the index of species diversity poorer and less bal-
anced compared to grassland in terms of environmental management.

KEY WORDS
flora diversity, habitat, environmentally loaded areas, organic farming
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Uvob

Travnaté spolocenstva na naSom tzemi patria vdaka vysokej variabilite druhov
k vyznamnym biotopom v rameci strednej a vychodnej Eur6py. Trvalé travne poras-
ty chrania podu pred erdziou, redukuji vyplavovanie nitratov, zmieriiuji povodiové
Skody a preto st kI'ai¢ovym faktorom pre stabilizaciu biodiverzity (STYPINSKI et al.,
2009). Ekologické faktory uréujuce druhovi skladbu travnych spolo¢enstiev mozno
rozdelit' do dvoch skupin: na faktory, ktoré mozno I'udskou ¢innostou zmenit’ malo
alebo vobec (klimatické pomery, geologické podlozie a vlastnosti pody) a faktory
¢lovekom ovplyvnitel'né (vodny rezim, obsah humusu, obsah zivin, frekvencia a spo-
sob kosenia, pastva ). Je treba zdoraznit, Ze mnohé z vyssie uvedenych faktorov su
vegetaciou spatne ovplyviované (KviTek et al., 1997). Toxické substraty vytvaraju
Specifické ekologické podmienky pre diverzitu vegetacie. Umoznuju rast’ len tym
druhom, ktoré su schopné vytvarat' osobitnl stratégiu a vlastnymi mechanizmami
sa dokazu prisposobit’ stazenym podmienkam (BANASOVA, Lackovicova, 2004). Naj-
vys§iu druhovu rozmanitost’ maju podla viacerych studii trvalé travne spolocenstva
v oblastiach s minimalnym environmentalnym zatazenim a kde je uprednostiiovany
ekologicky spdsob hospodarenia pred konvenénym. (AUDE et al., 2003, FRIEBEN, Kop-
KE, 1995). Cielom prace bolo na zaklade vysledkov terénneho vyskumu zhodnotit’
diverzitu cievnatej flory na dvoch uzemiach s odliSnymi pddno-ekologickymi pod-
mienkami.

MATERIAL A METODY

Diverzita rastlinnych druhov bola sledovana na trvalych travnych porastoch v pod-
mienkach s ekologickym hospodarenim a v environmentalne zatazenej oblasti. Lo-
kality oznacené EH 1 — 4 (Obrazok 1) st trvalé travne porasty na vybranych parce-
lach Pol'nohospodarskeho podielnického druzstva (PPD) Liptovska Teplicka, ktoré
uplatiiuje ekologicky systém hospodarenia na pdde od roku 1996. Katastralne tize-
mie Liptovska Teplicka, ktoré je sti¢astou Narodného parku Nizke Tatry lezi v nad-
morskej vyske 846 — 1492 m n. m. Podl'a geomorfologického Clenenia patri toto ize-
mie do podcelku Kralovohol'ské Tatry (TREMBOS, MINAR, 2002). Vybrané lokality
s oznacenim ZO 1 — 4 (Obrazok 2) patria do oblasti stredného Spisa (kataster Krom-
pach a Sloviniek), ktora bola na zaklade environmentalnej regionalizacie zaradena
medzi zatazené a hygienicky zavadné oblasti s dominanciou tazkych kovov (TakA¢
a kol., 2008). Fytocenologické zapisy boli urobené na ploche 16 m? pocas vegetacénej
sezony 2010. Pocetnost’ a pokryvnost’ druhovych populacii bola ur¢ena odhadom na
zaklade semikvantitativnej BRAUN-BLANQUETOVES (1964) sedemcélennej kombinova-
nej stupnice. Nazvoslovie rastlinnych taxonov je uvadzané podla MarRHOLDA a Hin-
DAKA (1998). Na zistenie a porovnanie druhovej diverzity jednotlivych lokalit bol po-

. g Xi

uzity Shannonov index H'= 1092% , ktory citlivo reaguje na rézne

=1y
charakteristiky rastlinnych spolocenstiev, najmi na pocet a koeficient vyznamnosti

vSetkych druhov a zobrazuje druhové bohatstvo. Vysledky boli hodnotené na zaklade
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Skaly: 1. mimoriadne nizka (<0,5), 2. vel'mi nizka (0,5-1), 3. polonizka (1-1,7), 4. niz-
ka (1,7-2,5), 5. nizka az stredna (2,5-3,3), 6. stredna (3,3-4), 7. polovysoka (4-5), 8.
vysoka (5-7), 9. vel'mi vysoka (7-10) a 10. mimoriadne vysoka (>10). Nasledne bola
z vysledkov hodn6t Shannon A’ indexu zistena ekvitabilita e podl'a Pielouovej: e =
H7log s, ktord vyjadruje vyrovnanost rozdelenia druhov spolocenstva, teda lggarit—
mické hodnoty diverzity (H’) sa delia logaritmickym po¢tom druhov (log S'). Cim sa
hodnoty blizia viac k 1 tym je spoloCenstvo vyrovnanejsie (Jurko, 1990). Vysledky
boli spracovane pouzitim programu PAST.

Obrazok 2 Lokalizacia vyskumnych lokalit v environmentalne zatazenej
oblasti stredného Spisa
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VYSLEDKY A DISKUSIA

Sucasné rastlinstvo predstavuje ur€iti vyvojovu etapu, ktord i nadalej bude precha-
dzat’ zakonitymi zmenami pdsobenim abiotickych zmien v biosfére, vplyvom no-
vych vztahov v ekosystémoch a nepochybne vyrazné budt vplyvy l'udskej ¢innos-
ti (NovAk, SkALIckY, 2009). Na Studovanych lokalitach environmentalne zatazenej
oblasti sme zaznamenali 100 druhov a na lokalitach s ekologickym hospodarenim
117 druhov cievnatych rastlin patriacich do 26 ¢eladi. Uzemie v environmentalne
zatazenej oblasti stredného Spisa je ovplyvnené hlavne banskou ¢innostou, ako aj
naslednym spracovanim komplexnych Zeleznych a medenych rad. Huta na spraco-
vanie medenych rud pracuje v Krompachoch s prestavkami od roku 1843. Negativne
posobenie emisii z huty na rastlinstvo v tejto oblasti zaznamenali (BaNAsovA, Hai-
DUK, 1975, KALETA 1992). Ide hlavne o zmeny S$truktary spolocenstiev, mechanické
poskodenia a znizenie druhovej rozmanitosti. Podla empirickej $kaly na hodnotenie
vysledkov Shannonovho A" indexu (Obrazok 3) je na lokalitach v environmentalne
zatazenej oblasti diverzita rastlinnych druhov nizka az stredna. Najpocetnejsie tu
boli zastupené Celade Asteraceae, Poaceae, Fabaceae. Podl'a vysledkov ekvitability
(Obrazok 3), ktora poukazuje na vyrovnanost rozdelenia druhov na jednotlivych lo-
kalitach boli druhovo najvyvazenejsie lokality ZO 1 a ZO 3 s druhmi, napr. Trifolium
pratense, Acetosa pratenis, Alchemilla vulgaris, Taraxacum officinale. Pomerne po-
cetnym druhom v tejto oblasti je Taraxacum officinale, ktory je povazovany za bio-
indikétor osidl'ujuci kontaminované izemia z vy3§im obsahom tazkych kovov (Saci-
RAGIC, 2011). Heterogenita rastlinného spolocenstva zvysuje jeho stabilitu. Praktické
uplatnenie tohto poznatku je realizované pri ekologickom spdsobe hospodarenia ¢o
podporuje biodiverzitu spolocenstiev (Marapa, 2011). Na lokalitach s ekologickym
systémom hospodarenia v Liptovskej Teplicke dominovali ¢elade Rosaceae, Poace-
ae, Asteraceae. Diverzita tychto travnych porastov je stredna podla empirickej skaly
Shannonovho A" indexu (Obrazok 4). Hodnoty ekvitability (Obrazok 4) poukazali
na vyrovnanost’ spolocenstiev jednotlivych lokalit. V tejto oblasti dominovali dru-
hy Alchemilla spp., Avenula planiculmis, Hypericum maculatum. Druhové zloZenie
vSetkych skimanych lokalit uvadzame vo forme zapisov v Tabulke 1 a 2.
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Tabul’ka 1 Fytocenologické zapisy v environmentalne zatazenej oblasti
stredného Spisa

Nazov Pokryvnost Pocet

lokality zapisu druhov druby

Trifolium pratense 3, Poa pratensis 2, Plantago lanceolata
2, Achillea millefolium 2, Equisetum pratense 2, Acetosa

. pratenis 2 Trifolium hybridum 2, Taraxacum officinale 2,
E , E neboli ; . . .

0”1 , Plantago major 1, Briza media 1,Veronica chamaedrys +,
zaznamenané 22 . . . .
701 |, Capsella bursa-pastoris +, Cirsium arvense +, Agrimonia

Ziadne druhy ) . : ;
E1100% eupatoria +, Alchemilla vulgaris +, Dactylis glomerata
+, Euphorbia cyparissias +, Leucanthemum vulgare +,
Geranium pratense 1, Lychnis flos-cuculi v, Primula veris r,
Salvia pratensis 1,

Taraxacum officinale 3, Trifolium pratense 3, Poa pra-
tensis 2, Acetosa pratensis 1, Plantago major 1 Dacty-
lis glomerata 1, Festuca pratensis 1, Alchemilla vulga-
E., E neboli ris 1, Geranium pratense 1, Galuium aparine +, Urtica
z;zn;menané dioica +, Trifolium hybridum +, Stellaria media +, Achillea
202 27 | millefolium +, Cirsium brachycephalum +, Campanula pa-

;lf cllg(e) ;’ruhy tula +, Veronica chamaedrys +, Plantago lanceolata +, Equi-
setum pratense 1, Salvia pratensis r, Lamium purpureum t,
Geranium pratense 1, Capsella bursa-pastoris v, Anthyllis
vulneraria v, Briza media v, Origanum vulgare t, Rhinanthus
Mminorr,
Tussilago farfara 3, Elytrigia repens 3, Trifolium pratense
3, Poa pratensis 2, Equisetum arvense 2, Festuca pratensis
2, Taraxacum officinale 2, Achillea millefolium 2, Dacty-
E, E neboli lis glomerata 2, Alchemilla vulgaris 1, Plantago major 1,
zaznamenané Convolvulus arvensis +, Capsella bursa-pastoris +, Lych-
703 |,. 26 . . . . .
Ziadne druhy nis flos-cuculi +, Bellis perennis +, Cirsium brachycepha-
E1 100 % lum +, Galuium aparine +, Urtica dioica +, Trifolium hyb-
ridum +, Leucanthemum vulgare +, Ranunculus arvensis r,
Salvia pratensis r, Plantago lanceolata r, Primula veris r,
Veronica chamaedrys r, Geranium pratense r
Taraxacum officinale 4, Poa pratensis 3, Trifolium pra-
tense 2, Elytrigia repens 2, Achillea millefolium 2, Festuca
pratensis 2, Dactylis glomerata 2, Alchemilla vulgaris 1,
E, E neboli Capsella bursa-pastoris 1, Lychnis flos-cuculi 1, Leucan-
704 zaznamenané 25 themum vulgare 1, Trifolium hybridum 1, Plantago lance-
Ziadne druhy olata 1, Geranium pratense +, Galuium aparine +, Urtica
E1100 % dioica +, Convolvulus arvensis +, Veronica chamaedrys +,

Urtica dioica t, Salvia pratensis r, Ranunculus arvensis r,
Plantago major r, Equisetum arvense 2,Cirsium brachyce-
phalum r, Bellis perennis r,

5 — pokryvnost 75 - 100 %, 4 — pokryvnost 50 — 75 %, 3 — pokryvnost 25 - 50 %, 2 — pokryvnost
5-25%, 1 - pokryvnost pod 5%, + - pokryvnost menej ako 1%, r - ojedinele, jeden alebo viac
exemplarov.
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Tabul’ka 2 Fytocenologické zapisy v oblasti s ekologickym systémom hospodarenia
v Liptovskej Teplicke

Nazov Pokryvnost Pocet

lokality zdpisu druhov druhy

Alchemilla spp. 3, Phleum pratense 3, Cirsium rivulare 3,
Ranunculus acris 2, Trifolium rubens 2, Avenula planicul-
mis 2, Bistorta major 2, Veronica chamaedrys 2, Trifolium
pratense 2, Colchicum autumnale 2, Filipendula vulgaris 2,
E,, E neboli Lathyrus pratensis 2, Taraxacum officinale 2, Poa pratensis
EH 1 zaznamenané 33 1, Dactylis glomerata 1, Campanula patula 1, Hypericum
Ziadne druhy montanum 1, Plantago major 1, Cruciata laevipes 1, Galium
E1100% uliginosum 1, Origanum vulgare +, Capsella bursa-pastoris +,
Geum rivale +, Carum carvi +, Plantago lanceolata +, Carli-
na acaulis +, Ranunculus arvensis +, Digitalis grandiflora +,
Scirpus acutiformis +, Lychnis flos cuculi r, Acetosa pratensis
t, Urtica dioica r, Myosotis palustris r,

Alchemilla spp. 3, Avenula planiculmis 2, Hypericum macu-
latum 2, Campanula patula 1, Phleum pratense 1, Trifolium
pratense 1, Festuca arundinacea 1, Taraxacum officinale 1,
Poa pratensis 1, Trifolium rubens 1, Festuca pratensis 1, Ga-
E,, E, neboli lium uliginosum 1, Poa trivialis 1, Carum carvi 1, Ranuncu-
EHp |?3zmamenané . lus acris 1, Veronica chamaedrys 1, Cirsium rivulare +, Ori-
Ziadne druhy ganum vulgare +, Thymus serpyllum+, Plantago lanceolata
E1100% +, Lychnis flos cuculi +, Hypericum montanum +, Bistorta
major +, Centaurium erythmea+, Salvia pratensis +, Poa
compressa +, Stellaria media +, Linaria vulgaris +, Acetosa
pratensis 1, Rhinanthus minor +, Capsella bursa-pastoris t,
Trifolium hybridum r,

Daucus carota 3, Taraxacum officinale 3, Ranunculus acris

2, Stellaria graminea 2, Alchemilla spp. 2, Hypericum macu-

. latum 2, Campanula patula 1, Galium uliginosum 1, Vero-

E, E neboli ica hederifoli . .

) nica hederifolia 1, Festuca rubra 1, Poa pratensis 1, Dactylis

EH3 ;?::na;n;;ailne 25 | glomerata 1, Trifolium pratense 1, Plantago major 1, Phleum

E1100% Y pratense 1, Achillea millefolium 1, Plantago lanceolata +, Tri-

folium rubens 1, Carum carvi +, Cruciata laevipes +, Carlina

acaulis +, Geranium pratense +, Euphrasia tatarica +, Cen-
taurium erythraea r, Stellaria media r,

Hypericum maculatum 3, Alchemilla spp. 3, Vicia cracca 2,
Veronica chamaedrys 2, Myosotis palustris 1, Ranunculus
acer 1, Dactylis glomerata 1, Campanula patula 1, Taraxa-
E,, E neboli cum officinale 1, Acetosa pratensis +, Festuca rubra 1, Gali-
zaznamenané um uliginosum +, Cruciata laevipes +, Dactylis glomerata
EH 4 ‘. 27 . .
Ziadne druhy +, Plantago lanceolata +, Festuca pratensis + Rhinanthus
E1100% minor +, Daucus carota +, Origanum vulgare +, Capsella
bursa-pastoris +, Carlina acaulis +, Lychnis flos cuculi +,
Festuca arundinacea +, Poa pratensis +, Plantago major +,
Salvia pratensis +, Gladiolus imbricatus r,

5 — pokryvnost 75 — 100 %, 4 — pokryvnost 50 75 %, 3 — pokryvnost 25 — 50 %, 2 — pokryvnost
5-25%, 1 - pokryvnost pod 5%, + - pokryvnost menej ako 1%, r - ojedinele, jeden alebo viac
exemplarov.
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ZAVER

Z druhov cievnatej flory skimanych trvalych travnych porastov prevladali v environ-
mentalne zatazenej oblasti stredného Spisa Trifolium pratense, Poa pratensis, Tara-
xacum officinale, Acetosa pratenis, Poa pratensis, Achillea millefolium. Vyznamnym
faktorom, ktory v tejto oblasti ovplyviuje druhovi diverzitu je toxicita prostredia.
Druhovo najvyrovnanejsie boli z tejto oblasti lokality ZO 1 a ZO 3. Lokality trvalych
travnych porastov v oblasti s ekologickym systémom hospodarenia potvrdili vyssiu
druhovi rozmanitost’ a vyrovnanost’ rozdelenia druhov v spolocenstve. Najvyssiu
ekvitabilitu mali lokality EH 1 a EH 2. Najpocetnejsie boli zastupené druhy Alche-
milla spp., Avenula planiculmis, Hypericum maculatum, Daucus carota, Veronica
chamaedrys. Vysledky vyskumu potvrdili dolezitost’ systematického monitorovania
druhového zlozenia trvalych travnych porastov, ktoré je vyznamnym indikatorom
biodiverzity krajiny.
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KVANTIFIKACIA SUKCESIE V TROCH TYPOCH
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ABSTRACT

In the Slovak Republic, total grassland area is about 880,000 hectares. It has been
estimated that 31% of that is abandoned without any management or utilisation, 12%
is overgrown with self-seeded trees and shrubs and 4.5% is infested with weed spe-
cies. A research was carried out at Liptovska Teplicka site, in a mountain region
of Slovakia. The research objective was to investigate the rate of succession in the
weed-infested grassland (representing a younger phase of succession) as well as in
the abandoned grassland (an older phase of succession). Throughout 2006 — 2009,
changes in botanical composition were monitored in three types of grassland, name-
ly in the weed-infested, the abandoned and the semi-natural one. The investigated
grassland types were utilised under two regimes: 1/ cutting once a year, 2/ without
any management (zero utilisation). The research results were evaluated by the meth-
od of time-lag analysis. It was found that the plant communities underwent succes-
sion changes and moved to the older phases. While the regime of one cut a year sup-
ported the succession in the weed-infested grassland progressively, this management
slowed down the succession in the abandoned grassland.

KEY WORDS

abandoned grassland, semi-natural grassland, weed-infested grassland, cutting
management, succession

Uvobp

Trévne porasty predstavuju vyznamny prvok lesopolnohospodarskej krajiny. V kra-
jinnom priestore sa podiel’aju na plneni réznych funkcii. Produkéna funkcia spociva
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vo vytvarani medziproduktu pre priamu vyzivu hospodarskych zvierat, ¢im sa ne-
priamo spotrebuji v humannej vyzive a priemysle. Mimoprodukéna funkcia trav-
nych porastov suvisi s ekologickym a environmentalnym pdsobenim, prejavujica sa
v kvalitativnej a kvantitativnej ochrane vody a pody, v zachovavani vysokej diverzi-
ty rastlinnych a zivoc¢isnych organizmov. Rekrea¢nym, turistickym a $portovym vy-
uzivanim pomahaju vytvorit pestri, obytnua a kultiirnu, druhovo bohatu a geneticky
rozmanitl krajinu s moznostou rastu a vyvinu vsetkych zivych organizmov. Mul-
tifunkcnost’ travnych porastov spociva v nekrmovinarskom vyuziti travnej hmoty,
poskytovanim lieCivych a medonosnych bylin, plodov a tzitkového dreva nelesnej
drevinovej vegetacie.

V podmienkach Strednej Eurodpy, t. j. v miernom pasme, je vacSina travnych poras-
tov sekundarnym spoloc¢enstvom, zavislym na l'udskej ¢innosti (Jancovic & VozAr
2004). Travne porasty, ako nové ekosystémy, nastartoval a udrzuje ¢lovek, ale priro-
da ich podriadila svojim zakonitostiam. Vzniknuté ekosystémy nie su teda prirodné,
ale ani odprirodnené, st to ekosystémy poloprirodné, zlozené z divorasttcich dru-
hov (Ruzickova & Karivopa 2007). Travne porasty patria k druhovo najbohat$im
terestrickym ekosystémom. Predstavuji najvyssiu diverzitu rastlinnych druhov na
pol'nohospodarskej pode (Fiara 2002, Jancovic & Vozar 2004).

Intenzita a sposob hospodarenia sa odzrkadl'uje v druhovom zlozeni porastov. Pri
optimalnej intenzite a primeranom spdsobe vyuzitia, ale aj pri mozaikovitom vyuzi-
vani ploch (so striedanim extenzivnejsich a intenzivnejsich spdsobov kosenia a pa-
senia) sa dlhodobo udrziavajii druhovo bohaté spolocenstva s mnohymi vzacnymi
a ohrozenymi, resp. zranitelnymi druhmi. Pri opusteni ploch, alebo pri prili§ nizkej
intenzite vyuzivania, dochadza k spontannej sukcesii, ktora sa prejavuje nastupom
drevin, alebo sti¢asne aj niektorych expanzivnych druhov trav (SLAvikovia & KRraj-
covic 1998). Na pasienkoch ¢lovek pdsobi zoo-antropogénne (Moravec et al., 1994).
Vdaka dlhodobému a periodickému pdsobeniu vplyvov (pasenie, kosenie nedopas-
kov, hnojenie hospodarskymi hnojivami, kosarovanie) dochadza k prirodzenej obno-
ve pasienkov a prezivaniu mnohych rastlinnych druhov a ich spolocenstiev (Ruzic-
KovA & SiL 2000). Zoo-antropogénne faktory, ovplyviiujlice vegetaciu, su: usliapa-
vanie, pasenie hospodarskych zvierat a hromadenie vykalov. Faktor hromadenia vy-
kalov sa zvlast’ uplatiiuje v horskych pasienkarskych oblastiach. Tu s ovplyviované
najmé plochy, na ktorych zvierata nocuju (Moravec et al. 1994, Novik 2008). Obo-
hacovanie pddy zivinami spdsobuje eutrofizaciu stanovista a postupne vedie k rude-
ralizacii travneho porastu vznikom $pecifickych nitrofilnych spolocenstiev (Novak
1992, Moravec et al., 1994). Nitrofilné a ruderalne spolocenstva st vel'mi stabilné
(UnLIAROVA & ONDRASEK 2004) a udrzuju sa na stanovisti v priebehu mnohych rokov
v nezmenenom stave (Jurko, 1990).

Z uvedeného je zrejmé, ze oba extrémy (nevyuzivanie a aj prili$na intenzita) exploa-
tacie nie st vhodné z hl'adiska ekologického a pol'nohospodarskeho. Na zaklade tida-
jov z obdobia pred vstupom Slovenska do Eurépskej Unie Jancovic & Vozar (2004)
odhadli, ze v Slovenskej republike sa nevyuzivalo 31% travnych porastov, 12%
bolo zarastenych stromami a krikmi a 4,5 % travnych porastov bolo zaburinenych.
V predlozenom prispevku porovnavame mieru sukcesie v poloprirodnom, opuste-
nom a zaburinenom travnom poraste. Miera sukcesie sa stanovila na zaklade zmien
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botanického zlozenia v dosledku zavedenia kosby na opusteny a zaburineny travny
porast. Ziskané vysledky sa porovnavali s poloprirodnym travnym porastom.

MATERIAL A METODY

Pokus, zalozeny v horskej vyrobnej oblasti, trval v obdobi rokov 2006 — 2009. Ex-
periment bol zalozeny na troch typoch travnych porastov v katastri obce Liptovska
Tepli¢ka. Uzemie, na ktorom sa pokus realizoval, je charakteristické dlhodobym rog-
nym thrnom zrazok na trovni 900 mm (500 mm pocas vegetacného obdobia) a prie-
mernou ro¢nou teplotou 4,5 °C (pocas vegetacie 9,0 °C). Tabul'ka 1 uvadza pddnu
reakciu a rastlinam pristupné ziviny pred zaloZzenim experimentu.

Tabulka 1 Pddna reakcia a koncentracia rastlinam pristupnych zivin v pdde pred
zalozenim pokusu z hibky 0 — 150 mm

N P | K | Mg
Porast pH g kg'] [mg. kg']
Poloprirodny | 6,52 4,60 6,54 120,87 1030,1
Opusteny 5,66 5,04 17,76 76,79 486,5
Zaburineny 6,67 5,55 73,68 952,55 1000,9

Pokus bol zaloZzeny na sekundarnom vegetaénom kryte roéznych typov travnych
porastov:

Poloprirodny travny porast (variant 1) asociacie Festuco-Cynosuretum Tiixen in Bii-
ker 1942 pozostaval zo 45 druhov vaskularnych rastlin. Distribucia rastlinnych dru-
hov v poraste bola log-normalna (R’ = 0,97). Z funkénych skupin (z pol'nohospodar-
skeho hladiska rozdelenych na lipnicovité, bobovité a ostatné lu¢ne byliny) tomuto
travnemu porastu dominovali Avenula pubescens, Medicago lupulina a Alchemilla
xanthochlora. Poloprirodny travny porast sa nachadzal v nadmorskej 960 m. V obdo-
bi rokov 1992 — 2002 bol porast vyuzivany trikrat ro¢ne. Potom dva razy ro¢ne (2003
— 2005). A napokon, v priebehu nasich sledovani, len raz ro¢ne. Preto tento travny
porast predstavuje deintenzifikované vyuzivanie.

Opusteny travny porast bol charakteristicky dominanciou ostatnych la¢nych bylin
(najma Alchemilla xanthochlora, Cruciata leavipes a Hypericum perforatum). Upus-
tenie od vyuzivania na tomto poraste trvalo viac ako jednu dekadu. Tento typ travne-
ho porastu pozostaval zo 41 druhov vyssich rastlin (bez zapocitania drevin) a vysky-
toval sa v prostrednej faze sukcesie. V jeho okoli bol nalet drevin Picea abies a Alnus
glutinosa. V travnom poraste sa malé stromceky vyskytovali ohniskovo alebo s by-
linnymi druhmi rastlin vytvarali ekoton medzi povodnou li¢nou vegetaciou a lesom.
Opusteny travny porast sa nachadzal v nadmorskej vyske 1005 m. Distribucia dru-
hov rastlin v poraste bola log-normalna (R’ = 0,98).

Zaburineny travny porast vznikol po doc¢asnom, kratkodobom, pol'nom hnojisku,
ktorému dominovali druhy ako Elytrigia repens, Poa pratensis, Cirsium arvense
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a Urtica dioica. Porast pozostaval z 22 druhov vyssich rastlin a nachédzal sa v nad-
morskej vyske 1000 m. Distribucia druhov v poraste mala geometrické usporiadanie
(R?=0,93), ktoré je typické pre spologenstva druhovo chudobné, alebo vo velmi sko-
rych fazach sukcesie (MAGURRAN, 1988). Prostrednictvom zavedenia manazmentu
formou jednej kosby ro¢ne, v Case maximalnej tvorby nadzemnej fytomasy, sme sa
snazili zastavit’ negativne trendy vo vyvoji vegetacie, t. j. zastavenie sukcesie k lesu
na opustenom trdvnom poraste, a naopak, podporit’ sukcesiu k poloprirodnému trav-
nemu porastu na zaburinenom tradvnom poraste. Na zaznamenanie zmien floristic-
kého zlozenia sme vegetaciu mapovali pred kazdou kosbou pomocou redukovane;j
odhadovej projektivnej dominancie. Na ziskané vysledky sme aplikovali TLA me-
todu (time-lag analysis), ktord predstavuje regresiu Euklidovych vzdialenosti k zvy-
Sujicemu sa Casovému oneskoreniu. Tato metdda meria rychlost’ a pdvod zmeny
spolocenstva (a populécie) pocas ¢asového obdobia, ktoré je transformované druhou
odmocninou. Vyslednd smernica regresnej priamky (b) moze mat’ tri teoretické sta-
vy: 1) pozitivny a Statisticky preukazny — pri ktorom sa vzdialenosti v ¢ase zvySuju,
t. j. spoloCenstvo je nestabilné a podstupuje zmenu smerom do vyvojove vyssich
stadii sukcesie a mdze byt spdsobeny stochastickou premenlivostou; 2) Statisticky
nepreukazny a blizky nule — vzdialenost’ sa s ¢asom nemeni spolocenstvo zostava
stabilné na danej urovni sukcesie; a 3) negativny — ak sa vzdialenost’ s ¢asom zmen-
Suje, spolocenstvo je opat’ nestabilné a podstupuje zmenu k vyvojovo mladsim S$ta-
diam sukcesie a moze byt sposobeny naruSenim, alebo inym cyklickym spravanim
(CoLLins et al. 2000, KampICcHLER et al., 2012). KamPICHLER et al. (2012) uvadzaja, ze
hodnoty sa zvyc€ajne pohybujt v rozpiti 0,02-0,25, v zévislosti na podieloch réznych
druhov s réznou dynamikou a na ich casovej variabilite. Vyssie podiely s konstant-
nym podielom naznacuje plytSia smernica; vyssie podiely druhov s ndhodnou dyna-
mikou zasa naznacuje strms$iu smernicu. CoLLINS et al., (2000) d’alej zdéraziujh, ze
smernica regresnej priamky vyjadruje mieru zmeny a jej smer a regresny koeficient
je mierou signalu alebo hluku. Ako priklad uvadzaja, ze ak su hodnoty smernice
a koeficientu determinécie nizke potom sa v spolocenstve vyskytuje sukcesna zme-
na, ale tdto zmena je pomala a stochasticka premenlivost’ medzi intervalmi sledovani
je vysoka. Naopak, strms$ia smernica regresie a vyssie hodnoty koeficientu determi-
nacie by mali indikovat silnejsi signdl sukcesnej zmeny a menej hluku. Euklidovska
vzdialenost’ sa vypocitala nasledovne:

1
5 2
Z(xu - xik)‘
ED = \i=1

kde X, je pocetnost’ i-teho druhu v snimke j a x, je poCetnost’ i-teho druhu v snimke
ka§ je celkovy pocet druhov. VSetky hodnoty x boli transformovane pomocou Hel-
lingerovej transformacie (LEGENDRE & GALLAGHER 2001):
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kde N, je velkost' populacie i-teho druhu v roku j a ZN” je suma populdcii
vietkych druhov v roku ;.

VYSLEDKY A DISKUSIA

Po styroch rokoch kosného vyuzivania poloprirodny travny porast pozostaval z 55
vaskularnych druhov rastlin, ktorych distribticia v poraste bola log-normalna (R’ =
0,89). Pocet rastlinnych druhov na opustenom trdvnom poraste bez vyuzivania na
konci sledovaného obdobia dosahoval hodnotu 45 a pri kosnom vyuziti 44. Oba va-
rianty tohto porastu mali log-normalnu distribticiu (nevyuzivany R’ = 0,93 a pri kos-
be raz ro¢ne R’ = 0,84). Zaburineny travny porast aj na nevyuzivanom (24 druhov)
a aj na vyuzivanom variante (27 rastlinnych druhov) si zachoval geometrické uspo-
riadanie (nevyuzivany R’ = 0,93 a pri jednej kosbe R’ = 0,93).

Rastlinné spolo¢enstva, prezentované travnymi porastmi a bud’ pri kosnom vyuziva-
ni, alebo bez neho, podstupili pocas Styroch rokov sledovani sukcesné zmeny. S vy-
nimkou margindlnej vyznamnosti, zistenej na poloprirodnom travnom poraste, ne-
boli tieto zmeny Statisticky preukazné (Tabul'ka 2). Najvyraznejsie sukcesné prejavy
boli zaznamenané na zaburinenom travnom poraste (Tabulka 2), kde zavedenie ma-
nazmentu jednej kosby rocne malo za nésledok jej vyssiu dynamiku, ktora je vyjad-
rend ako vysSia hodnota smernice regresnej priamky. O tom, ze zaburinené travne
porasty st z floristicko-produkéného hladiska aj stabilnejSie (Novak, 2008), hovori
koeficient determindcie. V pripade nevyuzivanej kontroly na zaburinenom tradvnom
poraste vysSia hodnota tohto koeficienta prisudzuje tomuto variantu menej hluku.
Stabilita a menSia miera sukcesie nevyuzivaného variantu v porovnani s rychlej$im
priebehom sukcesie na kosne vyuzivanom zaburinenom travnom poraste sa udia-
li v spolupdsobeni zivin. Kym na nekosenom variante sa zaznamenalo ich vysSie
mnozstvo v kolobehu, kosba raz ro¢ne tak predstavovala ich kazdoro¢né pravidelné
odcerpavanie (BriTaNAK et al., 2011) so spristupiiovanim alebo vytvaranim prazd-
nych miest na kolonizéciu.

Znova zavedenie kosného vyuzivania na opustenom travnom poraste znamena spo-
malenie sukcesie na takmer polovicu vo¢i nevyuzivanému variantu. Rovnako ako
pri zaburinenom, aj na opustenom travnom poraste vyssia stabilita rastlinného spo-
lo¢enstva, vyjadrend koeficientom determindcie sa zaznamenala na variante bez kos-
ného zasahu (Tabul'ka 2).

ewwe

mieru sukcesie a najvyssiu mieru stability.
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Tabul’ka 2 Vysledky TLA metody: b — smernica regresnej priamky, R2 — koefi-
cient determinacie, P — preukaznost’

Porast PTP OTP OTP+ TP ZTP+
b 0,2659 0,3131 0,1627 0,5130 0,5290
R? 0,5813 0,3925 0,2973 0,4058 0,3834
P 0,0681 0,1322 0,2056 0,1239 0,1381

Poznamka: PTP - poloprirodny travny porast, OTP - opusteny travny porast (nevyuzivana kon-
trola), OTP+ - opusteny travny porast vyuzivany kosbou raz ro¢ne, ZTP - zaburineny travny
porast (nevyuzivana kontrola), ZTP+ - zaburineny travny porast vyuzivany kosbou raz ro¢ne

Produkciou travnych porastov je nadzemna fytomasa, ktord predstavuje medzipro-
dukt, ktory sa finalizuje v chove hospodarskych zvierat. Ich poziadavky spétne kate-
gorizovali rastlinné druhy na skupiny: lipnicovité (tvoriace najmé objem, v poraste
by ich malo byt najviac), bobovité (predstavujiice kvalitativny prvok vyzivy a satu-
rujuce dusikom poziadavky hospodarskych zvierat, ale aj travnych porastov) a ostat-
nych lucnych bylin (reprezentované koreninami, lie¢ivymi rastlinami, jedovatymi
a toxickymi druhmi, ktorych by malo byt najmenej). Preto sme metodu TLA apli-
kovali aj na tieto kategorie. Smernica TLA analyzy tak predstavuje aditivitu tychto
troch kategorii, t. j.

b - bLIP + bFAB + bOLB

kde b, ,, je smernica lipnicovitych rastlinnych druhov, b, , je smernica druhov Cela-
de bobovitych a b, , je smernica ostatnych lu¢nych bylin. Vysledky tejto analyzy st
uvedené v tabul'’kéach 3, 4 a 5. Z udajov uvedenych v tabulke 3 pre lipnicovité druhy
roéznych travnych porastov vyplyva, ze travy poloprirodného travneho porastu, ako
aj opusten¢ho travneho porastu su stabilné a podstupuju sukcesiu, ktora je pomala
a ndhodna (b v rozsahu 0,02 az 0,10). NavySe analyza odhalila, Ze travy na opuste-
nom travnom poraste bez kosného manazmentu pocas sledovaného obdobia podstu-
povali oscilaciu, ¢i stochasticku variabilitu (CoLLins et al., 2000). Na zaburinenom
travnom poraste tato floristicka skupina podstupuje vyraznu sukcesni zmenu s na-
hradenim pociato¢nej dominancie Elytrigia repens najma Phleum pratense, Trisetum
flavescens a Poa pratensis. MaLocH (1952) povazuje stddium dominancie druhu E/y-
trigia repens za koniec polnych burin a za za¢iatok zatravnenia. Co znamen4, e do-
minancia tohto druhu je vyvojovo mladsie stadium sukcesie. Pri bobovitych druhoch
(Tabul’ka 4) sa na vSetkych variantoch, s vynimkou zaburineného porastu bez kosby,
zaznamenala sukcesnd zmena. Pri trdvach a bobovitych na nevyuzivanom trdvnom
poraste sa detegovala oscilacia. Nevyuzivany zaburineny travny porast, so zapornou
smernicou regresie, poukazuje na to, ze v tomto travnom spolocenstve zmena nie je
linearna, pretoze podstupuje bud’ cyklickil dynamiku vyvoja, alebo resilienciu v do-
sledku naruSenia.

94



Vsetky ostatné druhy rastlin (byliny) st zaradené do floristickej skupiny ostatnych
laénych bylin. Poloprirodny travny porast a nevyuzivané varianty dal§ich dvoch sa
charakterizované sukcesnymi zmenami. Vyvoj tejto skupiny na poloprirodnom trav-
nom poraste je pomaly, ale s mensim hlukom (premenlivostou). Pri opustenom trav-
nom poraste je zmena dynamicka, avSak s mensou variabilitou, pri zaburinenom
travnom poraste je sukcesnd zmena pomald, ale hluk vysoky. Vyuzivané varian-
ty opusteného a zaburineného travneho porastu so zapornymi smernicami regresie,
podstupujt nelinearny vyvoj, alebo resilienciu spolocenstva v dosledku narusenia.

Tabulka 3 Vysledky TLA metody aplikovanej na lipnicovité druhy rastlin: » — smer-
nica regresnej priamky, R’ — koeficient determinécie, P — preukaznost’

Porast PTP OTP OTP+ TP ZTP+
b 0,1061 0,0201 0,1047 0,4874 0,5198
R? 0,3226 0,0138 0,2753 0,3204 0,7974
P 0,1835 0,8019 0,2266 0,1853 0,0068

Poznamka: vysvetlivky v zahlavi tabulky ako pod tabulkou 2. PInotu¢ne je zobrazena Statisticka

preukaznost P < 0,05.

Tabul’ka 4 Vysledky TLA metody aplikovanej na bobovité druhy: b — smernica re-

gresnej priamky, R’ — koeficient determinacie, P — preukaznost’

Porast PTP oTP OTP+ ZTP ZTP+
b 0,1101 0,0499 0,0767 -0,0521 0,0960
R? 0,4464 0,0202 0,1892 0,1074 0,1557
P 0,1009 0,7623 0,3294 0,4730 0,3810

Pozndmbka: vysvetlivky v zdhlavi tabulky ako pod tabulkou 2.

Tabul’ka 5 Vysledky TLA metody aplikovanej na ostatné [i¢ne byliny: b — smernica

regresnej priamky, R? — koeficient determinacie, P — preukaznost’

Porast PTP OTP OTP+ ZTP ZTP+
b 0,0497 0,2431 -0,0186 0,0777 -0,0869
R? 0,2053 0,2426 0,0174 0,0518 0,0397
P 0,3073 0,2615 0,7780 0,6235 0,6684

Pozndmbka: vysvetlivky v zdhlavi tabulky ako pod tabulkou 2.

Pri celkovom hodnoteni poloprirodny travny porast pri vsetkych floristickych skupi-
nach podstupuje sukcesni zmenu, ¢o znamena, ze znizenie kosného vyuzivania sme-
ruje do vyssicho Stadia sukcesie. Smerovanie je pomalé a s malou premenlivostou.
Pri nevyuzivanom variante opusteného travneho porastu sa zaznamenali pomalé
sukcesné zmeny floristickych skupin lipnicovitych a bobovitych s vel'kou premenli-
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vostou. Pri ostatnych li¢nych bylinach je taito zmena vysoka s mensSou variabilitou.
Dalsou fazou v sukcesii je nalet pionierskych drevin a krovin, mozno prave korelacia
medzi touto floristickou skupinou a prienikom drevin bude pozitivna, av§ak z dlho-
dobého hladiska aj negativna. Pozitivna z hladiska prirodzenej sukcesie a negativna
z hladiska potlacania floristickych skupin smerom od bdobovitych, cez ostatné li¢ne
byliny k lipnicovitym a nasledne sformovania sa bylinného podrastu.

Opusteny travny porast osetrovany jednou kosbou ro¢ne absolvuje sukcesnil zmenu pri
lipnicovitych a bobovitych pomaly, ale s malou premenlivostou. Pri ostatnych la¢nych
bylinach sukcesia smeruje k vyvojovo mladsim Stadiam s vysokou variabilitou.
Naopak zaburineny travny porast podstupuje dramatickt zmenu s nizkou variabili-
tou travnych druhov. Zmena sa prejavuje najmi pri travach. Bobovité druhy so za-
pornou smernicou smeruji k vyvojovo mladsim fazam sukcesie. Pri ostatnych luc-
nych bylinach zmena sa deje pomaly, ale vysoko variabilne.

Kosenie zaburineného travneho porastu, najdramatickejSie zo vSetkych variantov,
podstupuje sukcesnti zmenu, ktora je vsak pri lipnicovitych druhoch najmenej pre-
menliva. Aj druhy z floristickej skupiny bobovité podstupuji vyvoj k vyssim stadi-
am sukcesie. Naopak, stav pri ostatnych la¢nych bylinach je bud’ nelinearny, alebo
cyklicky, s vysokym hlukom.

Z.AVER

Na zaklade vysledkov, ziskanych z botanického zloZenia troch travnych porastov
pocas Styroch rokov, mozno vyvodit’ zaver, ze vetky sledované rastlinné spolocen-
stva smeruju k vyvojovo vyssim stadiam sukcesie. Priebeh sukcesie na zaburinenom
travnom poraste bol progresivny, nakol'ko rusivy vplyv, t. j. doCasné pol'né hnojisko,
pominul. Zavedenie kosného rezimu na tomto type travneho porastu tento progres
eSte zvyraznil. Naopak, opdtovné vyuzivanie opusteného travneho porastu kosbou
raz ro¢ne sukcesiu spomalil.

Z praktického hladiska a z pohladu vyzivy hospodarskych zvierat konzumujucich
produkciu ziskanu z travnych porastov, kosba raz ro¢ne pozitivne vplyva na roz-
voj agrobotanickych skupin lipnicovitych a bdbovitych v sledovanych travnych
porastoch. Skupina ostatnych la¢nych bylin, je kosbou raz ro¢ne stabilizovana, alebo
potlacovana.
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R0ZvV0OJ MUCNATKY TRAVOVEJ V PORASTOCH PSENICE LETNEJ
PESTOVANEJ V ZMESI ODROD

DEVELOPMENT OF POWDERY MILDEW IN STANDS
OF THE WHEAT VARIETY MIXTURES
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ABSTRACT

This study considered the occurrence of powdery mildew on winter wheat over three
vegetation years in locality Maly Sari§ and determined dynamics of its development
in variety mixtures comparison with pure stands. Severity of powdery mildew was
evaluated in the field and it was expressed in term of area under disease progress
curve (AUDPC values).The diversity of growing year conditions included in the study
is reflected by the large variation of average mildew AUDPC of the 7 pure varieties
and their 19 mixtures, which varied from only 8 to 268. All tested mixtures signifi-
cantly reduced powdery mildew severity in wheat stands in comparison with their
component varieties.

KEY WORDS
winter wheat, variety mixtures, powdery mildew, AUDPC

Uvob

Mucénatka travova v porastoch psenice letnej (Triticum aestivum L.), spdsobena obli-
gatnou biotrofnou ektoparazitickou hubou Blumeria graminis (DC.) Speer f. sp. tri-
tici Marchal, je ekonomicky vyznamnou chorobou mierneho pasma na celom svete.
Jej rozvoju napomaha zavlazovanie, pestovanie nizkych odrod, aplikacia regulatorov
rastu a zvySené davky dusikatych hnojiv. Straty na arode zrna pri napadnuti maé-
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natkou sa odhaduju na 10 — 20%, ale podla niektorych autorov mézu dosiahnut’ az
40% (ReEs et al., 2000). Takisto sa vyznamne znizuje vytaznost’ miky a nepriaznivo
su ovplyvnené aj iné parametre kvality zrna (PERUGINT et al., 2008). Pestovanie rezis-
tentnych odrod predstavuje efektivny, ekonomicky a zaroven k zivotnému prostrediu
Setrny spdsob, ktorym mozno obmedzit’ pouzivanie fungicidov a redukovat’ trodo-
vé straty sposobené tymto patogénom. Mnohé gény rezistencie proti micnatke sa
v priebehu kratkeho Casu stali neac¢inné v dosledku Castych zmien v populacii pato-
géna, podmienenych okrem iného aj vel’koplo§nym monokultirnym sposobom pes-
tovania pSenice letne;j.

V polnohospodarstve vyspelych krajin sa monokulttry stali dominantnou formou
agroekosystémov. Monokultirne plodiny disponuja vlastnostami optimalizovanymi
pre dané agronomické a agroekologické podmienky. Ak st tieto plodiny vystavené
podmienkam mimo ich optimalneho ramca, stavaji sa obzvlast’ zranitelnymi a Cas-
to dochadza k zlyhaniu tych vlastnosti, pre ktoré st pestované, napr. k rychlej strate
odolnosti voci urcitej chorobe.

Pri vysokej koncentracii ploch st geneticky identicki jedinci pestovani na vel’kych
vymerach dosahujucich radovo niekol’ko kilometrov $tvorcovych (Znu et al., 2000).
Je nespornou skuto¢nostou, ze zvysena uniformita biologického materialu ma svoje
vyhody, pretoze ul'ahcuje zber, spracovanie a marketing plodiny, ale na druhej strane
nesie so sebou vel'ké rizika, spojené nielen s periodickym premnozenim niektorych
druhov $kodcov a patogénov, so vznikom ich rezistentnych foriem (WoLrg, 2000), ale
aj so znizenim konkurenénej schopnosti a vitality pestovanych rastlin. Uzka §pecia-
lizacia a monokultirne pestovanie plodin si tak vyzaduji vyssiu spotrebu chemic-
kych prostriedkov na ochranu rastlin proti chorobam, ¢o prinasa rizika poskodenia
zivotného prostredia. Preto sa v sucasnosti do popredia dostavaju systémy integro-
vanej produkcie rastlin, v ktorych sa zvazuju opatrenia nahradzujice uniformitu ria-
denou diverzitou.

Existuje viacero moznosti zvySenia diverzity v populaciach polnych plodin a jed-
nou z nich s zmesi odrod. Bowpen et al. (2001) uvadzaja tri hlavné vyhody spoje-
né s pestovanim odrodovych zmesi: stabilizacia urody, uplatnenie kompenzacnych
vplyvov a kontrola chordb. Zmesi s vytvarané predovsetkym na zaklade rozdiel-
nych $pecifickych odolnosti jednotlivych odréd k vybranej chorobe, pretoze redukcia
chordb v odrodovych zmesiach je zalozend na hostitel'skej odolnosti. Mechanizmy
posobiace v takychto porastoch s suhrnne oznacované ako interakéna odolnost,
ktora ma mechanick a fyziologicku zlozku (DREIsEITL, 1998).

Vo vhodne zostavenom heterogénnom poraste rovnakého druhu sa nachadzaji ved-
l'a seba rastliny odolné i nachylné k prislusnym patogénom, ¢im sa znizuje hustota
nachylnych jedincov v populacii. Burpon & CHILVERS (1977) experimentalne potvr-
dili zavislost medzi hustotou nachylnych rastlin a Sirenim sa mu¢natky travovej na
jac¢meni. CaiN & WorrE (1984) uvadzaju, ze zvacsenie vzdialenosti medzi rastlinami
toho istého genotypu pri zmesnom pestovani odrod bolo najdélezitej$im mechaniz-
mom zabezpec€ujucim ochranu jaémena proti mucnatke travovej, hlavne pri véas-
nych epidémiach. V dosledku pritomnosti rezistentnych rastlin v populacii a va¢sich
vzdialenosti medzi nachylnymi jedincami sa spomal’uje rychlost’ Sirenia patogén-
nych propagul z rastliny na rastlinu a zaroven je redukované aj celkové mnozstvo
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virulentnych propagul, ktoré dopadaju na nachylné komponenty. Tento efekt vzrasta
s po¢tom odrodovych komponentov v zmesi s réznou odolnostou a naopak je oslabo-
vany vzrastajucou komplexitou jedincov v populdcii patogéna, t.j. poctom virulencii
schopnych prekonat’ odolnost’ r6znych komponentov.

Dal§im mechanizmom, ktory sa moze uplatnit’ pri redukcii chordb v odrodovych
zmesiach, je indukovana rezistencia. K indukcii rezistencie dochadza po dopade spor
avirulentnych patotypov na inkompatibilného hostitel'a a naslednom spusteni jeho
biochemickej obrannej reakcie. Avirulentné patotypy vyvolavaja v pletivach takych-
to hostitelov odolnost, ktora je G¢inna k naslednym virulentnym jedincom. Takto
ziskana (indukovana) odolnost obmedzuje po urcitu dobu ich reprodukciu a spoma-
I'uje samotny infekény proces (CaLonNEC et al., 1996). CHIN & WoLFE (1984) pred-
pokladaju, ze indukovana rezistencia zohrava ddlezitu ulohu pri neskorsich stadiach
rozvoja mic¢natky travovej na ja¢meni.

Novsie prace tykajice sa mucnatky travovej v odrodovych zmesiach pSenice letnej
pochadzaji od autorov MucHovA a Fazekasova (2010), TRatwarL & Warczak (2010).
Cielompracebolozhodnotit' vyskytarozvojmucnatkytravovejvodrodovychzmesiach
pSenice letnej zostavenych z pohladu maximalneho obmedzenia rozvoja patogéna.

MATERIAL A METODY

Experimentalne prace boli realizované v podmienkach prirodzenej polnej infekcie
muénatkou travovou v rokoch 2007 — 2009 v Malom Sarisi, na lokalite s nadmorskou
vyskou 298 — 301 m n. m., patriacej do zemiakarskej vyrobnej oblasti. Lokalita ma
kontinentalny charakter podnebia s dlhodobym priemernym ro¢nym thrnom zrazok
603 mm. Dlhodoby priemer ro¢nej teploty je 7,9 °C.

Pol'né pokusy s pSenicou letnou, f. ozimnou boli zakladané blokovou metodou s na-
hodnym usporiadanim pokusnych Clenov v 4 opakovaniach, sejbou na parcelky
o vel’kosti 10 m?. Vysevna davka pokusnych variantov predstavovala 4,2 mil. kli¢i-
vych zfn.ha'!. Pokusy boli vysievané po predplodine kapusta repkova prava. Pocas
vegetacie boli porasty pSenice osetrené herbicidnymi a insekticidnymi pripravkami
na zaklade aktualneho spektra burin a vyskytu Skodcov. Za ucelom stanovenia vy-
skytu mucnatky travovej v odrodovych zmesiach a ich komponentoch fungicidna
ochrana plodiny nebola pouzita.

Do pokusu bolo zaradenych 26 variantov, z toho 7 Cistych odrdd a 19 odrodovych
zmesi. Vyber odrodovych komponentov pre tvorbu zmesnych variantov bol usku-
to¢neny na zaklade vysledkov studia znakov a vlastnosti suboru viacerych odrod so
zamerom vytvorit' zmesi, v ktorych by sa jednotlivé odrody navzajom dopliiali, resp.
kompenzovali vlastnosti negativne ovplyviujice vysku a kvalitu Grody pri pdsobeni
nepriaznivych abiotickych a biotickych faktorov prostredia. Hlavny doraz bol klade-
ny na adaptaciu odréd k miestnym podno-klimatickym podmienkam a na dostato¢nt
diverzitu odrdd v odolnosti, resp. tolerancii k biotickym a abiotickym faktorom. St-
bor adaptovanych odrod bol tvoreny odrodami vyslachtenymi vo Vyskumno-slach-
titel'skej stanici Maly Sari§ — Malvina, Malyska, Torysa (d’alej oznaGované ako ,,do-
mace) a doplneny o zahrani¢né odrody Barroko, Hermann, Ilias a Manhattan. Zme-
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si odrdd boli tvorené kombinaciou 3 rozdielnych genotypov a pripravené dokladnou
homogenizaciou osiva prislusnych komponentov v rovnakom pomere 1:1:1 (pomer
vychadzal z poctu kli¢ivych zfn). Jednym z ¢lenov v kazdej zmesi bola domaca od-
roda. Vynimkou bola jedina zmes, ktora pozostavala vylu¢ne z odrod domacej pro-
veniencie.

Intenzita napadnutia rastlin ma¢natkou travovou bola hodnotena vizualne stanove-
nim percenta pokrytia listovej plochy priznakmi napadnutia. Napadnutie ma¢natkou
bolo hodnotené na celej parcelke, v skorych vyvinovych fazach psenice na Styroch
vrchnych listovych poschodiach, v neskorsich fazach v dosledku postupného usycha-
nia star$ich listov uz len na hornych dvoch listoch. Hodnotenia sa uskutoc¢nili v 2-4
terminoch podla aktualneho vyskytu mucénatky travovej v jednotlivych rokoch.
Z percentualnych hodnét napadnutia mucnatkou travovou sme vypocitali hodnoty
AUDPC (plocha napadnutia pod krivkou vyvoja choroby) podl'a SHANNER & FINNEY
(1977), ktoré vyjadruju dynamiku vyvinu choroby v priebehu sledovaného obdobia.
Dosiahnuté vysledky boli $tatisticky vyhodnotené pomocou viacfaktorovej analyzy
rozptylu s vyuzitim programu STATGRAPHIC Centurion XV. Na porovnanie stred-
nych hodndét odrodovych zmesi s ich vychodiskovymi komponentmi bol pouzity t-
test pre dva nezavisle vyberové subory.

VYSLEDKY A DISKUSIA

Vegetacné obdobia v sledovanych rokoch 2007 — 2009 a hlavne priebeh pocasia
v mesiacoch april a maj, ktory je rozhodujuci pre vznik infekcii mucnatky travovej,
boli vyrazne odlisné z pohl'adu teploty, zrazkovych thrnov a ich rozdelenia v danom
Casovom intervale. Pocasie v aprili a maji v 2007 a 2009 mdézeme charakterizovat
ako vel'mi teplé a suché, v dosledku ¢oho doslo k vyraznému obmedzeniu vzniku
infekcii. Podl'a BitTnERA (2009) st z epidemiologického hl'adiska pre Sirenie mii¢nat-
ky optimalne teploty 12 az 20 °C, pricom nie su vhodné priame zrazky, ale naopak
priaznivejsie je suchsie pocasie. Takyto raz pocasia prevladal v roku 2008. Navyse
pravidelné zrazky vyskytujuce sa kazdy druhy az treti dei v malom mnozstve od 0,5
do 2,5mm v priebehu celého méaja a prvej junovej dekady zabezpecovali vo vnutri
porastov p$enice vlhkt mikroklimu, ktora je mimoriadne priazniva pre rozvoj tohto
patogéna.

Hodnoty AUDPC v sledovanom obdobi kolisali vo vel'mi Sirokom rozpiti od 8 do
268. Analyzou variancie bol zisteny vysoko Statisticky preukazny vplyv ro¢nika
na intenzitu napadnutia rastlin pSenice letnej mti¢natkou travovou vyjadrenej hod-
notami AUDPC (Tabulka 1). Preukazne sa lisili hodnoty AUDPC roku 2008 (93,9)
od rokov 2007 a 2009 (11,9). Medzi hodnotami AUDPC rokov 2007 a 2009 neboli
preukazné rozdiely. Na variabilitu hodnét AUDPC vysoko preukazne vplyval faktor
variant (odroda/zmes) a interakcia rok hodnotenia x variant (AB).
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Tabulka 1 Analyza variancie hodnét AUDPC — mucnatka travova

Zdroj variability Stupne volnosti Priemerné §tvorce P hodnota
A:Variant 25 32958,1 0,0000
B:Rok 2 233140,0 0,0000
C:Opak 3 145,6 0,4378
Interakcie
AB 50 20941,1 0,0000
AC 75 110,6 0,9623
BC 6 379,9 0,0320
Chyba 150 159,9

Najviac napadnutou odrodou v celom pokuse vo vSetkych rokoch bola odroda Ma-
lyska, preto udaje uvedené pri tejto odrode v Tabulke 2 st vyjadrenim maximalneho
percentualneho napadnutia pSenice letnej miiénatkou travovou v danom roéniku. Pri
ostatnych odrodach sa na zaklade dosiahnutych vysledkov potvrdila ich predpokla-
dana odolnost), na zaklade ktorej bol realizovany ich vyber ako partnerov do odro-
dovych zmesi.

Tabulka 2 Pol'nd odolnost’ odrod a maximalne hodnoty napadnutia muc¢natkou
travovou [%] v r. 2007 — 2009, Maly Saris

Odroda Kéd . Poln4 odolnost Rok
vzmesi odrody 2007 | 2008 | 2009 | 2007 -2009
Malvina stredne odolna 1,00 8,00 1,00 3,33
Malyska L nachylna 3,00 53,50 6,25 20,92
Torysa T odolna 1,50 3,00 1,25 1,92
Barroko B vysoko odolna 0,75 1,25 0,75 0,92
Hermann H vysoko odolna 0,00 1,25 0,25 0,50
Tlias I stredne odolna 0,75 8,00 1,25 3,33
Manhattan N odolnd 0,75 3,25 0,50 1,50
Priemer 1,11 11,18 1,61 4,63

V Tabul’ke 3 je uvedeny prehlad rozdielov medzi skuto¢nou hodnotou AUDPC zis-
tenou pre zmesi odrdd a oakavanou hodnotu AUDPC, vypocitanou ako priemer
prislusnych komponentov. Na zaklade t-testu bol potvrdeny Statisticky preukazny
rozdiel hodno6t AUDPC medzi zmesami odrod a Cistymi odrodami vo vSetkych troch
rokoch, jednotlivo aj v priemere za tri roky. Rozdiel v hodnotach AUDPC (2007
—2009) medzi zmesami a ich komponentnymi odrodami bol 18,85, ¢o v percentu-
alnom vyjadreni znamena redukciu muc¢natky na trovni 37%. NizSie napadnutie
rastlin mucnatkou travovou v zmesiach odrod zaznamenali aj Gacexk et al. (1997),
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pricom uroven redukcie v dvojkomponentnych zmesiach dosahovala 34% a v troj-
komponentnych 41 %.

V nasich experimentoch sme vécsie napadnutie pozorovali len v zmesiach s nachyl-
nou odrodou Malyska, kde napadnutie bolo pomerne vysoké a pohybovalo sa na
arovni od 41,0 do 80,6, ale bolo vyrazne nizsie ako pri samotnej odrode Malyska,
ktora dosiahla hodnotu AUDPC 267,6. Pri zmesiach s odrodou Malyska doslo vd’a-
ka pritomnosti d’alSich zmesnych komponentov, reprezentujtcich odolné az vyso-
ko odolné odrody, k najvyraznejSej redukcii macnatky travovej. Najvacsia redukcia
choroby bola zistena v zmesi odrod Malyska-Hermann-Manhattan.

Tabulka 3 Muc¢natka travova — rozdiely medzi skuto¢nou a ocakavanou hodnotou
AUDPC, vypocitanou ako priemer prislusnych komponentov a priemerné hodnoty
AUDPC za sledované obdobie r. 2007 — 2009

R;’;I‘l‘:l_yihﬁﬁ“m"; Aubre: AUDPC: X 2007 — 2009

Zmes 2007 2008 2009 2007 - 2009 | zmes |X komponentov
MBH -5,0 -11,8 -2,3 -6,4 10,58 16,96
MBI 35 -29,8 -2,0 -9,4 17,54 26,97
MBN 9,2 -14,4 1,0 -7,5 13,17 20,71
MHI -3,5 -29,1 -0,7 -11,1 14,42 25,51
MHN -7.8 -14,9 0,3 27,5 11,79 19,25
MIN -5,7 -29,2 3,7 -10,4 18,88 29,26
LBH 2,8 -146,2 -16,7 -55,2 41,04 96,26
LBI -5,0 -111,9 -16,3 -44,4 61,88 106,28
LBN 7,1 -67,0 -53 -26,5 73,54 100,01
LHI -3,5 -143,7 -13,0 -53,4 51,42 104,82
LHN 7.8 -142,0 21,0 -56,9 41,63 98,56
LIN 7.8 -69,5 -6,7 -28,0 80,58 108,57
TBH 2,1 -1,2 -1,0 0,0 14,08 14,10
TBI -8,5 -19,2 -0,7 -9,4 14,67 24,11
TBN -8,5 -10,0 -4,7 -7,7 10,13 17,85
THI 2,8 -17,4 -4,3 -8,2 14,46 22,65
THN -0,7 -8,0 -1,3 -3,3 13,04 16,39
TIN -0,7 -7,2 2,0 -2,0 24,42 26,40
MLT 0,7 -44.9 12,0 -10,7 95,38 106,11

priemer | -4,2142,77 | -48,20+28,40 | -4,05+3,84 | -18,8512,41| 32,77 51,62

t Statistika | -3,01 3,36 2,09 2,99

P-hodnota| 0,003 0,001 0,039 0,003
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ZAVER

Zmesi odrod s vhodne zvolenymi odrodami odolnymi proti $pecifickym populaci-
am patogéna maju potencial redukovat’ zdvaznost micnatky travovej a prispiet’ tak
k stabilizacii biologického produkéného potencialu psenice letnej. Ako najlepsie va-
rianty s najnizSou Groviou napadnutia mic¢natkou travovou v hodnotenom subore sa
prejavili zmesi odrod Torysa-Barroko-Manhattan a Malvina-Barroko-Hermann.
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ABSTRACT

An outline content: In the mater of resolving the problems of energy, the role of the
rural areas as a producer renewable energy raw materials is increasing. Polish

coastal voivodeships are particularly placed for the acquiring the renewable energy.

They have good conditions for the development of nearly all unconventional forms of
energy production. Programme for the development of energy in these voivodeships

implies a significant increase in energy production from renewable energy sources,

particularly in West Pomeranian where provides for the share of renewable energy
(mainly wind energy and biomass) in the balance sheet of the energy of the Voivode-

ship to the level of more than 50%. In Gdansk Pomerania, after periodic increase on

the share of renewable energy in the energy balance of Voivodeship in 2015 (24,6%),

this share is projected to decrease to a level of approximately 12.7% in the period
2020-2025.

Due to above, the fulfilment of EU criteria for participation of energy acquired from

renewable sources in the energy balance is not guaranteed.

KEY WORDS
renewable energy sources, countryside, coastal Voivodeships

INTRODUCTION

Lasting from 1989 systemic transformation in Poland has caused the increasing im-
portance shall be assigned to problems of rational use of environmental resources.
The need for restrictions on use non-renewable resources is highlighted, in order to
ensure equal opportunities for development both current and future generations. The
European Union, which Poland is a member, places particular emphasis on the re-
striction of greenhouse gas emissions by the Member States and to develop renew-
able energy sources. In the adopted package “3x20” it is assumed as follows: increase
efficiency in energy consumption by 20%, the increase in CO, emissions by 20% and
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rydz@apsl.edu.pl, jakowalakceew@hot.pl

106



20% share of the production from renewable energy sources in total energy balance
sheet. The goal of achieving 20% share of renewable energy in scale throughout the
Union, founded in EU energy policy, has been postponed to the intermediate objec-
tives for each of the Member States. For Poland it is 15% of energy from renewable
energy sources (RES) in the entire national final energy market (including: electric-
ity, heat and transport fuel). The increasing role of rural areas as energy producer is
being indicated in the discussion of the implementation of programmes to achieve all
three predicted levels. In making efforts to assess the ecological balance in the rural
areas and host ecosystems in Poland, one of the most important environmental prob-
lems of contemporary world cannot be left out. It is a contradiction between the fore-
cast of global, drastically increasing demand for energy in a global scale and the need
for permanent reduction of greenhouse gas emissions into the environment. Popula-
tion increase in the world and efforts of societies residing in developing countries in
order to achieve prosperity will sustain the tendency to increase in energy consump-
tion. On the other hand, the threat of a climate change will reduce greenhouse gases
emissions. The IPCC report (Intergovernmental Panel on Climate Change)-the Inter-
national Panel on Climate Change of the year 2007 shows that without the restriction
of half greenhouse gas emissions the maintenance of ecological balance in a global
scale is not realistic. Improvement of the existing situation is possible either by pre-
venting a significant increase of energy consumption, or by a very rapid development
of new production technologies and more effective methods of use of energy (energy
efficient technologies). This requires not only general implementation of the new
technological solutions in the next two generations, but what is the most important
change so aspirations and moral attitudes of people. It should be noted that for more
than 25 years rural areas gradually change their place in the energy market. The en-
ergy consumer has become one of its producers also. Speaking on energy problems
of rural areas, two aspects- energy consumption and production of energy - should
therefore be taken into account. In both of these fields both world as well as Poland
has much to be done. The purpose of this study is the analysis of efforts on the Polish
Pomerania in the production of renewable energy on the basis of raw materials of
agricultural origin, and the impact assessment of renewable energy on rural devel-
opment in coastal provinces. Programmes of energy development drawn up in two
provinces, an estimation of the potential wind energy and energy based on biomass
together with researches carried out among farmers and agricultural advisers served
for the material used for analysis and evaluation.

The village as an energy consumer

Energy consumption in rural areas is determined by energy expenditure on agricul-
tural production and consumption of energy in the household. Both of these factors
have a decisive influence on the profitability of production of food and raw materials
of agricultural origin.

Improvement of energy output used for production is closely connected with inten-
sification of production (consumption of mineral fertilizers per hectare, mechaniza-
tion etc.).
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In the intensive model of agriculture, preferred in the European Union, since the
implementation of Mc Sachary’s reform in 1992, the expenditure energy per unit of
food production have constantly increased. Mechanization, chemicalisation, trans-
port, storage and building livestock buildings allowing the use of new breeding tech-
nologies required ever-greater financial resources. After the entry into force of Com-
mon Agricultural Policy in the years 2000 to 2006 (so called Agenda 2000) and sub-
sequent Common Agricultural Policy in the years 2007 to 2013 (referred to as Agenda
2007), there are for European agriculture clear trends to its ecologisation. There is no
scientific evidence yet certain that it is possible to reduce by 4 times the consump-
tion of energy for the production of crop unit, fat unit or protein unit, but attempts to
achieve that purpose shall be taken. Some of the researchers believe that compliance
with demands on energy savings in agricultural production can be achieved by using
genetic engineering and genetically modified organisms.

For example some varieties of cereals may be adapted to cooperation with bacteria al-
lowing the use of nitrogen air (such as nitrobacteria), which would reduce drastically
both expenditure on energy production and use of nitrogen fertilisers. These technolo-
gies are not yet fully known, and now it is known well that the possible implementa-
tion will produce a range of other, not yet identified by the end environmental prob-
lems, such as migration of genes.

The problem of reduction of energy input to the food production while safeguarding hu-
man population’s growing needs for food ina global scale remains an open topic-itrepre-
sents a challenge for professionals of various disciplines of science for the years to come.
The problem of reduction of energy consumption in the households of rural population
appears to be much simpler to resolve. This problem is particularly important for Poland.
According to Micuna (1998) we are dealing with enormous energy waste resulting from
poor thermal insulation of buildings and obsolete, low efficient heating installations.
The author indicates the need to initiate actions aimed at energy efficiency for heating
purposes not only in the city, but also in the village.

These actions should be targeted mainly at:

— reducing demand for useful heat and volume of its consumption in homes by
improving thermal insulation of buildings (windows and doors, ceilings and
walls, roofs of unheated parts adjacent to residential buildings),

— fluent, automatic regulating of consumption and production of useful heat in
the adaptation to the actual, current needs (application of electronic equipment
for that purpose).

Today, after nearly 12 years after the publication of programme of Pro-ecological
Rural Development, Agriculture and Food Economy by 2015 it can be assumed that
the average consumption of energy for the living in rural areas is much smaller than
in the 1990s-the 20th century. Among other things this was confirmed by the results
of researches carried out by students in Pomeranian Academy, Slupsk in 2010 in the
villages of rural commune Wejherowo. From these studies it appears that among 100
residential buildings built before 1995 only 17 are thermal insulated (have insulated
walls and the new, tight windows).

In the case of buildings built in the years 1996-2009, 100% of them have established
tight windows, 91% have insulated walls - other owners expect to insulate their build-
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ings in the coming years. Students have not been able to gain more detailed informa-
tion on the plans to improve energy balance from the owners of older buildings (Rypz
& KowaLak, 2011).

Multi-functional character of agriculture and energy production in rural areas
After the implementation of the economic restructuring program, known as the Bal-
cerowicz plan, which constituted a basis of transformation of the political system, Po-
land became the only European country that did not subsidize farming directly. It led
to serious collapse of that sector.

The increase in interest in agricultural issues occurred only with the accession of our
country to the European Union and thus with implementation of a Common Agricul-
tural Policy which supports the agriculture. Both in highly developed countries as well
as in agricultural policy of the European Union approach to agriculture has changed
in the past 20 years.

The functions, which are not reflected in the volume of agricultural production and in
most other statistical meters, started to be perceived and appreciated.

Belief that agriculture in complying with the functions of manufacturer of food neces-
sary for life and of raw materials for industry (including energy raw materials), also
conforms to a number of other functions very important for man: ecological, social
and cultural, is becoming more common. As rightly WiLkiN (2009) points out:”farmer
is a trustee of one of the most valuable resources of each society, which are utilised
agricultural area, as well as many goods of nature”. Maintenance of these resources in
proper condition for the present and future generations is a matter of the highest im-
portance.

Present agricultural policy of the European Union implies that if for the production the
market should remunerate commercial goods farmer, the fulfilment of the number of
functions important for the public should be remunerated by public funds. The impor-
tance of economically immeasurable functions of agriculture and its multifunction-
ality affected the position of the European Union in the negotiations on the forum of
World Trade Organization (WTO).

WIiLkIN (2009) presents a proposal for a classification of non-commercial functions of
agriculture developed by the Belgian agricultural economist G. Huylenbroeck.

It makes four types functions:

1. “Functions green” : management of resources of the soil in order to maintain its
valuable properties, creating optimum conditions for wild animals and plants,
farm animal welfare protection, maintaining biodiversity and improving the
circulation of chemicals in agricultural production systems.

2. “Functions blue” : management of water resources, improving quality of the wa-
ters, preventing the flooding, manufacturing of water power and wind energy.

3. “Functions yellow” : keeping the coherence and viability of rural areas, main-
taining and improving cultural traditions and identities of villages and regions,
green tourism and hunting development.

4. “Functions white” : ensuring food security and production of food of increased
quality (food security and food safety).

Apart from food production, production of energy raw materials is presently a com-
mercial function of agriculture. It is an important element of multifunctional rural
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development that gives farmers the possibility of achieving additional sources of in-
come from the sale of energy raw materials. Constant growth in demand for energy
and permanent increase in prices for fossil fuels in the mainly crude oil and energy
security threatened by numerous conflicts has increased interest in renewable en-
ergy, including biofuels of agricultural origin.

In highly developed countries and across the whole of the European Union we ob-
serve the increase of interest in production of biofuels. However, positive impact of
biofuels of the first generation on the environment raises controversy. Many authors
indicate improper methods of calculating the environmental costs of agricultural
production in the energy purposes.

Among other things, water used for irrigation energy crops plantations is not includ-
ed in the calculation. Also, it is doubtful whether indeed the carbon dioxide emis-
sions during combustion of biomass are matched in fully by quantity of carbon di-
oxide consumed by energy plants in the growing season. Emissions resulting from
a production of fertilisers and plant protection products as well as the problem of air
pollution by transport are omitted in economic calculation.

Lines of agricultural production for the energy purposes may be decided by a large
variety of indirect effects of those crops on land use change ILUC (Indirect land use
change impacts of biofuels). The problem of ILUC concerns the difficult theme of
impact of crops intended as a raw material for production of biofuels on other agri-
cultural crops, those guaranteeing food security included. Energy crops from their
areas to often worse positions oust them. The presence nature protection areas deter-
mine development of agricultural production in the energy purposes also. There are
restrictions on economic function in the areas covered by protection.

Energy crops require intensive agricultural production methods (high doses of ferti-
lizers, mechanization), which significantly affect the environment of soil and water.

In the case of energy crops, which are imported from abroad, the risks invasion of
foreign plant species and therefore competition and displacement (due selective pre-
dominance) and crossing with native species, giving hybrids capable of controlling
ecosystem should be taken into account. The ability to excessive expansion causes,
that these species are harmful, both for the natural environment as well as for the
economy. This is because these species cause burdensome weed infestation of natu-
ral ecosystems and agricultural crops. Studies concerning the behaviour of a small
number of energetic plant species in the natural environment (most species has not
been tested) have been carried out in Poland. Of these that have been researched, Po-
lygonaceae and Heracleacae were considered to be very invasive species.

The Sakhalin Knotweed (Fallopia sachalinensis) found itself in a list of species
to be tackled.

Its negative impact on native species is significant throughout Poland. Also Jerusa-
lem artichoke (Helianthus tuberosus L.) was included in the list of expansive plants.
Applying the precautionary principle should approach the growing of all the other
energy crops.

An answer to the two basic questions is searched for in Europe and in the world:
How to safeguard food needs growing population? Whether or not available (limited)
land area under cultivation is sufficient to meet the increasing demand for biomass?
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In the nearest future the position from the European Commission on this matter is
expected.

CenprowskI (2011) an expert of Lotos Group in the field of biofuels indicates the
fact that the European Union is an importer of agricultural land in per capita, which
means that to the needs of it is used a greater agricultural area than the EU owns.
This means that the EU takes the cultivable land from the world “. The change in this
respect is very unlikely, because Europe as opposed to poor countries has the money
on both the purchase of food as well as for imposing the structure of crops. As Cen-
drowski writes “... the demand for food you have to pay. Biofuels pay for the area un-
der cultivation; people from the countries affected by hunger don’t pay, because they
are poor”. Therefore, biofuel production on a global scale may be related to the risks
involved in the conflict of rich and poor countries. Also Marzec (2011) notes on this
important issue. The main subject of conflict between rich North and poor South may
therefore prove to be food.

Renewable energy sources in Poland
Guidelines of development of energy generated from renewable energy sources in
Poland are contained in the “renewable energy development strategy” adopted by
Sejm on 23 August 2001. In this document 5 types of renewable energy are specified:
— Solar (thermal collectors, photovoltaic),
— Wind energy,
— Energy of flowing water (small-scale hydro), Energy flowing water (small-
scale hydro),
— Geothermal energy,
— Biomass energy (direct incineration, biogas, liquid fuels).
Licensed renewable energy sources in Poland in 2011 are shown in Table 1.

Table 1 Licensed sources of energy in Poland in 2011

No Installation Type of IE;Z}}; et?ons The Ins(b;/[lx;)i Power
1 |Biogas Power Stations 157 93,406
2 | Biomass Power Plants 19 421,280
3 | Wind Power Plants 472 1389.452
4 | Hydroelectric Power Stations 741 947,640
5 Poweli Stations Per.formil.lg Tech- 44 i
nologies of Co-Incineration
6 | Photovoltaic Installations 4 0,104
Total 1437 2851,882

Source: The Energy Regulatory Office (http://www.ure.gov.pl) situation as of 16 June 2011.
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The development strategy for renewable energy projected increase of the share of re-
newable energy in the balance sheet of primary energy from around 2,5% in 2001 to
7,5% in 2010 and 14% in 2020, in a national level.

Unfortunately, until 2010 it was not possible to achieve assumed indicator.
According to the data of Energetic Regulation Authority, who supervises the electric-
ity market, it is clear that in 2010 all sources of renewable electricity gave about 9,3
TWh current, at the national electricity consumption Gross of 155 TWh it is just 6%.
Information regarding low participation of renewable energy in balance of the state
is a poor forecast for the future.

The geographical characteristics of Polish Pomerania

Pomerania is one of the more clearly outlined geographical regions among the Polish
lands. It represents a territory relatively compact, with sharp and legibly marked bor-
ders. The clarity and sharpness of the borders of Pomerania are accentuated by pow-
erful furrows of valley forms related to each other. To the West it is the Lower Oder
Valley, Lower Vistula River valley in the east, and to the South an ancient melt water
valley (Urstromtal) of Note¢-Warta, named also Torun-Eberswalde meltwater valley
(Thorn-Eberswalde Urstromtal), which bounds both of these valleys.

This system of three valley sections closely related with each other, closes in the geo-
graphical areas of Pomerania as a framework, the fourth, the northern boundary is
the shore of the Baltic Sea. Geographical and natural firmness of Pomeranian lands,
and their natural link with the main stem of the Polish state assigned the Pomerania,
the role of the most important parts of the territory of Poland, in the past, as well as at
present. Total surface area of two coastal provinces is 41181 km?, which is 13,05% of
the country area. Agricultural land occupies 1800500 ha, which is more than 48% of
the surface region. Agrarian structure is better than the average in the country. The
average size of the farm is around 20 ha (in the country 7,6 ha).

The landscape of Pomerania is mainly the result of action of Scandinavian ice during
the Pleistocene. The formation, expansion and disappearance of ice caps were made
apparent in the construction of an entire geological floor and shaping of its surface.
Characteristic is the zone layout for the glacial form.

Among the components of geographical environment in Pomerania, which play an
important role in the development of agriculture, only local soil show greater diver-
sification, however, not in terms of genetic, but the value in use.

The dominant Pomeranian podsol soil are of the average low fertility (80-90%), de-
pending on whether they are sandy, whether on-clay, and therefore whether they de-
veloped in the southern outwash plains (sanders) of Pomeranian slope, or in the mo-
raine plains of shore land. From this order differ strongly the fertile alluvial soils of
Zutawy in the first and black earth developed in Pyrzyce region. So the quality of
soils, closely genetically related to the quaternary formations of subsoil and upper
Pleistocene landscape, is an essential factor for designating land use and guidelines
for rural development in Pomerania.
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Figure 1 Structure for the land

Besides the thermal relations, another important component of the climate is the at-
mospheric precipitations. In their quantitative distribution in the Pomeranian area
the asymmetry is significant. The northern slope of almost entire region (except the
lowlands of Szczecin), receives more than 600 mm precipitation per year. The whole
southern slope of Pomerania including Szczecin Lowlands in the west and the shores
of Bay of Gdansk and lower Vistula river valley and in the east, receive less than
600 mm precipitation during the year. A course of a rainfall during the year is in such
a way, that the warm season precipitations are on average 50% higher than in cool.
An important feature of the climate of Pomerania — with a view to their use for en-
ergy purposes (onshore wind plants) is the movement of baric centres, and especially
with the intense migration of low pressures which shape winds and, in the Pomerania
these are mostly winds from the west. On the Pomeranian Coast, they achieve sig-
nificant speed, pursuing a maximum of 35m/s, especially in cold times of the year.
Therefore the coast of the Baltic Sea is known from numerous storms in the winter.
The frequency of winds on the coast is also highlighted by the negligible number of
periods of silence when compared with the rest of the Polish area, which is essential
for wind energy development.
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Problems of renewable energy development in Pomerania
The assumption of growth of energy generated from renewable energy sources (RES)
in the overall energy balance of Pomeranian voivodeships was considered one of the
basic priorities in several documents, among others: the “Regional Energy Strategy
with Particular Emphasis on Renewable Energy Sources in the Pomeranian Voivode-
ship for the years 2007-2025” (developed in 2006) and adopted in 2010 “Develop-
ment Programme for Power-generating Sector of the Renewable Energy Sources in
the Pomeranian Voivodeship for year 20257, “Development Programme for the En-
ergy Sector in the Westpomeranian Voivodeship to 2015 with the prognostic part up
to year 2030™.
The purpose of elaboration of these documents was processing the arrangements of
state energy policy to the regional level. They introduce the principle of sustainable
development energetic economy, taking into account the specific actions thermo-
modernisation and savings in the area concerned light of specific thermo-modernisa-
tion actions and savings in the area concerned.
It is assumed that implementation of the assumptions will be made, inter alia, by:
— Ensuring the energy security of supply of electricity (development of electric-
ity networks, construction of new highly efficient sources of electricity);
— Improving energetic efficiency;
— Increasing the volume of production of electricity from renewable sourc-
es (construction of new RES and liquidation of obstacles for their develop-
ment).

The characteristics of renewable energy sources related with agriculture

Solar Energy

Opportunities for the use of solar energy will depend on the values of insolation and
solar exposure time. In the scale of the country, the Pomeranian Voivodeship is char-
acterised by the favourable conditions of the insolation, particularly in a seaside lane.
It should be noted that the average value of solar exposure time in the area of Pomer-
anian Voivodeship is higher than the national average and is approximately 1700 h/
year. The solar energy is most applicable to heating water using solar collectors.

It is estimated that it has the potential to meet around 90% of the demand for warm
water of the residents of Voivodeship in the summer season; it may also be success-
fully used for drying the agricultural goods such as drying the hay. According to the
authors of “Development Programme for Power-generating Sector of the Renewable
Energy Sources in the Pomeranian Voivodeship for year 20257, the production of
photovoltaic conversion energy based on present technical possibilities is possible
only for purposes of power sets for low power and small periodic consumption of
energy. This is in clear contradiction with the direction of development of energetics
in the world. Professor BorkiEwicz (2010) member of the Commission for the protec-
tion of the environment, natural resources and Forestry of Polish Academy of Sci-
ences believes that energy policy, visible also in the regional programmes focuses
on the “intensive learning about conventional energy sources and increasing their
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rank and role in the system of energy”. He criticises the return to the concept of the
nuclear power station construction in Zarnowiec. He points to a clear turn in energy
policy in many countries. The US, China, Japan and Germany, which not only have
intensified research on the use of solar energy, but started the construction of objects
to its collection. After the failure of the nuclear plant in Japan, there has been a clear
change in the energy policy of the European Union, among others, in the direction of
exploitation of solar energy.

There are consistent and increasingly widespread opinions among those who know
the problems of climate change, that our civilization will be determined by the use of
solar energy already in the years 2040-2050.

The use of solar energy is considered as an important part of the solution to the prob-
lem of demand for energy in rural areas, where the location of the collectors is much
easier than in the cities. The use of this energy in agricultural holdings in Pomerania
is however small.

According to estimates, only a few dozen of households have solar collectors.

Wind Energy

The biggest wind energy resources in the region are on the coast of the Baltic Sea.
This phenomenon causes the intensive wind energy development in the last period.
Conditionings for wind energy development in the studied area are referred not only
to wind resources, but also to the development of the local infrastructure, including
primarily the electricity grid. The first in Poland, the biggest wind plants have been
built on Pomerania.

Now the largest wind park on the studied area is a power station in Karscin (90 MW)
in the Westpomeranian Voivodeship (the biggest wind power plant in Poland with
a capacity of 120 MW is built in Margonin in Voivodeship Wielkopolskie, that means
outside an areca under consideration). There are 42 wind power stations in Pomerania
(by status on 31.12.2011). The Pomerania enjoys enduring interest of foreign inves-
tors. They consider Poland for very promising market for investment in renewable
energy, including in particular wind.

The Danes, Germans, Dutch, Spanish, Americans, and even the Japanese are invest-
ing in the development of wind power in the studied area.

It can therefore be considered that the development of wind energy in Pomerania pre-
dicts shortly achieve significant increase of obtaining energy from sources which are
not possible to be scooped out.

So it could be considered that wind power development in the Pomerania predicts a
significant increase of obtaining energy from undepletable sources in the short term.

Wind energy and agriculture

For agriculture, wind energy is the element of competition for use of space.
Although the area which occupies one windmill is approximately 0.04 ha, the large
wind farms occupy even a few hundred hectares.

Thelocation of windmills does notalways prevent the agricultural use of land in the area
of the plant. Since the wind plants are built mostly on the weaker land, it is considered
that their location rolls up on the level of agricultural production in moderate degree.
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However, this problem should not be overlooked in the planning of development
directions; all the more that it concerns significant areas. It is estimated that even
around 15% of agricultural land in studied region may meet the conditions for the
construction of the wind plants. There is particular situation in the West Pomerani-
an Voivodeship where 12,8% of agricultural land is the attractive area in economic
terms for wind energy (on average in the country is 3,8%). At the same time West
Pomeranian Voivodeship has the highest percentage of the biggest farms (over 50
ha), which means less difficulties in obtaining the rights to the land and the need for
negotiations on matters of location with less number of interested parties. The rate
for the lease of the land under the wind plants is also important. According to data
obtained from the Polish Wind Energy Association, the average annual rate for the
lease of land under windmills is about 20 thousand zlotys per year. Economic bal-
ance favourable for wind energy and negative for agriculture, may decide to adverse
effects in the food sector changes in land use.

From the point of view of multifunctional development of rural areas the wind power
development seems to be favourable, inter alia because it creates new jobs outside
the agricultural sector.

The energy of the biomass

Biomass as a source of renewable energy raises high hopes in the Pomerania. Po-
meranian Region focuses in particular for its use for energy purposes. Biomass may
be used for energy purposes in the processes of direct combustion of solid biofuels
(wood, straw), the gas in the form of biogas, or processed in the liquid fuel (oil, alco-
hol). In the nearest term may be expected a substantial increase in interest in using
solid biofuels as wood and straw.

From the forests and woods of this Voivodeship large quantity of firewood are ac-
quired, and from sawmill processing operations and pulp industry waste wood. Fire-
wood also comes from roadsides, orchards and green areas in the cities. An impor-
tant source of energy from biomass is straw of cereals and rape.

Table 2 The potential resources of solid biofuels in Pomeranian Voivodeship [t/year]

Type of resource The possibility of obtaining

Energetic wood from forest inspectorates 227779
Post clearing waste wood 230733
Energetic Wood from the districts 268 872
Waste wood of road maintenance 8811

Energy crops (willow) 964 131
Energy crops - rye (grain) 112317
Energy crops (straw - rape, rye) 168 335
Energy crops (rape seed) 6290

Municipal waste 464 000
Wastes from municipal green areas maintenance 2468

Source: own study based on the ‘Programme for the Development of Electricity with
Renewable Energy Sources in the Pomeranian Voivodeship to the year 2025
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The data presented in Table 2 show that the main sources of biomass in Pomeranian
Voivodeship are the energy crops and wood. The possibility of obtaining timber not
only from forests, but also from “rural districts” is worrying.

This implies mainly cutting down the trees of the roadsides, which are nonetheless
still undervalued wealth of nature and of landscape of Pomerania.

Biogas production in manure and waste treatment installations, agricultural waste
and water treatment plants and landfills allows obtaining a high-energy source of
renewable energy.

Biogas production potential, originating in the first of all holdings of pigs and poul-
try, focuses in following districts: Cztuchowski, Kartuski, Wejherowski, Koscierski
and Slupski.

A significant amount of energy can be obtained also through the use of biomass from
the special energy crops. Itis estimated that the existing and potential biomass resourc-
es can be expected to cover around 19% of the demand for heat of the Voivodeship.
In the period of the last 5 years a significant increase in interest in the field of biogas
and agricultural biogas plants can be noted. This is evidenced by the launch of six
agricultural biogas plants in Middle Pomerania in the years 2008 to 2011.
Previously, on a scale of the country only one biogas plant of this type was operation-
al, also located in the Pomerania. Biogas plant is an installation for the production
of biogas from biomass plants, livestock manure or organic wastes from agro-food
industries. The acquisition of energy from agricultural biogas plants solves the prob-
lem of storage of waste (often onerous for the environment), and limits the emission
into the atmosphere at high concentrations of methane coming from the fermenta-
tion of stored biomass. Processing of organic substances may be a source of valuable
fertilizer for agriculture. They can be considered as a factor stimulating economic
development, increasing energy security and creating new jobs. Agricultural biogas
plants produce energy in a highly efficient manner.

Bundling the production of heat and electricity permits efficient use of energy con-
tained in the biomass even to approximately 87% of which about 37% is the electric
energy, while the rest is heat, which practically without losses may be used within an
object and its closest surroundings. The theoretical potential of achievable biomass
can be determined by simulating potential yields. These are the biggest yields obtain-
able on a given area specified on the basis of experience in the field and production.
Estimation of the potential of biomass energy crops has recently changed as a result
of the withdrawal of area additional payments for crops for energy purposes by the
EU in the year 2010 (CAP) and consequently increase the profitability of the food and
feed crops. Markowska (2010) studied the energetic potential of biogas in 640 farms
which kept the economic accounts (diffused sources) in the Pomeranian Voivode-
ship. It showed that the largest potential for biogas from crops of energy purposes
exists in following counties: Wejherowski (ca. 140000 MWh), Stupski (ca. 120 000
MWh), Gdanski (ca. 65000 MWh) and Cztuchowski (38000 MWh).

KowaLak (2012) researched motivations for taking the decision to undertake the pro-
duction of energy plants by farmers. The research included 110 farmers growing
crops for energy purposes.

The results are summarized in Table 3.
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Table 3 Motivations of farmers to implement energy crops (respondents could give
two answers)

Motivation (Number of respondents) % of respondents
Economical Profitability 107 97,27
The Security of Its Own Energy Needs 28 25,45
Desire to Protect the Environment 4 3,64
i)feIinlr; ;[zeAcquire an Alternative Source 3 29,09
Demand on the Market 11 10,00
Other 16 14,55

The obtained results suggest that the major reason for switching the production from
food production to the production for energy purposes is profitability.

Only slightly more than 25% surveyed farmers reported the need to meet their own
energy needs as the reason.

29% of respondents have decided to introduce energy crops to their holdings in order
to obtain an alternative source of income, allowing the flexible bringing production,
subject to the general economic situation in the market. Farmers in principle do not
attach importance to the impact of their decisions on the environment. 10% decided
for energy crops with previously identified outlet to the market.

The interviews carried out with 35 agricultural advisers dealing with this issue in a Po-
merania show that the impetus for the dissemination of crops for energy purposes was
additional payments for these crops introduced by the European Union in year 2007.
Although a decrease in premiums caused not any major drop in area allocated under
energy crops, significantly reduced interest of new producers in these plants. Agricul-
tural Advisers in the majority (90% of surveyed) believe that the agricultural produc-
tion on the energy purposes in the current conditions do not endanger the food safety.

Liquid Biofuels

The researches carried out by IUNG (the Institute of Cultivation and Fertilization of
the Soil)) in Putawy show that among the liquid fuels derived from biomass, produc-
tion of biodiesel from vegetable oils and use of the additive ethanol into petrol may
be of importance. Kus (2003)stresses that the use of liquid fuels has a long history,
because already in 1920, Rudolf Diesel used oil of peanuts to propel his engines. Also
in Poland in the period between the two World Wars a mixture composed of 70% to
30% alcohol and petrol was produced. This product, however, was forced out of the
market by cheaper petrol of crude oil.

Biodiesel is diesel oil or a fuel for compression-ignition engines or a biological com-
ponent to fuel in the form of vegetable oil esters. In Europe mainly ester rape (MER)
is used. It is applied as fuel in pure form (in adapted vehicles), or as an admixture to
conventional diesel oil.

Rape covers approximately 80% of the acreage intended under oil plants in Europe.
In Poland, its share is even higher and is 95% of the area of the oilseed crops.
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In Pomerania in 2010 in the area 199,8 thousand hectares has been cultivated with
rape. In relation to the year 2002 there was nearly double the increase of the area of
this plant. It should be noted that the surface of the cultivation of rape is continually
fluctuating — in the year 2011 crop area declined by 19.1% on the territory of the Po-
meranian Voivodeship.

For example, this is indicated by researches conducted on the premises of the coun-
ty of Slupsk. A similar phenomenon occurs in the whole region. However, the Food
Economy Bank (BGZ) forecasts are optimistic. BGZ sees the chance of a substantial
improvement in the production of rape esters in the coming years.

Renewable energy in the electricity sector development scenarios for Pomerania
Under the programme for the development of the energy sector, development scenar-
ios for electro-energy sector have been developed, five for Pomeranian Voivodeship
and three scenarios for Western Pomeranian Voivodeship.

They were worked out on the basis of analyses covering the current state of transmis-
sion and distribution systems, the potential of the generating facilities of the largest
sources of electricity, the existing potential of renewable sources of electricity, and the
current balance of the production and consumption of electricity within the Pomera-
nian Voivodeship.

These scenarios take into account the following needs:

— energy security of the region,

— improving energy efficiency,

— improve ecological safety,

— increasing the share of renewable energy in the overall energy balance,
Accepted for implementation in Poland the Pomeranian scenario IV of sustainable
development of the electricity sector implies the diversification of energy production
in the Voivodeship. The principal supplier is to be eventually proposed nuclear power
plant in the vicinity of Zarnowiec. Also energy production from renewable energy
sources-mainly based on wind and biomass- will increase significantly.

According to the authors of the programme the accepted scenario ensures high safety
of electro-energy in Pomerania; its implementation will enable the transformation of
the Pomeranian Voivodeship from the importer to exporter of electricity.
Implementation of this scenario represents a compromise that will allow economic
development of the in the explanatory memorandum Voivodeship, while ensuring sat-
isfactory ecological effect.

It is emphasized in the explanatory memorandum that this scenario is characterised
by the many exemplary technical parameters and allows the fulfilment by Poland the
economic obligations arising from EU directives, which is about 15% of the share of
renewable energy in the national final energy balance.

The scenario No. IV assumes the following investments:

— construction of the energy block (electric block) with a capacity of 800-1 000
MWe, coal fired in Gdansk This block will also produce heat for the urban
heating system (putting into service in the years 2016-2018),

— construction of power plant coal in the area of the lower Vistula River with a
power of 1 500-2 000 MW (the years 2016-2019),
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— the construction of a nuclear power plant in the vicinity of Zarnowiec with
power output of 1 400-1 600 MW-The first block is to be built in the years
2020-2021,

— construction of a gas central heating plant in the vicinity of Lotos Gdansk Re-
finery under the 200MW (in operation before 2015),

— construction of a gas power station intended to work on the basis of the peak
load, power of 800 MW. ‘Programme for the development of electricity with
renewable energy sources in the Pomeranian Voivodeship to 2025’

— construction of the plant for thermal waste disposal in the area of Gdynia,
equipped with the energy block of 10-15 MW (operational until the end 0f 2014),

— construction projects of wind farms on the land will be implemented at a pace
of 400-450 MW installed power on each 5 years,

— wind farms at sea construction projects will be implemented at a rate of 150-
170 MW of installed power for each 5 years,

— the construction of biogas plants will be implemented in quantities of about 50
installations on each 5 years (average power of 0.50 MW),

— the construction of other renewable sources of energy implemented will be at
arate. 10 MW of installed power on each 5 years.

The available source materials show that the balance of power from all sources of en-
ergy in the region of Pomeranian Voivodeship in the years 2015-2025 will be clearly
differentiated.

Share disposal capacity from renewable energy sources is estimated at 24,6 MWe in
2015 and will be followed by gradual decline to the level of 12,9 MWe in year 2030
in result of the activation of nuclear power plant.

This fact leads to a reflection on the implementation of the policy of sustainable de-
velopment of the Voivodeship in the field of energy. The decline in the share of re-
newable energy in the overall balance of the Voivodeship clearly confirms the previ-
ously cited thesis of Prof. Borkiewicz that energy policy of the state, visible also in
the regional programmes focuses on the “intensive learning about conventional en-
ergy sources and increasing their rank and role in the system of energy”.

It can be concluded that the programme authors have adopted the definition of the
concept of sustainable development other than those formulated at the UN Confer-
ence in Stockholm. This definition recognises that sustainable development of en-
ergy means periodic energy security, which is guaranteed by the mobilization of
energy from different sources, including those non-renewable. Such an approach is
difficult to be considered appropriate.

Definitely, a different approach to the development of the electroenergetical sector is
observed in the West Pomeranian Voivodeship.

The scenario chosen for the implementation targets the development of this sector
on the use of renewable energy sources, including wind and biomass energy sources
development.

It is assumed here that installed wind power on the farms at the level of 2500 MW is
reached by year 2030. In the same time it is planned to develop two conventional pow-
er plants: “The Lower Odra” and “Pomorzany”, including approximately 600 MW.
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The amount of energy generated from wind power will therefore be similar to that
produced in coal power plants (power plant ‘Lower Odra provides now 1832 MW of
electricity and 100 MW of thermal energy and power plant Pomorzany 134,2 MW of
electricity and 323,5 MW of thermal energy).

In the West Pomeranian Voivodeship degree of agricultural use of biomass and biogas
is planned to be smaller than in the Pomeranian Voivodeship. It is assumed here an
increase of the biogas production by 50%. On the other hand, the increase in expendi-
ture on scientific research on the use of biomass for energy purposes is expected.

CONCLUSIONS

During the last 25 years the village has changed its position in the energy market. It
ceased to be solely a consumer energy materials-became one of their producers. En-
ergy production can significantly affect the direction of agriculture and rural devel-
opment in the next twenty years.

The indirect impact of the crops for energetic purposes on the change of land use
may largely decide about the directions of development of agricultural production
for energy. This problem is regarding the whole of the European Union, which is “an
importer of agricultural land” used for food and energy which reduces the food se-
curity of the poor countries.

Polish Pomerania has special predisposition to gaining the renewable energy. It has
good conditions for development almost all her unconventional forms of energy and
in particular wind and biomass.

The Programme of the renewable energy development in the Pomeranian Voivode-
ship to the year 2025 assumes a significant increase in the production of energy from
renewable sources, however, after the regular increase in the share of renewable en-
ergy in the energy balance in 2015 (24,6%), provides for a decrease in the share to a
level of approximately 12.7% in the period 2020-2025. There is no guarantee of com-
pliance with the criteria of the European Union in this field.

West Pomeranian Voivodeship carries out in the future scenario enabling the achieve-
ment of more than 50% of production of energy from renewable energy sources,
which surpassed them at the national forefront.

The main motivation which persuades the farmers to replace agricultural production
for food by the production of energy crops is its profitability (profit).

Wind power development in Pomerania as well as production of plants for energy can
be considered a competitive element for agricultural production for food purposes.
Inter alia it is been decided by the quantitative supremacy of weaker soil and low
profitability of agricultural production. Agricultural advisers believe that this situa-
tion at the moment does not endanger the food safety of the region.

In the programmes of energy development for the both of the Pomeranian Voivode-
ships too few place is given to the use of solar energy.
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ABSTRACT

This study gives an overview of the heavy metals, their characteristics and their in-
fluence to the environment and methodological approaches which are use for evalu-
ation the content of heavy metals in soil, water, air and biota. Heavy metals are
persistent environmental pollutants because they are non — biodegradable and can
readily accumulate to toxic levels in soils. Polluted soils lose common biological
properties, and they are no longer appropriate for agricultural production. Heavy
metal contaminated soils became the source of undesirable substances for surface
and ground water which are in direct contact with all environmental components.
Toxic elements from soil and water are taken by plants and became part of food
chain. Heavy metals have carcinogenic, mutagenic and teratogenic influence to the
human body.
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Uvob

Krajina predstavuje pre ¢loveka nielen priestor a podmienky pre zivot, ale poskytuje
mnozstvo prirodnych zdrojov, ktoré sa ¢lovek naucil vyuzivat. Medzi poziadavkami
spolo¢nosti na krajinu a schopnostou krajiny zasobovat’ spolo¢nost’ prirodnymi zdroj-
mi ¢asto vznikd rozpor, ktory vedie k nadmernému antropogénnemu zatazeniu kraji-
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ny. Prekrocenie prirodného potencialu a tinosnosti krajiny ma za nasledok narusenie
vztahov medzi ekosystémami a vznik environmentalnych problémov.

Podla legislativy SR sa tzemia znecistené ¢innostou cloveka, ktoré predstavuji
zavazné riziko pre l'udské zdravie alebo zlozky prostredia nazyvajii pojmom environ-
mentalne zataze (Zakon NR SR ¢. 384/2009 Z. z.). Vel'ka ¢ast tychto zatazi na uzemi
Slovenska vznikla banskou a naslednou spracovatel'skou ¢innostou, ktora okrem vy-
razného vplyvu na Struktaru krajiny, sposobila znecistenie prostredia vysokym obsa-
hom tazkych kovov.

Tazké kovy tvoria prirodzenu stiéast’ zemského povrchu, vyskytuji sa v roznych kon-
centraciach vo vsetkych zlozkach zivotného prostredia. V dosledku l'udskej ¢innos-
ti sa prirodzena rovnovaha tychto prvkov v hornych vrstvach zemskej kory narusi-
la. Vzhl'adom k tomu, ze tazké kovy nepodliehajii prirodzenému rozkladu, dochadza
k ich hromadeniu v prirodnom prostredi, a preto predstavuju poprednt skupinu konta-
minujucich latok, ktorych obsah sa sleduje v r6znych ¢astiach prirodného prostredia.
Perzistencia a akumulacia tazkych kovov v zivotnom prostredi vel'mi uzko suvisi s ich
pouzivanim v modernej spolo¢nosti, priCom neustale prispieva k ich obsahu v biosfére
(KAKAR, JEFFERY, 2005), ¢o sa automaticky nepriaznivo prejavuje na vsetkych urov-
niach potravového retazca, kvalite pody a celého zivotného prostredia (Gray a kol.
2006). Pri posudzovani samotnej toxicity kovov je nevyhnutné dbat’ na cely rad fakto-
rov akymi su typ kovu, jeho koncentracia, forma vyskytu alebo sposob expozicie na
organizmus.

Pojem tazké kovy bol prebraty z metalurgie a oznacuje skupinu 37 prvkov periodic-
kej sustavy, ktoré maju atbmovu hmotnost’ vyssiu ako 5 g.cm?. Tento tdaj neplati pre
selén a hlinik a preto niektori autori povazuji za spravnejsie do skupiny tazkych kovov
zaradzovat prvky s protonovym ¢islom vacsim ako 20. V tomto pripade by sa skupina
tazkych kovov rozrastla na 70 ¢lennua skupinu, ale vyli¢enim lantanoidov a aktinoi-
dov je tychto prvkov priblizne 40 (Styk, 2001). Patria sem nasledujtice prvky: La, Ce,
Pr, Zr, Hf, Th, V, Nb, Ta, Cr, Mo, W, U, Mn, Re, Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu,
Ag, Au, Zn, Cd, Hg, Ga, In, T1, Ge, Sn, Pb, As, Bi, Sb, Te. Prvky patriace do skupiny
tazkych kovov sa navzajom liSia svojimi vlastnostami, zdrojom svojho pdvodu, ako
aj uc¢inkom na prostredie a ¢loveka. FErGusson (1990) povazuje tazké kovy za prvky,
ktoré spiiiaju nasledujtice kritéria: st dost’ rozsirené v zemskej kore, st tazené a vyuzi-
vané v priemernych mnozstvach, st obsiahnuté v materialoch, s ktorymi l'udia pricha-
dzaju do kontaktu, maju toxicky Gc¢inok na zivé organizmy, sposobuji neziaduce Gc¢in-
ky v biochemickom cykle. Na zaklade doterajsich vyskumov orientovanych na toxické
ucinky tazkych kovov na prostredie a ¢loveka bolo zistené, ze viacsina z nich predsta-
vuje hrozbu, ktora sa prejavuje nielen na urovni degradacie prirodného prostredia, ale
predovietkym mé negativny dopad na udské zdravie (HronEC a kol., 2002). Tazké
kovy mdzu mat na ¢loveka karcinogénny, mutagénny a teratogénny Gcinok. Extrémne
nebezpecny je vysoky obsah kadmia, u ktorého bola Statisticky dokézana priama to-
xicita na l'udsky organizmus (MakovNIKova a kol., 2006). K rizikovym patri aj olovo,
ktoré ma inhibi¢ny Gi¢inok na mnozstvo zivotne ddlezitych organov, med, u ktorej bol
preukazany karcinogénny vplyv na organizmus a negativne vplyva na gastronomicky
a respiracny systém cloveka a vysoko toxické je aj olovo, ktoré v organizme ¢loveka
vyvolava poruchy krvotvorby a a pri dlhodobejSom vplyve aj poruchy reci, videnia
a vedie k celkovému ochrnutiu organizmu.
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TaZké kovy v pddnom prostredi a metodologické moZnosti ich stanovovania
Poda predstavuje zakladnt zlozku zivotného prostredia, je spojivom medzi mineral-
nou (nezivou) a organickou (zivou) ¢astou prirody a zaroven je nevyhnutnd pre exis-
tenciu zdravej a zivotaschopnej populacie. Je regulatorom kolobehu latok, moze fun-
govat ako ulozisko ale i zdroj potencialne rizikovych latok. Rozlisujeme dve zakladné
skupiny kontaminacie pddy tazkymi kovmi. V prvom rade je to kontaminacia geo-
chemického (prirodného) pdvodu, ktora vznikd v désledku prirodzeného obsahu taz-
kych kovov v horninach a mineraloch. Najvyssie prirodzené koncentracie tazkych ko-
vov maju magmatické horniny. V druhom pripade ide o antropogénnu kontaminaciu
pody tazkymi kovmi. Tazké kovy pochadzajice z antropogénnych zdrojov st v po-
rovnani s prirodnymi zdrojmi ovela komplexnejsie a rozmanitejsie. Vo vSeobecnosti
su povazované za najrizikovejsiu skupinu latok v zivotnom prostredi, pretoze patria
medzi nedegradovatelné kontaminanty.

K hlavnym zdrojom kontaminacie pdd tazkymi kovmi patri hutnictvo, spalovanie
fosilnych paliv, automobilizmus, hnojiva, pesticidy, kaly a odpady z priemyslu a do-
macnosti (JAVOREKOVA a kol., 2008). Tazké kovy vstupujii do pddy vo forme oxidov,
kremicitanov, uhli¢itanov, siranov a sulfidov (Durza, 2003). Vstup kovov do pddy je
ovplyvneny mnozstvom pddnych vlastnosti a jednotlivé pody sa lisia odolnostou voci
tymto toxickym latkam. V najvic¢Som mnozstve sa tazké kovy hromadia v tazkych,
ilovitych pddach, naopak, 'ahké piesocnaté pody su pre kovy priepustnejsie vdaka
¢omu prenikaji do nizsich vrstiev pody, pripadne do podzemnych vod.

V beznej praxi sa na stanovenie obsahu kovu v pdde vyuziva stanovovanie jeho celko-
vého obsahu vo vzorke pody. Tato hodnota predstavuje suhrn vSetkych foriem, v kto-
rych sa dany prvok v pdde vyskytuje. Stanovenie celkového obsahu tazkych kovov
v pode sa najCastejSie vykonéava rozkladom podnej vzorky zmesou silnych kyselin.
V nasich podmienkach dochadza k stanoveniu kovov plamenovou, alebo hmotnost-
nou spektrometriou (AAS — atdbmovou absorpénou spektrometriou, RFS — rontgenflu-
orescen¢nou spektrometriou) po rozklade podnej vzorky vo vyluhu licéavky kralov-
skej (zmes HCl a HNO, v pomere 3:1).

Okrem celového obsahu kovu v pddnom ekosystéme sa stanovuju aj ich mobilizova-
telné a mobilné formy. Takato forma kovu prestavuje suhrn foriem rizikovych prv-
kov uvolnitelnych z pddy réznymi vylihovacimi ¢inidlami okrem kyselin, ktoré sa
pouzivaju pri celkovom rozklade. Mobilizovatel'né obsahy jednotlivych prvkov, pred-
stavuju ich potencialnu zasobu, ktora moze byt mobilizovana pri zmene pddno — eko-
logickych podmienok, ¢innostou agrotechniky alebo aplikaciou hnojiv.

Potencialne uvolnitel'né obsahy prvkov st citlivejsie pre postidenie hygienického sta-
vu pdd ako celkové obsahy a da sa na zéklade nich zmapovat’ situacia v obsahu
rizikovych stopovych prvkov v podach, ktora je podmienena geochemicky aj imi-
siami. Na stanovenie potencidlne mobilizovatelného obsahu rizikovych prvkov sa
najcastejSie vyuzivaji tieto vyluhy (MakovnikovA, 2000): 2M HNO, za tepla, IM
HNO, za studena, 1M HCI, Na EDTA (sodna sol kyseliny etyléndiamintetraoctovej),
DTPA (kyselina dietyléntiraminpentaoctova), 0,05 EDTA, 0,1 M HCI, 0,5M NH,OAc
— EDTA, NH,OAc. Stanovovanie mobilnych foriem tazkych kovov v pode predsta-
vuje formu kovu pristupnu pre rastliny. Na stanovenie mobilného obsahu tazkych ko-
vov sa vyuzivaju nasledovné vylihovacie ¢inidla (MakovNikova, 2000): 0,1 M CaCl,,
0,1 M NaNO,, 0,1 M MgCl,, 0,1 M Mg(NO,),, 0,1 M NH,NO,, NH,OAc, vodny vyluh.
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TaZké kovy vo vodnom prostredi a metodologické moZnosti ich stanovovania
Znecistenie vodného prostredia tazkymi kovmi predstavuje nezvratny zasah do vod-
ného ekosystému. Voda uz nie je schopna nadobudnut’ pévodnt kvalitu, pretoze taz-
ké kovy sa akumuluji vo vodnom prostredi, najmé v sedimentoch a nie je mozné ich
odstranit’ (PoorovA, TAUSBERIK, 2000).

Stanovenie obsahov tazkych kovov vo vodnej vzorke sa vykonava viacerymi pri-
stupmi. Tieto spdsoby stanovovania sa u vdésiny kovov zhoduju, iba niektoré si vy-
zaduju Specificky postup. NajcastejSie je obsah tazkych kovov vo vodnych vzorkach
stanovovany atobmovou absorpcnou spektrometriou (A AS). Tato technika stanovova-
nia je zalozena na schopnosti vol'ného atdému vyziarit' foton s urcitou energiou a za-
roven schopnosti foton s rovnakou energiou prijat. Vol'né atdbmy dané¢ho prvku ozia-
rené vhodnym monochromatickym lic¢om absorbuju ziarenie a na zaklade miery zo-
slabenia tohto ziarenia je mozné usudit’ koncentraciu daného prvku (KoLLEr, 2002).
Atomova absorpcna spektrometria sa vykonava dvoma spdsobmi, plameiiovou AAS
a AAS s grafitovou pecou. AAS s grafitovou pecou je osvedéena a vykonna metdda
pre stopovu analyzu prvkov, avsak v porovnani s plameiiovou AAS je ¢asovo naroc-
nejsia. Dalsia metoda stanovovania je zaloZend na merani vlnovej dizky &iarového
spektra a jeho intenzity. Ide o atdmovu emisna spektrometriu (AES), ktora sa vyuzi-
va pri stanovovani tazkych kovov vo vodnom prostredi.

Hmotnostna spektrometria s induk¢éne viazanou plazmou (ICP — MS) je technika,
pomocou ktorej je mozné vel'mi rychlo a pri malej spotrebe vzorky stanovit’ stopové
mnozstvo jednotlivych prvkov, preto sa tato technika stala Standardne vyuzivanou
najmi pre stanovovanie stopovej koncentracie prvkov. Je vhodna na stanovovanie
takmer vSetkych doteraz zndmych chemickych prvkov. Ak je vSak v matrici vysoky
podiel niektorej zlozky alebo vzorka obsahuje vela soli, méze dochadzat’ k roznym
interferenciam a v tomto pripade je vhodnejiie vyuzit ini metédu. Specifickym pri-
padom kovu, ktory si vyzaduje zvlastny pristup pri stanovovani je ortut, ktora za
normalnych teplotnych podmienok vykazuje vyznamnu tenziu par. Technika zaloze-
na na merani par ortuti sa nazyva metoéda studenych par (CV). V niektorych pripa-
doch sa pre stanovenie tazkych kovov vyuzivaju elektroanalytické metody (anodicka
rozpustacia voltametria, difuzna pulzna rozptstacia voltametria, striping polarogra-
fia a pod.). Vyuzivaju sa predovsetkym na stanovenie Cd, Pb, Cu, Ni, Zn a Cr. Tieto
metddy len zriedka prevysSuju hranice stanovitenosti AAS, ICP a AES (TREBENSKA
a kol., 1995).

TaZké kovy v ovzdusi a metodologické moZnosti ich stanovovania

Ovzdusie rovnako ako poda a voda tvori zakladnt Cast’ Zivotného prostredia. Kazdé
znecistenie ¢i kontaminacia zivotného prostredia sa odrdza na jeho kvalite. Znize-
na kvalita ovzdusia ovplyviuje stav prostredia, zdravie populécie, ako aj jednotlivé
ekosystémy (PucHerovA, 2008). Ovzdusie je ohrozené cudzorodymi latkami, ktoré
unikaju ako antropogénne artefakty (napr. novo syntetizované zluceniny) alebo iné
latky, ktorych vyskyt sa viaze na ojedinelé pripady a lokality (napr. sopecna erup-
cia, prasné burky). Prevazna véac¢sina znecistujucich latok je do ovzdusia emitovana
z klasickych energetickych technologii z priemyselnych prevadzok a 'udskych sidiel.
V sucasnej dobe je najvacsim znecistovatelom doprava a energetika.
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Tazké kovy v ovzdusi nie su problémom jedného $téatu, ide o globalny problém, ktory
si vyzaduje komplexné rieSenie. V roku 1998 bol v Aarhuse vypracovany Protokol
o tazkych kovoch k Dohovoru Eurdpskej hospodarskej komisie Organizacie spo-
jenych narodov (EHK OSN) o dial’kovom znecistovani ovzdusia, prechadzajucom
hranicami §tatov, ktorého jednym z cielov je znizit’ emisie tazkych kovov na uroven
emisii v roku 1990. Hlavnou pri¢inou znecistenia ovzdusia tazkymi kovmi su spa-
lovacie procesy v priemysle, priemyselné technoldgie, spalovanie odpadu a doprava.
Najvacsi podiel tazkych kovov sa dostava do ovzdusia vo forme emisii a nasledne
dochadza k depozicii v dosledku vymyvania dazdom a v podobe prasného spadu
(VioLova a MAGULOVA, 1995). Toxicita tazkych kovov v ovzdusi je zavisla od ich kon-
centracie a dizke expozicie.

Lokalne znecistenie ovzdusia tazkymi kovmi je viazané na zdroje emisii pochadza-
jucich z najblizsieho okolia. Ide o oblasti, ktoré sa nachadzaji v dosahu prasného spa-
du pochadzajiceho z konkrétneho miestneho zdroja. Za tento zdroj st povazované
predovsetkym podniky zamerané na tazbu a nasledné spracovanie rudnych surovin.
Regionalne znecistenie ovzdusia je viazané na dial’kovy prenos tazkych kovov. Ide
o znecistenie hrani¢nej vrstvy atmosféry v dostatocnej vzdialenosti od lokalnych
priemyselnych a mestskych zdrojov.

Stanovovanie tazkych kovov zo vzduchu si vyzaduje pouzitie filtraénych zariadeni.
Tieto zariadenia st schopné odseparovat’ jednotlivé tuhé Castice obsahujice kovy na
zaklade vel'kosti ich frakcii. Po odseparovani tychto ¢asti dochddza k ich analyze po-
mocou nasledujiacich metod.

Atoémova absorpcna spektromeria (AAS) je pravdepodobne jednou z najviac pouzi-
vanych analytickych postupov pre stanovovanie prvkov viazanych na Castice vo von-
kajSom vzduchu. Na zaklade o¢akavanej koncentracie vzorky je mozné zvolit’ medzi
plamenovou a bezplamenovou technikou. Plamenova technika ma vyssiu rychlost
analyzy, ale v porovnani s bezplamenovou analyzou aj nizsiu senzitivitu. Atomova
fluorescencna spektrometria (AFS) je povazovana za inverznt formu metody AAS.
Rovnako ako v pripade stanovovania tazkych kovov z vodnych vzoriek sa aj pri
zistovani kontaminacie ovzdusia tazkymi kovmi vyuziva metdda atomovej emisnej
spektrometrie s indukéne viazanou plazmou (AES — ICP). Najvicsia vyhoda tejto
metody spociva v moznosti stanovovat’ viac tazkych kovov stibezne z jednej vzorky.
Vyhoda rontgenovéj fluorescenénej spektrometrie (RFS) spociva v tom, Ze podobne
ako ICP — AES a RFA, umoziiuje simultanne stanovenie vac¢sieho poctu prvkov. Ne-
utroénovo — aktivacna analyza je relativne senzitivna analyticka technika, ale niektoré
dolezité kovy, akymi su, napr. olovo a chroém, nie je schopna stanovit’, preto je potreb-
né pre uplnu analyzu vyuzit’ ostatné dostupné metody.

TaZké kovy v rastlinich

Material rudnych hald a odkalisk predstavuje velmi Specifické stanoviste pre rast
a vyvin vegetacie. Na banskych deponiach, ktoré maji vysoky obsah tazkych kovov
je mozné pozorovat prienik kontaminantov do tela rastlin, vplyv tazkych kovov na
rast a d’al§i vyvin rastliny, ako aj metddy, ktoré rastliny vyuzivaju na to, aby sa doka-
zali prisposobit’ $pecifickym podmienkam.
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Tazké kovy predstavuju pre rastliny stresovy faktor, ktory vyvolava poéetné fyzio-
logické zmeny (MakovNikova, 2000). Do rastlin vstupuji kovy dvoma cestami, bud’
z pody alebo prostrednictvom atmosférickych zrazok (HroNEC a kol., 1992). V pode
su kovy zvycajne naakumulované v dosledku ich zvySeného obsahu v materskej hor-
nine, alebo vplyvom antropoégennych ¢innosti a rastliny ich prijimaji cez korefiovy
systém. Tazké kovy rozptylené v ovzdusi do rastliny prenikaji cez prieduchy. Vda-
ka tomu, Ze st rastliny schopné akumulovat’ stopové prvky a tazké kovy vo svojom
tkanive, umoziuja tak ich jednoduchy prechod do organizmov zivocichov a ¢loveka.
Vplyv tazkych kovov na rastliny sa prejavuje poruchami na biochemickej a fyziolo-
gickej urovni a vyvolava zmeny spojené s redukciou druhov rastacich na kontami-
novanych miestach (Banasova, 1996). Medzi konkrétne morfologické a fenologické
zmeny, ktoré boli zaznamenané réznymi autormi patri:

— zakrpatenie rastlin — nanizmy, deformity (BANASOVA, 1996),

— gigantizmus (BANASOVA, 1976),

— silnejSie vyvinuté podzemné Casti rastlin nez nadzemné (WIERZBICKA,

Rostaxski, 2002),
— tvorba vicsicho poctu samicich buniek (MacNAIR, 1997),
- Vy§§ia farebnost’ kvetov (MACNAIR, 1997),
— predizena doba kvitnutia (WiErRzBICK A, RosTAXSKI, 2002) a iné.

Pocetné ekologické studie odhalili schopnost’ rastlin adaptovat’ sa na prostredie, kto-
ré je charakteristické vysokymi koncentraciami tazkych kovov. V dosledku vysokej
toxicity substratu su v takychto podmienkach schopné prezit’ len tie druhy rastlin,
ktoré si vytvaraji osobitl stratégiu a rézne mechanizmy, ktoré im umoznia prezit
v nehostinnych podmienkach. Tieto rastlinné druhy nevykazuji znamky toxicity,
pretoze sa prave vdaka zvlastnym mechanizmom dokazu s prebytkom kovov vy-
sporiadat’. Tvoria tzv. tolerantné ekotypy u ktorych je tolerancia voci jednému alebo
viacerym kovom geneticky fixovana. Druhy rastuce na podach s vysokym obsahom
tazkych kovov, tzv. hyperakumulatory, hromadia absorbované kovy v nadzemnych
Castiach, ale pre svoju vlastnt vyzivu ich nepotrebuji. Takéto Specifické spolocen-
stva rastlin maju vel’ky vyznam pri sanacii toxickych miest. Skupina metdd, ktoré
vyuzivaju zelené rastliny na fixaciu, akumulaciu a degradaciu znecistujucich latok
sa nazyva fytoremediacia (Ouvang, 2002). Akumulacia Skodlivin v telach rastlin
znemoznuje ich d’al$iu migraciu a teda eliminuje moznost’ ich vstupu do potravo-
vého retazca. Pre Gspesnost’ fytoremediacie je nevyhnutna biologicka dostupnost
toxickych latok pre rastlinu, ktord je dana rozpustnostou danej latky, typom pody
a vekom kontaminacie (Kapukova a kol., 2006). K najznamej$im a najviac vyuziva-
nym fytoremediaénym metdédam patri fytoextrakcia, fytostabilizacia, rizofiltracia
a fytodegradacia (MaRruskova, 2010). Fytoextrakcia je zalozena na schopnosti rastlin
prijimat’ a koncentrovat’ tazké kovy vo svojich pletivach. Metoda spociva v pestovani
takychto rastlin na znecCistenych uzemiach a na opakovanom zbere ich nadzemnych
Casti dovtedy, kym sa hodnota kontaminujtcej latky neznizi na pozadovanu aroven.
Metoda fytostabilizacie sa vyuziva na podach, kde toxické elementy nedosahuju pri-
1i$ vysoké hodnoty. Rastliny st v tomto pripade vyuzité na znizenie pohyblivosti
a biologickej dostupnosti polutantov, s cielom obmedzit' alebo uplne zabranit’ ich
vstupu do podzemnych vod. Rizofilizacia vyuziva korenovy systém rastlin, ktoré
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absorbuju alebo adsorbujii zneCistujuce latky z vody a nasledne sa v telach rastlin
skoncentruju a vyzrazaji. Fytodegradacia (fytotransformacia) je proces degradacie
komplexnych organickych molekil v procese metabolizmu, resp. ich rozklad pomo-
cou rastlinnych enzymov (MAcEex et al., 2002).

ZAVER

Tazké kovy tvoria prirodzena sucast’ zemského povrchu, vyskytuji sa v roznych
koncentraciach vo vsetkych zlozkach zivotného prostredia. V poslednych desatro-
¢iach obsah tychto elementov v prirodnom prostredi narastol v désledku rozsiahlych
antropogénnych aktivit. Na zaklade doterajsich vyskumov orientovanych na toxické
ucinky tazkych kovov na prostredie a ¢loveka bolo zistené, Ze vacsina z nich pred-
stavuje hrozbu, ktora sa prejavuje nielen na urovni degradacie prirodného prostre-
dia, ale predovsetkym ma negativny dopad na l'udské zdravie. Vzhl'adom k tomu, ze
medzi zlozkami prostredia dochadza ku kolobehu latok, kontaminécia jednej z nich
ma za nasledok prienik toxickych elementov do vSetkych ostatnych. Pritomnost’ ne-
ziaducich latok v podnom a vodnom prostredi vedie k ich vstupu do potravového re-
tazca a priamo ohrozuji l'udské zdravie.
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