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INDEX POTENCIALNEHO EKOLOGICKEHO RIZIKA
TAZKYCH KOVOV Z BANSKEJ CINNOSTI

ECOLOGICAL POTENTIAL RISK INDEX OF HEAVY METALS
FROM MINING ACTIVITY

Eva SINGOVSZKA! — MAGDALENA BALINTOVA!

ABSTRACT

Increased concentrations of pollutants in sediments of streams, rivers and reservoirs can
be of natural or anthropogenic origin, which is often more serious and, under certain
conditions poses a risk to the quality of the rock environment, including groundwater and
surface water as well as preservation and development of biota and consequently also the
health of the population.

The mine-system represents partly opened geochemical system into which rain and surface
water drain. Potential ecological risk indexes were used to study the pollution status of
heavy metals in sediment and assess their potential ecological risk to environment, for the
metals Cu, Zn, As, Cd and Pb. The calculated potential ecological risk indices the level of
water environment pollution by heavy metals.

KEYWORDS
Heavy metals, sediment, potential ecological risk

Uvob

Jednym z najvicsich environmentalnych problémov, tykajicich sa banskej
a Upravnickej ¢innosti v celosvetovom meradle, je vznik a Gprava kyslych ban-
skych vod (AMD). Loziska sulfidickych mineralov predstavuju pocas tazby,
najmd po uzatvoreni bani, potencidlne ,,prirodné bioreaktory” produkujiuce
AMD, ktoré funguji na principe biogénnej katalyzy chemickej oxidacie pri-
marnych aj sekundarnych sulfidickych mineralov. Vznik kyslych banskych vod
interakciou pyritu s vodou a/alebo kyslikom je hlavaym zdrojom zhorSenia
kvality vod v rudnych a banskych regionoch (Luptékova a KuSnierova, 2005;
Luptakova a kol., 2008). Obdobie od roku 1989 bolo v Slovenskej republike cha-
rakteristické itlmom banickeho priemyslu. V roku 1990 doslo k definitivnemu
zastaveniu a likvidacii bane a Gpravne na medené rudy v Smolniku. Koncom
roka 1990 sa zacalo postupné zatapanie bane. Kvalita kyslych banskych vod
vytekajucich z loziska Smolnik je ve'mi nepriazniva, jej pH sa pohybuje v roz-
medzi 2-4 a AMD ma zvySeny obsah siranov, zeleza, medi a inych tazkych ko-

1 Stavebna fakulta TU v Kosiciach, Ustav environmentdalneho inZinierstva, Vysokoskolska 4,
Kosice 040 22, eva.singovszka@tuke.sk; magdalena.balintova@tuke.sk
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vov, pri¢om kvalita vody v potoku Smolnik dlhodobo nespiiia limitné hodnoty
kvality povrchovych vod podla nariadenia vlady SR ¢. 269/2010 Z.z., ktorym sa
ustanovuju poziadavky na dosiahnutie dobrého stavu vod.

Po ekologickej havarii v potoku Smolnik v roku 1995 bola urobena analyza vod
v opustenej bani a v jej Sirokom okoli. Chemické analyzy vod z bane, ktoré boli
odoberané zo Sachty Pech dokumentuju, Ze v smolnickej bani aj po jej iplnom
zatopeni vznikali vel'mi kyslé a mineralizované vody. Takéto vody vytekali na
povrch a kontaminovali vody v potoku Smolnik. Vody z hlbokych obzorov bane
mali v roku 1995 obsah rozpustenych latok nad 40g.1-1. Okrem dominantného
obsahu siranov vody vykazuju vysoké obsahy Fe a Al a d’alSich kovov, ako st
Mg, Zn, Cu a Mn (Luptakova a kol., 2008, épaldon a kol., 2006)

MATERIAL A METODY

Sedimenty boli odoberané v obdobi rokov 2006 — 2012. Pre zistenie podiclu
AMD na kontaminacii sedimentov boli vybrané dve odberové miesta nad vy-
tokom AMD (vzorky ¢. 1 a 2) a dve odberové miesta po zmiesani AMD s po-
vrchovou vodou (vzorky €. 4 a 5). Obrazok 1 znadzornuje polohu odberovych
miest v sledovanom tizemi. Sucasne bola hodnotena aj kvalita samotnej AMD
(vzorka €. 3). Chemicka analyza odobratych vzoriek sedimentov bola vykonana
v akreditovanom skiiobnom laboratériu Statneho geologického ustavu Dionyza
Stura v Spisskej Novej Vsi pomocou AAS-ICP (Varian Vista — MPX).

Obrazok 1. Odberové miesta v zaujmovej lokalite
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Hodnotenie kontaminacie sedimentov bolo vykonané pomocou kontaminaéné-
ho faktoru a stupiia znecistenia. Vypocet navrhol Hakanson (1980), podl'a na-
sledujtcej rovnice (Hakanson, 1980):

C.
i

cl - (1)
n

Kde C, je priemerna koncentracia hodnotenych tazkych kovov a Ci je pozado-
va koncentracia tazkych kovov. V praci je ako pozadova koncentracia tazkych
kovov uvazovana koncentracia vybranych parametrov v sedimente, ktora nie je
ovplyvnena banskou ¢innostou (Tabulka 3). Suma kontamina¢nych faktorov
pre vSetky hodnotené tazké kovy predstavuje stupefi kontaminacie (C,) Zivot-
né¢ho prostredia.

n .
_ I
Cd_lzlcf )

E i je index potencialneho rizika pre kazdy hodnoteny tazky kov. Moze byt vy-
pocitany nasledovne:

E; = Cj,xT’f 3)

kde T je toxicky faktor reakcie vytvoreny Hakansonom (T ipre Cu, Zn, As, Cd
and Pb ma hodnotu 5, 1, 10, 30 and 5). Ri je index potencidlneho ekologického
rizika, ktory predstavuje sumu z indexu potencialneho rizika E i:

R'=3 E “

Hakanson definoval Styri kategorie kontamina¢ného faktora C,, Styri kategorie
stupiia kontaminacie C,, pat kategorii indexu potencidlneho rizika Eia Styri
kategorie indexu potencialneho ekologického rizika Ri ako ukazuju Tabulky 1
a 2 (Hakanson, 1980; Serveis, 2002; Wu a kol., 2010; Zanderbergen, 1998).
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Tabulka 1. Klasifikacia kontaminac¢ného faktora a stupna kontaminacie

Kontaminacného faktora Stupei kontaminacie Klasifikacia
Cf <1 Cd <1 nizky
1<Cf <3 1<C, <3 mierny
3<Cf <6 3<C, <6 znacny
Cf>6 C, >6 vel'mi vysoky

Tabul’ka 2. Stupne rizika indexu potencidlneho rizika Ei_a indexu ekologicke-
ho potencialneho rizika Ri

Ei Stupei rizika Ri Stupei rizika
Ei <40 Nizke riziko Ri< 150 Nizke riziko
40 < Ei <80 Mierne riziko 150 <Ri <300 Mierne riziko
80<Ei <160 Znacné riziko 300 <Ri <600 Znacné riziko
160 < Ei <320 Vysoké riziko Ri>600 Vel'mi vysoké riziko
Ei >320 Vel'mi vysoké riziko

VYSLEDKY A DISKUSIA

Celkovéa koncentracia a pozadova koncentracia Studovanych tazkych kovov
(Cu, Zn, As, Cd a Pb) v sedimentoch z potoka Smolnik su prezentované v tabul-
ke 3. Koncentracia tazkych kovov z dvoch odberovych miest bola hodnotena
pomocou Statistického programu STATISTICA a MS Excel. Popisné Statistické
udaje hodnoteného suboru dat si uvedené v tabul’ke 4. Ako kontrolné odberové
miesto, ktorého koncentracie tazkych kovov je mozné povazovat’ za koncen-
tracie pozadia je odberové miesto S1. Namerané koncentracie tazkych kovov
boli porovnané s limitnymi hodnotami, ktoré udava Nariadenie vlady 188/2003
Z.z. V pripade koncentracii As dochadza k prekroceniu limitnych hodnét na
vSetkych odberovych miestach 2 — 10 krat.
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Tabul’ka 3. Pozadové koncentracie a koncentracie tazkych kovov vo vzorkach
sedimentov

Cu Zn As Cd Pb

176 171 50 0,5 50

114 140 31 0,5 44

111 143 47 0,5 35

Pozad’ova
koncentracia

190 174 56 0,5 60

506 250 97 0,5 111

404 193 135 0,5 176
S5

836 200 84 0,5 15

585 323 102 0,5 119

Tabul’ka 4. Popisné Statistické dajé tazky kaovov v Studovanej lokalite

Tazké Minimalna Maximalna Priemerna Smerodajna
kovy koncentracia koncentracia koncentracia odchylka
(mg/kg) (mg/kg) (mg/kg)

Zn 165 328 213.29 59.12

Cd 0.4 0.5 0.49 0.03

oo |
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Na zéklade kontamina¢ného faktoru (C,) a stupfia kontaminécie bol se-
diment z potoka Smolnik (tabulka 5) klasifikovany ako znaéne kon-
taminovany pre vsSetky tazké kovy, okrem Cd a Zn z odberného mies-
ta S4, ktoré predstavuju stredné znecistenie sedimentu. Vzorky sedimen-
tu z odberného miesta S5 boli klasifikované ako stredne znelistené, av-
Sak kontaminacny faktor pre Cu bol klasifikovany ako znacne znecisteny.
Na zaklade stupiia zneCistenia (C,) (tabulka 5) sediment v Studovanej oblas-
ti bol klasifikovany ako vel'mi vysoko kontaminovany v oboch odberovych
miestach (S4 = 13,97, S5 = 11,47).

Tabulka 5. Kontaminaény faktor a stupeni kontaminacie sediment v potoku
Smolnik

Odberné Cu Zn As Cd Pb
miesto
Ci C,
S4 3.42 1.39 3.63 1 4.51 13.97
S5 4.04 1.58 2.29 1 2.56 11.47

Index potencialneho rizika pre Studovany sediment ma nasledujuci klesajici
charakter pre koncentraciu kovov v poradi: As > Cd > Cu > Pb > Zn (Tabul'ka
6). Stupen rizika indexu potencialneho rizika (E ) vSetkych parametrov vo vSet-
kych odbernych miestach bol mensi ako 40 (Tabul’ka 2). Hodnoty R. v sedimen-
toch boli mensie ako 150 (Tabul'ka 2): S4 — 107.34 a S5 — 87.48, ¢o odraza nizke
ekologické riziko, ktoré predstavuju tieto kovy pre potok Smolnik.

Tabul’ka 6. Ei a Ripre tazke kovy v sedimentoch z potoka Smolnik

Odberné Cu Zn As Cd Pb
miesto
Ei, Ri
S4 17.10 1.39 36.30 30 22.55 107.34
SS 20.20 1.58 22.90 30 12.80 87.48
ZAVER

Vplyv tazkych kovov z banskej ¢innosti na sediment vo vodnom toku Smolnik
bol hodnoteny pomocou indexu potencialneho ekologického rizika pre Cu, Zn,
As, Cd a Pb. Bolo zistené Ze koncentracia tazkych kovov v sedimentoch potoka
Smolnik predstavuje nizke ekologickeé riziko.
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Tato Studia ukazuje, Ze vypocet indexu potencidlneho ekologického rizika se-
dimentov je uzitocna metodda, ktord by mohla poméct’ s rozhodovacou pravo-
mocou pri stanoveni rozsahu znecistenia pomocou praktickych ukazovatelov
znecistenia. Taktiez by mohla slizit’ ako pomoc pre vyber priorit moznych pre-
ventivnych opatreni v hodnoteni kvality sedimentov.

PODAKOVANIE

Tato praca bola podporovanad a riesend v ramci projektu VEGA ¢. 1/0882/11 a
APVV-0252-10.
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CHEMICKE A BIOLOGICKE VLASTNOSTI PODY
AKO INDIKATORY ZNECISTENIA PODNEHO PROSTREDIA
VPLYVOM TAZKYCH KOVOV

CHEMICAL AND BIOLOGICAL SOIL PARAMETERS AS INDICATORS
OF SOIL POLLUTION BY HEAVY METALS

LENKA ANGELOVICOVA! — LENKA BOBUL'SKA! —
DANICA FAZEKASOVA?

ABSTRACT

Despite the importance of mineral resources for the progress of humans, extraction of
minerals has caused serious environmental problems. Contamination of soils by heavy
metals in mining areas leads to the deterioration of soil quality and other environmental
components. Removing of heavy metals from the soils is not easy, because they are non-
biodegradable, and due to their persistence stay in the soils for tens of thousands years. The
aim of the study was to determine the level of heavy metal soil pollution in the surrounding
of processing plant depending on the different distance of sampling point from the source of
pollution, and to find out the effect of heavy metals on enzyme activity and selected chemical
soil parameters. Total content of heavy metals (Cu, As, Cd, Pb, Zn), activity of soil urease, acid
phosphatase, alkaline phosphatase, catalase, soil reaction, organic carbon and nutrients
were determined. Heavy metals exhibit toxic effect on enzyme activities, what resulted
as increasing soil enzyme activity with the decreasing heavy metal content. Significant
positive correlation was found between heavy metals and some enzymes themselves. We
found no direct influence of heavy metals to the organic carbon, soil reaction and nutrients.

KEYWORDS
Mining activities, heavy metals, urease, phosphatases, catalase

Uvob

Znecistenie Zivotného prostredia toxickymi latkami ma povod v priemyselnych
a polnohospodarskych aktivitach. Na uzemi Slovenska su obrovské arealy
znecistené vysokym obsahom tazkych kovov, ako vysledok dlhotrvajicej
tazobnej a spracovatel'skej ¢innosti (KOPER et al., 1996; BALINTOVA et al., 2012).
Tazké kovy vstupuju do podneho prostredia ako su¢ast’ odpadovych véd, alebo
prachovych Castic, Co vazne nartiSa Zivotné prostredie a v kone¢nom dosledku
ohrozuje l'udské zdravie (L1u et al., 2005). V pocetnych §tididch je enzymatic-
ka aktivita vyuzivand ako relativne stabilny a vysoko senzitivny biochemicky
indikator podneho znecistenia (SHEN et al., 2005). Reakcia pédnych enzymov

1 Katedra ekologie, Fakulta humanitnych a prirodnych vied, Presovskd univerzita, Ul. 17. No-
vembra ¢. 1, 081 16 Presov, e-mail: lenka.angelovicova@gmail.com

2 Katedra environmentdlneho manazmentu, Fakulta manaZzmentu, PreSovska univerzita v PreSo-
ve, Ul. 17. Novembra ¢. 1, 081 16 Presov, e-mail: danica.fazekasova@gmail.com
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na pritomnost’ toxickych latok je ovela rychlejSia v porovnani s reakciou che-
mickych a fyzikalnych pddnych parametrov (NANNIPIERI et al., 2002; HINOJOSA
et al., 2004). Zaroven su metody stanovenia enzymatickej aktivity vo vzorkach
pody rychle a finanéne nenarocné (Dick, 1997). Délezitost’ enzymov akymi je
ureaza, kysla a alkalicka fosfatdza, spociva v transformacii rastlinnych Zivin.
Ureaza katalyzuje hydrolyzu mocoviny na oxid uhli¢ity a amoniak, v zavislosti
od pddnej reakcie a organického uhlika (Gao et al., 2010). Fosfatazy su dolezité
pri transformacii organického fosforu na anorganické formy pristupné pre rast-
liny. Kataldza je oxidoreduktédza, ktord chrani organizmy pred toxicitou peroxi-
du vodika (CANG et al., 2008).

Kontaminacia podneho prostredia vplyvom vysokého obsahu tazkych kovov, je
zévaznym problémom, ktory negativne ovplyviiuje pddne parametre a nasledne
limituje produktivitu a environmentalnu funkciu pddy. Pocetné Studie zazna-
menali, ze takto znecistené pddy nie st viac vhodné pre polnohospodarsku pro-
dukciu, pretoze maji znizeny obsah zivin i obmedzenti mikrobidlnu diverzitu.
Cielom prace bolo stanovit’ vplyv tazkych kovov na vybrané chemické a biolo-
gické podne parametre v katastralnom uzemi obci Krompachy [48°5524,1°°N;
20°5359,2E] a Slovinky [48°5548,9°N; 20°53°51,0°E], ktoré st typickym
prikladom obci stredného Spisa, poznacenych dlhodobou tazobou a spracova-
nim rudného materiadlu zameraného predovsetkym na produkciu medi.

MATERIAL A METODY

Ober vzoriek pddy prebiehal v letnom obdobi v roku 2012. Celkovo bolo odobra-
tych 15 vzoriek pody na 5 trvalych travnych porastoch (3 vzorky na kazdom tr-
valo travnom poraste) (Obrazok 1). Miesta odberu vzoriek sa nachadzali vo
vzdialenosti 0,3; 1; 1,5; 2,5 a 5 km od priemyselného podniku Kovohuty Krom-
pachy. Vzorky boli zhomogenizované a nasledne vysusené pri laboratornej tep-
lote, preosiate cez sito (<0,2 mm) a uskladnené v plastovych vreckach do analy-
zy. Celkovy obsah tazkych kovov (Cu, As, Cd, Pb, Zn) bol stanoveny v akredi-
tovanom laboratériu metédou AAS (atdbmova absorpéna spektrometria) a meto-
dou RFS (rontgenova florescencna spektrometria). Reakcia pddy bola stanovena
v 0,01 M roztoku CaCl, vyuzitim pristroja inoLab pH 720-WTW. V akredito-
vanom laboratoriu bol stanoveny obsah zivin (P, K, Mg) podl'a Mehlicha III a
organicky uhlik (C ) podla Turina. Aktivita pddnej ureazy a kataldzy bola sta-
novena metddou podla CHAZIIEVA (1976). Kysla a zasadita fosfataza bola sta-
novend podla Chazijeva, modifikovanou metédou podl'a GREITOVSKEHO (1991).
Na vypocet Statistickych analyz bol pouzity statisticky softvér Statistica 10. Ko-
relacné zavislosti medzi pddnymi charakteristikami boli vypocitané podl'a Spe-
armanovho korelacného koeficientu.

12
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PROSTREDIA VPLYVOM TAZKYCH KOVOV

B Miesta odberu podnych vzoriek
Zdroj znecistenia - Kovohuty Krompachy

Obrazok 1. Miesta odberu podnych vzoriek na izemi obci Krompachy a Slo-
vinky

VYSLEDKY A DISKUSIA

Obsah tazkych kovov

Stanovené hodnoty tazkych kovov na piatich odbernych miestach lokalizova-
nych v rozli¢nej vzdialenosti od zdroja znecistenia st uvedené v Tabulke 1. Za-
vazné znecistenie med'ou bolo zaznamenané na odberovom mieste 1, kde bola
limitna hodnota medi prekrocena 1,5 krat a na mieste 4, kde bolo zistené az 21
nasobné prevysenie limitnej hodnoty. Arzén a kadmium dosahovali najvyssie
hodnoty na mieste 1, ktoré predstavovalo haldu banského materialu zmieSané-
ho s troskami z bane. Bolo niekol’kokrat preukazané, ze skladky banského od-
padu obsahuju kal z produkcie medi a zinku (MICHAELI & BOLTIZIAR, 2010) a
tuhy odpad, ktorymi st budované haldy banského materidlu obsahuje rezidua
olova, arzénu a kadmia (KLINDA et al., 2005), ktorych pritomnost’ bola potvr-
dend aj naSimi meraniami. Extrémne vysoké a nadlimitné hodnoty medi, olova
a zinku boli namerané na mieste 4, ktoré sa nachadza na zapad od priemysel-
ného podniku a teda v smere prevladajucich vetrov. Najnizsie hodnoty tazkych
kovov boli namerané na lokalite 5, ktora sa nachadza v najvicsej vzdialenosti
od zdroja znecistenia a zadroveit mimo prevladajiceho smeru vetra. Hodnoty
(medidntsmerodajna odchylka) celkového obsahu medi (718+451,3) a arzénu
(168+53,83) boli na vsetkych hodnotenych miestach nad povolenou limitnou
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hodnotou. Rovnaka situacia, s vynimkou miesta 5, bola zaznamenan4 pre kad-
mium (2,9+1,7), olovo (218£136,9) a zinok (857+423,1). V sulade s naSimi zis-
teniami, HRONEC et al. (2008) zaznamenali v Krompachoch nadlimitné hodno-
ty kadmia, medi, zinku a arzénu. Vysledky Statistického testovania potvrdili
signifikantn( pozitivnu zavislost’ (P<0,05) medzi vSetkymi hodnotenymi kov-
mi navzajom (s vynimkou zavislosti medzi Zn a Pb).

Tabul’ka 1. Hodnoty tazkych kovov stanovené na odbernych miestach v obci
Krompachy a Slovinky a ich limitné hodnoty.

odberné miesta Cu As Cd Pb Zn
[mgkg!] [mgkg!] [mgkg!] [mgkgl] [mg.kg1]
min 89 39 0,5 25 126
max 1271 181 5,7 380 1333
priemer 744,6 134,8 3,1 228,6 759,6
smerodajnd odchylka 504,6 60,18 1,9 153,16 473,01
limitnd hodnota* 60 25 0,7 70 150

*Zéakon NR SR 220/2004 Z.z.

Chemické podne charakteristiky

Chemické vlastnosti stanovené pre jednotlivé odberné miesta st uvedené v Ta-
bul'ke 2. Hodnoty pddnej reakcie (pH) sa pohybovali od slabo alkalickej (7,5;
miesto 1) po kysli (4,6; miesto 4) (Tabulka 2). Hodnota organického uhlika
(C,,) sa pohybovala od strednych po velmi vysoke hodnoty, ale Statistickym
testovanim nebola potvrdend Ziadna priama zavislost’ tohto parametra vzhla-
dom na vzdialenost’ odberného miesta od zdroja znecistenia. Podl'a agroche-
mickych §tandardov platnych pre stredne tazké pody Slovenska, optimalne
hodnoty pre jednotlivé Ziviny s nasledovné: fosfor (66-100 mg.kg1), draslik
(151 - 210 mg.kg), hor¢ik (131-175 mg. kg1). Na miestach, kde boli stanovené
vysoké hodnoty horcika, sa hodnoty draslika a fosforu pohybovali pod optimal-
nymi hodnotami, pricom najnizsie hodnoty fosforu a draslika boli stanovené na
najmenej znecistenych lokalitdch. V porovnani s nezatazenymi pddami, maju
znecistené pddy malo zivin, o sa negativne prejavuje na rastlinnej produkeii
(ZHANG et al., 2011).

Tabulka 2. Priemerné hodnoty pddnych vlastnosti na jednotlivych odbernych
miestach

odberné miesta pH Cox P K Mg
1
[%] [mg.kg-1] [mg.kg-1] [mg.kg1]
1 7.5 1,64 15 101 380
4 4,6 5,49 179 216 101
2 49 2,05 99 374 102
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Biologické p6dne charakteristiky

Monitorovacie metddy zamerané na hodnotenie mikrobiologickych a biologic-
kych pddnych parametrov su Uspesne vyuzivané za ti€elom stanovenia stupiia
podneho znecistenia. Aktivita pddnej uredzy (0,2+0,108) sa menila v zavislosti
od vzdialenosti odberné¢ho miesta od zdroja znelistenia. Aktivita uredzy bola
vysSia na najmenej znecistenej lokalite o viac ako 180 % v porovnani s naj-
viac znecistenou lokalitou. Aktivita kyslej (183+59,14) a alkalickej fosfatazy
(122,3+36,7) sa menila v zavislosti od obsahu tazkych kovov v pode. Najvys-
Sia hodnota kyslej a zasaditej fosfatdzy bola nemerand na mieste 5, pricom na
mieste 1, ktoré bolo najviac znecistené, sa ich aktivita znizila o 178 % v pripade
kyslej a 0 89 % v pripade alkalickej fosfatazy. Niektoré Studie uvadzaju (YEATES
et al., 1994), Ze fosfatazy sa vplyvom stredne vysokého obsahu tazkych kovov
v pédnom prostredi vyrazne nemenia, ale vysoky obsah tychto toxickych prv-
kov ma na ich aktivitu inhibi¢ny G¢inok. Aktivita pddnej katalazy (0,41+0,06)
sa v porovnani s ostatnymi enzymami menila nevyrazne. WANG et al. (2011)
uviedol, Ze niektoré kontaminanty majii schopnost’ zvysit’ aktivitu kataldzy,
pokial’ si davkované v spravnych mnozstvach. Vysledky nasho vyskumu po-
tvrdili, ze znec€istenie pody tazkymi kovmi sa podpisalo pod znizenie aktivity
podnych enzymov. Vzhladom k tomu, Ze mikréby spotrebuju mnoZzstvo ener-
gie pre prispdsobenie sa znecistenému prostrediu, dochadza k zniZeniu ich ak-
tivity (RENELLA et al., 2005). V podnych ekosystémoch sa teda zvySeny obsah
tazkych kovov negativne prejavuje na pocte aj aktivite mikroorganizmov. Au-
tori (NANNIPIERI, 1994; KANDELER et al. 2000) vysvetlili vplyv tazkych kovov
na aktivitu enzymov nasledovne: i) kov reaguje so sulfhydrylovymi skupinami
enzymov, ktoré sposobuju inhibiciu alebo deaktivaciu enzymatickej aktivity. ii)
kovy nepriamo vplyvaju na aktivitu enzymov zmenou mikrobialneho spolocen-
stva, ktoré tieto enzymy syntetizuje; iii) kombinaciou tychto faktorov.

Korelacné zavislosti medzi hodnotenymi pddnymi parametrami

Vysledky Statistického testovania potvrdili signifikantnu pozitivnu zavis-
lost’ (P<0,05) medzi ure4dzou a kyslou fosfatazou, co je v stlade zo zisteniami
Knana et al. (2010). Signifikantna pozitivna zavislost’ bola preukazana aj medzi
kyslou a zasaditou fosfatazou. Tazké kovy maju komplexny vplyv na enzyma-
tickl aktivitu, pricom rozli¢né enzymy reaguju na tazké kovy rozdielnym spo-
sobom (Tabul’ka 3). V pripade uredzy sme zaznamenali signifikantnu negativnu
korelaciu s celkovym obsahom arzénu (P<0.05). Nami zaznamenané zmeny v
aktivite podnej uredzy vplyvom obsahu tazkych kovov sa zhoduju s vysledka-
mi, ktoré vo svojej praci uviedol ZHAN et al. (2010). Zarovei bola zistena signi-
fikantna negativna korelacia medzi kyslou fosfatazou a celkovym obsahom ar-
zénu a kadmia (P<0.05), ¢o sa zhoduje so zisteniami KHAN et al. (2010), ktori
suhlasne zaznamenali negativny vplyv kadmia na kyslu fosfatazu. Alkalicka
fosfataza bola negativne signifikantne zavislad (P<0.05) so vSetkymi sledova-
nymi tazkymi kovmi (s vynimkou kadmia). GULSER & ERDOGAN (2008) sa vo
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svojej Studii zamerali na vplyv tazkych kovov na alkalickt fosfatazu, pricom
ich zistenia, rovnako ako v naSom pripade, potvrdili zavislost’ alkalickej fosfa-
tazy so vSetkymi hodnotenymi kovmi s vynimkou kadmia. Suhlasne s pracami
KARrAcA et al. (2002); KyziLkAaYA (2004); CHEN et al. (2006), CANG et al. (2009),
ktori realizovali vyskum na banskou ¢innostou ovplyvnenych lokalitach, sme
zaznamenali zavazny dopad tazkych kovov na aktivitu podnych enzymov. V
pripade katalazy sme nezaznamenali ziadnu korela¢nt zavislost’ s hodnotenymi
tazkymi kovmi. Aktivita pddnej katalazy je pravdepodobne ovela tolerantnej-
Sia na vysoky obsah tazkych kovov v porovnani s ostatnymi enzymami.

Tabulka 3. Korela¢né zavislosti medzi aktivitou pddnych enzymov a celko-
vym obsahom tazkych kovov.

Cu As Cd Pb Zn

URE ns -0,939* ns ns ns

ACP ns -0,922% -0,932% ns ns

ALP -0,924* -0,941* Ns -0,924* -0,912*
CAT ns Ns Ns ns ns

pH ns Ns Ns ns ns

Cox ns Ns Ns ns ns

P ns Ns Ns ns ns

K ns ns Ns ns ns

Mg ns ns Ns ns ns

Cu 0,8953* 0,9142* 0,9988%** 0,9705%*
As 0,8906* 0,9032* 0,9018*
Cd 0,9322* ns

Pb 0,9615**

** Korelacia je signifikantna na hladine 0,01

* Korelacia je signifikantna na hladine 0,05

ns — nie je signifikantna, URE: uredza, ACP: kysla fosfataza, ALP: alkalicka fosfataza, CAT:
katalaza, Cox: organicky uhlik

V pripadne podnej reakcie sme zistili pozitivnu (nie signifikantntl) zavislost’ so
vSetkymi tazkymi kovmi a negativnu koreldciu s enzymami, organickym uhli-
kom a Zzivinami. TAYLOR et al. (2002) sthlasne s nasimi zisteniami zaznamenali
negativnu korelaciu medzi podnou reakciou a aktivitou pddnych enzymov. Ne-
gativna korela¢na zavislost’ bola zistena medzi horé¢ikom a ostatnymi Zivinami,
ale signifikantna bola len v pripade fosforu (P<0,05). Zaroven sme zaznamenali
signifikantnt pozitivnu korelaénll zavislost’ medzi draslikom a aktivitou pod-
nej ureazy (Tabul'ka 4). MnozZstvo autorov sa zaoberalo vztahom medzi aktivi-
tou enzymov a pddnymi parametrami, napr. organickym uhlikom. BADIANE a
kol. (2001) nezistil ziadnu priamu zavislost’ medzi tymito dvoma pédnymi cha-
rakteristikami, ¢o sthlasi s nasimi vysledkami. Medzi organickymi uhlikom a
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vSetkymi hodnotenymi tazkymi kovmi bola zistena pozitivna, aj ked’ nie signi-
fikantna zavislost, ¢o sa zhoduje zo zisteniami autorov Liao & XIE (2007) a
WHANG et al. (2007). Zaroven sme nezaznamenali ziadnu Statisticky vyznamnu
zéavislost’ medzi hodnotenymi pédnymi parametrami vzhl'adom na vzdialenost’
odberného miesta od zdroja znecistenia.

Tabul’ka 4. Korelacné zavislosti medzi pddnymi charakteristikami

ACP ALP CAT pH Cox P K Mg
URE 0,943* ns ns ns ns ns 0,881*  ns
ACP 0,945*% ns ns ns ns ns ns
ALP ns ns ns ns ns ns
CAT ns ns ns ns ns
pH ns ns ns ns
Cox ns ns ns
P ns -0,884*
K ns

** Korelacia je signifikantna na hladine 0,01

* Korelacia je signifikantna na hladine 0,05

ns — nie je signifikantna

URE: ureaza, ACP: kysla fosfataza, ALP: alkalicka fosfataza, CAT: katalaza

PODAKOVANIE
Vyskum bol podporeny projektmi KEGA 012 PU-4/2012 a VEGA ¢. 1/0627/12

ZAVER

Stanovené hodnoty tazkych kovov na vSetkych hodnotenych miestach presa-
hovali limitné hodnoty urcené pre pddy Slovenska. So zvysujucim sa obsahom
tazkych kovov sa znizovala aktivita pddnych enzymov. Kontaminacia prostre-
dia tazkymi kovmi v blizkosti tazobnych aredlov negativne vplyva na aktivitu
uredzy, kyslej a alkalickej fosfatazy. Zaznamenali sme pozitivnu signifikantna
zavislost medzi ureazou a kyslou fosfatizou ako i alkalickou fosfatazou. Ziadne
nami hodnotené pddne charakteristiky nemali vplyv na obsah zivin. Nezazna-
menali sme zavislost’ medzi organickym uhlikom a aktivitou pddnych enzy-
mov, ale pozitivna zavislost’ bola zistend medzi organickym uhlikom a celko-
vym obsahom tazkych kovov. Statisticky bolo potvrdené, Ze hodnotené pddne
charakteristiky neboli ovplyvnené vzdialenostou odberného miesta od zdroja
znecdistenia.
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ABSTRACT

In this contribution we submit the results of the research of density and structure of the
invasive species populations in the Bab forest in 2013. The most widespread woody plant
was the taxon Robinia pseudoacacia. The taxon occurred during the observed period in 2013
in the amount of 191 individuals which represents 16 individuals per m?. The second most
widespread invasive woody plant was the taxon Ailanthus altissima. The least widespread
species was the herb Impatiens parviflora. The given herb occurred on the both types of
posts —on the clearcuts as well as in the forest coppice. The taxon thrived more in the forest
coppice where it reached the total number of 30 individuals which represents 3 individuals
per m? On the clearcuts the total amount represented 21 — 2 individuals per m>.

KEYWORDS
Bab forest, invasive plant, temperature, clearcuts

Uvob

Fragmenty lesov v odlesnenej krajine, intenzivne vyuzivanej pol'nohospodar-
mi, su vystavené vplyvom l'udskych aktivit. Tieto fragmenty su viac-menej pri-
rodzené porasty obklopené naruSenymi, intenzivne obhospodarovanymi plo-
chami a biotopmi s prevahou synantropnych druhov. St vystavené aj prisunu
diaspoér nepdvodnych druhov z priliehajucich synantropnych spoloCenstiev
a agro-ekosystémov (ELIAS, 2010Db).

Tato skuto¢nost’ sa dotyka aj Babskeho lesa. V novembri 2006 bol uskutoé¢neny
v Babskom lese jednorazovy pasovy a clonny rub, bol vytvoreny sa novy typ
stanovi§ta na ploche po vytazeni stromov — rubanisko (ELIAS, 2010a).

Tymto zdsahom sa eSte zvysSilo rozsirovanie svetlomilnych ruderalnych, synan-
tropnych a najmé invdznych druhov rastlin na ribanisk4 Babskeho lesa z oko-
litych antropogénnych biotopov. Z riibanisk sa potom druhy dalej rozSiruji do
lesnych porastov.

Tato studia podava vysledky vyskumu hustoty a Struktiry populacii invaznych
taxénov na rubaniskéch a v lesnom poraste Babskeho lesa. Cielom vyskumu
je zhodnotenie populacnej dynamiky sledovanych druhov a vekovej Struktury
invaznej byliny Impatiens parviflora. Dany prispevok nadvizuje na pracu PiL-
KOVA (2014).

1 Katedra ekologie a environmentalistiky, FPV UKF Nitra, Trieda A. Hlinku 1, 949 74
Nitra, e-mail: ivana.pilkova@gmail.com
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MATERIAL A METODY

Babsky les predstavuje klimaxové Stadium sukcesie lesa na sprasiach, ide o ni-
zinny dubovo-hrabovy les v intenzivne vyuzivanej polnohospodarskej krajine
(ELIAS, 2010b). Administrativne patri izemie Béabskeho lesa do katastru obce
Vel'’ky Bab, lezi na Nitrianskej sprasovej pahorkatine. Vymedzené je stradni-
cami 48°10°00"" a 48°11°30" s.z.8. a 17°53’00" a 17°54'20""v.z.d., leZi v nad-
morskej vyske 160-210 m (Biskuprsky, 1970). Lesné spolo¢enstvo je zaradené
do zvézu Carpinion betuli Mayer 1937 a asociacie Primulo veris-Carpinetum
Neuhiusl et Neuhduslova — Novotna 1964. Nachadzaji sa tu dve chranené ize-
mia - Narodna prirodna rezervacia Babsky les (NPR) a Chraneny areal Babsky
park (CHA).

V Studovanom tizemi Babskeho lesa bolo vymeranych a trvalo oznacenych 32
TVP (trvalo vyskumnych ploch) o velkosti 20 x 20 m (obr. 1, oznacené bielou
farbou). Hustota a Struktura populécii invaznych taxénov bola stanovena na 6
TVP (obr. 1, oznacené Sedou farbou). Dané TVP som vybrala na zéklade vicsej
diverzity druhov, kde som predpokladala vyskyt invaznych taxénov. Tri plochy
na rubaniskach dokumentuji r6znu synantropizaciu. Od najvyssej na TVP €. 2
po najnizsiu na TVP €. 9. Lesné TVP som vybrala z trvalych ploch v NPR Bab-
sky les, potom z netazenej Casti a taktiez z lesnej Casti, kde bol uskutocneny
clonny rub.

Na kazdom rohu z tychto Siestich TVP su trvalo vytycené styri plochy o vel'ko-
sti 1x1 m (obr. 1, vyznacené Sedou kockou), s vynimkou lesnej TVP ¢. 35, kde
su vytycené tri plochy 1x1 m. Zo Siestich Studovanych TVP sa tri nachadzaji
na rubaniskach a tri TVP v lesnom poraste.

Rubaniskova TVP ¢. 2 sa nachadza na 1. ribanisku, ktoré je najblizsie k pol'u,
TVP ¢. 6 na 2. ribanisku a TVP €. 9 na 3. ribanisku, ktoré je najd’alej od pola.
Lesna TVP €. 24 sa nachadza v NPR Babsky les. TVP €. 35 sa nachddza v Cas-
ti lesa, kde prebehol v novembri 2006 clonny rub. Posledné lesna TVP €. 39 sa
nachadza v netazenej Casti lesnych porastov.

Samotny terénny vyskum prebiehal v pravidelnych tyzdennych cenzusoch - od
22. marca do 11. decembra 2013. Popula¢na hustota pritomnych invaznych ta-
x06nov bola stanovena metédou opakovaného s¢itania jedincov. Pri ur€ovani ve-
kovej struktary boli jednotlivé rastliny rozdelené na generativne a vegetativne
jedince. Za vegetativne jedince som povazovala rastliny, ktoré nemali vytvore-
né ziadne generativne organy a za generativne jedince som povazovala rastliny,
ktoré uz tvorili generativne organy. Priemerni mesaénu a denn1 teplotu zo sta-
nice Nitra — Janikovce poskytol Slovensky hydrometeorologicky ustav. Invazne
taxony boli vyhodnotené podl'a Medveckej a kol. (2012). Nazvoslovie zistenych
taxonov je jednotne upravené podla MARHOLDA A HINDAKA (eds.) (1998).
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Obrazok 1. Zaujmové uzemie Babsky les s vyzna¢enymi 32 TVP as TVP pre
vyskum hustoty a §truktary populacii (oznaéené $edou farbou) (Zdroj: Ustav
krajinnej ekologie, Slovenska akadémia vied, pobocka Nitra)

Figure 1. The area of interest the Bab forest with the 32 permanent marked
plots (PRP) and PRP for the research of density and structure populations
(marked with grey colour) (Source: Institute of Landscape Ecology, Slovak
Academy of Sciences, branch Nitra)

VYSLEDKY A DISKUSIA

Na TVP som zaznamenala vyskyt dvoch invaznych drevin Ailanthus altissima
a Robinia pseudoacacia a taktiez dvoch invaznych bylin Impatiens parviflora
a Erigeron annuus ssp. annuus. Invazny taxon Erigeron annuus ssp. annuus sa
vyskytoval v pocte jeden jedinec na TVP €. 6 a preto ho d’alej neuvadzam. Na
obr. 2 uvadzam celkovy pocet invaznych drevin Ailanthus altissima a Robinia
pseudoacacia a invaznej byliny Impatiens parviflora na ribaniskovych, prip.
lesnych TVP. Iba na TVP rubanisk ¢. 2 a €. 6 sa vyskytovali invazne dreviny
a to vo vysokom pocte. NajrozsirenejSou drevinou bol taxdn Robinia pseudo-
acacia. Pocas sledovaného obdobia bolo zaznamenanych na dvoch ribanisko-
vych TVP, kde bol taxén pritomny, celkovo 191 jedincov daného taxoénu, ¢o
predstavuje az 16 jedincov na m? (pocitané zo vSetkych rubaniskovych ploch
vel’kosti 1 m?). Populacia danej dreviny varirovala od 1 do 10 jedincov na ru-
baniskovych TVP. Taxén som zaznamenala v teréne uz od 4. marca v pocte je-
den jedinec na TVP ¢. 6. Nasledne po zvyseni teploty sa pocet zvySoval a naj-
viac — 10 jedincov som pozorovala v terminoch od jina do oktdbra na TVP ¢&.
6. Na tejto ploche bol taxén najpocetnejsi. V poslednom termine pozorovania
11. decembra som invaznu drevinu zdokumentovala, taktiezna TVP €. 6, uz len
v pocte 3 jedince ako vyhonky s opadnutymi listami.
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Druhou najrozsirenejSou invaznou drevinou bol taxon Ailanthus altissima. Ta-
x0n sa pocas celého sledovaného obdobia vyskytoval v pocte 168 jedincov na
dvoch rubaniskovych TVP ¢. 2 a €. 6, ¢o predstavuje 14 jedincov na m? (pocita-
né zo vSetkych rubaniskovych ploch vel’kosti 1 m?). Jeho populacia varirovala
od 3 az do 13 jedincov. Danu drevinu som zaznamenala po prvy krat zaciatkom
juna, najviac jedincov dreviny (13) som zaznamenala v terminoch 8. a 20. sep-
tember a to na TVP ¢. 6. Najviac jedincov sa vyskytovalo v jesennom obdobi,
kedy teplota dosahovala okolo 15 °C. Nasledne sa pocet jedincov zacal zmen-
Sovat’ a v poslednom termine pozorovani 11. decembra som ho zdokumentovala
v pocte 10 jedincov.

Najmenej rozsirenym invdznym druhom bola bylina Impatiens parviflora. By-
lina sa vyskytovala na oboch typoch ploch — na rubaniskach a to na TVP €. 9
a aj v lesnom poraste na TVP €. 24 a 39. Taxon dosiahol vyssi pocet jedincov
v lesnom poraste, kde celkovy pocet predstavoval 30 jedincov - 3 jedince na m?
na TVP ¢. 39. Na rubaniskovej TVP €. 9 celkovy pocet predstavoval 21 — 2 je-
dince na m? (obr. 2). Intenzivne zvysenie poctu jedincov taxénu prebehlo od 22.
jula pri zvyseni teploty na 20 °C. Najviac jedincov som zdokumentovala v juli
a zaciatkom augusta a to na rubanisku a aj na plochach lesného porastu. Po-
sledny krat som bylinu zdokumentovala 1. oktobra a to na ribaniskovych TVP.
Na zaklade terénneho vyskumu mézem tvrdit, Ze tato invazna bylina na les-
nych TVP €. 24 a ¢. 39 nepredstavovala hrozbu pre okolité lesné druhy. Bylina
nevytlacala okolité druhy a ani inak neovplyviiovala (oberanim o Ziviny, vodu,
svetlo) ich rast a rozvoj. AvSak na tychto plochach nebola tak rozsirena ako na
inych miestach v Babskom lese. Na niektorych miestach v lesnom poraste by-
lina intenzivne vytlaca okolitll vegetaciu a preto je potrebné pokracovat’ v jej
monitorovani.
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Obriazok 2. Celkovy pocet zaznamenanych invdznych taxénov pocas jednotli-
vych cenzusov a sledovaného obdobia na vSetkych TVP.

Figure 2. Total number of documented invasive taxons during individual cen-
sus and survey period on all PRP.
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Na obr. 3 je zobrazena populacna dynamika invaznych drevin. K intenzivnej-
Siemu rastu dvoch sledovanych invaznych drevin Ailanthus altissima a Robinia
pseudoacacia dochadza od terminu 28. jun, v tomto obdobi vystupila priemer-
na mesacna teplota nad 19 °C, samotné jedince vSak nedosahuju viditel'ne vyssi
vzrast. Na obr. A st odfotografované mladé jedince danych drevin. Dovodom
pre neskory rozmach (koniec juna) vo vegetatnom obdobi sledovanych inva-
znych drevin je pravdepodobne skutocnost, ze ide o teplomilné a svetlomilné
dreviny.

Do terminu 22. jula jednotlivé jedince sledovanych invaznych drevin viditel'ne
narastli. V mesiaci jul (B) je namerana najvyssSia mesacna priemernd teplota-
nad 22 °C. Mo6zeme predpokladat, Ze intenzivne zvySenie teploty ma velky
vplyv na samotny rast (rast, rozvetvovanie vyhonkov, rozvoj asimilaénych orga-
nov) jednotlivych jedincov drevin Ailanthus altissima a Robinia pseudoacacia.
Na obr. C uz sledujeme Zltnutie listov invaznych taxénov. Dovodom daného ZIt-
nutia bola vel'mi vysoka teplota (do 40 °C) na zaciatku mesiaca august. Vplyv
teploty mozeme vidiet’ aj v bylinnom podraste. Hustota podrastu sa znizila, na
obr. D uz sledujeme narast hustoty bylinného podrastu. Taktiez mézeme vi-
diet, ze listy dreviny Ailanthus altissima su uz opadnuté (obr. D). Iba vyhonky
sledovanych invaznych drevin sledujeme na obr. E, tieto vyhonky nasledne
zostavaju cez zimné obdobie roka 2013. Pri tychto poslednych terminoch
sledovani invaznych drevin sledujeme znizovanie teploty. Dochadza k opadu
listov a dreviny vo forme vyhonkov preckaji celu zimu.
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Obrazok 3. Dynamika rastu invaznych drevin na TVP €. 6 (Foto: I. Pilkova)
Figure 3. The dynamics of growth of invasive woody plants on PRP no 6
(Foto: I. Pilkova)

Impatiens parviflora zacina vo Finsku klic¢it’ v maji (ErRkaMo, 1952), vo Vel'kej
Britanii v marci (COOMBE, 1956), vo Wielkopolskom narodnom parku pred 25.
aprilom (Pi1skorz, KLimMko, 2002). M6Zeme predpokladat’, ze ¢as klicenia uve-
deného v dostupnej literature a v Babskom lese sa priblizne zhoduje, ked’Ze uz
v maji a v juni, ako je uvedené vyssie, boli pozorované plne vyvinuté rastliny.
Praca JavorovA (2012) uvadza, ze Gplne rozlozené listy skimaného invazneho
druhu v Babskom lese boli zaznamenané 19. aprila, kym v ramci tohto vysku-
mu to bolo na zaciatku maja. Tento posun bol pravdepodobne spdsobeny nizkou
teplotou v marci a na zaciatku aprila. Jednotlivé rastlinky invaznej byliny sa
objavuju po priemernej dennej teplote vyssej ako 16 °C.

Iba bylina Impatiens parviflora tvorila generativne jedince (obr. 4). Genera-
tivne jedince sa objavuju zaCiatkom mdja a pretrvavaju ba rastline do konca
zivota sledovanej byliny. U terofytov sa predpoklada nahly prechod z vegeta-
tivnych faz do generativnych, pri¢om v tomto obdobi sa takmer vSetky energe-
tické vstupy vyuzivaji na tvorbu reprodukénych organov (Kozrowski, 1992).
Invazna bylina tvorila generativne organy v lesnom poraste uz po 11 dioch od
tvorby vegetativnych organov. Dévodom je pravdepodobne skuto¢nost, ze pre
objavenie sa generativnych faz je délezity najmé narast teplot.

Podl’a prace Piskorz (2005) a Piskorz, KriMko (2002) konci vegetacné obdo-
bie Impatiens parviflora v dubovo-hrabovom lese Wielkopolskeho narodného
parku v priebehu augusta a septembra, ¢o sa zhoduje s vyvojom druhu na
lesnych TVP. Za priaznivych podmienok sa vSak moze podl'a TREPLA (1984)
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posunit’ koniec vegetacného obdobia az na oktober, ¢o dokumentuje aj vyvoj
druhu na rabaniskovych TVP. PriaznivejSie podmienky sa pravdepodobne vy-
skytovali na ribaniskach. Tato skuto¢nost’ mohla byt sposobena jednak vply-
vom mikroklimy a potom vplyvom okolitej vegetacie.

Zrelé plody su vysemenované strielanim na vacsie vzdialenosti. K vystrelova-
niu semien dochadza pod mechanickym vplyvom a to najmi na otvorenych
miestach, kde nie je bylina chranena okolitou vegetaciou a je viac nachylna
napriklad na dazdové kvapky, pohyb zvery alebo pohyb lesnikov. Ukoncenie
generativnych faz sa v pripade invaznej rastliny Impatiens parviflora zhoduje
s datumom ukoncenia vegetativnych faz (Piskorz, KriMko, 2002), ¢o potvrdi-
li aj tieto vysledky. Autori uvadzajl, Ze sledovany invazny druh tvori navyse
plody, ktoré nie st pouzité v reprodukcii, tato skutocnost’ bola potvrdena tymto
vyskumom na TVP.
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80% 80%
60% 60%
10% 40%
20% 209
0% 0%

Vvirurigd S el = viviwi o E S e e 6 -

rrvivVa-o;gora'ﬂw.r-iwo_: Fricvidu S« g TS

— o — 0 — — oy — — 3 — 1 — — ™y ™ — ol

= Vegetativne = (GGenerativne = Vegetativne ® (Generativne

Obrazok 4. Vekova Struktura invaznej byliny Impatiens parviflora
Figure 4. Age structure of the population of Impatiens parviflora

Impatiens parviflora bola do Babskeho lesa zavlecena na zaciatku 80. rokov do
parku a v polovici 80 rokov prenikla do lesného porastu v okoli pol'ného labo-
ratoria. S podporou Cloveka sa rozsirila aj do vzdialenejSich Casti lesa, vratane
NPR Baébsky les (ELIAS, 2010a). V prvom roku po holorubnej tazbe stromov
(2007) kolonizovala narusené plochy na rubanisku jednotlivymi solitérnymi
rastlinami. V d’alSom roku (2008) vytvarala na rubaniskach husté porasty (ELI-
AS, 2010a). Je to bylina, ktora je schopna rast’ v tieni, teple, vlhku a vyhovuje jej
prostredie s vys$§im obsahom dusika. Tieto podmienky jej Babsky les poskytuje
¢i uz v lesnom poraste alebo na ribaniskach.

Impatiens parviflora je najcastej$i a najrozsirenejsi neofyt v stredoeurdpskych
horach a lesoch (Kowarik, 2003). CHMURA, SIERKA (2006) poukazuju na to,
ze pritomnost’ 1. parviflora zvysuje druhovu bohatost’ vegetacie, vyuziva vol-
né miesta a dostupné zZiviny. Rastie na najroznejSich, no dostatocne vlhkych,
prevzdusnenych a nezatopenych pddach bohatych na humus. V lesoch na malo
vapnitych pddach vytvara I. parviflora v jednej tobolke obycajne 1 semeno. Na
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bohatych zvlhéenych pddach mava v jednej tobolke 4 az 5 semien a jedna rastli-
na dokaze vyprodukovat’ az 1000 semien, semena dokaze vystrelovat’ na vacsie
vzdialenosti (VINOGRADOVA A KOL., 2013).

Uvedené zavery poukazuju na jej vyrazny invazny potencial a vplyvaji na roz-
dielne rozsirenie Impatiens parviflora v lese a na riibaniskach. Preto je mozné
predpokladat’ d’alSie Sirenie tejto invaznej byliny a to najmé na rubaniskach.
Avsak v pripade zarastania rubanisk sadenicami Quercus robur a Q. petraea
agg. sa obmedzi jej Zivotny priestor, o moze, ale nemusi ovplyvnit’ jej Ustup,
prip. Sirenie.

Velké rozsirenie a vysoki pokryvnost, najmd v krovinnom a bylinnom
poschodi, dosahuju taktiez invazne dreviny Ailanthus altissima a Robinia pseu-
doacacia. Dovodom velkého rozsirenia tychto invaznych drevin je vysoké ko-
renova vymladnost’ a vyhovujlice svetelné a stanovistné podmienky na ruba-
niskach Babskeho lesa. Dané dve dreviny sa mozu taktiez presuntt’ a rozsirit’
v lesnom poraste a to v svetlinach lesa vzniknutych po odumreti starSich drevin
pri samovolnej obnove lesa.

ZAVER

Tato studia podava vysledky vyskumu populacnej dynamiky sledovanych dru-
hov a vekovej Struktury invaznej byliny Impatiens parviflora v Babskom lese
v roku 2013. NajrozsirenejSou drevinou bol taxon Robinia pseudoacacia. Taxoén
sa pocas celého sledovaného obdobia roka 2013 vyskytoval v pocte 191 jedin-
cov, ¢o predstavuje az 16 jedincov na m% Druhou najrozsirenejSou invaznou
drevinou bol taxon Ailanthus altissima. Taxén sa pocas celého sledovaného ob-
dobia vyskytoval v pocte 168 jedincov, €o predstavuje 14 jedincov na m? Naj-
menej roz§irenych invaznym druhom bola bylina Impatiens parviflora. Dana
bylina sa vyskytovala na oboch typoch ploch — na rubaniskach a aj v lesnom
poraste. Taxonu sa viac darilo v lesnom poraste, kde dosiahol celkovy pocet 30
jedincov, ¢o predstavuje 3 jedince na m? Na ribaniskach celkovy pocet pred-
stavoval 21 — 2 jedince na m2.

Na vyskyt nepévodnych druhov v Babskom lese ma vplyv hlavne ¢innost’ ¢lo-
veka. Na jednej strane je to samotny vznik rubanisk v novembri 2006. Na stra-
ne druhej je to blizkost’ antropicky narusenych biotopov (pole, obytna zéna
Alexandrov dvor so synantropnymi a CHA Babsky park s jeho pestovanymi
anepovodnymi druhmi). Roz§irenie zaznamenanych invaznych taxonov je spo-
sobené jednak ¢lovekom — zavletenie Impatiens parviflora. Dalsim dolezitym
faktorom je spdsob rozSirovania, napriklad vetrom, zivo¢ichmi, vystrelovanim
semien, o podporuje eSte blizkost’ antropicky narusenych ploch. Vicsine inva-
znych taxénov vyhovuje aj dostatok svetla na rubaniskach a preto sa tu tspesne
udomacnili.

V budicnosti je mozna zmena vo vyskyte tychto invaznych druhov. Druhy
moézu vymiznut, prip. sa premiestnit’ podl'a meniacich sa svetelnych podmie-
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nok na rubaniskach a aj v lese (zarastanie rubanisk, svetliny v lesnom poraste
po odumreti starSich jedincov).
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ABSTRACT

In spite of fact that world fauna of quill mites (Syringophilidae) comprises more than 320
species grouped in 61 genera, only 23 quill mites from 26 bird species were recorded in
Slovakia till now. Eight species of syringophilids have a type locality in Slovakia. In this
paper, we provide the records of five new hosts and ten new localities for 12 quill mite
species belonging to eight genera: Aulonastus Kethley, 1970; Betasyringophiloidus
Skoracki, 2011; Neoaulonastus Skoracki, 2004, Neosyringophilopsis Skoracki and Sikora,
2005; Niglarobia Kethley, 1970, Syringophilopsis Kethley, 1970, Torotrogla Kethley, 1970
and finally, Neopicobia Skoracki, 2011.

KEYWORDS
Aves, ectoparasites, new records, syringophilids, taxonomy

INTRODUCTION

One of major goals of ecology is to explain patterns and mechanisms driving
and maintaining biological diversity. Therefore, investigation of species richne-
ss of different taxa in both global and local scales and why diversity patterns
differ among regions stays an important role of basic research (Wiens, 2011).
Bird feathers represents a specific niche inhabited by several groups of arthro-
pods, including variety of mites. Within a feather, calamus creates a particular
microhabitat (WEHR, 1952; RADFORD, 1953; KETHLEY, 1970). The quill mites
of the family Syringophilidae are a potentially large but homogeneous, howe-
ver mostly uninvestigated group of bird ectoparasites (JOHNSTON & KETHLEY,
1973). Syringophilids live inside the shaft of feathers and feed on host tissue
fluids; they are piercing the quill wall with their long stylet-like chelicerae
(KETHLEY, 1971). This group of mites is characterized by strongly elongated
idiosoma, weak sclerotization and relatively short legs (SKORACKI et al., 2012).
Family Syringophilidae is one of 131 families belonging to species-rich mite
suborder Prostigmata and in Slovakia, more than 400 prostigmatans from 17
genera have been recorded till now(VRABEC, 2008). However, as for quill mites,
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31



MIROSLAVA KLIMOVICOVA — MARTIN HROMADA

only 23 species from 26 bird species were known in Slovakia recently (KLiMOV-
1ICOVA & HROMADA, 2013).

The first quill mites in Slovakia — Syringophiloidus weiszii Skoracki, Hroma-
da and Tryjanowski, 2001 with type locality in the country was described from
Great Grey Shrike Lanius excubitor Linnaeus, 1758 (Passeriformes: Laniidae).
Till 2011, extensive studies of syringophilid mite biodiversity in Slovakia were
performed and more new species were described by M. Skoracki and colleagues
(Adam Mickiewicz University in Poznan, Poland;e.g. SKORACKI et al., 2001a,b;
SKORACKI, 2002a,b; SKORACKI, 2004a). In total, Slovak fauna of syringophi-
lids comprised 23 species associated to 9 genera: Aulobia Kethley; Aulonastus
Kethley; Betasyringophiloidus Skoracki; Neoaulonastus Skoracki; Neosyrin-
gophilopsis Skoracki and Sikora; Picobia Haller; Syringophiloidus Kethley; Sy-
ringophilopsis Kethley and Torotrogla Kethley (Table 1). Eight species have a
type locality in Slovakia (KLIMOVICOVA & HROMADA, 2013).

The total number of bird species recorded in Slovakia in 2013 is 354 (CLEMENTS
et al., 2014); these species belong to 21 orders with majority being passeriforms.
Till now, all known Slovak quill mites are recorded from Passeriformes (22 spe-
cies) and Piciformes (5 species). However, many bird species are still unexplo-
red for presence of quill mites. Maybe aslo because of lack of good systematic
studies published. For this reason, quill mites have been ignored by ecologist
despite of their extremely interesting way of life and potentially high ecological
impact (KLIMOVICOVA & HROMADA, 2013).

In the present paper, new records of new hosts and new localities of 12 quill mite
species are provided for Slovakia. New hosts are noticed for: Aulonastus albus
Skoracki, 2002; Neopicobia modularis (Skoracki and Magowski, 2001); Niglar-
obia helleri (Oudemans, 1904); Syringophilopsis blaszaki Skoracki and Dabert,
1999 and Torotrogla modularis Nattress and Skoracki, 2007.

MATERIAL AND METHODS

Specimens for this study were loaned from collections of bird specimens (dry
skins) deposited in the Sarisske Museum Bardejov (SMB), Slovakia (HROMA-
DA et al., 2003). Mites were mounted in Hoyer’s medium and investigated using
a light microscope Olympus BH2 with differential interference contrast (DIC)
optics. The scientific names of the birds follow CLEMENTS et al. (2014). All mite
specimens are deposited in the Laboratory and Museum of Evolutionary Ecolo-
gy, University of Presov, Slovakia (LMEE).
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RESULTS AND DISCUSION
Family Syringophilidae Lavoipierre

Subfamily Syringophilinae Lavoipierre

Aulonastus albus Skoracki, 2002

Until now this species was reported only from the type host, Motacilla alba
Linnaeus, 1758 (Motacillidae) from Poland (Skoracki, 2002a) and to this time
there were no other data since the first description.

Material examined. From quills of body feathers of Motacilla flava Linnaeus,
1758 (new host) (Reg. No. SMB 52/1978), SLOVAKIA, Lomné, 25 May 1978,
coll. T. Weisz: 1 female and 1 male (Reg. No. LMEE/S/11).

Betasyringophiloidus motacillae (Bochkov and Mironov, 1998)

This species was described from Motacilla flava (Motacillidae) from Russia
(BocHkOV & MiroNov, 1998). Later, it was recorded from the same host spe-
cies in Poland (SkoRrAckl1, 2011). Below we give one new locality for this quill
mite species.

Material examined. From primaries, secondaries and coverts of male Motacilla
flava (Reg. No. SMB 39/1979), SLOVAKIA, Lomné (new locality), 4 May
1979, coll. T. Weisz: 1 female (Reg. No. LMEE/S/12).

Neoaulonastus bisetatus (Fritsch, 1958)

This species is known from Palaearctic and Ethiopian region from represen-
tatives of the genera Acrocephalus (Acrocephalidae) and Sylvia (Sylviidae):
Acrocephalus arundinaceus (Linnaeus, 1758), 4. baeticatus (Vieillot, 1817),
A. dumetorum Blyth, 1849, A. paludicola (Vieillot, 1817), A. scirpaceus (Her-
mann, 1804), A. palustris (Bechstein, 1798), Sylvia atricapilla (Linnaeus, 1758),
S. communis Latham, 1787 and S. curruca (Linnaeus, 1758) (FriTscH, 1958;
SKORACKI, 1999, 2011; SKORACKI et al., 2011; KLIMOVICOVA et al., 2014). Below
we give a record of new locality for this syringophilid species.

Material examined. From quills of secondaries of male Sylvia atricapilla (Reg.
No. SMB 421/1958), SLOVAKIA, Siba (new locality), 26 June 1958, coll. T.
Weisz: 1 female (Reg. No. LMEE/S/13). From coverts of Acrocephalus scir-
paceus (Reg. No. SMB 76/1967), SLOVAKIA, Bardejov, town (new locali-
ty), 5 September 1967, coll. T. Weisz: 1 female (Reg. No. LMEE/S/14). From
quills of male A. palustris (Reg. No. SMB 144/1960) SLOVAKIA, Bardejov,
Mlynsky nahon (new locality), 3 June 1960, coll. T. Weisz: 3 females (Reg. No.
LMEE/S/15).
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Neosyringophilopsis aegithali (Bochkov, Mironov and Skoracki, 2001)

Until now, this species was known to parasitize Aegithalos caudatus (Linnaeus,
1758) (Aegithalidae) and recorded from Russia, England and Poland (BocHkov
et al., 2001; SKORACKI, 2004a; NATTRESS & SKORACKI, 2009). Below, we give
a new locality for this quill mite species.

Material examined. From quills of secondaries and coverts of male Aegithalos
caudatus (Reg. No. SMB 68/1957), SLOVAKIA, Bardejovskd Zabava (new
locality), 14 March 1957, coll. T. Weisz: 2 females (Reg. No. LMEE/S/16).

Niglarobia helleri (Oudemans, 1904)

This species was originally described from Tringa ochropus Linnaeus, 1758
(Charadriiformes: Scolopacidae) from France (OuDEMANS, 1904; KETHLEY,
1970). Later on, it was reported from Tringa flavipes (Gmelin, 1789) in Argenti-
na, Tringa stagnatilis (Bechstein, 1803) in Poland and Arenaria interpres (Lin-
naeus, 1758) in USA (SKORACKI & S1KORA, 2002; SKORACKI et al., 2006). Be-
low we give the record of a new host species, Tringa totanus (Linnaeus, 1758),
collected in Slovakia.

Material examined. From quills of primaries and secondaries of male Tringa
totanus (new host) (Reg. No. SMB 76/1969), SLOVAKIA, Senné, 13 April
1969, coll. T. Weisz: 5 females (Reg. No. LMEE/S/17A). From primaries, sec-
ondaries, wing coverts, rectrices and body feathers from the same host species
(Reg. No. SMB 36/1970), SLOVAKIA, coll. T. Weisz, date unknown: 5 fe-
males; (Reg. No. LMEE/S/17B).

Syringophilopsis acrocephali Skoracki, 1999

This species was described from Acrocephalus scirpaceus (Acrocephalidae)
from Poland (Skoracki, 1999). It was recorded also from A. schoenobaenus
(Linnaeus, 1758) in Poland and Egypt and from 4. palustris in Poland (SKORAC-
K1, 1999; Skoracki, 2011). Below we give a new locality for this quill mite
species.

Material examined. From secondaries of female Acrocephalus palustris (Reg.
No. SMB 159/1963), SLOVAKIA, Gaboltov fish pond (new locality), 3 June
1963, coll. T. Weisz: 1 female (Reg. No. LMEE/S/18A). From secondaries of the
male of the same host species (Reg. No. SMB 325/1958), SLOVAKIA, Hertnik,
near railway station, 28 May 1958, coll. T. Weisz: 3 females and 4 males (Reg.
No. LMEE/S/18B). From quills of Acrocephalus schoenobaenus (Reg. No.
SMB 54/1978), SLOVAKIA, Slovenska Kajia (new locality), 25 May 1978,
coll. T. Weisz: 2 females (Reg. No. LMEE/S/19).

Syringophilopsis blaszaki Skoracki and Dabert, 1999

Until now, this species was reported from Anthus trivialis (Linnaeus, 1758)
(Motacillidae) from Poland and Russia (SKORACKI & DABERT, 1999; BocHKOV
& GALLOWAY, 2001) and to this time there were no other data.
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Material examined. From quills of primaries of male Anthus pratensis (Linnae-
us, 1758) (Reg. No. SMB 9/1980) (new host), SLOVAKIA, Lomné, 15 April
1980, coll. T. Weisz: 1 female (Reg. No. LMEE/S/20).

Syringophilopsis fringillae (Fritsch, 1958)

This species was recorded from its type host Fringilla coelebs Linnaeus, 1758
(Fringillidae) from Germany, Poland, Russia, Kazakhstan and England (FriT-
scH, 1958; KETHLEY, 1970; BocHKOV & MIRONOV, 1998; SKORACKI, 2004a;
SkKORACKI & BocHkov, 2010). In this paper we give new locality for this mite
species.

Material examined. From quills of secondaries of female Fringilla coelebs
(Reg. No. SMB 71/1974), SLOVAKIA, Zborov — Chmel'ova (new locality), 2
May 1974, coll. T. Weisz: 1 female and 1 male (Reg. No. LMEE/S/21).

Syringophilopsis kazmierski Skoracki, 2004

This species was recorded from Ficedula hypoleuca (Pallas, 1764) (Muscicapi-
dae) from Poland and Slovakia (Skorackl, 2004a; 2011); from Ficedula parva
(Bechstein, 1792) in Poland and Romania (SkorAacki1, 2004a; 2011) and from
Phoenicurus phoenicurus (Linnaeus, 1758) in Jordan (GLOwsKA et al., 2007). In
this work we give record of one new locality for this quill mite species.
Material examined. From quills of secondaries of male Ficedula parva (Reg.
No. SMB 70/1971), SLOVAKIA, Livov — Suché vic¢ie (new locality), coll. T.
Weisz, date unknown: 2 females (Reg. No. LMEE/S/22).

Torotrogla modularis Nattress and Skoracki, 2007

Until now, this species was known to parasitize Prunella modularis and recor-
ded from England, Poland and Slovakia (NATTRESS & SKORACKI, 2007; SKORAC-
K1, 2011) and there were not any other data on this quill mite species. Below we
give the record of one new host from Slovakia.

Material examined. From secondaries and tail feathers of male Anthus praten-
sis (Motacillidae) (Reg. No. SMB 103/1962) (new host), SLOVAKIA, Janovce,
3 April 1962, coll. T. Weisz: 6 females (Reg. No. LMEE/S/23).

Torotrogla rubeculi Skoracki, 2004

This species was reported only from Erithacus rubecula (Linnaeus, 1758) (Mus-
cicapidae) in Poland and Russia (SKORACKI, 2004b; BocHkoV et al., 2009) and
there were not any other data on this quill mite species after that. Below we give
the record from the same host species found in Slovakia.

Material examined. From female Erithacus rubecula (Reg. No. SMB 59/1975),
SLOVAKIA, Zborov - Chmel'ova (new locality), 17 April 1975, coll. T. Weisz:
1 female (Reg. No. LMEE/S/24A). From secondaries of the male of the same
host species (Reg. No. SMB 36/1975), SLOVAKIA, Turany nad Ondavou, next
to the bridge, 26 March 1975, coll. T. Weisz: 4 females (Reg. No. LMEE/S/24B).
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Subfamily Picobiinae Johnston and Kethley

Neopicobia modularis (Skoracki and Magowski, 2001)

This species was reported from quill of body feathers of Prunella modularis
(Prunellidae) (Linnaeus, 1758) in Poland (Skoracki and Magowski, 2001) and
from Prunella atrogularis (Brandt JF, 1844) in Mongolia (SKORACKI & Ma-
GOWSKI, 2001; Skoracki, 2011). Below we give a new host for this quill mite
species.

Material examined. From quills of body feathers of male Pyrrhula pyrrhula
(Linnaeus, 1758) (Fringillidae) (Reg. No. SMB 28/1959) (new host), SLOVA-
KIA, Bardejov near Breznik, 18 January 1959, coll. T. Weisz: 2 females and 2
males (Reg. No. LMEE/S/25).
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Table 1. List of quill mites (Syringophilidae) recorded in Slovakia. Species
marked * have a type locality in Slovakia.

Referen-

Quill mite species Host species  Host family Host order

ces

Aulonastus albus Skorac-

) Motacilla flava Motacillidae
ki, 2002

Passeriformes  p. p.

Aulobia cardueli (Skorac-

. . ] Carduelis o ) Skoracki,
ki, Hendricks et Spicer, Fringillidae Passeriformes
flammea 2011
2010)
Aulonastus anthus (Sko-  Anthus cervi- o . Skoracki,
. Motacillidae Passeriformes
racki, 2011) nus 2011
*Aulonastus lusciniae Luscinia lus- o ) Skoracki,
. o Muscicapidae  Passeriformes
(Skoracki, 2002) cinia 2002a
Betasyringophiloidus

motacillae (Bochkov and
Mironov, 1998)

Motacilla flava Motacillidae Passeriformes  p. p.

*Betasyringophiloidus

. Emberiza scho- . . Skoracki,
schoeniclus (Skoracki, Emberizidae Passeriformes
eniclus 2002b
2002)
Neoaulonastus bisetatus  Sylvia atrica- . .
. . Sylviidae Passeriformes  p.p
(Fritsch, 1958) pilla
Acrocephalus
» scirpaceus, A.  Acrocephalidae Passeriformes  p. p.
palustris
*Neoaulonastus picidus . . Skoracki,
. Picus canus Picidae Piciformes
(Skoracki, 2011) 2011
Dendrocopos o o Skoracki,
’ Picidae Piciformes
leucotos 2011
Neosyringophilopsis .
] : . Aegithalos cau- o .
aegithali (Bochkov, Miro- dat Aegithalidae Passeriformes  p. p.
atus
nov and Skoracki, 2001)
Neosyringophilopsis
phylloscopi (Bochkov, Phylloscopus . . Skoracki,
: . ) Phylloscopidae  Passeriformes
Mironov et Skoracki, trochilus 2004a
2001)
Niglarobia helleri (Oude- ) . Charadriifor-
Tringa totanus ~ Scolopacidae p. p-
mans, 1904) mes
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Dendrocopos
Picobia dryobatis (Frit- major, D. . . Skoracki,
) Picidae Piciformes
sch, 1958) minor, D. leu- 2011
cotos
Picoides tri- o o Skoracki,
. Picidae Piciformes
dactylus 2011
Picobia sturni (Skoracki,  Sturnus vul- ) ) Skoracki,
Sturnidae Passeriformes
Bochkov et Wauthy, 2004) garis 2004a
*Syringophiloidus bomby- Bombycilla . . Skoracki,
i Bombycillidae  Passeriformes
cillae (Skoracki, 2002) garrulus 2002b
Syringophiloidus minor Passer domes- . . Skoracki,
Passeridae Passeriformes
(Berlese, 1887) ticus 2011
*Syringophiloidus monta- Passer mon- . . Skoracki,
. Passeridae Passeriformes
nus (Skoracki, 2002) tanus 2002b
Syringophiloidus parapre- Skoracki,
VInEop p P Turdus pilaris ~ Turdidae Passeriformes
sentalis (Skoracki, 2011) 2011
Syringophiloidus presen-
g p' P Sturnus vul- . . Skoracki,
talis (Chirov et Kravtsova, Sturnidae Passeriformes
garis 2011
1995)
*Syringophiloidus weiszii . Skoracki
. Laniusexcu- . .
(Skoracki, Hromada et bit Laniidae Passeriformes et al.,
itor
Tryjanowski, 2001) 2001b
) ) ) Acrocephalus
Syringophilopsis acroce- ) . .
) . palustris, A. Acrocephalidae Passeriformes  p. p.
phali Skoracki, 1999
schoenobaenus
Syringophilopsis blaszaki
. Anthus pra- L .
Skoracki and Dabert, ) Motacillidae Passeriformes  p. p.
tensis
1999
Syringophilopsis frin- Fringilla co- o .
] . Fringillidae Passeriformes  p. p.
gillae (Fritsch, 1958) elebs
Syringophilopsis kazmier- Ficedula hypo- L . Skoracki,
) . Muscicapidae ~ Passeriformes
ski Skoracki, 2004 leuca 2011
. Ficedula parva Muscicapidae  Passeriformes  p. p.
*Syringophilopsis kristini Skoracki
(Skoracki, Tryjanowski et Lanius minor ~ Laniidae Passeriformes et al.,
Hromada, 2002) 2002
Syringophilopsis spinolet- Anthus spino- L . Skoracki,
. Motacillidae Passeriformes
tus (Skoracki, 2004) lettus 2011
Turdus phi- .
Syringophilopsis turdi . . Skoracki,
. lomelos, T. Turdidae Passeriformes
(Skoracki, 2004) . 2011
iliacus
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Torotrogla cardueli

. Carduelis can- o . Skoracki,
(Bochkov et Mironov, . Fringillidae Passeriformes
nabina 2011
1999)
Torotrogla gaudi (Boch-  Fringilla mon- o . Skoracki,
. T Fringillidae Passeriformes
kov et Mironov, 1998) tifringilla 2011
*Torotrogla lullulae (Sko- Skoracki
. . Lullula arbo- . .
racki, Hromada et Tryja- Alaudidae Passeriformes  etal.,
rea
nowski, 2001) 2001a
Torotrogla merulae (Sko- .
. Turdus torqua- ) ) Skoracki,
racki, Dabert et Ehrnsber- Turdidae Passeriformes
tus 2011
ger, 2000)
Torotrogla modularis .
. Prunella mo- . . Skoracki,
(Nattress et Skoracki, ) Prunellidae Passeriformes
dularis 2011
2007)
Anthus pra- . .
” ) Motacillidae Passeriformes  p. p.
tensis
Torotrogla rubeculi Sko-  Erithacus ru- L .
. Muscicapidae  Passeriformes  p. p.
racki, 2004 becula
Neopicobia modularis
. . Pyrrhula pyrr- . .
(Skoracki and Magowski, hul. Fringillidae Passeriformes  p. p.
ula
2001)
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OF DIPTERA FAMILIES (ANISOPODIDAE, ATHERICIDAE
AND RHAGIONIDAE) FROM SELECTED SITES IN SLOVAKIA
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ABSTRACT

New faunistic records of flies from the families Anisopodidae, Athericidae, Rhagionidae
(Diptera) from 14 localities are presented. Altogether four species of Anisopodidae, one
species of Athericidae and 10 species of Rhagionidae are recorded in this study. Among
the most interesting findings are the vulnerable species Atherix ibis (Fabricius, 1798) and
two rarely collected species, Chrysopilus helvolus (Meigen, 1820) and Sylvicola zetterstedti
(Edwards, 1923).

KEYWORDS
Diptera, Anisopodidae, Athericidae, Rhagionidae, Slovakia, faunistics

INTRODUCTION

Window-gnats or wood gnats (Anisopodidae), water snipe flies or ibis flies
(Athericidae) and snipe flies (Rhagionidae) are relatively small families of Dip-
tera. A total of seven species of the family Anisopodidae are recently known
from Slovakia (SEVCik, 2009a, 2011). The adults of Anisopodidae occur mainly
in forest habitats, but sometimes also in gardens or on windows in houses (there-
fore window-gnats). The larvae are found in various decaying organic materials
and are known to be involved occasionally in intestinal and urinogenital myia-
ses (KRIVOSHEINA, 1997). Family Athericidae is represented by three species in
Slovakia (Rozko$NY, 2009a). The adults may be found along watercourses, the
larvae are aquatic predators. The most abundant of the examined families is the
family Rhagionidae with 26 species occurring in Slovakia (RozkoS$ny, 2009b).
The adults are predaceous and larvae are mostly predaceous, but some are also
saprophagous. The Slovakian species of the latter family were reviewed by
STrRAKA (1984). After his work, no other comprehensive study on the Slovakian
Rhagionidae, as well as on Anisopodidae and Athericidae, has been published.

1 Municipal Museum Marianské Lazne, Goethovo namesti 11, CZ-35301 Marianské Lazné,
Czech Republic; e-mail: lib.dvorak@seznam.cz,; dvorak@muzeum-ml.cz

2 Laboratory and Museum of Evolutionary Ecology, Department of Ecology, Faculty of
Humanities and Natural Sciences, University of Presov, 17. novembra 1, ul. 17. novembra
¢ 1, SK— 081 16 Presov, Slovakia,; e-mail: obonaj@centrum.sk
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MATERIAL AND METHODS

Material was collected at 14 localities by a variety of methods, mainly by swe-
ep netting, rarely by individual collecting, rearing or with the use of yellow pan
traps. The captured flies were preserved in 75% ethanol and subsequently deter-
mined in laboratory by the first author. These are now deposited in the collec-
tion of the Municipal Museum Marianské Lazné, Czech Republic. The material
was identified using HAENNI (1997), KR1VOSHEINA & MENZEL (1998), MICHEL-
SEN (1999), and RozkoSNY & SPITZER (1965). The nomenclature follows Roz-
KOSNY (2009a, b) and SEVEik (2009a).

The following abbreviations are used: DFS — grid mapping codes of the Data-
bank of the Slovak fauna, F — female, HC — hand collecting, M — male, SW —
sweep netting, VU — vulnerable, YPT — yellow pan traps.

List of collecting sites.

Site 1: Borkut nr. Haniska, KoSicka kotlina basin, N 48° 57° 37.07”, E 21° 13’
59.01”, 260 m a.s.l., 7093 DFS.

Site 2: Cigel’, Hornonitrianska kotlina basin, N 48° 43’ 4.24”, E 18° 38’ 54.87”,
260 m a.s.l., 7277 DFS.

Site 3: Diviacka Nova Ves, Hornonitrianska kotlina basin, N 48° 44’ 55.44” E
18°29’ 30.93”, 240 m a.s.l., 7276 DFS.

Site 4: Hermanovce nad Toplou, Vychodoslovenska pahorkatina hills, N 48° 58’
10.69”, E 21° 29’ 23.14”, 480 m a.s.l., 7095 DEFS.

Site 5: Nitrianske Rudno, Hornonitrianska kotlina basin, N 48° 48’ 58.56”, E 18°
28’ 58.68”, 320 m a.s.l., 7276 DFS.

Site 6: Olavec nr. Diviacka Nova Ves, Hornonitrianska kotlina basin N 48°45°
9.04”, E 18°29’ 25.20”, 276 m a.s.l., 7276 DEFS.

Site 7: PreSov, KoSicka kotlina basin, N 48° 59° 45.58”, E 21° 13’ 54.46”, 265 m
a.s.l., 7093 DFS.

Site 8: Stara Lesna, Vysoké Tatry Mts., N 49° 8’ 0.07”, E 20° 18’ 35.59”, 780 m
a.s.l., 6887 DFS.

Site 9: Stranany, Spisska Magura Mts., N 48° 45’ 50.86”, E 21° 55* 55.27”, 642
m a.s.l., 6689 DFS.

Site 10: Siroké, Kogicka kotlina basin, N 48° 59’ 26.54”, E 20° 55° 36.55”, 525
m a.s.l.,, 7091 DFS.

Site 11: Trstenec nr. Diviacka Nova Ves, Hornonitrianska kotlina basin, N 48°
44’ 20.32”, E 18° 28’ 54.27”, 285 m a.s 1., 7276 DFS.

Site 12: Vrbany (part of Diviacka Nova Ves), Hornonitrianska kotlina basin, N
48° 45’ 8.39”, E 18° 30” 38.41”, 275 m a.s.l., 7277 DFS.

Site 13: Zlata Bana, Slanské vrchy Mts., N 48° 56’ 40.62”, E 21° 26’ 10.38”, 570
m a.s.l.,, 7094 DFS.

Site 14: Zelezna Breznica, Kremnické vrchy Mts., N 48° 38’ 24.95”, E 19° I
41.07”, 570 - 620 m a.s.l., 7380 DFS.
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RESULTS AND DISCUSION
Survey of the species of Anisopodidae

Altogether four species (16 specimens) of window-gnats, which constitutes 57%
of the species of Anisopodidae currently known from Slovakia (SEV¢ik, 2009a,
2011), are reported in this study. Comments on the species abundance are given
by the first author according to his personal experience.

Sylvicola cinctus (Fabricius, 1787)

Material examined: Site 12, 26.3.2011, Quercus forest, HC, 1F; Site 3,
23.4.2011, village, HC, 1M; the same, 7.5.2011, village, HC, 1M; the same,
8.6.2011, reared from Malus rott hole, 1F; Site 14,20.4.2013, brook in coniferous
forest, SW, 1M; Site 1, 1.5.2014, brook, mineral wells in deciduous forest, SW,
IF; Site 6, 11.5.2014, well, brook near village, SW, 1M, 1F; Site 2, 14.5.2014,
brook in deciduous forest, SW, 1F.

Comments: The most common species of this family. Recorded from several
localities in Slovakia by SEv¢ik (2004, 2009b, 2011).

Sylvicola fuscatus (Fabricius, 1775)

Material examined: Site 13, 1.7.2013, brook in deciduous forest, SW, 1F; Site
7, 5.2014, env. of Torysa river, SW, 1F; Site 8, 16.6.2014, env. of coniferous
forest, SW, 1F.

Comments: Widely distributed species, but occurring in smaller numbers than
previous and following species. Recorded from Slovakia e.g. by SEvEix (2009b).

Sylvicola punctatus (Fabricius, 1787)

Material examined: Site 3, 23.4.2011, village, HC, 1M.

Comments: A relatively common species. Recorded from Slovakia e.g. by
SEvEik (2009b, 2011).

Sylvicola zetterstedti (Edwards, 1923)

Material examined: Site 10, 3.5.2014, env. of river Svinka, SW, 1M, 2F (Fig. 1).
Comments: In Slovakia, this species was reliably recorded only from Hroncek
ponds in the Polana Biosphere Reserve (SEVCiK, 2005, 2009b). SEvVEK (2009b)
also mentioned the (unpublished) record of females from the Tatra Mts. The
records from Sur (STRAKA & MAJZLAN, 2010) should be verified by specialists
and therefore they are not accepted here. Our record is the second verified and
published one from Slovakia.
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Figure 1. Sylvicola zetterstedti from Site 10. Photo: Josef Dvoték.

Survey of the species of Athericidae

Only one species of Athericidae was found during this study, which constitutes
33% of the Athericidae fauna of Slovakia (RozKo0SNY, 2009a).

Figure 2. Atherix ibis from Site 1. Photo: Josef Dvotak.

Atherix ibis (Fabricius, 1798)

Material examined: Site 1, 1.5.2014, brook, mineral springs in deciduous
forest, SW, 1M (Fig. 2).

Comments: Conservation status in JEDLICKA & STLOUKALOVA (2001) is VU,
the same situation is in the Czech Republic (KUBIK & SPITZER, 2005). However,
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several hydrobiological papers (e.g. BULANKOVA, 2011) showed that Atherix ibis
is widely distributed across Slovakia.

Survey of the species of Rhagionidae

Altogether 10 species (based on 22 specimens) of Rhagionidae were found in
this study, which constitutes 38 % of species of Rhagionidae currently known
from Slovakia (RozkoSNY, 2009b).

Chrysopilus helvolus (Meigen, 1820)

Material examined: Site 7, 4.6.2014, env. of Torysa river, SW, 1M (Fig. 3).
Comments: A relatively rare species considered to be psychrophilous by SpITZErR
(1986) whilst preferring open forests and forest-steppes (SPITZER et al., 2005).
Recently, records of C. helvolus were published from Stak¢in-Chotinka and
Snina-Cirocha (ROHACEK, 1995), Hronsky Befiadik (STRAKA & SMETANA, 2006),
Roko§ (STRAKA & MAJZLAN, 2007a), Kopac (STRAKA & MaszLaN, 2007b), and
Buckova jama (STRAKA, 2010). Present record is from urban ecosystem, near the
city park and fountain.

Figure 3. Chrysopilus helvolus from Site 7. Photo: Josef Dvorak.

Chrysopilus nubecula (Fallén, 1814)

Material examined: Site 9, 16.7.2014, env. of pond, SW, 1M.

Comments: A relatively common species of light broadleaved or mixed forests
(SpiTZER, 1986).

47



LiBoR DVORAK — JOZEF OBONA

Rhagio latipennis (Loew, 1856)

Material examined: Site 8, 16.6.2014, env. of coniferous forest, SW, 1F.
Comments: A species formerly classified as a rare species of mountane forests
(RozKOSNY & SPITZER, 1965; SPITZER, 1986). In the Red List of invertebrates
of the Czech Republic is R. latipennis ranked as a vulnerable species (SPITZER
& BARTAK, 2005). According to the data obtained by the first author from the
last three years, this species is common, at least in western part of the Czech
Republic, in shaded parts of various forest including Norway spruce monocultures
(DvoRrAK & DVORAKOVA, 2014). Several records from Slovakia were published
by ROHACEK (1995) and STRAKA & MAJZLAN (2006, 2007b, 2013).

Rhagio lineola Fabricius, 1794

Material examined: Site 8, 16.6.2014, env. of coniferous forest, SW, 1M.
Comments: A common species mainly of forests and shrubs, but practically
eurytopic (SPITZER, 1986).

Rhagio maculatus (De Geer, 1776)

Material examined: Site 12, 17.5.2013, Quercus forest, SW, 1M, 1F; the same,
15.5.2014, meadow, Quercus forest, SW, 1M, 1F; Site 1, 1.5.2014, brook,
mineral wells in deciduous forest, SW, 1M; Site 13, 10.6.2014, brook, env. of
opal dump, SW, 1M.

Comments: An uncommon species of beech and fir-beech forests (SPITZER,
1986).

Rhagio notatus (Meigen, 1820)

Material examined: Site 4, 22.5.2014, env. Fagus forest, SW, IM.
Comments: A common species of forests, mainly in mountains and submontane
habitats (SPITZER, 1986).

Rhagio scolopaceus (Linnaeus, 1758)

Material examined: Site 12, 15.5.2014, meadow, Quercus forest, SW, 1M; Site
13, 10.6.2014, brook, env. of opal dump, SW, 1M, 1F; Site 5, 12.5.2014, env. of
water reservoir, SW, 2F.

Comments: A common species dominating in open stands including ruderalised
sites (SPITZER 1986), but practically eurytopic (L. DVORAK, unpublished data).

Rhagio tringarius (Linnaeus, 1758)

Material examined: Site 7, 19.8.2014, env. of Torysa river, SW, 1F.
Comments: One of the most common species of Rhagionidae in the Czech
Republic and Slovakia, practically eurytopic (RozZKOSNY & SPITZER, 1965;
SPITZER, 1986).
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Rhagio vitripennis (Meigen, 1820)

Material examined: Site 12, 15.5.2014, meadow, Quercus forest, SW, 1M, 1F;
Site 8, 17.6.2014, env. of coniferous forest, SW, 1M.

Comments: A common species preferring wet open and forest stands (SPITZER,
1986).

Symphoromyia melaena (Meigen, 1820)

Material examined: Site 3, 25.12.2011, Quercus forest, YPT, 1F; Site 12,
15.5.2014, meadow, Quercus forest, SW, 1F.

Comments: An uncommon species preferring oak forests (SpiTzer, 1986).
Recently, several localities were published by STRAKA & Majzran (2007a,
2010), STRAKA (2005), STRAKA et al. (2010), and ROHACEK (1995).
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GREEN SYNTHESIS OF SILVER NANOPARTICLES
USING PLANTS

REVIEW

VIKTORIA BIRKNEROVA!

ABSTRACT

This article aims to describe a green synthesis process with a focus on production plant
extracts serve as bioreductants in silver nanoparticles synthesis. Unquestionable advantage
of nanoparticles in comparison with macroscopic particles are their unique properties.
Nanoparticles form bridge between bulk materials and molecular structures. The bulk
material, regardless of the size, has got constant physical properties, but in the nano world it
is not a rule. The most interesting and often surprising properties are currently in nanoscale
materials. However, the challenge is to find a procedure for obtaining nanoparticles that
are environmentally friendly, so-called green. Biosynthesis satisfies this assumption and
also offers us a rich bioreductant selection. Among these plant is a sovereign winner. Since
the biosynthesis is in the bud, phytosynthesis is not yet fully explored area. The results of
syntheses with different plant species as well as the conditions giving rise to extract the
silver nanoparticles are provided in the form of table.

KEYWORDS
plant extracts, green synthesis, silver nanoparticles

INTRODUCTION

We do still greater things using smaller and smaller particles. This is the direc-
tion to going in the nanotechnology. Biology, chemistry, physics and enginee-
ring created a field that focuses the attention of many scientists.

We meet with nanoparticles much more than we realize in everyday life. We
know a many applications, for example as part of a garment, footwear, wound
dressings, paints, cosmetics and plastics.

At present, silver nanoparticles (AgNPs) are most widespread type of metal na-
noparticles in terms of their applications and commercialization. Most of heavy
metal acts as a cell toxin but AgNPs dispose excellent antibacterial properties
which are non toxic to the macroscopic organisms. AgNPs toxicity to microor-
ganisms is determined by the chemical reactivity of the surface. This chemical
reactivity increases with diminishing size of nanoparticles (HoSExk, 2010).
Nanoparticles can be obtained by physical, chemical or biological synthesis.
The pursuit of environmentally sustainable synthetic process led to several bio-
mimetic approaches, which also involved bioreduction (ARUNACHALAM, AN-

1 Katedra ekologie, Fakulta humanitnych a prirodnych vied PreSovskej univerzity v PreSove,
Ul. 17 novembra ¢. 1, 081 16 Presov, e-mail: viktoria.birkner@gmail.com

52



ZELENA SYNTEZA STRIEBORNYCH NANOCASTIC S POUZITIM RASTLIN

NAMALAIL, HARI, 2013). Many advantages come from biological synthesis (gre-
en synthesis) due to environmental friendliness. Biological methods use bac-
teria, actinomycetes, yeasts, fungi, algaec and plants as reductants (IRAVANI,
2011). Low cost and possibility of large-scale production making from the plant
synthesis number one.

PLANT EXTRACTS PREPARING

The extracts can be made from different parts of plants, most often it is a leaf. In
case of the fresh leaves, the procedure is as follows. Leaves are thoroughly wash
with double-distilled water (DDW) (e. g. VIIAYAKUMAR, M. et al., 2013) resp.
with running tap water, and then with distilled water (ASHOKKUMAR, Ravr,
VELMURUGAN, 2013). Some authors have used deionised water (e. g. PATIL, KO-
KATE, KOLEKAR, 2013). Then the leaves were air-dry or dry in over as needed.
Mostly, authors cut dry leaves into small pieces and then they add DDW (e. g.
RaAJA, SARAVANAKUMAR, VIJAYAKUMAR, 2013). In some instances, leaves were
powdered in a mixer, and sieved to obtain a uniform size range for further study
(e. g. ARUNACHALAM, ANNAMALAI, HaARI, 2013). The mixtures, leaves/powder
and DDW in different ratios, were boiled and filtered through filter paper. Ex-
tracts were stored in refrigerator at 4°C.

Infrequently, there have not been used only aqueous extract, but also extract of
methanol (PRABHU et al. 2013.), hexane, chloroform, ethyl acetate and acetone
extracts (ZAHIR, RAHUMAN, 2013) too.

Plant tubers have been used in Curcuma longa (SHAMELI et al., 2013) and Dios-
corea bulbifera (GHOSH et al., 2013). Tubers were cut into small pieces, powde-
red in a mixer, and then sieved.

Root powder of Morinda citrifolia was boiled in distilled water, filtered and
stored in the refrigerator at 4°C (SuMaN et al., 2013). On the other hand, ex-
traction R. hymenosepalus sample was obtained by adding an ethanol/water
solution into the dry sample. After 15 days at room temperature, the extraction
was completed (RODRIGUEZ-LEON et al., 2013).

In order to seeds, they were cut into small pieces and powdered in a mill. Ex-
tracts solution were prepared by boiling a mixture of seed powder in sterile dis-
tilled water. The solution was centrifuged and filtered by filter paper (JAGTAP,
BaparT, 2013) or using sintered glass crucible and preserved (VIJAYARAGHAVAN
et al., 2013).

Fresh peels of Annona squamosa were washed with DDW, dried and powdered.
Peel powder and DDW were mixed on a rotary shaker for 1 h and then filtered
through filter paper (KUuMAR et al., 2013).

Authors KOrRA, SASHIDHAR and ARUNACHALAM (2013) prepared Boswellia ser-
rata gum extract. Firstly, the gum was powdered and sieved. Then they gained
0.5% (w/v) homogenous gum stock by stirring the solution overnight. Superna-
tant was obtained after centrifugation.
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Cissus quadrangularis plants were boiled with distilled water and filtered throu-
gh nylon mesh and Millipore filter (VALLI, VASEEHARAN, 2013).

The aerial parts of Pulicaria glutinosa (KHAN et al., 2013) were cut into small
pieces. The pieces were soaked in distilled water and refluxed for 3 hours. The
aqueous extract was filtered and dried at 50°C in a rotary evaporator.
VELAYUTHAM et al. (2013) prepared extract from Ficus racemosa bark. They cut
bark into small pieces, powdered and sieved. Aqueous extract was prepared in
two ways. In the first method was used magnetic stirrer and the bark powder
was left for 3 hours. The second method included boiling the powder/distilled
water mixture.

Chrysanthemum morifolium flowers applied by HE et al. (2013) were immersed
in boiling distilled water for 10 minute, cooled and stored.

The dried fruit bodies of the Tribulus terrestris (GOPINATH et al., 2013) were
pulverized well with mortar and pestle. Powder sample was mixed into distilled
water, boiled for 10 min, cooled and filtered with filter paper.

PLANT EXTRACTS IN THE GREEN SYNTHESIS
There are several ways to reduce Ag*, for example, by y-radiation, ultraviolet
radiation (UV), heating and the electrochemical reduction and chemicals appli-
cation such as hydrazine, sodium borohydride, glycerol, polyethylene, N, N-di-
methylformamide, glucose, ethylene glycol, formaldehyde and sodium in liquid
ammonia. But we identify with SHAMELI et al. (2013) that it is necessary to study
more economical, commercially viable and environmentally green synthesis.
At present, plant extracts act as reducing agents for the synthesis of nanopar-
ticles because they are suitable for the biological process creation in large-scale
production. Most preferred are plants secreting functional molecules for reac-
tion, in conformity with the principles of green chemistry. It has been found that
the reduction range of metal ions using plants is much faster compared to the
microorganisms (KUMAR et al., 2013).
In general, the green synthetic method involves three main steps (e.g. SUMAN
et al., 2013):

a) selection of soluble media,

b) selection of environmentally benign reducing agent,

¢) selection of non-toxic substances to stabilize AgNPs.
Reducing sugars and terpenoids play a key role in the reduction of silver ions
and the establishment of the corresponding nanoparticles. Ketones /aldehydes
bind to growing spherical nanoparticles, which create extensive nanotriangles
and nanohexagons (KUMAR et al., 2013).
In terms of antibacterial activity of the biologically synthesized nanoparticles,
it was more significant at higher concentrations (THIRUNAVOUKKARASU et al.,
2013).
Studies on the effect of preparation temperature of the nanoparticles demonstrat-
ed that the reaction proceeded more rapidly at elevated temperatures. Moreover,
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the size of the nanoparticles and the yield was increased when they were synthe-
sized at 90°C, compared to room temperature (KHaN et al., 2013).

SHANKAR, AHMAD and SASTRY (2003), described the extracellular AgNPs syn-
thesis by reduction of aqueous Ag* ions using leaves extract of geranium (Pel-
argonium graveolens). The reduction of Ag+ ions by herbal extract occurred
relatively quickly, in contrast to previous studies, which were used bacteria or
fungi for the synthesis. For comparison, the time required for complete reduc-
tion of the metal ions in case of fungi or bacteria is in a range of 24-124 hours,
whereas in the geranium leaf extract is more than 90% of the reaction completed
in 9 hours. The result is a very high density of stable crystalline AgNPs with an
average size of about 27 nm. The authors suggested that terpenoids are present
in the herbal extract and support the reduction of Ag* ions.

Table 1 constitutes a brief overview of conditions under which the synthesis was
carried out and the results arising from them. The third column shows prepara-
tion of the extract ratio, used plant part in grams and distilled water in milliliters.
Conditions 1 describe the conditions the extract was created (RT means Room
Temperature, 25°C approx). Duration and Condition 2 concern the green syn-
thesis process. Results describe Shape and Size of synthesis products- AgNPs.
The content of secondary metabolites depends on the qualitative aspect of ex-
tract. Metabolites are responsible to the synthesis of silver nanoparticles, they
behave as a stabilizing and reducing agent simultaneously. Therefore, it is im-
portant to pay attention to extract preparation and storage, because the external
conditions affecting its qualitative aspect.

Synthesis process itself consists of the addition of silver salt into the plant extract
in a corresponding proportion. According to AKHTAR, PANWAR A YUN (2013) the
synthesis temperature, reaction time and pH significantly influence the nanopar-
ticles size and shape.

The process of synthesis has a different length, but most authors agree with the
fact that the first changes have been observed for the first minutes of the reac-
tion. Depending on the plant species and the ratio of the silver salt to the extract,
the reaction can take variable time until all of the silver salt reacts, or if there is
already an excess of salt, it does not to react. This process may take a few days
but already in negligible extent. The different functional groups contained in
the extract are reacted at different times, which also prolong the reaction. The
resulting synthesis products are characterized by size and shape of which depend
their characteristics and quality.

In conclusion, we can together with VIJAYAKUMAR et al. (2013) summarize, that
the range and the morphological stability of the chemical-physical characteris-
tics of the metal nanoparticles are strongly influenced by experimental condi-
tions, interaction kinetics of metal ions with a reducing agent and a processes
adsorption of stabilizer with metal nanoparticles.
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Table 1. Overview of plant, conditions and results

Plant: Used part: Ratio: Conditions Duration: Condition Shape: Size: Ref.
18 828
Annona squamosa  peel 1:10 mixed for 4h 25°C, spherical  35+5 KUMAR etal., 2013
1h 60°C nm
Artemisia leaves 1:20 boiled for RT spherical, 1045 VIJAYAKUMAR et al.,
nilagirica 5 min triangles, nm, 2013
hexagonal 45-60
nm,
10-25
nm
Artocarpus seeds different boiling for 5 min 15 psi, irregular 3-25nm JAGTAP, BAPAT, 2013
heterophyllus concentra- 1 h 121°C (avg
tions (2, 10.78
4,6,8, nm)
and 10%,
w/v)
Boswellia serrata  gum 0.5% stirring the 121°C,  spherical ~ 7.5+3.8 KORA, SASHIDHAR,
(GA%) solution 103 kPa nm ARUNACHALAM,
overnight 2013
Catharanthus leaves 1:100 RT 27+2  KOTAKADI etal., 2013
roseus nm,
30+£2
nm
Cissus plants 50-60 °C  20-30 37°C spherical ~ 50-100 VALLI,
quadrangularis for 10 min min nm VASEEHARAN, 2013
Curcuma longa tubers 1:200 4hoursat 24 h RT cubic 6,30+  SHAMELI etal., 2013
RT 2,64 nm
Desmodium leaves 1:5 boiled for 24 h 35°C spherical  18-39  THIRUNAVOUKKAR
gangeticum 5 min nm ASU etal. 2013
Dioscorea tubers 1:20 boliling 5h 4-50°C  anisotropic, 820 nm GHOSH et al., 2013
bulbifera for 5 min triangular,
spherical,
ellipsoidal
Euphorbia leaves 1:50 boiled for 10 min  RT rod 25-80 ZAHIR, RAHUMAN,
prostrata 15 min nm 2013
Ficus benghalensis leaves 1:4 boiled for 50-60°C spherical 16nm  SAXENA etal. 2013
5 min
Ficus racemosa bark 1:10 stirring, 10min RT cylindrical, avg250.5 VELAYUTHAM et al.,
boiled for rod nm 2013
5 min
Gloriosa superba  leaves 1:5 boiled for 30 min RT cubic 10-25 ASHOKKUMAR,
15 min nm RAVI,
VELMURUGAN, 2013
Chrysanthemum  flowers  1:15 boiled for 24 h RT spherical 2050 HE et al., 2013
morifolium 10 min nm
Chrysopogon leaves 1:5 boiled for 24 h RT cubic 85-110 ARUNACHALAM,
zizanioides 5 min nm ANNAMALALI, 2013.
Memecylon leaves 1:5 boiled for 24 h RT spherical  15-20 ARUNACHALAM,
umbellatum 5 minutes nm ANNAMALALI, HARI,
2013
Morinda citrifolia  root 2:25 boiled for 8h RT ellipsoidal, 32-55 SUMAN et al., 2013
15 min spherical  nm
Ocimum leaves 1:20 boiled for 10 min RT cubic 2540 PATIL, KOKATE,
tenuiflorum 5 min nm KOLEKAR, 2013
Papaver seeds 1:4 extracted 24 h 28°C spherical 3.2-7.6 VIJAYARAGHAVAN
somniferum in hot pm etal., 2013
sterile
distilled
water
Piper pedicellatum leaves 1:4 extracted 4h 30°C spherical 2.0+ TAMULY et al., 2013
for 1h at 0.5-30.0
60°C +1.2 nm
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Plant: Used part: Ratio: Conditions Duration: Condition Shape: Size: Ref.
1: s2:
Prosopis juliflora  leaves 1:5 boiled for 24 h RT triangles, 35-60  RAJA,
15 min tetragons, nm SARAVANAKUMAR,
pentagons, VIJAYAKUMAR, 2013
hexagons
Pulicaria glutinosa aerial part: 1:10 refluxed 2h 90°C spherical ~ 40-60 KHAN et al., 2013
approx  for 3 hours nm
Rhizophora leaves 3:20 boiled for 5 min 15 psi, spherical 4-26nm UMASHANKARI et al.,
mucronata 3 minutes 121°C 2013
Rumex roots 3:20 RT, 15 96 h cubic, 2-40 nm RODRIGUEZ-LEON et
hymenosepalus days hexagonal al., 2013
Tithonia leaves 1:20 boiled for 24 h RT roughly 25nm TRAN, VU, NGUYEN,
diversifolia 2 minutes circular 2013
with
smooth
edges
Trachyspermum seeds 1:4 extracted 24 h 28°C triangular  87-998 VIJAYARAGHAVAN
ammi in hot nm etal., 2013
sterile
distilled
water
Tribulus terrestris fruits 1:20 boiled for 36 h spherical  16-28 GOPINATH et al. 2013
10 min dark room nm
conditions
Vitex negundo leaves 1:20 extracted 4h 37°C spherical ~ 20-100 PRABHU, D. et al.
for2h nm 2013.
CONCLUSION

One of the synthesis objectives is to control the size and shape of the atomic
clusters and nanoparticles, and their layout in 1D, 2D, or 3D (RODRIGUEZ-LEON
etal., 2013).

As the noble metal nanoparticles are widely used in the fields of human contact
today, it is an increasing need to develop green methods.

Chemical methods have a low cost, but their disadvantages include pollution
from chemical precursors, toxic solvents and generation of hazardous by-pro-
ducts. It is the need to develop methods for the synthesis of metal nanoparticles,
which are non-toxic and environmentally compliant, the production would be
inexpensive and highly productive. Therefore, it is important to look for biolo-
gical resources available in nature for the synthesis of nanoparticles.

For successful biosynthesis, which producing the desired results, it is important
to know the exact mechanism of this reaction. Regarding phytosynthesis, we
need to know the conditions of habitat plants, because the substances contained
in the plant depend on them. Using the proper extraction we need to get as many
substances necessary for synthesis and performed the synthesis process with
the most favorable conditions.
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MATERIAL A METODY

V tejto kapitole maju byt’ popisané postupy a podrobnosti pokusov, ktoré umoznia
zopakovat’ vyskum. (Tato ¢ast’ moze obsahovat’ aj charakteristiku uizemia.)
VYSLEDKY

Maju byt struéné, bez komentarov a diskusie.

Diskusia

Nema uvadzat’ nové poznatky uvedené vo vysledkoch.

(VYSLEDKY A DISKUSIA

Tieto dve Casti mézu byt kombinované.)

PODAKOVANIE

Tato Cast’ ma byt €o najstru¢nejsia, piste ju kurzivou.

LITERATURA

Striktne sa pridrziavajte uvedenych prikladov.

V texte maju byt odkazy pisané kapitalkami. Dva a viac odkazov v zatvorkach musia
byt’ uvadzané chronologicky.

Priklady: Kos¢o (2008), (FAZEKASOVA a kol., 2007; Ko$¢o a BALAzs, 2009), TEREK
(1998a, 1998Db).

V Casti Literatira mézu byt nazvy ¢asopisov pisané skratkami v sulade s ,,World list
of scientific periodicals*, alebo piste plny nazov ¢asopisu. Nazvy ¢lankov maju byt
v pdvodnom jazyku, ak neboli vytlacené v latinke (ale napr. v azbuke), maji byt
prepisané do latinky podl'a pravidiel na stranke: http://www.unipo.sk/thpv/index.
php?sekcia=katedry-fakulty&id=21 (mdze byt uvedeny aj anglicky preklad nazvu
v hranatych zatvorkach).

Priklady:

KoS8¢o, J. — LUSK, S. — PEKARIK, L. — KOSUTHOVA, L. — KoSuTtH, P., 2008. The occurrence
and status of species of the genera Cobitis, Sabenejewia, and Misgurnus in Slovakia.
Folia Zool., 57(1-2): 26-34.

BARUS, V. — OLIVA, O. (eds.), 1995. Mihulovci — Petromyzontes a ryby — Osteichthyes.
Fauna CR a SR, vol. 28/2. Academia, Praha, 698 pp-

HenseL, K., — Muzik, V., 2001. Cerveny (ekosozologicky) zoznam mihul
(Petromyzontes) a ryb (Osteichthyes) Slovenska. In: BALAZ, D., MARHOLD, K. —
URBAN, P. (eds.), Cerveny zoznam rastlin a Zivo¢ichov Slovenska. Ochrana prirody,
20, Suppl.: 143-145.

BERG, L.S., 1949. Ryby presnych vod SSSR i sapredel’nych stron. Izdatel’stvo Akademii
Nauk SSSR, Moskwa-Leningrad: 470-925.

ADRESA AUTORA / ADRESY AUTOROV
Piste pIné mena, pracoviska, adresy a e-mailové adresy vsetkych autorov ¢lanku
kurzivou.

Tabulky a obrazky:
Maju byt’ informativne, relevantné a vizualne atraktivne. Pismo v tabul’kach a na
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obrazkoch ma byt totozné s textom. Odkazy na tabulky a obrazky v texte musia byt’
¢islované arabskymi Cislicami v poradi ako s uvadzané (napr. pozri tabul’ku/obrazok
1-4; tab/obr. 5). Kazda tabul’ka a obrazok musi mat’ samostatny opisny nazov, ktory
vysvetli ich zmysel vo vztahu k textu. Kazdy stipec v tabul’ke ma mat’ vlastnu hlavicku.
Nazov v slovencine (alebo ¢estine) a angli¢tine ma byt umiestneny nad tabul’kou, resp.
pod obrazkom. Vyhnite sa vertikdlnemu oramovaniu v tabul’kéach. Tie isté tidaje sa
nemaju opakovat’ v texte, tabul'kéch, ¢i na obrazkoch. Obrazky dodévajte v odtiefioch
sivej. Uistite sa, ze vSetky obrazky (najmé grafy) su zrozumiteI'né a prehl'adné.
Preskenované obrazky maji mat’ nalezité rozlisenie (1200 dpi pre perovky, 600 dpi pre
obrazky v odtieni sivej.)

Postup pri spracovani prijatych rukopisov:

Hodnotenie:

Vsetky rukopisy, ak nie stt odmietnuté bez recenzie kvoli zrejmym nedostatkom

v §tyle, formate, alebo vedeckej urovni, st posudzované dvoma recenzentami. Autori
by mali zvazit’ vSetky ich odporti¢ania a korekcie, ako aj pripomienky editora. Po
kompletnej pozitivnej revizii a prijati finalnej verzie rukopisu rozhodne redakéna
rada o akceptovani, ¢i neakceptovani rukopisu. Author(i) budi nasledne informovani
o vysledku.

Vytlacky:
Prvy autor dostane elektronicku pdf verziu ¢lanku a jednu tlacent kopiu ¢isla Casopisu,
v ktorom je ¢lanok uvedeny.

Copyright:

Autori suhlasia s prenosom autorskych prav (vratane prava na publikovanie,
kopirovanie a rozmnozovanie ¢lanku vSetkymi sposobmi a médiami) na vydavatel'a po
akceptovani rukopisu.

Rukopisy posielajte na adresu redakcénej rady:
Folia Oecologica

Katedra ekologie FHPV PU

17. novembra 1

081 16 Presov

Slovensko

foliaoec@thpv.unipo.sk
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INSTRUCTIONS TO AUTHORS

Folia Oecologica accepts:
1. original research and theoretical papers (5-20 pages including the list of
literature, figures and tables)
2. concise review articles (5-10 pages)
3. book reviews (max. 2 pages)
4. short reports from scientific events and short communications (max. 5 pages).

Manuscripts submitted to Folia Oecologica must not have been published or submitted
for publication to any other journal.

Submission of manuscripts:
1. electronically by e-mail and one printed copy by post
2. by post on single CD or DVD and one printed copy

Manuscripts should be in clear and grammatically correct Slovak, Czech or English.
All parts of the manuscript should be written with font Times New Roman, size 12,
margins 2 cm, text aligned to left, simple line spacing, no indents or tabs. Manuscript
should be submitted in .doc or .odf format. All figures and tables should be embedded
in the text and must be on separate sheets or in separate files together (figures in .jpg,
Jpeg, .jpe, .tff, .tif, or .gif format, tables in .xls, or .ods format).

Units and abbreviations: authors must adhere to SI units except where older units
are required for historical appropriateness. Units are not italicised. All acronyms for
agencies, examinations, etc., should be spelt out the first time they are introduced in
text. Any abbreviations (except SI units) are inadmissible.

Examples: 0,12 m; 0,04 m3.s-1, International Assotiation for Danube Research (IAD)
Taxonomic names: generic and specific names must be cited completely once in each
paper and should be typed in italics.

Examples: Neottia nidus-avis (L.) Rich., Ecdyonurus picteti (Meyer-Diir, 1864),
Verbascum sp.

Manuscript should be organized as follows:

TITLE

It should be short, but enough informative, use bold, capital letters. Authors of scientific
taxa names should be omitted.

AUTHOR(S)

Give full first name(s) in bold, middle initials and surname(s) in capital letters.
ABSTRACT

It should consist of only one paragraph up to 200 words in English, use italics. Describe
briefly main results and conclusions with no description of methods, discussion,
references and abbreviations.

KEYWORDS

It should not exceed 6 words, not repeating already those contained in the title. Use
italics.
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The standard order of sections in original research paper should be:
INTRODUCTION

It briefly describes backgrounds and aims of research presented in the paper.
MATERIAL AND METHODS

It should describe procedural and experimental details enabling other researchers to
repeat the work. (This section can contain the study area characteristics.)
REsuLTs

These should be concise, without comments and discussion.

DiscussioN

It should not introduce the new findings from the Results section.

(RESULTS AND DISCUSSION

these two sections may be combined.)

ACKNOWLEDGEMENTS

This section should be short, use italics.

LITERATURE

Follow strictly examples.

Within the text should be references written with small capitals. Two or more references
in parentheses must be arranged chronologically.

Examples: KoS¢o (2008), (FAZEKASOVA et al., 2007; Ko$¢o and BaLAzs, 2009), TEREK
(1998a, 1998Db).

In the section Literature can be written the references with abbreviations in accordance
with the “World list of scientific periodicals”, or with full name of the journal. Titles of
papers should be given in the original language, references printed in characters other
than Latin (for example Russian alphabet) should be transcribed in the Latin according
to rules on the web site: http://www.unipo.sk/thpv/index.php?sekcia=katedry-
fakulty&id=21 (English translation in square brackets can be added).

Examples:

Kosc¢o, J. — Lusk, S. — PEKARIK, L. — KoSUTHOVA, L. — KoSuTH, P., 2008. The occurrence
and status of species of the genera Cobitis, Sabenejewia, and Misgurnus in Slovakia.
Folia Zool., 57(1-2): 26-34.

BARUS, V. — OLiva, O. (EDS.), 1995. MIHULOVCI — PETROMYZONTES A RYBY —
OsTEICHTHYES. FaUNA CR 4 SR, voL. 28/2. ACADEMIA, PRAHA, 698 PP.

HenseL, K., — Muzik, V., 2001. CERVENY (EKOSOZOLOGICKY) ZOZNAM MIHUL
(PETROMYZONTES) A RYB (OSTEICHTHYES) SLOVENSKA. IN: BALAZ, D., MARHOLD, K.
— URBAN, P. (EDS.), CERVENY ZOZNAM RASTLIN A ZIVOCICHOV SLOVENSKA. OCHRANA
PRIRODY, 20, SUPPL.: 143-145.

BERG, L.S., 1949. RYBY PRESNYCH VOD SSSR I SAPREDEL’NYCH STRON. IZDATEL’STVO
AKADEMII NAUK SSSR, MOSKWA-LENINGRAD: 470-925.

ADRESESS
All the authors of a paper should include their full names, affiliations, postal addresses,
and email addresses. One author should be identified as the Corresponding Author.
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Tables and figures:

They should be informative, relevant and visually attractive. The style and spelling

of lettering in figures must correspond to the main text of the manuscript. Tables

and figures must be referred to in the text and numbered with Arabic numerals in the
order of their appearance (see table/figure 1; see tables/figures 1-4). Each table and
figure should have a stand-alone descriptive caption that explains its purpose without
reference to the text; each table column should have an appropriate heading. The
caption in both English and Slovak (or Czech) should be above the table and below the
figure. Avoid the use of vertical lines in tables. The same data not should be given in
text, tables and figures. The figures should be supplied in greyscale. Please be sure that
all figures (especially diagrams) are distinguishable and all imported scanned material
is scanned at the appropriate resolution: 1200 dpi for line art, 600 dpi for greyscale.

Procedure of received manuscripts:

Evaluation:

All manuscripts, if not refused without review because of apparent insufficience in
style, format or scientific level, are reviewed by 2 reviewers. The author(s) should
consider all recommendations and corrections suggested by reviewers and editor. After
completed positive revision and receipt of improved final version of manuscript, the
editorial board makes decision on the acceptance. Author(s) will be informed about it.
Offprints:

The (first or corresponding) author will be provided with an electronic pdf copy of the
published paper and one free copy of the relevant issue.

Copyright:
Authors agree, after the manuscript acceptance, with the transfer of copyright to the
publisher, including the right to reproduce the articles an all forms and media.

Manuscripts should be addressed to the Editorial Office:
Folia Oecologica

Katedra ekoldgie FHPV PU

17. novembra 1

081 16 PreSov

Slovensko

foliaoec@thpv.unipo.sk
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