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2. Abstrakt
Tato disertacni prace porovnava vodni rezim rekultivovanych a nerekultivovanych
vysypek po t€zb¢é hnédého uhli se zvlaStnim zietelem na vyvoj hydrologickych vlastnosti ptd,

které jsou urcujici pro pohyb a zadrzovani vody v pude.

Zasadni vliv na zasobu piidni vody ma technologie zakladani vysypky a jeji stafi, které
spoluurcuje rozvoj vegetace. Béhem rozvoje pid na vysypkach se zvétSuje polni vodni
kapacita a tim schopnost zadrzovat vodu, zvétSuje se ale i bod vadnuti. Tyto zmény souvisi
s akumulaci organické hmoty v ptidé a s rozpadem jilovcil na castice o velikosti fyzikalniho
jilu. Rozvoj schopnosti vysypkovych pad vazat vodu je vétsi na rekultivovanych
stanovistich, kde dochéazi k rychlej§imu rozvoji svrchniho organomineralniho horizontu, je
zde vSak vétsi i bod vadnuti a spotieba vody. Na nerekultivovanych stanovistich dochazi
k rozvoji pudniho substratu pomaleji. Celkové jsou, ale rozdily ve vodnim rezimu mezi

rekultivovanymi a nerekultivovanymi plochami malé.



Abstract

This PhD thesis compares the water regime of reclaimed and unreclaimed spoil heaps
after brown coal mining, with special regard to the development of hydrological properties of

soils, which are determinant for the movement and retention of water in the soil.

The basic influence on the supply of soil water has the technology of pouring the spoil
heaps and aging, which co-regulates the development of vegetation. During the development
of soil’s spoil heaps increases field water capacity and water retention, but also increases the
wilting point. These changes are related to the accumulation of organic matter in the soil and
the degradation of claystones to particle size of physical clay. The development of the ability
of the spoil heaps soils to bind water is greater in reclaimed areas, where the upper
organomineral horizon develops more rapidly, but there is also a wilting point and water
consumption. On unreclaimed area, the soil substrate develops more slowly. Overall, the

differences in water regime between reclaimed and unreclaimed areas are small.



3. Uvod

Puda je nejen hlavnim prostiedkem k produkci potravin, paliv, dfeva, vlaken a dalSich
komodit, ale je i neobnovitelnym pfirodnim zdrojem, ktery ma rozhodujici vliv na veskeré
zivé déni na Zemi. Je to systém, ktery podporuje Zivot na pevnin€ a je stejn¢ zranitelny jako
zivé organismy (Fraser a Piercy 1998; Brady a Weil 2002; Kutilek 2012). Bez ptdy by
voda po desti nebo po tani snéhu okamzité odtékala do koryt potokti a fek, a nakonec do mote
(Kutilek 2012). Z hlediska rostlin a ptdnich organismi je vodni rezim zcela zdsadnim a
limitujicim faktorem (Kuraz 2003). Objem veskeré vody obsazené v pidach vSech pevnin je
vice nez desetkrat vétsi, nez je objem vody v korytech vSech fek i potickt (Kutilek 2012).

V duisledku vzrustajicich lidskych energetickych potieb v minulém stoleti, dochazelo
ke zna¢nym zabortim pldy a nasledné devastaci rozsadhlych izemi vlivem t€Zby nerostnych
surovin. Tyto zdsahy do ekosystému s sebou pfinesly mnoho negativnich vlivli na okolni
krajinu a tim doslo k pozménéni tradi¢nich pfirodnich procest, jako jsou procesy klimatické,
hydrologické, vegetacni a ekologické. Rekultivace postizenych izemi se tak stala povinnosti
v okamziku, kdy ¢lovék takovym to zplisobem a ve velkém méfitku zacal ovliviiovat pfirodu
kolem sebe (Lhotsky a kol. 1994). Povinnost rekultivace je zanesena od roku 1988 (1.7.1988)
v Ceské legislativé, konkrétné v zakoné ¢. 44/1988 Sh. o ochran¢ a vyuziti nerostného
bohatstvi (horni zakon), v § 31 odst. 5.

Cerstvé navezena skryvka, kterd utvaii antropogenni novotvar vysypku, velmi Gasto
trpi erozi, nedostatkem ptidni vody z divodt absence hladiny podzemni vody a pfi zvySenych
teplotach tak dochazi k piehfivani a vysuSovani takto vzniklych ploch. V nékterych
ptipadech, kdy jsou plochy takto naruseny s kombinaci nevhodné technologické piipravy,
muze dochazet k jejich zborceni.

Proces utvafeni a obnovy vodniho rezimu je proces slozity a dlouhodoby, ktery
podléha interaktivnim zménam uvnitt ptidniho prostfedi a prostfedi nad povrchem. Pfi tomto
procesu je zasadni, slozeni pidotvorného substratu, vyskyt a kvalita pidni organické hmoty,
pritomnost pidni fauny a vyvazenost vodni bilance s dostate¢nou zasobou dostupné ptidni

vody (Santrickova 2001; Santrickova a kol. 2004).

4. Tézba nerostnych surovin

Tézba nerostnych surovin, zejména pak tézba povrchova, ma zna¢ny devastacni

ucinek na ekosystémy, dochazi pfi ni k presuntim milionti kubikl skryvkové nadlozni zeminy



a tvorbé novych ekosystémdu, vnéjsich a vnitinich vysypek. Vysypka je pfedmétem spontanni

sukcese a fizené rekultivace (st)'fs 1981, 1997; Dimitrovsky 2001; Frouz a kol. 2008).

Skryvka nadloznich hornin a jejich ukladani do vnitinich ¢i vnéjsich sypnych prostort
se provadi tak, aby na povrch nové vzniklych recentnich ttvart (vysypek) pfisly zejména
takové horninotvorné materidly, které maji nejvyssi potencidlni trodnost (Dimitrovsky

1976).

5. Vlastnosti pud a vodni reZim vysypek

Vysypky se skladaji zriznych vytézenych hornin, po jejichz zvétravani vznikaji
zeminy, které jsou nositeli ptidotvornych procesii a vychozimi substraty pii tvorb¢ ,,novych*
pad (Stys 1981, 1997; Dimitrovsky 2001; Frouz a kol. 2008; Cejpek a kol. 2013). Takové
pudy jsou nazyvany antropogennimi a jsou casto velice heterogenni, co se tyce do jejich
slozeni. Heterogenita ptid ma za nasledek vysokou rozmanitost bakterii, hub, mikroskopické a
makroskopické ptdni zivoCichy. Tyto organismy jsou primdrni hnaci silou rozkladu
organickych materialti, ipravy ptdniho prostfedi a kolob&éhu ptidnich Zivin. Pidni organismy
ovliviiyjici fyzikalni vlastnosti piidy, dynamiku zivin a vodni rezim (Zuckerman 2008;

Simek 2003).

JelikoZ sokolovské hnédouhelné sloje vznikaly pfedevsim v obdobi tfetihor, jsou na né
vazana mocna souvrstvi sedimentd (Richards a kol. 1993; Kiibek a kol. 1998). Na
Sokolovsku pievladaji jily cyprisového souvrstvi, obsahujici pievazné trojsitové jilové
mineraly s pfevahou smiSené struktury illitu a montmorillonitu s pfiméesi kaolinitu a chloritu,
které svoji mocnosti dosahuji az 200 m. Tyto jily jsou pojmenovany podle drobného vodniho
koryse skotepatce Cypris Augusta jehoz ptitomnost ve formé zkamenélin je typickym znakem
téchto usazenych vrstev a patii mezi ptiznivé vysypkové substraty z hlediska ptidotvorného
vyvoje, z ditvodii vyskytu vapenitych schranek (Jona§ 1975; Stys 1981). Piestoze vysypky
jsou tvoteny hlavné jilovci, je obsah fyzikalniho jilu na mladych vysypkach maly a postupné
se zvetsuje se stafim vysypek (Kuraz 2003).

Celkova porovitost Cerstvé vysypky mize dosdhnout az 70 %, ta se méni v zavislosti
na rozvoji samotné vysypky. Vysokd, nerovnoméma stlacitelnost a sedani si vysypky
v pribéhu let komplikuje jejich budouci vyuziti pro zakladani budoucich staveb. Dalsim
problematickym faktorem je zména struktury vysypek v cCase, pifi které dochazi k jejich
homogenizaci a pfeméné piivodné sypkého materidlu na zeminu s mechanickym chovanim
odpovidajicim jilu. V dasledku téchto faktord jsou mechanické vlastnosti starych vysypek
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obtizné predpovéditelné (Najser 2010). Pii opakovanych laboratornich analyzach, kdy pii
odebirani vice vzorkil z jednoho mista (stari 20 let), vzdalené od sebe do 10 cm byla vétSina

finalnich hodnot o, cca. 10-25 % odlisna (Kuraz 2003).

vvvvvv

spojenych latek je hydraulicka vodivost (také filtraéni soucinitel nebo nespravné propustnost).
Je zavisla na vlhkosti pidy. Hydraulicka vodivost se oznacuje indexem K, zavisi na
vlastnostech pidy (struktufe) a na zdroji vody, je méfitkem pro schopnost ptidy transportovat
ur¢ité mnozstvi vody pii daném hydraulickém spadu. Nejvétsi hodnoty dosahuje hydraulicka
vodivost pfi kompletnim nasycenim pudy vodou. Ve vodou nasycené pidé rozhoduji o
rozsahu pohybu vody ptedevsim hrubé pory a makropdry, zatimco pii nizkém obsahu vody
urcuje jeji pohyb zastoupeni port stiedni a jemné velikosti (Schmidt 2007; Dohnal 2006;
Kutilek 2012). Vysledkem je zakladni charakteristika poérového prostredi tzv. propustnost. Na
nerekultivovanych pudach se ptdni profil a s nim i souvisejici ustaleny vodni rezim vyviji
pomaleji nez na rekultivovanych piidach. Krom ovliviiovani vodniho rezimu porovitosti je
nutné¢ pocitat na nerekultivovanych vysypkach i s poruchami struktury piidy, nazyvané
preferenénimi cestami a s makrotrhlinami, v disledku technologii sypani vysypky do
vlnovitych struktur. Tim dochazi ve vrcholnych partiich a zejména v letnich mésicich,
k vysouseni, tvorby ptidni krusty a tim padem i k ovliviiovani celkového charakteru prostiedi
a vodni bilance. Proudéni v preferencnich cestach téz ovlivituje charakter transportu latek.
Latky se v takovém prostiedi pohybuji rychle, témét bez retardace, bez interakce s okolnim
prostiedim, mnohdy i s minimdlnim poklesem koncentrace. V takovém to pfipad¢ je nutné
meéteni nékolikrat opakovat a pokud mozno volit spravné misto pro uskutecnéni polniho
pokusu méfeni. V ptipadé rekultivovanych ploch je tok ustalenéjsi a spad mensi. Naméfeni

hodnoty se blizi k hodnotam ptirodniho (kulturniho) lesa (Kuraz 2000, 2003).

Krom hydraulické vodivosti a sni spojené¢ porovitosti jsou pidy charakterizovany
dalsimi fyzikalnimi vlastnostmi. Na vysypkach krom jinych nejvice sledujeme polni vodni
kapacitu a bod vadnuti, coz ve veétSin¢ takovychto prostfedi byva limitujicim a
charakteristickym prvkem. Pokud je vlhkost blizkd polni vodni kapacité, pohyb vody je
rychlejsi v pisCitych pudach (bod vadnuti nastdva pfti relativni vlhkosti okolo 5%) nez u
jilovitych ptd (bod vadnuti nastava pti vlhkosti okolo 15%). Pii nizsich vlhkostech jsou, ale
jilovité a jemnozmné pudy schopny rostliny zasobovat vodou lépe, protoze maji vétsi podil
kapilarnich pori nez pady piscité. V piipadé vysypkovych pid byly naméteny hodnoty bodu
vadnuti okolo 30 %. Vysok4 hodnota bodu vadnuti je spojena s vyvojem pudniho prostiedi a
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pudotvornym substratem a nepoznamenava jen rostliny, ale i pidni organizmy, které jsou
vazany i na obsah piidni organické hmoty a ¢im vétsi pomér organické hmoty a vyssi pomeér
pfeménéného pivodniho substratu, tim niz$i hodnota bodu vadnuti a vyrovnanégjsi vodni

rezim (KuraZ a kol. 2012; Cejpek a kol. 2013; Santrickova a kol. 2004).

Na vodni bilanci na vysypkach se podili n€kolik pfirodnich slozek, které se neodlisuji
od zavedeného a zcela funkéniho ekosystému. Bilance je charakterizovana jako rovnovaha
mezi piijmy a vydaji pevného, kapalného i plynného skupenstvi vody ve svislém sloupci pady
(vody, poptipad¢ ledu) sahajicim od povrchu az do hloubek. Voda ziskana srazkami se
vydava na odtok, na vypar, na zmény zasoby vody v pid€é. Hydrologicka bilance hodnoti
zmeény zasob povrchové a podzemni vody zptisobené casovou a prostorovou promeénlivosti
ptirozenych vlivli, zejména klimatickych Ciniteld a vytvari podklad pro hodnoceni zmén

zasob vody.

Cast vodnich srazek spadlych na zemsky povrch stéka vlivem gravitace po povrchu
formou plosného odtoku, ktery se koncentruje jako povrchovy odtok (Jandora a kol. 2002).
Mnozstvi vody odtékajici urcitym profilem je vyslednici fady €initeltl, z nichZ rozhodujici v
nasich podminkéch jsou atmosférické srazky, které svym mnozstvim a ¢asovym rozdélenim
predurcuji pribeh odtoku. Vztah mezi srazkami a odtokem vSak neni ptimy. Je modifikovan
jednak aktivné ostatnimi klimatickymi faktory, jejich dynamikou vyvoje, jednak pasivné
ostatnimi fyzickogeografickymi C¢initeli, ktefi jsou v daném povodi stalé. Z klimatickych
faktordi se uplatiiuje rozhodujici mirou slunecni zateni, teplota, vlhkost vzduchu a intenzita
vymény vzdusnych mas, které ve svém komplexu ovliviiuji vyparnost, a tim bilan¢ni poméry
v povodi. Na rozdéleni celkového odtoku mezi povrchovy, podpovrchovy (hypodermicky)
pusobi Cinitelé ovliviiujici vsak, tj. pidni a geologické poméry, vegetacni kryt, Gprava pudy.
Geologické podlozi a jeho propustnost ma vyznam pro utvareni odtoku v obdobi bezdesti
(Kemel 1994; Kvitek 2006).

Hodnota des$té, pii niZz se nasyti povrchové sily korunové plochy véetné vody
zadrzované kapilarnimi silami se nazyva skropnd voda. Pfi delSim trvani srazky vzrusta
mnozstvi zadrzované vody az do urcitého maxima, kdy se destové kapky stékaji a odkapavaji
z list.

Pidni poméry ovlivitujici vsak zavisi jednak na ptedem urenych vlastnostech pidy
(pudni druh, matecné horniny, ze které ptida vznikla, geologické podlozi, stav ptdni struktury,
utuZenosti pady, prokofenénim). Cim bude v ptidé vétsi obsah kvalitnich organickych latek,
tim vétsi bude obsah pldnich koloidd, bude lepsi pidni struktura, vétsi vsak do pudy a
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povrchovy odtok bude mensi. Stejné pfiznivé pusobi i kofenovy systém, jednak svymi
mechanickymi u€inky, kdy droli utuZzenou ptdu, jednak kofenovymi vymeésky, které ptispivaji

ke vzniku ptdnich agregati (Kemel 1994).

Podzemni voda je vyznamnou soucasti hydrologického cyklu. Propojeni mezi
podzemnimi rezervoary plné nasycenymi vodou a povrchem je zprostiedkovano vadozni
zonou, ve které se objem zadrzené vody v Case transformuje. Tato proménlivé nasycena
oblast, zasadné ovlivituje mnozstvi a rychlost proudéni vody a unaSenych latek vstupujicich
do nasycen¢ho prostiedi. Geologické prostiedi, ve kterém dochdzi k ucelenému obéhu
podzemni vody, se nazyva hydrogeologicka struktura (Valentova 2010). Podstata proudéni
podpovrchové vody tkvi v tom, Ze proudéni v piidnich pérech popisujeme spojitym fiktivnim
proudénim bez ohledu na prostorové rozlozeni port a zrn v zeming. Predpoklada se, ze voda
spojité vyplnuje celou protékanou oblast (Jandora a kol. 2002). Mnozstvi a rychlost pohybu
vody pidnim prostiedim muze téZ nemalou mérou ovlivnit chovani povrchovych tokl a

prispét k vysokym vodnim staviim a povodnim.

K popisovani vodniho rezimu patii téZ i evaporace a evapotranspirace, kdy se rychlost
vyparu udavana v milimetrech za hodinu nebo za den, je hned na pocatku zhruba stejna jako
nasycena hydraulicka vodivost, ale zahy se zmenSuje. Jak se vytvari povrchova vrstva se
snizenou vlhkosti, tak jeji nasycena hydraulickd vodivost zna¢né klesd a tim se zvySuje
hydraulicky odpor a rychlost vyparu klesa. Vlivem porostu se poméry meéni tim, jak je ptudni
povrch zastinény, rychlost vyparu z pidy je zpomalena. Plida je rostlinami zbavovana vody i
do hloubek desitek centimetrii a zména vlhkosti pidy po infiltraci, nebo po desti, je
dasledkem kombinace redistribuce vody vyparu vody z povrchu pludy a transpirace vody
rostlinami. Je obtizné od sebe odd€lovat vypar z pidy a z rostlin, tedy evaporaci a transpiraci
vody, je tedy opodstatnéné méfit evapotranspiraci, tj. ztratu vody do atmosféry z pudy
porostlé vegetaci se stanovenim indexu listové plochy LAI (Kutilek 2012). Ve vysypkovém
prostiedi dochazi k vétsi potencidlni evapotranspiraci na nerekultivovanych plochach, kdy
hodnota LAI je mensi a povrch piidy obnazenéjsi, ptistupnéjsi. Na rekultivovanych plochach
je LAI vyrazné vétsi a dochazi zde na mnoha mistech i k zastinéni celého povrchu i diky
vyvinutému bylinnému patru, ve vegetacnim obdobi. Tim dochédzi k intenzivnimu vyvoji
pudniho prostiedi a vlivem biotickych faktord i k schopnosti zadrZovat infiltrovanou vodu.
Pravidlem je, Ze ¢im je vétsi LAI, tim je mensi slozka vyparu z povrchu pady a tim vétsi podil

tvoti transpirace v celkové aktualni evapotranspiraci. Neznamena to vSak, ze by se pfi
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vysokém LAI Setfila zasoba ptidni vody v pudé. Se vzriustem LAI roste i kofenovy systém, a

ten odcerpava vodu z pudy (Kutilek 2012; Frouz a kol. 2015).

6. Spontanni sukcese

vvvvvv

opusténi etaze v aktivnich dolech a ma tak pred technickou rekultivaci n¢kolikalety naskok. V
podstaté okamzit¢ zane proces primarni sukcese (Prach 1987; Hodacova a Prach 2003).
VétsSina vysypek ma potencial pro obnovu spontdnni sukcesi nebo jinymi formami piirodé
blizké obnovy. Pii t€zbé a sypani vysypek je zddouci ponechavat v jejich sousedstvi (polo)
prirozena ptirodni spoleCenstva, ktera pak mohou poskytovat zdrojové populace Zadoucich
druhii pfi spontanni kolonizaci vysypek. Semena rostlin se dostavaji na vysypky, vétrem,

zivocichy a nékdy i s pomoci ¢lovéka jiz pii procesu zakladani (Prach 2010).

Pii spontanni sukcesi se nejprve rozviji bylinné patro, zejména podbél lékatsky
(Tussilago tartara) a titina kiovistni (Calamagrostis epigeos), nasledné se uchyti naletové
pionyrské dieviny a az potom dochazi kuchyceni semen vysSich dfevin, které maji
dominantngjsi charakter. V inicialni fazi sukcese dochazi k velice pozvolnému vyvoji ptidniho
vodniho prostfedi, kdy je diky utuzeni povrchu vétSina vody odvedena povrchovym odtokem
do uzlabi vysypky, kde se mohou ¢asem utvofit piirodni rezervoary, ¢ast vody se vypati a jen
mala c¢ast se infiltruje do povrchovych vrstev. Vysypky v inicidlnim stadiu trpi vysouSenim,
erozi a sesuvy. Na povrchu lze pozorovat pudni krusty, které maji biologicky (mechy,
lisejniky, sinice, fasy) a abioticky (piisobeni fyzikalné-chemickych déji) charakter a které
jsou v mnoha ptipadech spojovany pravé s erozi pidy (Belnap 2006; Fischer a kol. 2012).
V ptipadé vyssich, dominantngjSich dfevin se jednd o dub letni (Quercus robur), buk lesni
(Fagus sylvatica), jasan ztepily (Fraxinus excelsior), vrbu jivu (Salix caprea), olsi lepkavou
(Alnus glutinosa) a ol$i Sedou (Alnus incana). Bylo potvrzeno, ze buky jsou schopné
kolonizovat oblast vysypek i na vzdalenost vétsi 1 km. Dulezitou roli pfi tom hraje
konektivita s krajinou, kde se nachazeji zdroje diaspor, a také vzdalenost od zdroje. Plochy
zarostlé spontanni sukcesi jsou kolonizovany lépe nez olSinové rekultivace (Frouz a kol.
2015). Koteny krom vyvijeného tlaku pro rozruseni ptidniho prostfedi a vytvatreni pora pro
prenos zivin a pidni vody, vylucuji do pidy zna¢né mnozstvi kofenovych exudatt, které jsou
zdrojem energie pro ptidni organismy (Elhottova a kol. 2009). Odumfela téla rostlin nasledné
slouzi jako zdroj energie pro mikroorganismy a prvnim ptichozim ptidnim zivo¢ichim. Jejich
exkrementy zakladaji tenkou vrstvu organické hmoty na povrchu mineralniho substratu.
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S rozriistajici se vegetaci se zintenziviiuje ¢innost kofenll a zvySuje se prisun opadu. Nejprve
se objevi druhy Zizal Zijici v opadu, pozdéji dalsi pronikajici stale hloubéji do mineralni ptidy
zpusobuji promichavani minerdlnich a organickych ¢&asti, coz vede postupné ke vzniku
humusové vrstvy (Frouz a kol. 2007, 2008). Humusova vrstva vyznamné méni podminky pro
rust kotenit rostlin, ovliviluje schopnost pidy zadrzovat vodu a ziviny a méni zivotni
podminky pro ostatni ptidni organismy (Li a Shao 2006; Frouz a kol. 2008). Jiz probihajici
sukcesi miZzeme usmérnovat napt. dosadbou nebo vysevem zadoucich druhti, nebo naopak
omezovanim druhti nezaddoucich (napf. invaznich). Na nékterych mistech, napf. na mistech
vyskytu populaci ohroZenych druhtt hmyzu vazanych na oteviena stanovisté, mizeme sukcesi
cilené¢ blokovat nebo i vracet zpét kdcenim hustych naletovych porosti dievin, nékdy i
razantn¢ napt. téZkou technikou. Takovéto disturbance obecné udrzuji biotopovou pestrost
tim, ze vedle sebe pak existuji rizné stara sukcesni stadia (Prach 2010). Vysypky, které byly
nasypany pted, cca. 50 lety pfipominaji klasicky smisSeny les. Pidni horizont je do, cca. 40
cm. vyvinuty a tomu i odpovida vyspéla vodni bilance a ustalena ptidni vlhkost (Kuraz a kol.

2012).

7. Postup rekultivaénich praci po tézbé uhli

7.1. Technicka rekultivace

Obnova ekologickych funkei vysypkovych pid nevychazi pouze z biologické
rekultivace, ale pfedchazi ji neméné dulezity proces technické rekultivace, ktery je zaméfen
na projektovou ¢innost, piipravu, modelaci terénu a zabudovani odvodiovacich systému do
budouci vysypky (Stys 1981). Modelace vysypky se zaméfuje na odstrafiovani elevaci a
vyplilovani depresi, kde se vytvaieji rozsdhlé rovné nebo jen mirné zvlnéné plochy na
temenech téles a zaroven jsou budovany terasy s odvodnovacimi kanaly. U sténovych lomu
jsou technickymi upravami odstrafiovany a zahlazovany skalnaté plochy etazi, svislé¢ a
rozbrazdéné stény jsou upravovany do mirnych sklont. Tim jsou zlikvidovany prohlubng, v
nichz se zadrzuje voda (Gremlica a kol. 2011). Podzemni voda se na vysypkach projevuje
nepiiznivymi tendencemi jako je vzdouvani, odvodiiovani, toxicita. Dulezité je jeji ustaleni v
optimalnim rezimu (Stys 1981). Nevhodny pohyb podzemni vody, zejména neodekévané
prisaky ve spodnich vrstvach vysypek a okolniho prostfedi, miize vést k naruseni stability
svahll a zapfiCinit jejich sesunuti. Z vysypky je zapotiebi odvést vodu jen v takovém

mnozstvi, kdy bude predstavovat mozny potencial pro obnovu ekosystému a bude predchazet
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nebo alespoit minimalizovat pfipadnou erozi, ke které na vysypce dochazi, zejména

v inicidlnim rozvoji ekosystému (Belnap 2006; Fischer a kol. 2012; Cejpek a kol. 2013).

Uprava vodniho rezimu spoéiva zejména ve vhodné piipravé podkladu a modelaci
terénu pfi sypani samotné vysypky. Neni mozné zacit sypat vysypku bez jasné a schvalené
dokumentace, chyba, ktera se zde mize projevit bezprostiedné po nasypani, ale i po delSim
Case, mize mit velice negativni dopad. Spravné zvolené drendzni prvky, s ohledem k
hmotnosti vysypky se navrhuje odvodnovaci systém z ocelovych dérovanych potrubi @ nad
300 mm s obsypem kamenivem. Spoje potrubi jsou vzdy navrzeny jako pohyblivé, aby
odvodnéni mohlo respektovat sedani vysypky a nedoslo k pferuseni potrubi. Pouziva se i
kamennych drenazi (koryt) bez potrubi, to umoznuje odvedeni piebytecné vody a to tak, aby
meélo trvaly a efektivni charakter, aby se ptedeslo destabilizaci terénu podpovrchovou vodou a
erozi (Cejpek a kol. 2013). V ramci rekultivacnich praci jsou na vysypce budovany vodni
nadrze a odvodné strouhy, Cast terénnich depresi vzniklych pifi nasypani vysypky je
ponechana pfirozenému zavodnéni, nékteré znich jsou bezodtoké. Srazkova voda je
zachycena v nadrzich, ¢ast odtéka po povrchu a ¢ast se vsakuje do nitra vysypky, kdy pozdéji
tato voda vyvéra po obvodu vysypky (Pfikryl a kol. 1995), tim, jak si celd vysypka v
pribéhu Casu seda, vytlacuje podzemni vodu na povrch. Na fadé mist mohou takto vznikat,
vétSinou u paty vysypky a v uZlabi, zamokiena stanovisté. Leckdy se jedna az o mensi jezirka
o délce nekolika metrt, ktera budi dojem pfirozené mozaikovitosti a davaji moznost uchyceni
bézné, ale i vzacné a ohrozené bioty, napt. vlaknita sinice (Dichothrix ledereri), krasnoocko
(Euglena mutabilis), Colek velky (Triturus cristatus) a mnoho dalSich. V pribéhu casu
dochazi k napojeni takto vzniklych ploch na okolni toky a zapojeni do Sir§iho hydrologického

cyklu a jen malokdo by poznal, Ze se nejedna o ptivodni vodni plochy (Cejpek a kol. 2013).

7.2.  Biologicka rekultivace

Rekultivace, sanace a obnova pfirody po tézbé nerostnych surovin vychazi
z pozadavkl legislativy, konkrétn¢ z pozadavk horniho zakona (¢. 44/1988 Sb.). Zde je
uvedeno v § 31, odst. 5 ,,Organizace je povinna zajistit sanaci, kterd obsahuje i rekultivace
podle zvldstnich zdakonii a vSech pozemkii dotcenych tézbou ... Biologicka rekultivace je o
nasmérovani vyvoje vznikajiciho ekosystému k ur¢itému bodu, jehoz kone¢nou fazi je stejné
jako u spontadnni sukcese, ustalené spoleCenstvo, klimax. Jedna se o dokonceni procesu

zahlazeni tézby v krajiné.
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Ve vztahu k padam, které se nov€é vytvareji ma mimofddny vyznam primarni
chemismus hornin, a to zejména obsah ctyt hlavnich slozek (Ca, K, P, Mg), které predurcuji
znacna schopnost rekultivovanych ploch hromadit plidni organicky uhlik, ktery je dale
vyuzivan pudnimi organismy k utvareni ptfiznivého ptdniho prostiedi (Follet a kol. 2000;

Ingram a kol. 2008).

V prvnich letech rekultivace se klade velky diraz na stanovistni podminky a zvolené
dfeviny, které rozhoduji o uspéchu rekultivace. Mezi pozadované vlastnosti rostlin patii
odolnost vi¢i suchu, tolerance vic¢i nizkému pH, odolnost rostlin vici toxicité, odolnost
rostlin vic¢i pfitomnosti t€zkych kovil, schopnost odolavat zasoleni (osmotickému stresu),
schopnost odolavat doasnému zamokieni, schopnost snaset pfechod kofenové soustavy z
jedné vrstvy zeminy do druhé vrstvy (antropogenni pudy), snaSet vysoké teploty, nizka
citlivost na utuzeni pudy, efektivni vyuziti Zivin (Stépan 1978). Byly zjistény souvislosti, se
snizujicim se pH, sniZuje se i odolnost dievin vic¢i primyslovym emisim. Nejvétsi odolnost
vykazuji dfeviny (jehli¢naté, listnaté) péstované na pidnich substratech s reakci neutralni az
zasaditou (Dimitrovsky 2001). Pii vybéru druhii je zpravidla davana piednost druhtim s
Sirokou ekologickou amplitudou, schopnym pfizptisobovat se atypickym podminkam
devastovanych tUzemi, primyslovym imisim a druhiim s melioraénimi, asana¢nimi,
estetickymi i hospodarskymi vlastnostmi. Krom rastu dievin pH ovliviiuje i rozpustnost,
obsah slou¢enin a aktivitu mikroorganismti v piidé. Cerstvy vysypkovy substrat ma obvykle
pH 7 v nékterych ptipadech i vySsi, to se snizuje se zvysSujicim se stadiem sukcese, a tedy i
stafim substratu. Mnoho mikroorganismii se vyviji v rozmezi pH 4 - 9, acidofilni organismy

ey

ziji i v prostiedi, které ma pH nizsi nez jedna (Bardgett 2005).

V rekultivaénim procesu rozliSujeme tii zakladni druhy rekultivaci, zeméd¢lskou,
lesnickou a hydrickou. Na Velké podkrusnohorské vysypce jsou zastoupeny vSechny tfi, ale
vzhledem ke zkoumanym plocham je tato prace zaméfena na zemédé€lskou a lesnickou

rekultivaci.

V piipadé zemédéelské rekultivace se zejména pouziva prevrstveni vysypkovych ploch
ornici, pfipadné snadno zarodnitelnymi zeminami (spraSové hliny, sprase) (Gremlica a kol.
2011). V prvnich letech se voli melioracni osevni postup s pouzitim viceletych trav a
jetelovin (Dimitrovsky 1976), coz ma za nasledek ucinnou transformaci ptidniho procesu

(Jonas 1975). Rekultivaéni osevni postupy jsou v soucasnosti provadény v obdobi 2 — 6 let.
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Obvykly zplsob realizace zemédé€lskych rekultivaci spoc¢iva v navezeni a rozprostieni
organické hmoty na plochu, nasleduje orba, vlaceni, smykovani, sije pfipravnych plodin,
jejich zaorani, hnojeni a v konec¢né etapé péstovani cilovych plodin nebo zatravnéni pozemkii
(Gremlica a kol. 2011). Travni porosty maji ptdoochranny a vodohospodaisky vliv
vyplyvajici hlavné z husté struktury prokotfenéni v prostoru rhizosféry diky nimz je zajistén
ptisun velkého mnoZstvi organické hmoty a nasledné zlepseni infiltrace pro srazkovou vodu a

vyrazné snizeni erozniho nebezpedi (Stys 1981, 1997).

Lesnicka rekultivace je charakterizovana dvéma fazemi. Prvni z nich, ktera vétSinou
trva 1-3 roky, tvofi ji mechanicka a chemicka piiprava ptdy a vlastni vysadba dfevin. Druhou
fazi lesnické rekultivace je naslednd péstebni péce realizovand po dobu 6-8 let, ktera se
sklada z vylepSovani provedenych vysadeb, hnojeni kultur, okopavani, ozinani, ochrany proti
zveii, zavlah a podle potieby z profezavek a piipadné i tvarovych fezli (Gremlica a kol.
2011). Jednou z nejcennéjSich ptipravnych dievin je olSe lepkava (Alnus glutinosa), ktera je
téz vysazena na Velké podkrusnohorské vysypce a pattila mezi sledované dieviny. Prispiva k
dobré biologické ptiprave sterilnich vysypkovych pid i v podminkach, které snasi malo
druhti. Dfeviny vysazované na plochach se stejnymi stanoviStnimi podminkami, ale bez
ptipravného biologického plisobeni porostl olSe lepkavé vykazuji znacné ztraty (az 30-40%).
Ma nejlepsi ujmuti a zakotenéni, rychly rust, je znacné odolnd vici exhalacim a houbovym
chorobam. Vytvafenim organické hmoty dulezité pro biologickou rekultivaci pfed¢i vsechny
ostatni deviny (Stépan 1978). Krom piipravy a zlepseni struktury pudy, byl sledovan i
pozitivni vliv na vodni rezim plochy, kde byla vysazena olSe. Diky opadu, zastinéni a
bylinnému patru umi takové plochy lépe hospodatit s vldhou a plidni vodou nez plochy

osazené jinou dievinou.

8. Hlavni otazky a hypotézy

Hlavni otazka, kterou si prace klade je porovnat schopnost plid a potazmo i celych
ekosystémi vznikajicich na vysypkach, zadrzovat vodu a porovnat tyto hydropedologické
vlastnosti mezi rekultivovanymi a nerekultivovanymi plochami rizného stafi (nejstarsi plochy
byly ve staii 35 let).

Hypotézy:
H1, béhem vyvoje pud bude nartistat schopnost pud zadrzovat vodu, ale bude se zaroven

zvySovat bod vadnuti.
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H2, vyvoj popsany v HI bude rychlejsi u rekultivovanych nez u nerekultivovanych ploch.

H3, s nariistajicim rozvojem vegetace bude zasoba vody vice uréovana odbérem rostlinami,
nesoulad mezi vyvojem plid a rozvojem vegetace muze zpusobovat deficit vody, ktery
bude nejpatrnéjsi ve sttednich fazich vyvoje v letnich a teplejSich mésicich. Bude se téz
projevovat ovliviiovani vodniho rezimu s ohledem na vyskyt biologického materialu

(opadu) na povrchu ploch a plidnich Zivoc¢ichti v ptidnim prostiedi.

H4, u porostti s rozvinutou vegetaci budou rozdily mezi rekultivovanymi a nerekultivovanymi

plochami malé.
Vysledky:

Vysledky této disertacni prace jsou shrnuty ve ctyfech publikacich. Prvni tii publikace
byly publikovany v mezinarodnich odbornych casopisech. Posledni publikace, ktera byla
publikovana v ¢eském jazyce, byla publikovana v odborném ceském Casopise bez impakt

faktoru, samostatnou kapitolu s vysledky a diskuzi nema.

. KURAZ, V., FROUZ, J., KURAZ, M., MAKO, A., SHUSTR, V., CEJPEK, J.,
ROMANOYV, OV., ABAKUMOYV, EV. Changes in some physical properties of soils
in the chronosequence of self-overgrown dumps of the Sokolov quarry-dump
complex, Czechia. EURASIAN SOIL SCIENCE. 2012, 45, 3, 266 - 272. ISSN 1064-
2293

. CEJPEK, J., KURAZ V., FROUZ, J. Hydrological Properties of Soils in
Reclamation and Unreclamation Sites after Brown-Coal Mining. Polish Journal

Environmental Study. 2013, roc. 22, €. 3, s. 645-652.

. CEJPEK, J., KURAZ, V. VINDUSKOVA O. FROUZ, J. Water regime of

reclaimed and unreclaimed post mining site. Ecohydrology. 2017.

. CEJPEK, J., FROUZ, J. Obnova vodniho rezimu na vysypkach. VTEL
Vodohospodarské technicko-ekonomické informace. Vyzkumny ustav

vodohospodaisky T.G.Masaryka, v.v.i. Praha, 2013, roc. 55, ¢. 4, s. 11.

H1, v prvnich tfech publikacich byla tato hypotéza potvrzena. Prvni publikace byla
zameétena na popis hydrofyzikalnich ptdnich vlastnosti u nerekultivovanych vysypkovych
ploch ve vékovém slozeni (12, 20, 45). Hodnoty, které byly zaznamenany, podporuji data,

ktera byla nasledn¢ zjisténa v dalSich dvou publikacich, které byly zaméfeny jak na
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nerekultivované plochy, tak na plochy rekultivované. Zkoumané plochy byly staré od 5 do 45
let. Publikace se shoduji, Ze plochy v iniciatnim stadiu rozvoje jsou méné nachylné na
limitaci vody, ze zacatku nemaji vegetacni naroky, i kdyz jsou Casto vystaveny erozi, kterd
vyrazné oslabuje rozvoj takovych to ploch, zejména ve vySSich partiich vysypky bez
vegetace. S tim, jak se rozvijelo bylinné patro a nasledné i vzrostla vegetace byly naroky na
management vody citelnéjsi. Ve véku 20 a 45 let dochazelo tak ke zpomaleni rozvoje. Neda
se Tici, ze rekultivované porosty nebo starSi sukcesni porosty trpély vyrazné¢ mensSim
nedostatkem vldhy nez inicidlni plochy. Je to dano tim, ze i kdyz byla na rekultivovanych
plochach polni vodni kapacita vys$si a dava tak moznost ptidé zadrzet vice vody nez je tomu u
starSich sukcesnich ploch, neznamend to, ze vSechna zadrzend voda byla vyuzitelna pro
rostliny. Zde se pravé projevoval vysoky bod vadnuti, coz zamezuje vyuziti piitomné vody a
rozvoj vysypkového ekosystému. Nejpatrnéjsi rozdily byly sledovany v letnich mésicich pfi
vysSich teplotach, kdy na nerekultivovanych plochach se na povrchu pidy tvofili ptadni
krusty, na rekultivovanych plochach byla situace zcela opacnd, diky zastinéni celého povrchu

a vyvinutému bylinnému patru.

Ve druhé a tteti publikaci se dospélo k zavérum, které potvrzuji H2. Toto zjisténi bylo
predmétem vysledkd podpofenych laboratornimi analyzami hydrofyzikalnich vlastnosti a
dlouhotrvajicim polnim pozorovanim meéfeni ptdni vlhkosti. Ve druhé publikaci bylo
zjisténo, ze nedostatek pidni vody byl zaznamenan na plochach zeméd¢lské rekultivace. Coz
se muze zdat prekvapivé, uvazime-li, ze jednim z dGvodi navazeni ornice je zlepSeni
fyzikalnich vlastnosti pid. V této studii je ¢asty nedostatek vody u lu¢nich ptid dan vysokou
hodnotou bodu vadnuti v porovnani s nizkou nasaklivosti a polni vodni kapacitou, ktera
koresponduje s celkové nizkou porositou. Obecné lepsi situace je u lesnich porostll, coz mize
souviset i s tim, ze lesni porost zadrZuje vrstvu méné pohyblivého vzduchu nad povrchem
pudy, coz omezuje evaporaci v porovnani se situaci, kdyz vitr mize pohybovat vzduchem
tésné nad povrchem plidy. Toto zjisténi souvisi se zapojenim porostu na danych plochach. Na
rekultivovanych plochach byl porost vice zapojeny a bylinné patro rozvinutéjsi, coz
podporuje i1 celkovy pribéh pudni vlhkosti ve sledovanych letech, kterda vykazovala
ustalen¢jsi prubeh, nez je tomu u stejné starych nerekultivovanych ploch. Zde byl porost méné
zapojeny, absence opadu citelna a vliv abiotického piisobeni, diky nasypani vysypky do
vinovitych struktur, zna¢ny. Toto tvrzeni je polozeno polnim pokusem ve druhé a treti
publikaci, kde byla méfena pidni vlhkost a hydraulicka vodivost. Na nerekultivovanych

plochach na vrcholu viny se v letnich mésicich pii nedostatku srazek vyskytovaly povrchové
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krusty, které utvarely makropraskliny, které v obdobi srazek odvadéli destovou vodu
preferencnimi cestami mimo zajmova mista do Uzlabi vysypky, kde se akumulovala. Toto

tvrzeni bylo potvrzeno méfenim ptdni vlhkosti na tiech mistech.

H3 byla potvrzena ve tieti publikaci. Byl hodnocen vodni rezim a zasoba ptdni vody
rekultivovanych a nerekultivovanych vysypkovych ploch ve stejném stafi. Veétsi piisun
destovych srazek zaznamenava rekultivovand plocha. Bylo to dano menS$im zapojeni
stromové koruny a tomu odpovidajici nizs§i hodnotou LAI a tim menSim zachyceni destovych
kapek vegetaci. Je nutné upozornit, Ze nerekultivovana plocha ma vice kompaktnéjs$i povrch
nez plocha rekultivovana a velké ¢ast vody je svedena do uzlabi. Polni vodni kapacita je téz
veétsi na rekultivované plose a tim umoziovala zadrZzeni vice vody nez plocha
nerekultivovana, zde je nutno opét pocitat s vyssim bodem vadnuti, kdy voda obsazena v pudée
nemusela byt pro rostliny dostupna. V kombinaci s vys$§imi teplotami a tim i vy$§imi naroky
na spotiebu vody dochazi na plochach k absenci pidni vody. Ve druhé publikaci bylo
zjisténo, ze zastinéni pidniho povrchu a role odpadu byla velice dalezita. Tim, Ze zde byl
organicky material, ktery vaze k ptd¢ i vyskyt piidni fauny, napomahal tak udrzovat ptiznivy
vodni rezim. Nerovnovazny prub¢h a Sirsi rozkolisani hodnot pfi monitorovani piadni vlihkosti
a zasoby pudni vody se projevoval na nerekultivovanych pidach, které méli opad také, ale
v mensi mife.

Ve treti publikaci byla potvrzena H4. Je dulezité upozornit na zakladni fyzikalni
vlastnosti — objemovou hmotnost. Objemova hmotnost vykazuje velkou prostorovou
variabilitu zejména v zavislosti na obsahu a sloZeni organického materialu pid. Stejné jako
v jinych studiich jsem dospél k zjisténi, Zze objemova hmotnost se 1isi o cca. 10 — 20 % u
velkym rozsahem fyzikdlnich vlastnosti. V tfeti publikaci po opétovné analyze
hydrofyzikalnich vlastnosti bylo zjisténo u stejn¢ starych ploch po vypocteni vodni bilance, ze
rekultivované plochy hospodaii s vétSim mnozstvim vody, ale diky vétsimu vyskytu vegetace
je vydej vody téz vyssi. Bylo predpokladano, Ze hospodafeni s ptidni vodou bude horsi
z nerekultivovanych ploch, ale ukazalo se, Ze vyskytuje-li se na povrchu vétsi mnozstvi opadu
a ve vegetacni dob& dochazi k zapojeni a zastinéni povrchu, je stav na obou dvou plochach
podstatné vénovat jim podstatnou pozornost, zejména pti odebirani vzorkd a dbat na jejich

kvalitu.
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Abstract—The water-physical properties (bulk density, air conductivity, texture, water content, and temper-
ature dynamics) were studied in a chronosequence of soils developing on self-overgrowing quarry—dump
complexes in the area of Sokolov, Czechia. The area overgrown for 12 years was covered by a thin grass cover;
osiers were observed after 20 years of overgrowth; a broadleaved forest was found on a plot after 45 years of
overgrowth. The particle-size distribution in the soil was determined using peptization by pyrophosphate and
the FAO method. When the soil was prepared by the FAO method, a predominance of physical clay (62—72%)
in the dump material was revealed; at the use of pyrophosphate peptization, the content of this fraction was
lower (18—19%). The observed differences can be due to the incomplete degradation of the microaggregates
composed of clay particles during the peptization by pyrophosphate. A decrease in the field water content of
the soils with the increasing time of the dump’s overgrowth was observed. This could be attributed to the more
significant evapotranspiration of the perennial woody vegetation compared to the herbaceous plants, which
agreed with the data on the projective cover of plants and their root biomass. A decrease in the soil tempera-
ture in the root-inhabited layer (in the diurnal variation) with the age of succession was also observed. The
analysis of the data on the field soil water content and their comparison with the results of the laboratory mea-
suring of the wilting points indicated that the development of plants could be restricted by a water deficit at

the 20- and 45-year-old stages of the succession.
DOI: 10.1134/51064229312030076

INTRODUCTION

Presently, the open extraction of minerals entails
intensive and large-scale changes in ecosystems and
landscapes. Only in the Sokolov coal field (northwest-
ern Czechia) was the extraction of coal accompanied
by storing about 30—50 million cubic meters of over-
burden rocks annually, and an area of more than 9000 ha
is presently occupied by external dumps. The thick-
ness of the overburden rocks, which cover the produc-
tive coal layers, results in the accumulation of large
dumps occupying significant areas. The overburden
material includes various rocks raised from depths of
0 to 200 m. The study of the pedogenesis and restora-
tion of the soil biological properties should take into
consideration the physical properties of the dumps
formed at mining operations [9, 17, 30]. It was noted
in the literature that external and internal dumps
formed at mining are most frequently subjected to
water erosion [8] and deflation [22]; the redistribution
of clay with the formation of dense interlayers (col-
matage) occurs in their upper layers [4]; local over-

moistening is observed during the dumping of layers
with different particle-size distributions [1, 3, 6]; cry-
oturbation phenomena resulting in the damage of tree
roots are also possible [1].

The current normative documents on the quality
control of reclaimed soils are 90% oriented to the
assessment of the chemical state and sanitary-chemi-
cal properties of the soils and sediments. At the best,
they present data on the bulk density of the soils, their
gravimetric and volumetric moisture, and their water
permeability. The problem of the microclimate of
young soils in the chronosequence of self-overgrown
dumps has also not found a solution. Thus, it was
established that the mesophilization of xerophytic
communities occurs during the demutation succes-
sions of phytocenoses on dumps because of the air
humidification in forest ecosystems [1, 7], as is con-
firmed by the simulation of the soil organic matter’s
transformation [28]. Data were reported on the
decrease in the soil water content in the chronose-
quences when going from young ecosystems to more
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mature ones, which can be related to the increased
adsorption of water by the developing woody plants
through evapotranspiration [24]. The primary pedo-
genesis is characterized by the intensive disintegration
of the mineral soil material, which is embodied in the
changes in the soil texture even at low depths (down to
30 cm) [3].

In spite of the large body of publications on the
study of the pedogenesis on dumps of different rocks
under reclamation conditions [11, 13—15, 30-32],
significantly less data deal with the soil restoration
during self-remediation successions [14, 15]. Still less
information is available on changes in the physical
properties of soils developing on unreclaimed dumps
during natural self-overgrowth. The relevance of the
problem increases, because dump rocks frequently
have unfavorable physical properties, which can limit
the growth and development of plants during the rec-
lamation of dumps [9].

In this context, the aim of this work was to charac-
terize the water-physical properties, temperature, and
air conductivity of different-aged soils in the chro-
nosequence of dumped overburden Cyprian clays
from the brown coal quarry at the town of Sokolov in
the Czech Republic.

OBJECTS AND METHODS

Studies were conducted at the quarry—dump com-
plex near the town of Sokolov in the Czech Republic.
The field belongs to the coal basin of Northern Bohe-
mia and has been intensively developed for more than
100 years [15, 16]. The coal basin is limited by the
Krushnye Mountains, which form a boundary
between Saxony and Bohemia; the Germany—Cze-
chia frontier passes to the north from the main range of
the Krushnye Mountains. Podzols and podzolic, brown
forest, and bog soils are the predominant types in the soil
cover. The height of the country is 500—700 m a.s.l.; the
mean annual precipitation is about 650 mm, and the
mean annual temperature is 6.5°C. The natural plant
associations mainly consist of spruce forests, which
have been largely destroyed by agricultural activities or
as a result of the intensive aerial contamination of the
ecosystems by acid rains since the 1960s—1970s.

The external and the largest internal dumps of the
quarry complex mainly consist of Neogene clays
(Cyprus series). Brown coal was mined from the
quarry; the residues of the unproductive enclosing lay-
ers and pyritic suites were stored in separate dumps not
liable to reclamation because of their toxicity. We stud-
ied only the dumps composed of Neogene clays
(Cyprus series) [20].

Three plots of overgrown clay dumps were studied.
The dumps were formed on each plot in a similar way:
as parallel ridges about 1.5 m high at intervals of about
6 m. There are ridges and interridge microdepressions
on each plot. After the ridges were formed at the
dumping stage, they were subjected to no operations.
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Table 1. The fine earth reaction and the parameters of the bi-
ological turnover of the ecosystems on the dumps of the
Sokolov quarry (the data for the ridge tops and microdepres-
sions are given above and under the line, respectively [15])

Age ofthe | pH, . (in | Plant waste in-
overgrown the 0- to | put to the soil, | Roots, g/m?
plot, years |10-cm layer)| g/m? per year
- 8.5 20 13.5
8.2 63 28.5
7.5 110 950
5 6.5 220 1050
7.2 130 461
# 6.9 510 520

The formation of ridges was specified in the reclama-
tion flowchart to reduce erosion and retain plant
seeds, because a heterogeneous microrelief creates the
best conditions for these purposes. Plots naturally
overgrowing for 12, 20, and 45 years were studied.

The plot overgrown for 12 years was covered with
thin herbaceous vegetation with the predominance of
bush grass (Calamagrostis epigeios) and foalfoot ( Tussi-
lago farfara). Horizons AC and C were detected in the
profiles of the soils. The AC horizon was 8 cm thick on
the average; it was of ill-defined platy structure,
brownish bluish gray in color, compacted, and wet.
The C horizon consisted of Cyprus clay dark blue in
color. According to the pH,,., values, the soil is
slightly alkaline (Table 1).

The plot overgrown for 20 years was characterized
by the development of thin thickets of goat willow
(Salix caprea) with some silver birch (Betula pendula)
and aspen (Populus tremula). The surface soil horizon
was classified as an organic O horizon (dark reddish
gray, loose, wet, heterogeneous); an A horizon (dark
gray, organomineral) was formed below, which
changed into the parent rock at a depth of 10 cm.

The plot overgrown for 45 years was characterized
by the development of a forest phytocenosis composed
of silver birch (Berula pendula) and aspen (Populus
tremula). The surface organic O litter horizon 5—6 cm
thick changed into a humus A horizon 8 cm thick
(light gray in color with an ill-defined crumb struc-
ture) and then a transitional AC horizon 10 to 26 cm
in thickness (light gray with a pale tint, dense, and of
platy structure). The upper soil horizons in the inter-
ridge microdepressions were slightly acid.

A dielectric soil moisture meter was used to study
the profile distribution of the soil water [22, 23]. For
measuring the soil water content, special tubes were
installed into prepared holes 70 cm deep. One tube was
installed on each ridge and in each microdepression.
Data were recorded with two-week intervals during the
vegetation period. Thus, the content of water in the
soil was measured in all the soil profiles at 5-cm inter-
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Table 2. Soil water content (% of the soil weight) at differ-
ent depths

Age, years Ridge top Microdepression

10- to 15-cm layer

12 356+5.6 472+ 4.4

20 36.7+3.0 444+ 3.8

45 38.0+£6.8 46.4+ 4.0
25- to 30-cm layer

12 37.0+£23 49.1+ 1.6

20 308+ 1.9 35:942.5

45 31.1+6.4 39.7+3.7
60- to 70-cm layer

12 42.1+2.6 507+ 0.8

20 26.4+4.0 349+ 28

45 38.5+4.6 46.7+ 5.9

vals in depth during the 2001 and 2002 vegetation sea-
sons. The results of the field measurements of the vol-
umetric water content were converted into the gravi-
metric water content of the soil using previously
developed equations [21].

Undisturbed soil samples of 100 cm? were taken in
four replicates for laboratory measurements of the
bulk density, water permeability, wilting point, and
active water range [24]. The wilting point was deter-
mined under laboratory conditions for disturbed soil
samples (they were exposed over a 10% solution of sul-
furic acid, and the wilting point was determined by
calculation). Under the field conditions, the field
capacity was determined by the method of flooded
plots; the sampling was performed on the same plots
where the bulk density and water permeability were
measured.

The water permeability of the soil was determined
using two different methods: the laboratory measure-
ment of the filtration in undisturbed samples and the
in situ measurement of the water permeability at a
constant water head using a Guelph infiltrometer [29].
The latter method has some advantages, because the
measured water permeability characterizes a larger soil
area than in the case of measuring undisturbed sam-
ples under laboratory conditions (which takes into
consideration the permeability related to macropores
and cracks).

The air permeability of the soil was measured for
the surface and AC or A horizons depending on the
soil age with the use of a PL-300 air infiltrometer
(Umwelt Gerite Technik GmbH; Miincheberg, Ger-
many). To measure the air permeability of the surface
soil horizons, special chambers were used [19]. The
measurements on each plot were performed in tripli-
cate at similar field soil water contents corresponding
to two-thirds of the field capacity (Tables 2, 3).

The soil texture was determined in triplicate in the
samples of the soils taken from microdepressions on
all the plots. The soil was triturated and passed through
a 2-mm sieve. The particle-size distribution in the fine
earth was determined by densitometry and using the
pipette method. In the former case, the samples' prep-
aration included the peptization of the microaggre-
gates in a refluxed solution of sodium pyrophosphate
[18]. It should be noted that the use of sodium pyro-
phosphate usually distorts the results of the particle-
size analysis of calcareous soils. Therefore, the FAO
method is more suitable for the particle-size analysis
of calcareous clays. The FAO method includes treat-
ment with hydrogen peroxide and hydrochloric acid.
The loss due to the treatment made up about 5—7% of
the fine earth weight (which is comparable to the
amount of the removed organic matter and carbon-
ates). The FAO procedure involves the use of sodium

Table 3. Soil Hydrological constants, %: (TWC) total water capacity, (FC) field capacity, (WP) wilting point, (AWR) active
water range, and bulk density; (F) Fisher’s test; (p) significance level (data on ridges are given above the line, and data on
microdepressions are given under the line)

Age, years, microrelief TWC FC WP AWR B“‘;‘iﬁ:‘?“*
12 53.39 +0.95 50.46 + 0.98 40.50 + 1.84 9.96 + 0.95 1.25+0.04
55.30+0.77 5293+ 1.03 42,60 + 1.99 10.33 +0.96 1.25+0.03
20, 57.44+0.48 52.90 + 1.03 44.19 +0.76 8.71 £0.35 1.11 +0.03
48.11 + 1.01 43.26 + 0.78 33.60+0.70 9.66 + 0.78 1.29 + 0.03
45 50.38 + 1.40 48.22 + 1.47 40.09 + 1.15 8.14+1.02 1.30 + 0.02
49,32 +0.20 47.64 + 0.34 39.72+0.97 7.92+1.23 1.35+0.02
Statistical criteria F p F p F p F p F p
Age 45,50 | >0.001| 30.24 |=0.001] 22.03 | =0.001 | 0.72 Ins 30.53 | =0.001
Microrelief 39.40 | >0.001 | 27.39 |=0.001| 6.05 |[=0.010| 7.90 |=0.003| 26.94 |=0.001
Interaction of factors 64.23 | >0.001 | 59.86 |>0.001 | 38.08 | >0.001 0.59 Ins 17.79 | >0.001
Note: (Ins) The differences are insignificant.
EURASIAN SOIL SCIENCE Vol. 45 No. 3 2012
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hexametaphosphate as a dispersing agent. The results
were expressed as the sum of the sand, silt, and clay
according to the FAO classification.

The soil temperature was measured in diurnal vari-
ation during the first weeks of April, June, and August
0f' 2001 on the surface of the soil and at depths of 5and
10 cm. The measurements were performed using mer-
cury thermometers with an accuracy of 0.1°C at three
points of microdepressions and at three points on
ridges at 7 a.m., 2 p.m., and 9 p.m. local time.

The statistical processing of the data included sin-
gle-, two-, and three-factor analysis of the variance for
revealing the differences and comparing the physical
parameters of the soils among the different-aged plots
on the microrelief elements. In the tables, the values
following the plus-minus sign denote the standard
deviations. The profile distribution of the gravimetric
water content was studied by paired comparison (ridge
tops—microdepressions) using two-factor analysis of
the variance (the least squares method). The results of
the field and laboratory measurements of the water
permeability data for the different-aged plots and the
data for the different relief positions were compared
using three-factor analysis of the variance. The data on
the air permeability were analyzed using single-factor
analysis of the variance. The data on the total water
capacity, the field capacity, the wilting point, and the
bulk density of the soils were processed using the two-
factor analysis of the variance (the results are given at
the foot of Table 1). The data of the particle-size anal-
ysis were compared using single-factor analysis of the
variance; the contents of the different fractions
obtained by different methods were compared. The
results of the layer-by-layer determination of the tem-
perature were compared using three-factor analysis of
the variance to study the effects of the age, microrelief,
and sampling depth.

RESULTS

The results of determining the water content in the
soils of the 12- and 45-year-old overgrown plots are
givenin the figure. Regardless of the soil age, more sta-
ble water contents at different dates of observation
were observed in the lower horizons compared to the
upper horizons of the soils. The statistical analysis of
the results showed that distinctions among the differ-
ent-aged soils were typical only for the upper (10- to
15-cm) layer and were not found for the 25-to 30- and
40- to 60-cm layers (Table 2). The comparison of the
plot locations in the relief revealed no significant dif-
ferences for the 10- to 15-cm layer (Table 2). The
water content in the 25- to 30- and 60- to 70-cm layers
of the soil on the 12-year-old plot was significantly
higher than on the other plots. The soil on the 20-year-
old overgrown plot had a water content statistically
significantly lower than the soil of the 45-year-old
plot. On all the plots, the water content in the
microdepressions was higher than on the ridges.
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The soil water content as a function of the depth at the (a)
12- and (b) 45-year-old succession stages in May (closed
symbols) and October (open symbols) on the ridge (solid
line) and in the microdepression (dotted line) of the
Sokolov quarry.

In the soil of the 12-vear-old plot, the surface hori-
zon was drier than the deeper soil horizons; at the
stages of 20 and 45 years, the middle (25- to 30-cm)
horizon was drier than the surface (10- to 15-cm)
layer, and the difference was statistically significant
(Table 2, Fig. 1b).

The maximum water capacity decreased in the
chronosequence of soils; the soil of the 45-year-old
plot had a reliably lower value of the total water capac-
ity than the soil of the 20-year-old plot, which in turn
had a lower total water capacity than the 12-year-old
overgrown plot (Table 3). The values of the field
capacity and wilting point for the soil of the 12-year-
old plot were reliably higher than at the later stages of
the dump’s overgrowth (Table 3). The active water
range (calculated as the difference between the lowest
field capacity and the wilting point) decreased in the
chronocatena, but the differences between the plots of
the different ages were statistically insignificant. The
bulk density of the soils increased with the soil age,
except for a microdepression on the 20-year-old plot,
which had the lowest bulk density (Table 3).

The analysis of the differences in the water perme-
ability of the soils (using a Guelph infiltrometer under
field conditions and in undisturbed samples under lab-
oratory conditions) (Table 4) showed that the labora-
tory tests give lower values than the field measure-
ments. No significant differences in the water perme-
ability were found between the soils of the different
ages, which could be attributed to the high spatial vari-
ability of this parameter in the studied young soils.
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Table 4. Average values of the water permeability and air
permeability in the surface horizons of soils at different suc-
cession stages on dumps of the Sokolov dump.

Water permeability
of the soil
A Air perme-
E€, years, laboratory |infiltrome-| ability of the
microrelief ’ By
method ter soil, cm/s
m/day
12 0.22 0.05 2.46 +0.97
0.39 0.76
20 0.85 0.02 7.81+3.04
0.28 0.80
45 0.23 0.75 1.98 +£1.92
0.49 0.34
Statistical criteria F p F i P
Method’s effect 17.75 0.001
Age effect 2.82 0.098 9.31 |0.005
Microrelief method 3.05 0.106

Table 5. Contents of the physical sand, silt, and physical
clay fractions in soils 12, 20, and 45 vears old (different
methods of the soil preparation)

Content of particles, %
Age, years
sand silt clay
Pyrophosphate peptization
12 23.5+7.2 58.1+£5.2 18.3+£2.0
20 30.2+0.2 51.1+0.8 187+ 1.0
45 26.7£1.0 547408 186 +0.3
F 116.9 216.9 0.1
<0.0001 <0.0001 insignificant
FAO method
12 5.0+0.2 321105 629+ 04
20 3:5+03 32408 64.2 + 0.7
45 1.§+0.1 256+ 04 726+ 04
F 126 81.2 45.7
<0.0001 <0.0001 <0.0002

The air permeability (measured in the microde-
pressions) of the soil in the 20-year-old plot was higher
than those of the soils at the stages of 12 and 45 years
of overgrowth.

The particle-size analysis of the soils performed by
the FAO method showed a higher content of clay

KURAZ et al.

(62.9—72.6%) in the dump rocks of all the plots (Table 5).
At the stage of 12 years of overgrowth, the content of
clay in the rock was significantly lower than in the
othersoils. When the other method of soil preparation
(refluxing of the soil in a solution of sodium pyrophos-
phate) was used, the content of clay was lower and
those of the sand and silt were higher than in the
method with the FAO procedure of the soil prepara-
tion.

The differences in the temperature of the soil and
its diurnal variation (Table 6) had high levels of signif-
icance (F = 538, p< 0.0001 and F = 10, p < 0.0002,
respectively) for the different months of vegetation.
The temperatures at depths of 5 and 10 ¢cm were reli-
ably lower than those on the soil surface. The soil on
the 20-year-old plot was characterized by reliably
lower temperatures than the soil on the 12-year-old
plot. No significant effect of the soil age or the
microrelief on the amplitude of the temperature varia-
tion was revealed; a tendency toward a decrease in the
diurnal temperature amplitudes in the deeper soil lay-
ers was observed compared to the surface layers.

DISCUSSION

The determination of the particle-size distribution
in the soils by the FAO method gave higher contents of
the physical clay fraction compared to the conven-
tional method of pyrophosphate peptization. This
could be related to the fact that the fine particles are
partially combined into stable microaggregates of sand
or silt size: these microaggregates can be destroyed
only after the decalcification of the soil and the
removal of the organic matter [10], i.e., at the use of
the FAO method. It should be taken into consider-
ation that the dump material contains some amounts
of carbonates, iron oxides, and fossil organic matter
(II type kerogen) gluing the fine clay particles [20].
The total content of these fractions does not exceed
7%, which is also confirmed by the losses during the
treatment. The micromorphological studies showed
that the clay aggregates are intensively destroyed at the
early stages of the pedogenesis [15, 16]. Thus, in spite
of the heavy texture of the studied soils, the high
degree of their aggregation favors relatively good water
permeability.

Higher values of the field capacity and wilting point
were noted for the dump clays of the quarry compared
to the natural soils of clayey texture [27]. We earlier
reported similar results for technogenic soils [24]. The
active water range in the soil at the stages of 20 and
45 years of overgrowth was slightly lower compared to
that of the 12-year-old plot, which agrees with the
reported data [12, 26] indicating a decrease in the
active water range in the chronosequences of the soil
self-remediation on the dumps. This fact can indicate
a tendency of an increasing water deficit at the later
stages of succession because of the intensive develop-
ment of the phytocenosis.
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Table 6. Average summer temperature of the soil on differ-
ent-age plots in soil layers at different depths

Soil temperature (°C), depth, cm
Age, years
0 5 10
12 17.02 16.71 16.47
20 16.52 15.17 15.51
45 17.20 15.70 15.47
Age Microrelief Depth
Statistical
criteria - ? F p F P
4.431 [ 0.014 | 1.236 | 0.007 | 6.716 | 0.002

The average parameters of the temperature regime
of the soils decreased with the age of the succession
and with the decreasing soil water content. This fact
can be related to the increase in the evapotranspiration
with the soil age, which correlates with the obtained
data on the biomass reserves in the ecosystems of the
quarry (Table 1). The revealed effect of the amount of
roots on the water content of the soil is also confirmed
by the maximum water content in the zone of the max-
imum root accumulation.

The decrease in the field water capacity is related to
the increase in the content of macropores, which in
turn can be related to the increase in the soil density in
the chronosequence of soils on the dumps studied
(Table 3), which does not contradict the reported data
[25, 33].

From the performed long-term studies, it can be
concluded that the phytocenoses and soils on the
dumps of the Sokolov quarry develop with different
rates, which can also be due to the deficit of water
available to plants. Herbs change into shrubs and trees
during the succession, which favors the deepening of
the root-inhabited zone and compensates for the def-
icit of available water in the upper layers of the young
soils. At the same time, the effect of the water deficit
on the alternation of the species during the succession
requires further investigation.

CONCLUSIONS

The long-term studies revealed significant differ-
ences in the temporal changes and profile distribution
of the soil moisture in the studied different-aged plots
of overgrowth located in different microrelief posi-
tions on the dumps of the Sokolov quarry in the Czech
Republic.

It was found that the different methods of the soil
preparation for the determination of the particle-size
distribution in the clays of the technogenic dumps
results in different final results. It was shown that the
contents of clay obtained with the use of pyrophos-

EURASIAN SOIL SCIENCE Ml . 45 No.3 2012

phate peptization for the soil preparation are lower
than those obtained by the FAQ method of peptization
because of the high initial microaggregation of the
studied dump clays.

In the dumps of the Sokolov quarry, the air perme-
ability and moisture distribution in the soil profiles
depend on the age of the dumps and the type of plant
cover.

The distribution of the water in the profiles of the
soils on the dumps of the Sokolov quarry in the Czech
Republic correlates with the development of the roots
of the perennial plants.

No significant differences in the parameters of the
soil water capacity were observed depending on the
microrelief positions.

The pedogenesis in the dump clays is slowed, which
can be primarily related to the water-physical proper-
ties of the soils, namely, the deficit of plant-available
water.
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Abstract

Bulk density. porosity, water holding capacity, water field capacity, wilting point, clay content, hydraulic
conductivity. and soil moisture were studied in unreclaimed sites (5, 15, and 25 years old) and reclaimed sites
(20-30 years old) on a post-mining spoil heap near Sokolov, Czech Republic. The unreclaimed sites had been
spontancously colonized by shrubs, and the reclaimed sites had been planted with pine, spruce, oak, alder, or
meadow (the meadows were created by the spreading of topsoil and grass seed). Soil bulk density decreased
with site age and was similar in unreclaimed and reclaimed sites except in the meadow sites, where bulk den-
sity was highest. Field capacity (in terms of volumetric soil water content) increased with site age and was
similar in unreclaimed and reclaimed sites except for the meadow sites, which had the lowest field capacity.
The wilting point (in terms of volumetric soil water content) decreased with age in unreclaimed sites, was
higher in reclaimed sites than in unreclaimed sites, and was higher for the meadows than for other sites.
Hydraulic conductivity was generally low but was highest in young sites. Soil moisture content had no clear
seasonal pattern in young, unreclaimed sites (which had little vegetation), but decreased in summer in all veg-
etated sites. Soil moisture was highest in the reclaimed alder sites and was lowest in the reclaimed pine and
meadow sites. Relative to unreclaimed sites, reclaimed sites had a higher ability to hold water but a higher
wilting point, such that water availability for plants was similar in both kinds of sites. The water deficit was
highest in the reclaimed oak sites followed by the meadow sites. The latter finding indicates that the spread-
ing of topsoil during reclamation does not result in improved soil moisture conditions 20 years later.

Keywords: physical properties, moisture regime, spoil heaps, reclaimed, unreclaimed sites

Introduction

Open-cast coal mining causes massive disturbance to
ecosystems. In this kind of mining, ““spoil” material overly-
ing the coal layer is removed and deposited in heaps on the
soil surface. Because the spoil material is excavated from
great depths, it differs substantially from recent soils [1]. It
may have an unusual texture and a high content of heavy
metals, and it may also be hydrophobic. Given these char-

*e-mail: jiri.cejpek@gmail.com

acteristics, soil restoration is a prerequisite for ecosystem
recovery at post-mining sites [2], and this restoration must
concern the hydrological characteristics of the soil and the
water regime [2-4].

The development of post-mining soils is determined by
overburden, climate, vegetation, and soil organisms, all of
which affect soil-forming processes [3, 6]. Previous
research has indicated that the effect of the soil biota is
closely linked to the prevailing vegetation [7]. Although
reclamation technologies such as the planting of specific
tree species and the spreading of topsoil greatly affect soil
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Table 1. Characteristics of the 12 types of post-mining sites and microhabitats in unreclaimed and reclaimed sites used in this study.
Note that the surfaces of unreclaimed sites had a wave-like character created by heaping. Each type of site was represented by two

replicate sites.

Type of site Age ; Microhabitat :
. . Reclamation measure . Plant community

and microhabitat | (years) description

35110 T 5orl0 unreclaimed wave—]]kye surface created D sparse vegelation domllnzfted by Calamagrostis
by heaping epigeios

$5/10 B 50r10 unreclaimed wave—hk? surface created wave bottom | SPArse vegetation dum.lnz![ed by Calamagrostis
by heaping epigeios

S T 25-30 yurelaimed Wave-]]k_e sucface created. wave top shrub community dominated by Salix caprea
by heaping

S B 25-30 unreclaimed wave-]ﬂ(:c surface created wave bottom | shrub community dominated by Salix caprea
by heaping

unreclaimed wave-like surf: ted . ; :

S S 25-30 RN s Py SUER A wave side shrub community dominated by Salix caprea
by heaping

PN 25-30 reclaimed, leveled, planted with pine Pinus contorta

PC 25-30 | reclaimed, leveled, planted with spruce Picea omorika and Picea pungens

reclaimed, topsoil was spread, cultural grasses and legumes, Daxtilis glomerata,
M 20 i e ;
and grass mixture was seeded Alopecurus pratensis, Trifolium pratensis
Q 25-30 reclaimed, leveled, planted with oak Quercus robur
A 25-30 reclaimed, leveled, planted with alder Alnus glutinosa, Alnus incana

formation on post-mining sites [7], their effects on soil
hydrological properties and water regimes are insufficient-
ly understood [8]. The main objective of this study was to
compare the basic soil hydrological properties and soil
moisture status in reclaimed sites and unreclaimed post-
mining sites of various ages.

Materials and Methods

Our study was conducted on one large post-mining
spoil heap in the Sokolov coal mining area in North
Bohemia; the spoil material was deposited from the 1970s
to 2005 [9, 10], and the coordinates of the centre of the spoil
heap are 50°14°21” N, 12°39°24” E. The spoil heap occu-
pies 1957 ha and has an average altitude of 600 m as.l, a
mean annual precipitation of 650 mm, and a mean annual air
temperature of 6.8°C. Most of the spoil material in this heap
consists of alkaline (pH 8) tertiary clay [11]. For this study,
seven types of sites were selected. Each of the 7 types of
sites (Table 1) was represented by two sites that were at least
250 m apart, each ranging in area from 1 to 10 ha were
selected. Two of this site type (both unreclaimed sites) have
characteristic wavelike structure and hence several micro-
habitats were distinguished on each site. At each site,
research was conducted in a 50x50 m area that was at least
25 m from the margin of the site (from the zone where veg-
etation type changed). Sites were reclaimed or unreclaimed
(Table 1). Sites were reclaimed by the planting of specific
kinds of trees in plantations (alder, oak, spruce, and pine,
abbreviated hereafter as A, Q, PC, and PN; one kind of tree
plantation per site) 25-30 years before this study or by the

spreading of topsoil and seeding of grasses 20 years before
the study (abbreviated as M). The unreclaimed sites about
25 year old (abbreviated as S) were dominated by the Safix
caprea shrubs. Young unreclaimed sites (S5/10) were cov-
ered by sparce vegetation dominated by Calamagrostis
epigeios grass and the herb Tusilago farfara. The surfaces of
the unreclaimed sites have a wave-like character created by
heaping, and three microhabitats were designated within
each study area according to their location on the wave: T,
B, and S refer to the top, bottom, and side of the wave.

The term “site age” refers to the age since the last major
disturbance. For reclaimed sites, site age indicates the num-
ber of years before the study when ftrees and grasses were
planted. For unreclaimed sites, site age refers to the number
of years before the study when the last spoil material had
been deposited. The age of the unreclaimed sites with Safix
caprea was similar to that of the reclaimed sites. The
younger unreclaimed sites with Calamagrostis epigeios
were 3-10 years old, because it typically takes several years
after heaping before a plot is leveled and prepared for recla-
mation. These young sites can be assumed as a starting point
for all other sites (Table 1). Hence we can compare the effect
of reclamation in two ways. Firstly as a difference between
young unreclaimed sites (5-10 year old) and a particular
reclaimed site, this gives us the impression about absolute
changes achieved during 20+ years of development.
Another view is to compare reclaimed and unreclaimed sites
about the same age, which gives added value of reclamation
compared to a situation when no action was taken.

Volumetric soil moisture content (g of water per 100
ent’ of soil x 100) was measured monthly at each site (two
measurements per sampling date per site) from August
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Table 2. Soil physical properties of soils at 12 types of sites on spoil heap in the Czech Republic.

— Bulk density Porosity Wa(t::;:;]tyding Fi;:s:;::;er Wilting point | Clay content ZIES:;‘:,‘::;C*T[? 7
gem’ % volumetric | % volumetric | % volumetric | % volumetric | % volumetric [mrs"]
S5T 1.15£0.07a 61xlcba 50+3g 36+3e 32+lede 22+4de 7.6£0.5a
S5B 1.10+0.08ba 65+2ba 48+2g 3843edc 30+3edc 22+3de 4.8+0.3edcb
S10T 1.00+0.07¢cba 61+3cba 57+4dch 38+2edc 35+3cba 30+1ba 7.6x0.5a
S10B 0.98+0.08dch 67+2a 53+2ed 37+6ed 28+5edc 27+5cha 5.3+0.5dch
ST 0.83£0.07fe S51=4d 63+5b 53+ded 29+2edc 17+2ed 5.9+0.3b
SB 0.93+0.08edc 61£5¢ch 63+5b 55+5a 28+3ed 13£le 4.8+0.3de
SS 0.89+0.06ed S6+dc 49+4fe 354+2ed 26+3e 1343e 5.5+0.9cb
PN 0.91+0.05ed 6242ba 55+2cd 47+3cb 26+3e 26+5¢h 4.9+0.9dc
PC 0.86:0.07ed 65+3ba 62+6b 47+6¢ch 3246dc 31+4a 5.2+0.4dcb
M 1.17+0.13a 55+4de 4545 40+6de 34+7cb 25+4ch 4.4+0.7ed
Q 0.83+0.05fe 63+5ba 60=5cd S54+4ba 39+3a 16+2e 3.7+0.6e
A 0.73=0.08f 67+4a 72+4a 57+3a 39+3ba 27+6cba 4.9+0.3de

Values are means £5SD. Means in a column followed by the same letter are not significantly different (one-way ANOVA, LSD post hoc

test, p<0.05).

2007 to July 2011, except that the two M sites were first
measured in September 2009. This measurement was made
at 5, 10, 35, and 40 cm depth with a dielectric moisture
meter and access tubes [12-14].

Hydraulic conductivity was measured in autumn 2009
with a Guelph permeameter 3, 15, 16] to 10 cm depth with
three replicate measurements per site. At the same time,
three undisturbed soil cores were taken from each site or
microhabitat for determination of bulk density, water hold-
ing capacity, water field capacity, and wilting point [3, 17];
the unit of measurement for the latter three determinations
was volumetric water content, as described earlier. Material
from the soil cores was then used to determine the clay con-
tent using the Casagrande method [17-19] and to determine
specific density [17, 19]. Porosity was calculated from bulk
density and specific density values as 100 x (specific den-
sity — bulk density)/bulk density, and porosity was
expressed as a percentage.

Data for the two replicates per type of site were aver-
aged before analyses. A three-way analysis of variance
(ANOVA) was used to determine the effects of site, date
and year of measurement, and soil depth on soil moisture.
A one-way ANOVA, followed by an LSD post hoc test, was
used to explore differences in soil moisture and other para-
meters among sites.

Results
Soil Physical Properties

Bulk density ranged from 0.73 to 1.17 grem” (Table 2).
It decreased with site age and was similar in reclaimed and

unreclaimed sites, except that bulk density was higher in
the M than in the other sites. Among the sites reclaimed by
the establishment of plantations, bulk density was highest
in the PN sites and lowest in the A sites.

Porosity ranged from 51 to 67% but had no clear pattern
with respect to reclamation and site age (Table 2).

Water holding capacity ranged from 45 to 63% (Table
2). It was generally higher at the older sites than at the
younger sites (Table 2). Water holding capacity was highest
in A sites and lowest in the depressions and tops of the
waves in the 5-year-old unreclaimed sites (S5B and S5T).
Among the reclaimed sites, water holding capacity was
lowest in the M sites.

Field capacity ranged from 35 to 57% (Table 2). With
the exception of the SB sites, field capacity was generally
higher in the reclaimed soils than in the unreclaimed soils.

The wilting point ranged from 26 to 39% (Table 2). It
decreased with site age in unreclaimed sites, was generally
higher in reclaimed sites than in unreclaimed sites, and was
highest in Q and A sites (Table 1).

Clay content ranged from 13 to 31% by volume (Table
2) and did not clearly differ between reclaimed and unre-
claimed sites or with site age. The highest value was
found in reclaimed PC sites. The lowest values of clay
content among unreclaimed sites were in the wave sides
(SS) and in the wave depressions (SB). The lowest value
for clay content among the reclaimed sites was at the Q
sites (Table 2).

Hydraulic conductivity was low at all sites; it ranged
from 3.7 to 7.6-107 m-s" (Table 2). The values tended to be
highest on the wave tops in the young, unreclaimed sites
(S5T and S10T) and tended to be lowest in the Q sites
(Table 2).
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Table 3. ANOVA results for the effect of site age, soil depth,
site type (site), and their interactions on soil moisture content.
Variability (%) indicates the percentage of the wvariability
explained by the source of variance.

Source of variance dr Varéz;t))i]iry p
Season (sampling date) 25 20.5 >0.0001
Depth 3 6.2 =0.0001
Site 11 64.2 =0.0001
Season x depth 75 1.1 0.0066
Season * site 250 5.0 =0.0001
Depth = site 30 %7 =>0.0001
Season x depth = site 750 0.3 ns

Soil Moisture Content

Soil moisture content was significantly influenced by
site, seasonal effect represented by date of sampling, and
soil depth (Table 3). The percentage of the variability
explained by these three factors was highest for site and
lowest for soil depth (Table 3). The two-way interactions
also were significant, but the three-way interaction was
not. Soil moisture content averaged across all depths
ranged from 34.3 to 58.2% among the 12 kinds of sites
(Table 4). In unreclaimed sites, soil moisture ranged from
38.3 to 48.9%. Soil moisture in unreclaimed sites was
highest at SB (wave bottom) and lowest at SS (wave side).

In reclaimed sites, soil moisture content ranged from 34.3
to 58.2%, was highest in A sites, and was lowest in PN and
M sites (Table 4).

Averaged across all sites, soil moisture content tended
to be greater at 10 cm than at other depths (Table 4). At PN
sites, soil moisture content was highest at 5 cm depth. In M
sites and at many unreclaimed sites, soil moisture content
did not change significantly with depth (Table 4).

Moisture fluctuations in the young unreclaimed sites,
which were not covered by woody vegetation, were more
variable and lacked a clear seasonal pattern with summer
depression (Fig. 1). Soil moisture contents in older unre-
claimed sites were highest in November, December, and
January and lowest in July and August (Fig. 1). Seasonal
fluctuations in soil moisture content were similar among
reclaimed sites (Fig. 2). Values were highest in October,
November, December, and March, and lowest in June, July,
and August. Among reclaimed sites, soil moisture content
was highest and most stable at A sites. The summer drop in
soil moisture was greatest in the PN and Q sites.

The average percentage of days when soil moisture was
below the wilting point at one or more sampling depths
ranged from 14-88% among the sites (Table 5); this per-
centage was highest for sites Q and L and tended to be low-
est for sites SSB/10B and ST. Analysis by depth did not
reveal a significant difference in this variable among sites.

Discussion

Although the water holding capacity was greater in the
reclaimed than in the unreclaimed post-mining sites, water

Table 4. Volumetric soil moisture content (g of water per 100 em® of soil x 100) averaged across soil depths and by soil depth. Values
are means +SD for data collected monthly from August 2007 to July 2011 (but from September 2009 to July 2011 for M sites). Means
in a column followed by the same letter are not significantly different (one-way ANOVA, LSD post hoc test, p<0.05). Means in a row
preceded by the same letter (and means in a row without preceding letters) are not significantly different (one-way ANOVA, LSD post

hoc test, p<0.05).

Typeof sie Soi.l aetatie dnisht Soil moisture content by depth
averaged across depths Scm 10 cm 35cm 40 cm
S5T 383+83de a40.5+9.0cde b45.9+6.7dc ad0.1+7.5dc a39.4+8.2dc
S5B 43.128.7 cde 43.5+9.6bcde 46.3:8.4dc 40.8+8.0¢ 42.9+7.6¢
S10T 41.6+8.8 cde 40.2+9.7de 44.0+7 8dc 42.9+8.6ch 43.247.0c
S10B 41.4+7 8de 43.0£8.4bcde 40.0+9.4ed 39.8+6.5dc 41.8+6.1c
ST 43.6£9.6cd 41,0£12.6de 44.6+8.9dc 44.6£7.3cb 44.9+8 0c
SB 48.9+8.7b a50.2£9.3ab a52.6+7.4b b46.9+7.9b b46.0+8.2¢
Ss 34.8+£9.4b 33.1£11.7abe 34.6+8.1cb 34.68.4b 36.8+8.6b
PN 34.3+12.8f ad0.1+11.4e b34.4+13.4e b30.8+ 2.0e b31.8+12.1e
PC 44.7+12.1¢ 47.1+12.5abed 44.5+12.8dc 44.3+9.6cb 429+ 12.8¢
34.848.71f 30.949.6e 32.7+84e 38.4+5.9¢ 37.348.3¢
Q 379+13.1e a41.2+ 13.0de a43.0+10.8d b33.7+12.7ed b33.6+13.0de
A 582+124a a52.9+16.2a b61.0+10.6a ab39.3+ 8.3a ab59.3+ 11.5a
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limitation did not differ substantially between these two
kinds of sites because the wilting point occurred at a higher
percentage of soil water content in the reclaimed sites.
Increases in field capacity and wilting point are related
because both reflect the weathering of orifinal mudstones,
which results in increasing clay content, and the accumula-
tion of organics [4]. Water consumption should be higher in
reclaimed than in unreclaimed post-mining sites because
plant biomass is much higher in the former [10]. The com-
bination of higher wilting points and greater water con-
sumption in the reclaimed site could result in similar water
deficiencies in both kinds of sites. The greatest shortage of
soil moisture (as indicated by the percentage of sampling
dates on which soil water content was below the wilting

point) was detected in sites reclaimed by the planting of oak,
which may be explained by the slow development of the
soils and the relatively high plant biomass on such sites [10].

Low soil moisture content and high water deficiency
also were observed in the meadow, which had been
reclaimed 20 vears earlier by the spreading of topsoil and
seeding of grasses. Although one of the main reasons for
topsoil spreading is the improvement of the physical prop-
erties of soil, the data from the meadow site in the current
study suggest that topsoil spreading does not improve soil
moisture conditions, at least when those conditions are
measured 20 years later. The failure of topsoil spreading to
improve soil moisture can be explained by its effects on
water content at the wilting point and on soil porosity;
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topsoil spreading increased the water content at the wilting
point and decreased porosity (Table 2). The decrease in
porosity is likely caused by the compaction that accompa-
nies the storage and spreading of topsoil. Also, it has been
documented that greater soil compaction occurs in spoils
amended with topsoil than in spoils allowed to develop
without topsoil [20].

The frequent water shortages in the meadow sites (M)
also can be explained by evaporative water loss. Forests
experience a relatively reduced level of evaporation
because the vegetation entraps a layer of relatively still air,
but meadows do not create a zone of still air and are there-
fore more likely to experience greater evaporation.

Wang et al. [21] and Doerr et al. [22] describe how
water repellency (hydrophobicity) can limit the moisture
content of some soils. Although high water repellency has

often been described from post-mining sites similar to those
in the current study [23, 24], repellency has not been com-
monly observed at our study site. On the other hand, dry
soil containing a high quantity of organic matter ofien
exhibits some water repellency [23-26], and this may have
reduced water absorption in the current study, particularly
in the meadow sites afier prolonged droughts.

In agreement with V. Kuraz [3] (who studied soil mois-
ture in the same sites described in this paper), we found that
soil moisture content was greater in depressions than at the
top of the waves in young, unreclaimed spoil heaps. This
difference is greatest in the surface layers, decreases with
depth, and is largely explained by the effect of gravity [3];
the difference is more pronounced when soil moisture con-
tent is high, e.g., after heavy rains [27]. In addition, the soil
at the top of the wave during summer has many cracks and
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Table 5. Percentage of days when the soil moisture content was below the wilting point according to type of site and soil depth. Values
are means £SD. Means in the second column followed by the same letter are not significantly different (one-way ANOVA, LSD post
hoc test, p<0.05). S5/10T combines data for S5T and S10T. S5/10B combines data for S5B and S10B.

% of days below the wilting point
Type of site At least one depth 5cm 10 cm 35cm 40 cm
$5/10T 40+ 26cde 31x6 O+ 10£3 11+2
S5/10B 19+ 17de 8+4 12+ 6 l6+2 10+1
ST 14+ 16e T+3 00 8+4 00
SB 47+ 28de 50+23 73 00 11+5
38 43+ 23cd 38+ 8 38+ 19 23+ 10 17+4
PN 57+ 28ch 20+ 3 30+ 10 32+26 3727
PC 38+ 20de 1+1 17+ 8 5+2 34+ 17
83+ 30ab 61+27 57+ 15 19+ 10 37+30
Q 88+ 30a 58+2 T70+21 T+ 6 70+ 34
A 38+ 23cde 37 6+3 8+4 13+7

macropores that enhance drainage and evaporation [23].
Soil water content may not be much higher at the wave
depression than at the top, however, if the depression sup-
ports dense herbaceous vegetation, which would remove
substantial water from the soil via transpiration. Among the
reclaimed sites, soil water content was highest in sites
planted with alder (A). The high soil water content was
accompanied by a high value for field capacity, which may
be associated with intensive soil development [7]. At the
alder sites, soil development is enhanced by the input of
high-quality litter (litter with a low C/N ratio) and by the
consequent increase in the activity of soil fauna [4]. Soil
development also is enhanced by a dense layer of herba-
ceous vegetation [ 10, 28]. Soil moisture on the surface was
also higher and more stable in the alder sites than in the
other reclaimed sites. For most sites (reclaimed or unre-
claimed), the large fluctuations in soil moisture content
occurred mainly between 10 to 35 cm depth. The water
content often decreased between 35 and 40 ¢m but then
increased slightly with greater depth. Frouz et al. [10] and
Penna et al., [27] state that the soils of spoil heaps are not
fully developed, which affects water penetration at the sur-
face and subsurface runoff.

Bulk density in the unreclaimed sites, which were
undergoing succession, gradually decreased with age. This
may correspond with the accumulation of organic material
resulting from litter input and the activity of soil fauna [6,
9, 10, 29, 30, 31]. Bulk density was highest and porosity
was lowest in the meadow soil. As discussed earlier, this
may have been caused by compaction when the topsoil was
spread [20]. Bulk density can have high spatial variability
depending mainly on the quantity and composition of soil
organic matter [6]. As documented by V. Kuraz [3], large
spoil heaps have substantial soil heterogeneity [32, 33]. In
the unreclaimed sites, bulk density was lower in the tops
and than in the depressions of the waves. Bulk density is

generally greater in waves without vegetation because in
the absence of vegetation, the clay particles can freely
realign [29]. In sites with vegetation, bulk density is gener-
ally greater in the depressions than in the tops because the
accumulation of litter and the greater biological activity in
the depressions cause the clay particles to aggregate with
other soil particles [30].

Conclusion

The ability of soils to maintain stable soil moisture con-
ditions all year long is greater on reclaimed sites with the
extensive occurrence of soil fauna, litter input, and weath-
ering intensity than on unreclaimed post-mining sites. On
unreclaimed sites where we left the original heterogeneity
surface, soil moisture conditions were markedly heteroge-
neous. The soil water content at the wilting point, however,
was higher at reclaimed than at unreclaimed sites, such that
water availability for plants was similar for both reclaimed
and unreclaimed sites. On the group-wide level spoil heaps
reflected the influence of a different geological substrate.
This study does not support the idea that the spreading of
topsoil leads to long-term improvements in soil hydrologi-
cal soil properties.
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1 | INTRODUCTION

Open-cast coal mining causes massive disturbance to ecasystems.
Large amount of overburden spoil material overlying coal layers is
excavated and deposited in spoil heaps. The spoil material typically
has very low biological activity (Bujalsky, Kaneda, Dvorééik, & Frouz,
2014; Frouz et al., 2001; Helingerova, Frouz, & Santrickova, 2010;
Kuraz, 2001). Ecosystem recovery in post-mining sites is affected by
substrate quality and terrain topography (Bradshaw, 1983:; Frouz,
Kaléik, & Velichova, 2011; Martinez-Ruiz & Marrs, 2007). The exca-
vated material comes from a large depth and may vary substantially
in chemical and physical properties (Sourkova et al., 2005). The coal
mine spoil, which is deposited above ground in the form of huge heaps,
degrades esthetical values and ecological functions of the landscape. It
is characterized by high compaction, low water retention, considerable
thermal activity (due to susceptibility to self-ignition), extreme pH
values (both low and high), high salinity, deficiency of nutrients, and
sometimes, elevated concentrations of heavy metals and other pollut-
ants (Johnson, 2003; Moffat & Bending, 2006; Sendlein, Yazicigil, &
Carlson, 1983). Adverse properties of spoil material, such as sensitivity
to erosion, toxicity, unsuitable water regime, or nutrient deficiency,
may reduce plant growth in some post-mining landscapes (Bian,
Inyang, Daniels, Otto, & Struthers, 2010; Bradshaw, 1983; Bradshaw,
1997; Li, Park, Edraki, & Baumgartl, 2014; Piha, Vallack, Michael, &
Reeler, 1995; Stefanowicz, Kapusta, Btonska, Kompata-Baba, &
Wozniak, 2015; Woch, Radwariska, & Stefanowicz, 2013).

Water regime, throughfall, stemflow, soil water storage, subsurface runoff, and meteorological
parameters were studied during 2 years (2011-2012) in 2 reclaimed and 2 unrecaimed post-
mining sites near Sokolov (Czech Republic). All sites were 25-35 years old, covered by woody
vegetation, and developed on the same overburden consisting of tertiary days. Interception of
water by vegetation was about one third of precipitation in both reclaimed and unreclaimed
sites; stemflow also did not differ significantly between sites and represented less than 10%
of interception. Both reclaimed and unreclaimed sites have stable amount of soil water in
the soil profile independent of precipitation, but water storage in reclaimed sites was signifi-
cantly higher. The results suggest that after 25-35 years, there is no major difference in water
budget of reclaimed and unreclaimed sites that develop by unassisted natural succession.

canopy cover, evapotranspiration, rainfall, runoff, snow, succession, temperature, water balance

Although reclamation strategies such as the planting of specific
tree species or leaving the heap unreclaimed greatly affect soil forma-
tion on post-mining sites (Frouz et al., 2008; 2009; 2013), their effects
on soil hydrological properties and water balance are insufficiently
understood (Mazur, Schoenheinz, Biemelt, Schaaf, & Griinewald,
2011). The soil water regime of these heterogeneous dumps is gener-
ally influenced by soil properties, climatic, and management factors.
Unfortunately, only the soil texture, as the basic soil property, is essen-
tially constant over time. Other properties, such as bulk density and
porosity vary in the course of the year, and they have an interdepen-
dent effect on the development of water storage and flow (Kuraz,
2001). Previous studies on the resistance of the surface of dumps to
water erosion have shown that slopes without reclamation have very
low resistance in the case of high rainfall intensity (Kuraz, 2001; Vaska,
Kuraz, & Cermak, 1993).

The aim of this work was to describe and compare the water budget
at both reclaimed and unreclaimed post-mining sites in order to identify
differences in which these sites capture water and maintain and utilize
soil water storage during the year. We expect that unreclaimed sites will
show higher throughfall and capture of precipitation due to lower
canopy cover and larger vegetation heterogeneity. The lower cover
may also contribute to lower loss of water due to transpiration.

However, we may look on studied sites not only as an example of
different reclamation technologies but also as on sites overgrown by
plant species with different leaf traits. In post-mining sites, soils
develop de novo under influence of plants. This gives us unique
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opportunity to study relationship between plant traits and soil devel-
opment on one side and leaf traits and water use on the other side.
There is ageneral tendency that plants with fast-growing strategy have
thinner leaves (high specific leaf area) that correspond with high leaf
water content and presumably higher water use (Vendramini et al.,
2002). On the other hand, previous studies exploring development of
soil hydraulic properties under different plant species suggest that
plants and trees with fast-growing strategy and lower C:N ratio of
the litter produce soils capable to store more water (Frouz & Kuraz,
2014). Based on that, we can propose that alder plantations will have
higher water losses by transpiration than unreclaimed sites, but those
will be compensated by producing soils with higher water storage in
comparison with succession.

2 | MATERIAL AND METHODS

2.1 | Study sites

The study was conducted on one large post-mining spoil heap (Velka
podkrusnohorska spoil heap, global positioning system: 50°14'21" N,
12°39'24" E) near the town of Sokolov, Czech Republic, where the
spoil material was deposited from the 1970s to 2005. The spoil heap
occupies 1957 ha and has an average altitude of 600 m as.l., mean
annual precipitation of 650 mm, and mean annual air temperature of
6.8°C. The main component of spoil material is Neogene clays (Cypris
series; Frouz et al, 2001), which consist mainly of kaolinite, illite,
montmorillonite, and quartz and contain also carbonates and signifi-
cant amount of kerogen (Kfibek et al., 1998), derived mainly from the
algae Botryococcus (Daskova & Konzalova, 2012). Most of the spoil
material is alkaline (pH ~ 8; Frouz et al., 2008).

For this study, two reclaimed and two unreclaimed sites aged
between 25 and 35 years were selected at least 250 m apart, each
ranging in area from 1 to 10 ha. The two unreclaimed sites (abbreviated
as U1l and U2) have characteristic wave-like structure created by
heaping, and hence, different microhabitats were distinguished at each
site. At each site, research was conducted in a 50 x 50 m area that was
at least 25 m from margin of the site (from the zone where vegetation
type changed). Reclaimed sites (abbreviated as R1 and R2) were planted
by alder (Alnus glutinosa and A. incana). The unreclaimed sites were
dominated by willow (Salix caprea), birch (Betula pendula), and aspen
(Populus tremula). The density of trees in individual sites based on a
previous study (Frouz et al., 2015) is summarized in Table 1. Due to
wave-like character at unreclaimed sites, three microhabitats were
designated within each site according to their location on the wave:
top (T), bottom (B), and slope (S) of the wave. The term “site age” refers
to the age since the last major disturbance. For reclaimed sites, it is the
number of years that has passed since planting of the trees. For

TABLE1 Basic parameters of woody vegetation in reclaimed and
unreclaimed sites based on Frouz et al. (2015)

Site type Trunks (ha™) DBH (cm) Height (m)
Reclaimed 3775 + 50 84+52 85+51
Unreclaimed 4275 + 175 61+61 68+ 68

Note. DBH = diameter at breast height.

unreclaimed sites, site age refers to time that has passed since the last
spoil material had been deposited. All measurements were done
between January 2011 and January 2013. Comparison with the avail-
able long-term data from the Czech Meteorological Institute suggests
that selected years do not represent any apparent climatic extreme.

22 |
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Throughfall was measured with five rain gauges located below the

Measurements

Precipitation

canopy at each site. Near each site, precipitation outside the canopy
was measured using five rain gauges placed in an area without woody
vegetation as a control. Samples were taken at monthly intervals,
always at the beginning of the month. Before the onset of snow,
snowfall adapters of 20 cm height were placed on each rain gauge.
The amount of rain and snowfall was measured after transfer into
1,000 ml graduated cylinders. Data obtained in ml was converted to
mm, then averaged, and recorded.

Stemflow was measured in the same time period as other field
experiments. Five trees were sampled at each site. The sizes of trees
were gquite homogeneous in reclaimed sites. In reclaimed sites, we just
randomly chose five trees per site. In unreclaimed sites, we had two
categories of tree sizes as two most dominant woody species Salix
caprea and Populus tremula differ in diameter at breast height (DBH);
however, in each of these categories, the DBH was quite homoge-
neous. In unreclaimed sites, we chose three Salix and two Populus in
each site to correspond with natural distribution of the woody vegeta-
tion. The sampling device was installed around the circumference of
the tree trunk; the inner edge was stapled to the trunk and sealed with
100% silicone (Schooling & Cadyle-Moses, 2015). The sampling device
was connected to a 10 L plastic reservoir buried below ground to
prevent the evaporation of captured water. The amount of water in
the reservoir was measured manually. The final data were adjusted
for the number of trees per hectare (Table 1).

Volumetric soil moisture content (g of water per 100 cm® of
soil x 100) was measured monthly at each site. This measurement
was conducted at 5, 10, 35, and 40 cm depth with a dielectric moisture
meter (Kurdz, 2001; Kurdz et al, 2012; Kuraz & Matousek, 1978). “Soil
water storage” (in mm) in the 0-50 cm depth of soil profile was
calculated using the weighted mean of volumetric moisture content
from all measurement depths.

Inflow to lysimeters was used to estimate potential subsurface
runoff. It was measured monthly using gravitational lysimeters
installed in 10-cm depth and connected each to a 10 L bottle. Three
lysimeters were installed at each site, and the three measurements
were averaged per sampling date per site. At unreclaimed sites, each
of the three lysimeters was installed in a different microhabitat (T, B,
and S).

222 |
Hydraulic conductivity was measured once in September 2012 with a
Guelph permeameter (Cejpek, KurdZ, & Frouz, 2013; Kurdz, 2001;
Reynolds & Zebchuk, 1996) at 10-cm depth with three measurements
per site (R1, R2, and Ul and U2: T, B, and S). At the same time, three
undisturbed soil cores were taken from each site or microhabitat and

Soil physical properties
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each depth (following the sampling depths of soil moisture measure-
ment) for determination of basic hydrological soil properties of bulk
density, water holding capacity, water field capacity, and wilting point
(Cejpek et al,, 2013; Kuraz, 2001; Pansu, Gautheyrou, & Loyer, 2001),
which were subsequently measured in laboratory. The unit of mea-
surement for the latter three determinations was volumetric water
content, as described earlier. Material from the soil cores was then
used to determine the clay content using the Casagrande hydrometer
method and to determine specific gravity (Cejpek et al., 2013; Pansu
et al, 2001; Sparrow, Peverill, Kenneth, Reuter, & Douglas, 1999).
Porosity was calculated from bulk density and specific density values
as 100 x (specific density—bulk density)/bulk density and expressed
as a percentage.

Air temperature was measured at each site and control site
without vegetation. Air temperature was recorded in regular 15-min
intervals using Meteo-UNI datalogger. Temperature sensor in copper
nickel-coated casing on a special stand was placed 150 cm above
ground in accordance with Czech Hydrometeorological Institute (Salas,
Litschmann, & Saskova, 2014). The mean measured air temperature
and precipitation outside the canopy were used to calculate potential
evapotranspiration (PET) by formula of Thornthwaite and Mather
(1955) and Thornthwaite methods (Litschmann, 2005; Pastor & Post,
1984).

The water budget was calculated by combining all the data for
throughfall, stemflow, soil water storage, and lysimeter inflow (equals
to subsurface runoff). Where appropriate, the parameters were
averaged separately for the vegetation period (May to October) and
the rest of the year to investigate the effect of vegetation (foliage)
cover on water movement.

2.3 | Statistical analyses

As most of the members of water budget are related to precipitation,
the effect of precipitation and site and vegetation season was studied
using general linear model where precipitation outside canopy was
used as a continual predictor and site type (reclaimed vs. unreclaimed)
and season (vegetation season vs. rest of the year) were used as cate-
gorical predictors. In these comparisons, monthly data collected on
individual sites were used as single unit of measurement. In addition,
one-way and two-way analysis of variance (ANOVA) was used to
compare individual parameters between sites (or microhabitats) and
seasons; using least significant difference (LSD) post-hoc test for
pairwise comparisons. For comparison of individual parameters for
particular season between reclaimed and unreclaimed sites, t test
was used. Data were tested for homogeneity and normality before
ANOVA or t test and if needed log(n + 1) transformed data were used
for analysis. All computations were done using Statistica 13. Numbers
after = symbol represent standard deviation.

3 | RESULTS

3.1 | Soil physical properties

Soil physical properties are presented in Table 2. Bulk density ranged
from 0.77 to 1.09 g-cm™>. It was similar in reclaimed and unreclaimed

WILEY— 222

sites, with no significant differences between sites (Table 2). Among
the reclaimed sites, the bulk density was highest in the R2 site and
lowest in the R1 site; in the unreclaimed sites, it was highest in
U2T and lowest in U2B. Porosity ranged from 50% to 70%. Higher
porosity was observed in reclaimed sites (70%) than in unreclaimed
sites (64%). The lowest porosity was in the U1T site. Water field
capacity ranged from 33% to 49%. It was generally higher at the
reclaimed sites than in unreclaimed sites. Water holding capacity
was highest in the R1 site and lowest in the slope of waves in both
unreclaimed sites. Wilting point ranged from 28% to 41%. It
decreased with type of site; it was generally higher in reclaimed sites
than in unreclaimed sites; and it was highest in R1. Clay content
ranged from 13% to 28% by volume, and it was higher in reclaimed
sites than in unreclaimed sites. The lowest values of clay content
among unreclaimed sites were in the slopes of waves (U2S) and in
the wave depression of Ul. Hydraulic conductivity ranged from
441077 to 7.2-1077 m-s™%. The values tended to be highest on the
wave tops in unreclaimed sites (U1T and U2T). Lowest values were
in the both reclaimed sites (R1, R2).

3.2 | Climatic data

Temperature, PET, and precipitation outside the canopy in the period
January 2011-December 2012 are presented in Figure 1.

The mean annual air temperature outside the canopy was 6.14 and
6.94°Cin 2011 and 2012, respectively. The highest temperatures were
measured in summer months of both years (July and August) with an
average of 20 °C, and lowest temperature was measured in the winter
months (January, February, and December) with an average of -7 °C
and in early spring (March) with an average of 1 °C. The mean annual
temperature was 8.06 °C (2011) and 7.17 °C (2012) in reclaimed sites
and 9.18 °C (2011) and 7.01 °C (2012) in unreclaimed sites.

PET is dependent on air temperature and thus followed a similar
pattern, with highest values in the summer months. In the winter
months, PET dropped down to O mm-month™. PET was significantly
higher in the vegetation period (36.87) than during the rest of the year
(5.08 mm-manth™%; Table 3).

The annual precipitation outside the canopy was 788.7 mm-g«rear'1
(Table 4). Two maxima in precipitation occurred during summer
and winter months, which is characteristic for this region (Figure 1).
In summer months, precipitation was highest in August 2011
(84.9 mm) and July 2012 (110.3 mm). In winter, rain was replaced
with snowfall and reached average values of 119.2 mm (December
2011) and 137.0 mm (December 2012). The lowest average values
were in May 2011 (26.3 mm) and February 2012 (22.7 mm). When
averaged for all sites, there was no statistical difference in precipita-
tion outside the canopy between the vegetation period
(725 mm-month™) and the rest of the year (60.6 mm-month™;
Table 3, one-way ANOVA).

3.3 | Water input

The total throughfall was closely comrelated with precipitation outside
the canopy (Figure 2a, R 0.97, p < 0.05). There was no difference
between reclaimed and unreclaimed sites, but the throughfall was

45



299 | WiLEY

CEJPEK e1 AL

TABLE2 Soil properties at reclaimed (R) and unreclaimed (U) post-mining sites near Sokolov

Sita or Bulk density Porosity Water field capacity Wilting point Clay content Hydraulic conductivity-10~7
microhabitat gem ™2 Volumetric % Volumetric % Volumetric % Volumetric % ms

R1 095+ 013 70 + 2a 49 + 1a 41 +1a 28 + 4a 4.5+ 0.4a

R2 109 + 022 64 + 4ab 48 + 3h 37+2a 28 + 3a 47+ 0.7a

Uit 093 +0.14 50 + 2¢ 45 + 9b 29 + 3¢ 18+ 2b 7.2+0.7c

U1B 088 + 012 64 + 4ab 40 + 6b 28 + 2¢ 15+ 2b 4.4+ 04a

u1s 094 + 010 56 + 5BC 33+ 3c 28 + 3c 19+ 1b 6.5+ 0.6c

uzT 100+ 013 53 +4c 38 £ 2b 31:+ 2h 21+ 4a 6.8 + 0.6c

uz2B 077 £0418 57 +4BC 45+ 11b 30 + 5b 17+ 2b 5.1+ 0.5b

uz2s 0.87 + 0.05 61 + 2abc 35 £ 4c 28 + 2¢ 13+ 3b 5.9 + 0.6b

Note. Numbers refer to site number; T, B, and S refer to microhabitats in waves of unreclaimed sites. Statistically homogeneous groups are marked by the
same letter ([one-way analysis of variance, least significant difference post-hoc test, p < .05), if no letters are present no significant differences were found by
analysis of variance. T = top of the wave, B = bottom of the wave; S = slope of the wave.
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FIGURE 1 Mean monthly temperatures,
monthly precipitation, and potential
evapotranspiration (PET) outside the canopy,
from January 2011 to December 2012

TABLE3 Moanthly sum of water flow through various ecosystem compartments and monthly mean water storage at reclaimed (R) and unreclaimed

{U) post-mining sites near Sakolov during wvegetation period (vegetation) and in the rest of the year (no vegetation)

Precipitation Soil water Available Inflow to Runoff +
Site type outside the canopy Throughfall Stemflow storage water lysimeters evapotranspiration PET
Season mm month™* mm month™  mm month™  mm mm mm month™  mm month™ mm month™
R vegetation 725+ 398 417+ 277 20+03ab 1407 +40.5b 493 +£25.2b 096+ 156 420+ 620 36.87 +13.27a
R no vegetation 60.6 + 405 500+353 23+07a 1663 +27.3a 658+ 175a 086 +101 517 +461 508 +6.23b
U vegetation 725 + 398 395+245 17+05b 993 +246c 2B6+145c 060+135 379 +504 3687 +13.27a
U no vegetation &0.6 + 40.5 492 +358 19+07ab 1351 +204b 506 +13.8h 075+ 094 403+ 348 508 + 6.23b
ANOVA NS NS 0.0149 0.0001 0.0001 NS NS 0.0001

Note. Analysis of variance (ANOVA) gives a p-value of one-way analysis of variance if p < .1. Statistically homogeneous groups are marked by the same letter
(least significant difference test, p < .05). PET = potential evapotranspiration.

TABLE4 Annual sum of water flow through various ecosystem compartments and annual mean water storage at reclaimed (R) and unreclaimed (U)
sites post-mining sites near Sokolov

Precipitation outside the Soil water Available Inflow to
canopy Throughfall Stemflow storage water lysimeters Runoff + evapotranspiration
Site mm year™ mm year mm year mm mm mm year™ ! mm year
R1 7887 +40.6 5456 + 29.7 227+07 160.9 + 30.5 60.3 = 200 108+ 1.4 561.9+ 459
R2 788.7 +40.6 566.7 + 35.6 201 +0.7 148.3 + 40.0 572+ 247 103+1.2 5853+ 623
R mean 788.7 £ 40.6 556.2 £ 31.9 2940 1550 £33.1 58.9 £ 20.7 10.5+ 1.2 571.5+ 518
U1l 788.7 +40.6 5360 + 33.5 151 + 04 1208 + 29.5 43.2 + 180 89+11 546.6 + 378
uz 788.7 + 40.6 5333 + 300 224 +07 1184 + 27.4 393+173 58 0.6 540.6 + 37.5
U mean 788.7 £ 40.6 5267 +29.9 188 + 0.5 119.8 + 26.9 413+ 163 7.34+£07 543.6+ 350
t test NS NS 0.0472 00622 NS 0.0002 NS

Note. Numbers refer to plot number. t test gives p-value of t test between reclaimed and unreclaimed sites if p < 1.
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FIGURE 2 The effect of vegetation period on relationships between throughfall and precipitation outside canopy (a) and between stemflow and
precipitation (b) presented both for reclaimed and unreclaimed sites. Data from the vegetation period (“vegetation") and the rest of the year ("no
vegetation”) are differentiated. Regression line and equation are given only when regression was significant

significantly affected by season (Table 5, general linear model). During
the vegetation period, throughfall represented about half of the out-
side canopy precipitation whereas in the period without vegetation
(foliage) cover, proportion of throughfall increased (Figure 2a; Table 3
). In winter, throughfall was particularly high in unreclaimed plots. In
the unreclimed sites, there were even periods when precipitation
under canopy was higher than outside canopy (Figure 2a).

Stemflow represented only few percent of the outside canopy
precipitation and was positively correlated with it (Figure 2b). It was
significantly affected by the season, being larger in the period without
vegetation than in the vegetation period, and by the site type, being
larger in reclaimed than in unreclaimed sites (Tables 3 and 4; Figure 2
b). The effect of site type seems to be largely driven by number of
trees per hectare (Table 1).

3.4 | Water storage and lysimeter inflow

Soil moisture content was significantly influenced by site type and had
distinct seasonal variation as shown in Figure 3 and 4. Higher moisture
content throughout the 2 years was measured at reclaimed sites where
the average of spring and winter months reached 50%. The lowest

moisture content was recorded in the summer months, with an
average of 30%.

Soil water storage was dependent on the type of site being higher
in reclaimed than in unreclaimed plots and on the season being higher
in winter than in the vegetation period (Tables 3 and 4; Figure 4). Soil
water storage showed no correlation with precipitation (Table 3).
Available proportion of water storage above wilting point was depen-
dent on season being higher in winter than in vegetation period and
on the site type being higher in reclaimed than in unreclaimed plots
(Tables 3 and 4). Inflow to lysimeters was significantly positively corre-
lated with precipitation outside canopy; there was no significant effect
of season or site type (Table 3 and 4; Figure 3 and 4).

3.5 | Water budget

Annual sum of water flow through various ecosystem compartments
and annual mean of water storage at reclaimed (R) and unreclaimed
(U) post-mining sites is summarized in Table 4. Average precipitation
in the control sites without vegetation was 788.7 mm. Throughfall
did not differ significantly between reclaimed {556.2 + 31.9) and
unreclaimed sites (526.7 + 29.9). The average stemflow values were

TABLES The effect of precipitation outside canopy, site type (reclaimed vs. unreclaimed), and vegetation period as revealed by general linear

model
Throughfall Stemflow Soil water storage Available water Inflow to lysimeters
F p F p F P F p F P
Precipitation 3303 >0001 60.9 >.0001 1.8 NS 21 NS 68.4 >0001
Site type 0.2 NS 11.2 0012 51.8 >.0001 33.5 >.0001 1.7 NS
Season 28.7 >.0001 4.7 .0329 40.4 >.0001 41.9 >.0001 1.7 NS
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higher in reclaimed (21.4 mm) than in unreclaimed sites {18.8 mm). Soil
water storage was significantly higher in reclaimed (155 mm) than in
unreclaimed sites (119 mm). The same was true for available water
(58.9 and 41.3 mm for reclaimed and unreclaimed sites, respectively).
Also inflow to lysimeters was higher in reclaimed sites, but the
difference was statistically not significant. Based on these compo-
nents of water budget, we could calculate amount of water that had
to be lost from the ecosystem either as surface runoff or evapotrans-
piration. This was similar and not significantly different for both site
types (571 and 544 mm in reclaimed and unreclaimed sites,
respectively).

Individual components of water budget varied between vegetation
period and the rest of the year (Table 3). Monthly precipitation showed
similar value during vegetation period (72.5 mm-month™), and during
rest of the year (60.6 mm-month™; Table 3). Throughfall varied from
39.5 to 50.0 mm-month™2; it was lower during the vegetation period
and higher in the rest of the year in both sites, but the difference in

Jul-12
Aug-12

FIGURE 4 Mean soil moisture in 0-40 ¢m soil
depth (weighted mean from all measurement
depths) in reclaimed (R) and unreclaimed (U)
sites; bars represent standard error of the mean

Mov-12
Dec-12

Sep-12
Qct-12

monthly averages was not significant. Stemflow was highest in
reclaimed sites during the winter (2.3 mm-month ™), and second highest
value was recorded in reclaimed sites during vegetation period
(2.0 mm-month™). The lowest value was in unreclaimed sites during
vegetation period (1.7 mm-month™%). The highest soil water storage
was in reclaimed sites during winter (166.3 mm); the second highest
value was in reclaimed sites during vegetation period (140.7 mm). Also
in unreclaimed sites, the soil water storage was higher in winter
{135.1 mm) than during vegetation period (99.3 mm). Available water
was in both sites higher in winter when vegetation was not active. In
both cases, higher values were found in reclaimed than in unreclaimed
sites. Inflow to lysimeters was the highest in reclaimed sites during veg-
etation period (0.96 mm-month™) followed by reclaimed sites during
winter (0.86 mm-month™). The

unreclaimed sites during the vegetation period (0.60 mm-month™).

lowest wvalue was found in

Runoff and evapotranspiration were the highest in reclaimed sites
during winter (51.7 mm-month™), followed by reclaimed sites during
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vegetation period (42.0 mm-month’lj. The lowest value was found in
unreclaimed sites during vegetation period (37.9 mm-month™). PET
was calculated from the mean of air temperatures measured outside
the canopy; therefore, it was same in reclaimed and unreclaimed sites.
It was significantly higher in the vegetation period (36.87 mm-month
~1) than in the rest of the year (5.08 mm-month™?).

4 | DISCUSSION

The study showed that the water budget of 30-year-old reclaimed
alder plantation is very similar to unreclaimed spontaneous regrowth
of about the same age. This suggests that in suitable conditions
unassisted regrowth can result in development of a functional ecosys-
tem that performs ecosystem functions in similar way to reclaimed
sites. Similar conclusion has been previously made for other parame-
ters such as soil development, carbon storage and soil chemistry, soil
moisture, or plant biomass (Cejpek et al., 2013; Frouz et al., 2015;
Helingerova et al., 2010; Kuraz et al,, 2012).

The basic parameters of water storage are for both types of sites
{reclaimed and unreclaimed) in the range of water budget parameters
that can be expected for young forest outside mining areas (Marc &
Robinson, 2007; Mdller, 2009; Sun et al., 2010), which suggests that
30 years of forest development is enough to re-establish water budget
of post-mining sites.

Difference between precipitation and throughfall suggests that
about one third of precipitation is intercepted by vegetation that is in
the range of values observed in other forest ecosystem (Marc &
Robinson, 2007).

Throughfallis smaller during the vegetation period and larger in the
rest of the year, which is apparently caused by water capture by follage
(Barbier, Balandier, & Gosselin, 2009; Miller, 2009; Sun et al., 2010). In
winter in unreclaimed sites, there are even situations when throughfall
is higher than precipitation outside the canopy. We expect that this is
given by snow retention by unreclaimed wegetation. Outside the
canopy, the surface of vegetation is smooth similarly to the canopy
surface of reclaimed sites. As a consequence, the snow blown by wind
may just pass over it. In unreclaimed sites, the surface of canopy is very
heterogeneous due to wave-like surface of soil and highly variable
height of individual trees and shrubs. These irregularities can trap the
snow, in similar way to snow fences (Heavey & Volk, 2014), which
may cause higher winter throughfall in comparison to outside canopy
situation.

Water storage in reclaimed sites as well as storage of available
water in reclaimed soils was significantly higher than in unreclaimed
sites. This was apparently related to faster development of A horizon
in reclaimed alder plantations (Miiller, 2009; Sun et al,, 2010), which
corresponds with litter with lower C:N ratio, and higher bioturbation
activity of soll fauna as shown by previous studies conducted
at the same sites (Frouz et al, 2013) or other places (Hobbie
et al.,, 2006).

In both site types, water storage in soil is higher in winter than
during the vegetation period. This is clearly due to higher temperature
in vegetation period that may promote evaporation and mainly due to
plant transpiration.
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Loss of water by runoff and evapotranspiration in summer months
is practically equal to potential evapotranspiration that suggests that
most of this water is likely to evaporate. On the other hand in winter
months, PET represents only a small proportion of water lost by evapo-
transpiration and runoff suggesting that surface runoff plays an impor-
tant role in water loss. Reclaimed sites were levelled before tree
planting that allows surface runoff to leave the site by drainage. In con-
trast, unreclaimed plots retain the wave-like structure created by
heaping. Many of these waves create closed terrain depressions with-
out any drainage. This means that some surface runoff in unreclaimed
sites may not leave the site but remain stored here as surface water
in these depressions. This is consistent with large puddles or small pools
observed in some depressions outside our measurement area; how-
ever, role of these temporary water bodies in overall water budget
has to be explored.

Earlier study of Bujalsky, Jirka, Zemek, and Frouz (2017) suggested
that reclaimed sites have higher transpiration than unreclaimed ones.
In our study, the difference between the runoff and evapotranspiration
was not statistically significant although reclaimed sites had numeri-
cally higher values than unreclaimed ones.

When we look at this from the perspective of leaf trait hypothesis
proposed above, we can say that the data are in general agreement
with proposed hypothesis that plants with fast-growing strategy have
higher water use but at the same time support formation of soils that
provide more water. There are data suggesting that the alder planta-
tion may have slightly higher water use by transpiration that is how-
ever more than compensated by significantly higher water storage in
soils developing under these plantations. This suggests that the leaf
traits may couple water use on one hand and soil water storage on
the other hand. In other words, in natural vegetation the higher water
demand of plants with fast plant growing strategy may be compen-
sated by formation of soils with higher water storage. However, this
is just one case study and more data is needed to support this
hypothesis.

5 | CONCLUSION

Our results suggest that under favourable conditions spontaneous
development in unreclaimed sites can lead to development of water
regime similar to that of reclaimed sites. Reclaimed sites have higher
soil water storage, whereas unreclaimed sites can trap more snow in
the winter. Although unreclaimed areas lack some advantages of con-
trolled reclamation, especially in the speed of soil profile development,
it is clear that in terms of the water regime, 30 years of unassisted

regrowth leads to similar ecosystem functioning as reclamation.
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Obnova vodniho rezimu na vysypkach

Geomorfologicky novotvar neboli antropogennikrajinny prvek ¢i
pro vétéinu lidi rozéifenéjéi pajmenavani — vysypka vznika pii povr-
chove tézbé nerostnych surovin, kdy dochazi k pfesundm miliond
kubik( nadlozni skryvkove zeminy vedle nebo téz vné exponované-
ho dilniho mista (vnitfni a vngjsi vysypka) a naslednému nasypani
novych atvard v krajiné. Takto vzniklé Utvary jsou predmeétem re-
kultivaci s cilem obnovit funkéni prvky krajiny, obnovit krajinny raz
a dosahnout maximalni diverzity a estetické hodnoty krajiny. Diky
pfirodé de novo vzhuzuiji takto vzniklé plochy zdjem Siroké védecke
verejnosti a védeckych instituci.

Vadni rezim jako nepostradatelna soucast viech ekosystémdl je
nosnym pilifem nové krajiny. Tento fakt platii na vysypce. Obnova
vodniho re#imu na takto vzniklych ekosystémech véak s sebou nese
i uréita rizika, potinaje projektovanim a modelaci terénu a konce
abiotickymi a biotickymi viivy.

Nevhodny pohyb padpovrchové vody, zejména neocekévané prii-
saky ve spodnich vrstvach vysypek a da okolniho prostedi, mohou
vést k naruseni stability svah( a zpQsobit jejich sesunuti.V minulosti
byly v Ceské republice zaznamenany cetné sesuvy. Na nektere si
miizeme z nedévné doby jesté pamatovat, napf. pod zamkem Jezefi
na Mostecku v tésné blizkosti dolu CSA, kdy je i po letech kromé
prirody bezprostiedné ohrozovan barokni zametek. Udalost z roku
2011 z Chabatovic pobliZ jezera Milada se tyka sesuvuy, kdy doslo
k citelnému poskozeni ¢asti cyklostezky. V sedmdesatych letech
20, stoleti poslouzila vysypka k zakanzervovéni toxického odpadu -
do télesa vysypky lomu Héjek jihozdpadné od Ostrova byla ulozena
skladka chemikalii ze stiedodeské chemicky. Vlivem srazek, spodnich
vod a nedostate¢ného zajisténi stability svah( dodlo k podmaceni
spodnich partii vysypky a naslednému sesuvu zeminy, pii némz
bylo obnazeno téleso ulozenych chlorovanych organickych latek.
A¢ se tato udalost odehrila pred étyficeti lety, dasledky nedbalosti
s naslednym dopadem na piirodu je moZno pozorovat stale,

Uprava vedniho rezimu je nejen na vysypkach financné narocna.
Spocivé zejména ve vhodné pripravé podkledu a modelaci terénu
pii sypani samotné vysypky. Spravné zvelené drendzni prvky se
s ohledem k hmotnasti vysypky navrhuji jako odvodhovaci systém
z ocelového dérovaného potrubi o primeéru nad 300 mm s obsypem
kamenivem. Spoje potrubi jsou vidy navrzeny jako pohyblivé, aby
odvodnéni mohlo respektovat sedani vysypky a nedoglo k preruseni
potrubi. Pouziva se i kamennych drenaii bez potrubi, coz umoziuje
odvedeni piebytecné vody do recipientli tak, aby odvodnéni méle
trvaly a efektivni charakter a predeslo se destabilizaci terénu pod-
povrchovou vodou a erozi. Z vysypky je zapotfebi odvést vodu jen
vmnozstvi predstavujicim mozny potencial pro obnovu ekasystému.
Zde je potieba potitat s fyzikalnimi vlastnostmi vysypkoveho sub-
straty, jeho homogenitou, popfipadé zvrstvenim. Velmi dlleZitou
vlastnasti substrétu je jeho propustnost pro vodu a vzduch a vhodne
chemickeé sloZeni z hlediska pribéhu pedogeneze.

Jedilezité brat na védomi, ze se pida na vysypkach utvafi po dlou-
hou dobu a je pomérné tézké urcit, jaké podlozije propustng a vhodné
jak pre vzlinani, tak pro infiltraci vody. Podzemni voda se k povrchu
dostavé vlivem plisobenl kapilarnich sil a kofenovym systémem
vegetace jako diisledek evapotranspirace. K utvafeni a pfizpsobeni
#ivotniho prostiedi, jako je udrzenl priznivého pidniho vodnihe re
#imu a vihkesti, napomahé zejména pldni biota, napt. Zizaly a dal3i
pldni mikroorganismy. Na plochéch, kters byly lesnicky rekultivovany,
je pidni prostfed! ovlivnéno zvolenym typem cilové dieviny, ktery
avliviiuje plidu zejména kofeny a kvalitou opadu. PHi zemédélskée
rekultivaci rozhaduje mazné pouziti navazky Urodné ornice, popf.
pouzitivapnéni, navazky kompostu nebo kiry v kombinaci s vhodnou
agrotechnikou a apakovanim, ale i vyuzili jinych technik.

Zvladne-li se technické provedeni vysypky, bude tfeba se vypoid
dat se vudypfitomnym problémem - ddlnimi vodami. Ty jsou podle
zakona ¢. 44/1988 Sb., 0 ochrané a vyu2iti nerostného bohatstvi, cha-
rakterizovény jako ...vody podzemni, povrchové a srazkové, které
vnikly do hlubinnych nebo povrchovych diinich prostord bez ohledu
na to, zda se tak stalo priisakem nebo gravitaci z nadlozi, podloZi
neba boku nabo prostym viékanim srazkové vody, a to a7 do jejich
spojeni s jinymi stalymi povrchovymi nebo podzemnimi vodam(”,

1

Fo chemické strance pfedstavuji dalni vody nebezpediv disledku
zvyseného vnosu nezidoucich cizorodych rozpusténych latek (ze-
jména Fe a Mn) z vyluhovanych hornin de podzemnich vod, a tim
zplisobeného ohroZeni soucasného | budouciho stavu piirody.
Takové vody byvaji jimany, Eerpany, cisteny a na zakladé vydanych
povoleni vypoustény v uréitém mnozstvi do vodoteéi. V nékterych
pripadech jsou diInivody naddle vyuzivany, a to zejména k [écebnym
uéeltim. Napfiklad Darkovskd 50l je stale uzivana v mistnich laznich
a je 182 mozné siji zakoupit. Pro zajimavost: stl z Darkova se vyrabi
zzhuétovanim a odparovanim jodobromové solanky, ktera je zgeo-
logického hlediska mofskou vadou 7 obdobi tfetihor doprovdzsjici
uheln loZiska. Protoze se solanka téZize znacné hloubky (a2 600 m),
je zcela zbavena antropogenniha znecisténi.

Vodu povrchovou mame na vysypkach moznost, stejné jako jinde
v piirodé, uréitym zpusobem regulovat, jinak je to viak s vodou
padpavrchoveu. Na vysypkach byva podzemnf voda ve vétsich
hloubkach, popf. zde nachzime nikolik kolektor( podzemni vody
jake diisledek zvrstveni. Tak, jak si cely vysypkovy kolos v priib&hu
Zasu seda, vytlatuje podzemnivodu na povrch, Zde se nemusi jednal
jen o podzemni vadu, ale téZ o vodu srdzkovou, kterd v dusledku
minimalni propustnosti povrchu vysypky ziistava na povrchu. Na
fadé mist mohou takto vznikat, vétsinou u paty vysypky a v tzlabi,
zamokiena stanovisté, Leckdy se jedna aZ o mendi jezirka o délce
nékolika metrd, ktera budi dojem prirozene mozaikovitosti a dévaji
moznost uchyceni béiné, ale i vzicné a ohrozené bicty, jako je napf.
viaknita sinice (Dichothrix ledereri), krasnoocko (Euglena mutabilis),
¢olek velky (Triturus cristatus) @ mnoho daldich. V pritbéhu ¢asu
dochazi k napojeni takto vzniklych ploch na okolni toky a zapojeni
do sirsiho hydrologického cyklu a jen malokdo by poznal, Ze nejde
o plvadni vodni plochy.

Je vice nez jasné, Ze tvorba novych ekosystémi na tkor soucasné
piirody predstavuje citelné naruSeni, které pfinasi fadu starostl.
Predeviim zmény hydrclogickych vlastnosti krajiny presahuji
ramec pouze lokalniho ovlivnéni. Va vétsing pfipadd se ovlivnéni
tyka celého regionu, nékdy i s piesahem pres hranice stata. Je viak
jasné, Ze i pfes viechny tyto mozné problémy a postupné, zprvu ne
pfilid patrné zmény znamena uspéiné chnoveni vodniho rezimu
ambiciézni anci pfiblizit se v budoucnu stavu, ktery zde byl diive.

Magr. Jifi Cejpek, doc. Ing. Mgr. Jan Frouz, C5¢.
Prirodovédecka fakulta UK v Praze
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