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Abstrakt

Prace pojednava o retenénim potencialu pid v experimentalnich povodich na Sumavé. Zadrzeni vody
V krajiné je otdzka nejen retencni vodni kapacity, ale i infiltraéni rychlosti, celkové redistribuce
infiltrované vody v pidnim prostfedi a také doby, po kterou je dotovan samotny vodni tok. Zvolené
téma je rozebirano pomoci detailniho pedologického prizkumu, zpracovanim a vyhodnocenim
srazkoodtokovych udalosti, chemismu tokd a metody stabilnich isotopt vodiku a kysliku a vyuziti
barviv astopovaci. Formovani odtoku je vpohofich typu Sumava vézino na zastoupeni
hydromorfnich pid jako organozemi - hlavné pak na jejich nasycenost. Organozemé tvoii znacnou
zasobu vody v suchych obdobich, nicméné vodu hlavné zadrzuji a mistni toky dotuji jen minimalné.
V obdobi maximalniho nasyceni zndsobuji objem odtoku vlivem povrchového odtoku a preferencnich
cest. U minerélnich pad v oblasti Sumavy dochéazi obvykle infiltraci do zvodni v podloZi, které pak
zasobuji prameny iV suchych obdobich. Z hospodaisky vyuzivaného podhdii Sumavy maji luéni
povodi vyssi reten¢ni kapacitu diky melioranim opatfenim, na druhou stranu svym povrchem
a drendzemi urychluji odtok béhem srazkovych udélosti. V dne$ni dobé, kdy se extrémni srazky
stfidaji s obdobim sucha, je tak dtlezité uvazovat pro udrzeni vody v krajin€ nejen o retencni vodni
kapacitg, ale o preferencnim proudénim, rychlosti infiltrace a dotaci tokd podzemni vodou.



Abstract

The thesis deals with water retention potential in experimental catchment areas in the Sumava Mits.
Water retention in a lanscape is a question not only about water storage capacity, but also question of
the infiltration capacity or total redistribution of infiltrated water in the soil environment. This chosen
topic is analyzed by detailed pedological survey, processing and evaluation of rainfall events,
chemistry of stream water and methods of stable isotopes of hydrogen and oxygen and methods based
on dyes or tracers. Runoff formation process in the Sumava Mts. is connected with the presence of
hydromorphic soils as histosols and their water saturation. Histosols and similar types of soils form
a considerable supply of water for streams in dry seasons, however, water is mainly retained in soil
with a minimal impact on local streams. In the period of high saturation, the volume of outflow
increases due to surface runoff and preferential pathways. At mineral soils in the Sumava Mts. region,
the deep percolation usually occurs into aquifers in the subsoil, which then can supply springs during
dry periods. From the agricultural exploited parts of the Sumava Mts., the meadow basins have higher
retention capacity thanks to the drainage systems. On the other hand, soil surface and drainage systems
of local meadows accelerate the outflow during heavy-rain events. Nowadays, when floods alternated
with droughts, it is important to consider water retention (storage) in the landscape not only in temrs of
field capacity but also preferential flow, infiltration rate and water subsidy of streams.



1 Uvod

Vyznamna suchad nebo naopak srazkové bohatd obdobi v poslednich dvou dekddach prokazaly, ze
samotna velk4 vodni dila nemohou vzdy dostate¢né minimalizovat nasledky téchto extrému. Stale vice
se ukazuje na nutnost komplexnich feSeni jako zvySeni retence vody v krajiné nebo transformace
slozek retence vody v krajiné je samotna retenéni schopnost pudy. Fyzikalni vlastnosti ptadniho
prostfedi rozhoduji, za jakych okolnosti dojde k povrchovému odtoku, kolik vody se mtize infiltrovat
do pudy béhem srazkové udalosti, nebo jak dlouho se dokaze voda v pudé ale i v podlozi zadrzet
b&hem suchych period.

Formovani odtoku béhem srazkovych udalosti nebo béhem suchych period v pramennych
Sumavy je mimo jiné ovlivnéno vyskytem horskych vrchovidt a zraelinglych pid. Vliv horskych
vrchovist na hydrologicky rezim zdejSich povodi feSila fada praci (Ferda et al., 1971; Jansky
a Kocum, 2008; Kocum, 2012). Tyto prace se ale zabyvaly odtokovou odezvou bez detailni znalosti
hydrologického chovani samotnych vrchovist’ nebo ostatnich zraselin€lych uzemi.

Retence vody v ptde je dlouhodobé¢ sklofiované téma nejen v horskych oblastech. Uz samotny
pojem ,retence vody v pudé“ je Casto chapan riznymi autory jinak. Nejvice je s tim spojovana
»retencni vodni kapacita® odvozena z retencni kiivky. Nékteré prace uvazuji jako termin pro reten¢ni
vlastnost pid tzv. polni kapacitu (hydrolimit), tedy jako dlouhodobé ustilenou vlhkost ptidy po
nadmérném zvlhceni (Bear, 1971). Retencni potencial Ize chéapat nejen jako dlouhodobé zadrzeni vody
ale 1 jako zpozdéni vody a postupné uvolnéni do toku jako v raselinistich nebo mélkych zvodnich.
Puda vytvari retencni prostory i na svém povrchu napiiklad diky pedoturbaci zejména vlivem vyvrati
stromtll. Diky tomu je pak povrch pokryt systémem malych sniZenin S nizkou hydraulickou vodivosti
(Rizzuti et al., 2004), kde se zadrzend voda pomalu infiltruje do piidy. V semiardnich oblastech pak
mnozstvi infiltrované vody béhem intenzivnich srazek (obvykle v kratkém ¢asovém obdobi) ovlivni
zasobu podzemni vody a vydatnost prameni po cely zbytek roku (Hill a Woodland, 2003). Pro
zadrzeni veskeré srazkové vody se buduje na svazich mnozstvi malych hrazi a prekazek branici
povrchovému odtoku. V tomto ptipadé je diilezitéjsi infiltracni kapacita nebo infiltrani rychlost pudy
za urcity ¢as, méné pak uz reten¢ni vodni kapacita.

Tato prace pohlizi na retenc¢ni potencial povodi nejen zhlediska mnozstvi potencialné
zadrzené vody, ale také vyuziva rizné metody pro pochopeni formovani odtoku a roli jednotlivych
slozek odtoku v dobé sucha, vyssich thrnt srazek i zakladniho odtoku.

2 Cile prace

Cilem prace je zhodnotit retencni potencial vybranych povodich Sumavy s typickymi krajinny prvky
jako raSeliniSté, lesy ponechané samovolnému vyvoji nebo hospodaisky vyuzivané louky nebo
pastviny. Dal$im cilem je popsat formovani zdkladniho odtoku a odtoku béhem srazkovych udalosti
S ohledem na raseliniStni nebo podmacené plochy v povodi.



3 Material a metodika

Pro feSeni této prace byla zvolena oblast Sumavy jakozto hlavni zdrojové oblast feky Vltavy. Jde o
potencialni zdrojovou oblast pitné vody pro fadu velkych mést. Svou roli hraje také navaznost na diive
feSené vyzkumné otazky. Zajmova povodi byla vybrana ve dvou lokalitach:

e pramenna oblast Vydry piestavujici izemi NP Sumava s minimalni hospodaiskou &innosti

e pramennd oblast Blanice s extenzivné zemédélsky vyuzivanou krajinou

V pramenné oblasti Vydry byly zvoleny 4 mensi subpovodi, na kterych pak byl vyzkum zameéteny.
Jde o povodi Rokytky, Ptaciho, Roklanského a Tmavého potoku (viz. obr. 1). Jako nejvhodnégjsi se pak
ukazalo povodi Rokytky, kde se vyskytuje mnozstvi raselinnych pud, vyvinutych vrchovist a také
pritoky pfitékajici pouze z vrchovist nebo pouze z organomineralnich pad.
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Obrazek 1 Oblast horni Vydry s vyznacenymi experimentalnimi povodimi (Vicek et al., 2016)

V pramenné oblasti jihoCeské Blanice byly vybrany parova povodi Zbytinského a Tettivéiho potoka.
Reprezentuji plo$n€¢ mald, navzijem sousedici povodi s podobnymi fyzickogeografickymi
a hydrografickymi poméry. Zaroven ale maji rozdilné hospodatské vyuziti. Povodi Zbytinského
potoka pokryvaji ptevazné travni porosty (cca 2/3 plochy povodi zaujimaji louky, 1/3 lesy s pfevahou
smrku). V povodi Tettivéiho potoka je pomér opaény ve prospéch lesa, obr. 2.
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Obrazek 2 Oblast experimentalnich povodi Zbytinského a Tettivéiho potoku (Kralovec et al., 2012).
Zvolena problematika byla hodnocena v 5-ti metodickych okruzich:

3.1 Vypocet retenéniho potencialu povodi

Samotnému vypoctu pfedchazel podrobny pedologicky prizkum zajmového povodi. Méfeny byly
mocnosti ptidnich horizonti do matecného substratu, u hydromorfnich ptid do hladiny podzemni vody.
Pro zhodnoceni retenéniho potencialu povodi, mysleno volného prostoru pro retenci vody v pudé byla
vytvorena nova formule pracujici s hloubkou pidnich horizontti, odhadem skeletovitosti a plnou vodni
kapacitou definovana Sucharou (2007).

RP=H=#* PVK*(1—5) (1)
Vypocet retenéniho potencialu povodi. RP — retenéni potencial [mm]; H — hloubka ptidniho profilu / mocnost

pudniho horizontu; PVK — plna vodni kapacita [mm]; S — odhad skeletovitosti [-]

3.2 Vliv zraselinélych pud na odtok z povodi

Pro analyzy prutokd, hladin podzemni vody a meteorologickych veli¢in byly pouzity data ze stanic
Katedry fyzické geografie Pif UK. Byly vybrany 4 povodi s rozdilnym zastoupenim raSelinist
a zraSelinélych ptud. Podrobny pedologicky prizkum nebyl proveden ve vSech povodich z ¢asovych
divodi a také diky izolovanosti celé oblasti. Proto se zvolily jiné zdroje: databaze raselinnych loZisek
Vyzkumného tstavu melioraci a ochrany pady (VUMOP) a databaze Ustavu pro hospodaiskou tpravu
lest (UHUL). Setieni pak bylo zaméfeno na vybér srazkovych udalosti v dob&é maximéalniho



a minimalniho nasyceni povodi, respektive v dobé vysoké a nizké hladiny podzemni vody ve
vrchovistich, béhem 6-ti let méfeni (2008-2013).

3.3 Separace odtoku pomoci stabilnich isotopt vodiku a kysliku

Pro stanoveni bilance vody z vrchovisté v celkovém odtoku byla pouzita metoda hmotnostniho
poméru (Buzek, 1984):

g0 — g0
= 24100
JIBO.U - Jlﬂop (2)

Vypocet hmotnostniho poméru. Index ,,0“ — pomér isotopt kysliku ve vodé v odtoku; index ,,p* - pomér isotopti

p:

kysliku ve vod¢ v pfitoku; index ,,v* - pomér isotopt kysliku ve vodé ve vrchovisti
Vzorky vody pro rozbor poméru stabilnich isotopti vodiku a kysliku byly odebirany ze srazek, na dvou
mistech na toku Rokytky protékajici mistnim vrchovistém (odbéry pied a za vrchovistém) a také

samotna voda z vrchovisté v intervalu 14 dnti béhem vegetacni sezony.

3.4 Identifikace preferenéniho proudéni pomoci barviv nebo stopovadéu

Rozdilny podil vody z vrchovist a hlavnich typti organomineralnich pid na Sumavé (pfevaznd
kryptopodzol) vedl ke snaze popsat dominantni podpovrchové proudéni na dvou relativné
homogennich svazich — jeden tvofen vyvinutym vrchoviS§tém, druhy kryptopodzolem a Cockami
podzolu (obrazek 3).
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Obrazek 3 Profil povodim Rokytky (VIéek et al., 2017). Zluté Sipky, odhad sméru preferenéniho
proudéni.

Jako barvivo/stopova¢ byl zvolen Brilliant blue (CAS no. 3844-45-9, v koncentraci 5 g/l)

a Fluorescein sodium (CAS no. 518-47-8, v koncentraci 2 g /1). Zatimco Brilliant blue se lehce vaze

k piidnim ¢asticim a je vyuzivano k mapovani preferenéniho proudéni v fadu nékolika metrti od mista

aplikace, Fluorescein sodium se vaze minimalné a je proto vhodny zejména pro stopovaci zkousky
6



v prilinovém nebo puklinovém prostiedi. Hlavni nevyhodou u Brilliant blue je uvadéna Spatna
identifikace u tmavych organickych ptdnich horizontl, Fluorescein sodium pak se neda identifikovat
v prostiedi s pH niz§im jak 5,5. Porovnani obou stopovact je uvedeno v tabulce 1.

Brilliant Fluorescein
blue sodium
vyuZiti jako barvivo pro popis preferencnich cest ANO ANO
identifikace na tmavych pidach NE ANO
vyznamné ovlivnéno chem. vlastnostmi prostiredi NE ANO (pH)
Vhodnosvt pro dlouhé vzdalenosti - vyuZiti jako NE ANO
stopovac

Tab. 1 Hlavni kritéria v pouZiti barviv Brilliant blue a Fluorescein sodium

Ob¢ barviva byla aplikovana na svah kryty kryptopodzolem a na svah tvofeny vyvinutym vrchovistém
do ctvercovych ploch 2,25 m? vzdalenych piiblizné 10 m od toku. V toku pak byly instalovany
vzorkovace k odbéru vody pro analyzu ptitomnosti fluoresceinu. Po uplynuti doby cca 2 hodin od
postiiku se zacalo s odkryvanim vertikalnich profild 3 m niZe po svahu od ¢tvercovych ploch. Kazdy
vertikalni profil o rozméru 50x50 cm byl vyfocen (v ptipadé plochy s fluoresceinem jesté ozaren UV
zativkou) a poté analyzovan kédem v programu IDL vyvinutym a poskytnutym Markusem Weilerem
z Univerzity Freiburg.

3.5 Hodnoceni retence dvou povodi s rozdilnym hospodaiskym vyuzitim

Rozdilné hospodaiské vyuziti tzemi (les/louka) v podhorskych oblastech mutze vést k odlisné
hydrologické odpovédi na p#icinno u srazku. Setfeni predchézel podrobny pedologicky priizkum dle
metodiky uvedené v kap. 3.1 a zafazeni pud dle klasifikace ,,Hydrology of soil types“ (Boorman,
1995). Resila se jak potencialni retence v povodi, tedy maximalni mnoZstvi vody, které mize do pady
zasaknout, tak i ,,aktualni retenc¢ni potencial®, tedy s aktualni ptidni vlhkosti a hladinou podzemni vody
V hydromorfnich ptdach. Aktudlni retenéni potencidl byl poté dan do vztahu s nasledujici
srazkoodtokovou udalosti. Pro porovnani se standardni metodou hodnotici stav nasyceni povodi byla
»aktualni retence” porovnana S indexem predchozich sraZzek API. Intercepce porostu se v tomto
pripadé¢ zanedbala.

4 Vysledky a diskuse

Na retenci vody v pidach Ize nahlizet dvémi hlavnimi pohledy. Zaprvé je to retence vody
z hlediska protipovodiiové ochrany, zadruhé pak retence z hlediska zasob vody pro sucha obdobi.
Obvykle se hodnoti pouze jedno hledisko podle aktualni hydrometeorologické situace. Rada piistupt
pro to ¢i oné hledisko 1ze jen téZko kombinovat nebo je vhodné jen pro jedno z nich.

Z hydrologického hlediska byla vrchovisté vnimana jako tzv. houba, ktera zadrzi vodu béhem
srazkové udalosti a poté ji postupné vypousti v dobé sucha (Spirhanzl, 1957). Nasledujici prace pak
poukazaly na rozkolisanost tokdi v povodi s vyskytem raselini§t' nejen na Sumavé. P porovnani
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reten¢niho potencialu pid v dobé minimalni a primérné hladiny podzemni vody v povodi Rokytky se
pak prokézal i fakt, Ze vrchovisté mize mit fadoveé vyssi retencni kapacitu nez zbytek pid v povodi.
VEtsi ¢ast vegetacni sezony je ale hladina podzemni vody pomérné vysoko a vytvaii tak z vrchovisté
plochu s nejmensim retenénim potencialem v povodi (obr. 4). V prutocich se pak obecné tento
retenéni prostor projevi zpozdénim nebo zrychlenim priutokové viny (Evans et al., 1999). Rozloha
raselinist’ nebo zraselinénlych pud v povodi a hlavné pak jejich nasycenost mize mit hlavni vliv na
formovani odtoku.

Minimalni hladina podzemni vody
v organozemi

max: 374 mm

min: 52 mm

Organozem

o - . ‘ podle vegetace
Primeérna hladina podzemni vody

v organozemi

OR sah
ORh/RN
| ORfi

Pudni typ
e GL

KP
A O
L 4

sG

[ tranice povodi

] 500m
—)

soufadnicovy systém WGS 84 - UTM 33N

Obrazek 4 Retenéni potencial povodi Rokytky. Plochy organozemi podle vegetace vychazi

z pedologického prizkumu, kde urcity subtyp organozemi odpovidal pfevazujici vegetaci v okoli (Vicek et al.,
2012).
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V navaznosti na vypocet retencniho potencidlu byly hodnoceny odezvy pfi¢innych srazek ve 4
povodich . Hlavni rozdil byl kladen na rozlohu raselinist’ a zraSelinélych ptd. V suchém obdobi se
nepotvrdil houbovy efekt raselinist’, jak uvadi Spirhanzl (1957) nebo Evans a kol. (1999). V obdobi
maximalni nasycenosti povodi je ale patrny narlst objemu odtoku v povodi s vysSim zastoupenim
raselinist’ (20-30 %) ptiblizné€ od srazky 10-15 mm (obr. 5).
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Obrazek 5 Objem viny odtoku beéhem vybranych srazkovych udalosti (Vicek et al., 2016).

V jaké mife ptispiva vrchovistni voda do celkového odtoku poukazuje dalsi ¢ast prace zamétujici se na
problematiku z pohledu chemismu. Chemické ukazatele jako pH, zabarveni nebo TOC v tocich
odpovidaly svym prubéhem obecné t€m z raseliniStnich povodi hodnocenych Worallem (2006)
nebo Freemanem (2001). Tedy, ze v dobé zvysenych pritokt dochazi k vyplaveni organickych latek
do toku. Pomér vody z raselinist’ v celkovém odtoku z povodi miize byt velice variabilni:10 — 90 %
(Klaus a McDonnell, 2013). Analyza stabilnich izotopti vodiku a kysliku, ale poukazala na maximalni
pomér kolem 10 % raSelini$tni vody nejen béhem zakladniho odtoku (obr. 6). Vody vytékajici
z raselinist’ je v dobé zvyseného odtoku pravdépodobné vice, ale do odtokového procesu pak vstupuje
jeste tieti slozka v podob¢ vody ze srazek. I tak Ize konstatovat, ze dotace vody z vrchovisté do toku je

V dobé zakladniho odtoku minimalni.
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Obrazek 6 Pomér izotopt kysliku ve vod¢€ z riznych zdroji v povodi Rokytky a celkovy pomér ve vodé

v odtoku (Kocum et al., 2016).

Existence dvou dominantnich piidnich typl (kryptopodzol, organozem) v povodi horni Vydry vytvari
dve specificka hydropedologicka prostiedi. Podle klasifikace ,,hydrologickych skupin pid*“ (Boorman,
1995) a ,,pievladajiciho podpovrchového odtoku‘ (Scherrer a Naef, 2003) 1ze ze zjisténych poznatkt
odhadnout dominantni podpovrchové proudéni. V krypropodzolu dle klasifikaci ptevlava hloubkova
perkolace, potencialné mélky podpovrchovy odtok (SSF) nebo tok v organické vrstvé (Biomat flow
(Gerke et al., 2015)). V organozemi se pak odhaduje jako dominantni mélky podpovrchovy odtok
v akrotelmu a pokud dojde k nasyceni, pak ipovrchovy odtok. Stopovaci experimnent potvrdil
u kryptopodzolu hloubkovou perkolaci (obr. 7). Spise nez mélky podpovrchovy odtok definovany
Scherrerem a Naefem (2003) byl potvrzen tok v organické vrstvé “biomat flow”. U organozemi
v raSelinisti se potvrdil povrchovy odtok a “biomat flow” v akrotelmu. Navic se ukazala existence
preferencich cest (pipeflow) v katotelmu podél ¢astecné rozlozenych kment nebo kotent.
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Obrazek 7 Sméry dominantniho sméru proudéni v kryptopodzolu (a) a organozemi (b) (Vicek et al.,

2017). Cerné Sipky = odhad preferenéniho proudéni; dervené Sipky = prokazané preferenéi proudéni pomoci
barviv.

Pti porovnavani dvou povodi s rozdilnym hospodaiskym vyuziti byl hlavni diraz kladen na podobnost
ostatnich parametrii povodi jako reliéf nebo pidy. Antropogenni zasahy v minulosti ovlivnily pudni
poméry v obou povodich. Jedna se hlavné o rozdilné vyuziti melioraci. Z pedologického prizkumu je
patrné, ze obé povodi méla puvodné mit piiblizné stejnou plochu hydromorfnich pud, hlavné
v konkavni ¢asti udoli. Dokladem mize byt pieorany anmoorovy horizont v Iu¢nim povodi nebo
zbytky hydromorfnich znak v pidnim profilu mimo oblasti melioracnich opatfeni. Zatimco lucni
povodi bylo ovlivnéno trubkovou drenazi, lesni povodi bylo odvodnéno odvodiiovacimi ryhami
a kanaly, které jsou jiz z ¢asti nefunkéni. I tato opatieni ale spadaji do predpokladu rozdilného vyuziti
povodi. Celkova dlouhodoba retence vody v ptd€ vychazi vice v lesnim povodi s vétsim zastoupenim
hydromorfnich pud (obr. 8).
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Obrazek 8 Reten¢ni kapacita povodi v suchém a vlhkém obdobi (Kralovec et al., 2016)
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Povodi maji rozdilnou odtokovou odezvu na rizné pfi¢inné sraZzce a stavu nasyceni (tab. 2). Pfi
dlouhodobych destich nizsi intenzity byl vyssi pritok u Tetiivéiho potoku. Pfi srazkach vyssi intenzity
obvykle pii stavu vyssiho nasyceni dochazi K vyssi odezvé u Zbytinského potoku. Oproti hodnoceni
Vv povodi Vydry zde svou roli hraji jak meliorace, tak i lu¢ni prostfedi nachylnéjsi k povrchovému
odtoku. Navic plochy hydromorfnich piid jsou oproti vrchovistim centralni Sumavy velmi rozdrobené.

Tvp pficinné

situace T Ty T Tieg Ao

Ps1 ZBY = TET ZBY = TET ZBY = TET ZBY <« TET ZBY = TET

Ps2 ZBY = TET IBY = TET ZIBY « TET ZBY = TET ZBY « TET

PS3 ZBY = TET IBY = TET ZBY « TET ZBY = TET ZBY = TET

PS4 ZBY = TET IBY = TET ZBY = TET ZBY = TET ZBY = TET
Tabulka 2 Rozdily v odtokové odezvé podle typu pii¢inné situace. T - doba trvani celé odtokové viny;

Tqd - doba trvani sestupné vétve odtokové viny; Tqi - doba trvani vzestupné vétve odtokové viny; Tlag - doba
prodleni od zaatku srazky do zacatku zvySovani prutoku; qmax — velikost kulminaéniho pratoku; PS1 —
kratkodoby dést’ primérné intenzity pii nizSim nasyceni povodi; PS2 — dlouhodoby dést’ niz$i intenzity pfi

v

intenzivni dést’ pfi vysS$im nasyceni povodi

5 Zavéry

V této praci byly pouzity 4 metody hodnoceni retence pid horskych oblasti. Dilezita je
znalost pudnich poméru v povodi a také jejich reten¢ni kapacita, ktera je ale v ¢ase proménna.
V prosttedi Sumavy se ukézala jako jeden zkli¢ovych faktorti formovani odtoku z povodi vyska
hladiny podzemni vody u hydromorfnich pid. V povodich s velkym zastoupenim raselinist’ pak urcuje
reten¢ni vlastnosti celého povodi.

Hodnocenim dat pritokd z vybranych stanic na malych povodich v pramenné oblasti Vydry
byl prokazan vliv rozlohy raselinist a zraselinénlych ptid na tvorbu odtoku po srazkové udalosti.
Objem odtoku se ukazal jako zasadné vys$i v dobé maximalniho nasyceni od srazek vétSich jak 10-15
mm. Naopak v suchych obdobich se vliv vétsiho reten¢niho prostoru raselinist’ na odtok neprokazal.

Pomoci metody stabilnich isotopti a celkového chemismu vody v toku bylo zjisténo, Ze
zakladni odtok z povodi s vyvinutym vrchovistém je tvofen hlavné vodou ze zvodni v mineralnich
pudach. Rovnéz se potvrdila zna¢na rozkolisanost odtoku z povodi s vétsim podilem zraselin€lych pud
a raSelin.

Pfi simulaci extrémniho srazkového tthrnu zptsobujici zvyseni prutokt v toku, tzv. Stormflow
(Weiler et al., 2006), na dvou svazich reprezentujici dominantni pidni typy centrdlni Sumavy
(krytpopodzol, organozem) byl prokazan tok v organickych horizontech na obou svazich, hloubkova
perkolace na svahu tvofena kryptopodzolem a povrchovy odtok na svahu tvofenym organozemi.

V hospodaisky vyuzivanych povodich Sumavy ma rozdilné vyuziti krajiny nepfimy vliv na
odtok. Dlouhodobymi zasahy, hlavné odvodnovacimi, se pudni kryt ¢astecné transformoval podle
hospodaiského vyuziti. Retenéni kapacita je pak diky odvodnéni vétsi u luénich povodi, nicméné
odezva odtoku na pfi¢innou srdzku je u lesnich povodi pomalejsi.
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1 Introduction

Significantly dry or wet periods in last two decades have shown that only large dams can not
always sufficiently minimize the consequences of these extremes. Increasingly, there is a need for
complex solutions such as increasing water retention (storage) in a landscape or transforming flood
waves through tiny but more spacious measures. One of the most important components of water
retention in landscape is retention ability of soils. The physical properties of soil environment
determine a circumstances under which surface runoff occurs, how much water can infiltrate into a
soil during a rainfall event, or how long water is able to be stored in a soil and a subsoil during dry
periods.

Runoff formation during rainfall events or during dry periods in the Sumava Mts. headwaters is
influenced, among other things, by the occurrence of mountain peat bogs and waterlogged soils. The
influence of peat bogs on hydrological regime of local catchment areas was solved by a number of
works (Ferda et al., 1971; Jansky and Kocum, 2008, Kocum, 2012). However, these works dealt with
an outflow response without detailed knowledge of hydrological behavior of the peat bogs or other
peaty areas.

The concept of water retention (storage) in soil is often understood differently by different authors.
The most important is water saturation derived from pF curve. Some works consider so-called field
capacity as a term for water stored in a soil, ie long-term stable soil moisture after excessive wetting
(Bear, 1971). Water retention potential can therefore be understood not only as long-term water
storage, but also as a delay of water percolation and its gradual flow into the stream, as at peat bogs or
shallow watercourses. The soil produces retention space also on its surface, for example, due to
pedoturbation, especially due to uprooted trees. As a result, the surface is covered by small
depressions with low-hydrologic conductivity (Rizzuti et al., 2004), where retained water is slowly
infiltrated into the soil. In semi-arid areas, the amount of infiltrated water during intensive
precipitation (usually in a short period during a year) affects groundwater supply and yield of springs
for the rest of a year (Hill and Woodland, 2003). To keep all rainwater on the slopes, there are a
number of small dams and obstacles to avoid surface runoff. In this case, the infiltration capacity or
infiltration rate of soil is more important parameter then field capacity.

This thesis focuses on the retention potential of river basin not only in terms of the amount of
potentially retained water in soil but also uses different methods to understand the runoff formation
and the role of each runoff component during drought, higher dischregs or baseflow.

2 Aims of the study

The aim of the thesis is to evaluate the retention potential of selected catchments of the Sumava Mts.
with landscape features such as peat bogs, protected forests left to spontaneous development or
agriculture landscapes with and meadows or pastures. Another objective is to describe the runoff
formation process and runoff during rainfall events and baseflow with respect to peat bogs or
waterlogged areas in the catchment.
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2 Material and methods

The Sumava Mts. area was chosen for this topic as the main source area of the Vltava River. It
is also a potential source of drinking water for a number of large cities. This thesis also follows the
previous research in this area. Several catchments were selected at two localities:

« Vydra River headwaters representing the territory of NP Sumava with low agriculture activity
* Blanice River headwater with an extensively agriculture landuse

Four small catchments were selected at the Vydra River headwater, where the research was
focused. These are catchments of Rokytka, Pta¢i, Roklansky and Tmavy brook (see Fig. 1). The most
suitable catchment for research was the Rokytka catchment, where many peat bogs and waterlogged
areas are located.

In the Blanice River headwater, catchments of Zbytinsky brook and Tetiiv¢éi brook were
selected. They represent small catchments with similar physical geographic and hydrographic
parameters but different landuse. The catchment of the Zbytinsky brook is represented predominantly
by grassland (about 2/3 of the catchment area is covered by meadows, 1/3 forests dominated by
spruce). In the Tetfiv¢i brook catchment, forested area is 2/3 of the whole catchment, Fig. 2.
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Figure 1 Vydra River headwater with selected catchments (Vi¢ek et al., 2016)
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Figure 2 Experimental catchments of Zbytinsky brook and Tetiiv¢i brook (Kralovec et al., 2012).

The chosen topic was evaluated in 5 methodological parts:

3.1 Measurement of retention potential of a catchment
The analysis began with a detailed pedological survey of the catchment area. Measurements of the soil
horizons were applied to the depth of the parent substrate, hydromorphic soils to the groundwater
level. To assess the retention potential of the catchment (a space for water storage in soil) a new
formula was developed, working with the depth of soil horizons, rock content estimation and effective
porosity without soil moisture defined by Suchara (2007).

RP =H=* PVK = (1—5) @)

Calculation of the retention potential. RP — retention potential [mm]; H — depth of the soil profile / horizont;
PVK - effective porosity without soil moisture [mm]; S — estimation of rock content [-]

3.2 The Influence of waterlogged soils on the outflow from a catchment

Data from the stations of the Department of Physical Geography, Charles University, were used for
analysis of outflows, groundwater levels and meteorological variables. Four catchments with a
different distribution of peat bogs and waterlogged soils were chosen. A detailed pedological survey
was not carried out in all catchments due to time reasons. Therefore, other sources of the peat area
were selected: the database of peat deposits of the Research Institute for Soil and Water Conservation
(VUMOP) and the The Forest Management Institute (UHUL). The investigation was focused on the
selection of rainfall events at the time of low and full saturation of the catchments, respectively in
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a time of high and low groundwater level in the peat bog during 6-years period of measurement (2008-
2013).

3.3 Hydrograph separation using stable isotopes of hydrogen and oxygen
To determine the water balance from peat bog in total runoff, mass balance method was used (Bulzek,
1984):

ﬂ.lﬂ Oﬂ _ ﬂ.lﬂ Op
120 — g18() *100

a v a 5 )
Mas balance method. Index ,,0° — 0xygen isotopic ratio in stream water behind the peat bog; index ,,p* - 0xygen
isotopic ratio in stream water before the peat bog; index ,,v - oxygen isotopic ratio in peat bog water

p:

Water samples for the analysis of stable hydrogen and oxygen isotopes were taken from precipitation, at two
places in the Rokytka brook flowing through the local peat bog (sampling before and behind the bog) and water
from the peat bog every 14 days during the growing season.

3.4 Identification of runoff formation using dyes

The difference in the amount of water which flows from peat bogs and main types of organomineral soils in the
Sumava Mits. (predominantly entic Podzol) led to an attempt to describe the dominant subsurface flow at two
relatively homogeneous slopes (Figure 3).
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Figure 3 Experimental profile (Vicek et al., 2017). Yellow arrows — dominant preferential flow estimation.

Dyes Brilliant blue (CAS No 3844-45-9, concentration of 5 g / I) and Fluorescein sodium (CAS No
518-47-8, concentration of 2 g / I) were used. Brilliant Blue is more sorptive and is often used to
describe the preferential flow within a few meters from the application site. Fluorescein sodium is less
sorptive and therefore particularly suitable for long-distance tracking. The comparison of both dyes is
shown in Table 1.
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Brilliant Fluorescein
blue sodium
Suitable for preferential flow description Y Y
Identificable in dark solis N Y
Effacted by chemical properties of a soil N Y (pH)
Suitable for long-distance tracking N Y

Tab. 1 Important properties of chosen dyes Brilliant blue a Fluorescein sodium

Both dyes were applied at the slope covered by entic Podzol and at the slope formed by the developed
peat bog into squares of 2,25 m? approximately 10 m far from the stream. After about 2 hours of
sprinkling, the excavation of vertical profiles began. Images from each vertical profile (50x50 cm)
were taken and then analyzed by code in the IDL program developed and provided by Markus Weiler
from University of Freiburg.

3.5 Evaluation of the retention petential at two catchments with different landuse

The different landuse of the area (forest / meadow) can lead to a different hydrological response to the
rainfall events. The survey was performed by a detailed pedological survey according to the
methodology and soil classification "Hydrology of soil types" (Boorman, 1995). Retention potential in
the catchment area was solved, ie the maximum amount of water that can infiltrate into the soil, as
well as the actual retention capacity, ie with the actual soil moisture and the groundwater level in the
hydromorphic soils. The actual retention capacity was then compared with cause rainfall event. For
comparison with the standard catchment saturation assessment method, the actual retention capacity
was compared with the previous API index. Interception was neglected in this case.

4 Results and discussion

Water retention in soils can be seen from two main views. First, it is water retention in terms of flood
protection, and second, retention as a water suply for steams during dry periods. Typically, only one
aspect is evaluated according to the current hydrometeorological situation. Many approaches for one
or another aspect are difficult to be combined.

From the hydrological point of view, peat bogs were perceived as a water storage objects that hold
water during a rainfall event, and then water is let out gradually during drought (Spirhanzl, 1957).
Following work showed the higher discharge fluctuation in the catchment with the occurrence of peat
bogs not only in Sumava Mts. When comparing the retention potential of soils at low and mean
groundwater levels in the Rokytka catchment, it was also demonstrated that peat bog may have a much
higher retention potential (storage) than the rest of the soils in the catchment area. However, for most
of the growing season, groundwater level is quite high and thus creates an area with the lowest
retention potential in the catchment (Figure 4). Outflow response results generally in a delay or
acceleration of the flow wave (Evans et al., 1999). The extent of peat bogs or waterlogged soils in the
catchment, and especially their saturation, can have a major influence on a runoff formation.
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Following the calculation of the retention potential, outflow responses on causative precipitation were
evaluated in 4 catchments. The main difference was the area of peat bogs and waterlogged soils
coverge. The storage effect of peat bogs during low saturation of catchments was not confirmed, as
Spirhanzl (1957) or Evans et al. (1999). However, during high saturation of the catchment, an increase
in volume of runoff in catchments with higher coverage of peat bogs (20-30%) is apparent from

precipitation of 10-15 mm (Figure 5).
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Volumes of peak discharges during selected rainfall events (Vicek et al., 2016).

How does the peat bog water contribute to total runoff? Next part of the work focuses on the issue
from the chemistry point of view. Chemical indicators such as pH, water colour or TOC in streams
corresponded generally to those works about peat bogs evaluated by Worall (2006) or Freeman
(2001). Organic matter is released into the flow during increasing discharges. The ratio of water from
peat bogs to total runoff can be very variable: 10-90% (Klaus and McDonnell, 2013). The analysis of
stable isotopes of hydrogen and oxygen, however, revealed a maximum ratio of about 10% of peat
water not only during baseflow (Figure 6). Water flowing from peat bogs contributes probably more
then 10 %, but that water is composed mostly from rain water. On the other hand, it can be noticed
that peat bog water contribution into the stream is low during baseflow.
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Isotopic ratio in water from different sources (Kocum et al., 2016).

The existence of two dominant soil types (entic podzol, organosol) at the Vydra river headwater
creates two specific hydropedological environments. According to the classification of "Soil
hydrological groups" (Boorman, 1995) and "dominant subsurface flow" (Scherrer and Naef, 2003), the
preferential flow can be estimated. At podzol slope according to the classifications, deep percolation,
potentially shallow subsurface flow (SSF) or flow in the organic layer (Biomat flow (Gerke et al.,
2015)) predominated. At peat bog slope, dominant shallow subsurface flow was estimated in the
acrotel, and if full saturation occurs, then the surface runoff can be seen. Dye experiment confirmed
deep percolation at podzol slope (Figure 7). Rather than the shallow subsurface flow defined by
Scherrer and Naef (2003), "biomat flow" was confirmed. The surface flow and "biomat flow" in
acrotelm were confirmed. Additionally, the existence of pipeflow in the catotelm along partially
decomposed roots was recognized.
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Figure 7 Dominant subsurface flow in podzol soil (a) and peat bog (b) (Vicek et al., 2017). Black arrows

= estimated preferential flow; red arrows = proved preferential flow by dyes application.

When comparing two river basins with different landuse, the main emphasis was put on the similarity
of other basic parameters such as topography or soils. However, anthropogenic interventions in the
past influenced soil conditions at both catchments. This influence was mainly caused by different
drainage measures. From the pedological survey it is clear that both catchments should originally have
same area of hydromorphic soils, mainly in the concave part of the valleys. It can be proved by
evidence of an organic horizon at meadows or some patterns of hydromorphic features in the soil
profile. While the Zbytinsky brook catchment was affected by tube drainage, the forest basin was
drained by ditches and channels. However, these measures are also part of a different landuse of
catchments. Total long-term retention petential of water in the soil was higher at Tetfivéi brook
catcment with larger proportion of hydromorphic soils (Figure 8).
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Figure 8
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Experimental catchments have a different outflow response to causal rainfall event during various
saturation conditions (Table 2). Long-term rainfalls of lower intensity had higher outflow at Tetiiv¢i
brook catchment. High intensity rainfall events, usually during higher saturation of the catchment,
higher outflouw response occured at Zbytinsky brook catchment. In contrast to the evaluation at the
Vydra river basin, meadows are more prone to surface runoff at Zbytinsky brook catchment. In
addition, the areas of hydromorphic soils are very fragmented compared to the peat bogs at Sumava
Mts.

P51 £ZBY = TET £ZBY = TET £ZBY = TET ZBY « TET £ZBY = TET
Ps2 ZBY = TET ZBY = TET ZBY « TET ZBY = TET ZBY « TET
PS3 £ZBY = TET ZBY = TET ZBY « TET ZBY = TET ZBY = TET
PS4 ZBY = TET ZBY = TET ZBY = TET ZBY = TET ZBY = TET

Table 2 Differences in outflow responses according to a type of rainfall event. T — time of an outflow event; Tqd
— time of falling limb during an event; Tqi - time of rising limb during an event; Tlag — time from the beginning
of the rainfall till the beginning of dicharge increasing; gmax — value of the peak discharge; PS1 — short-term
rainfall during low saturation of the catchment; PS2 — long-term rainfall during low saturation of the catchment;
PS3 — short-term medium intensity rainfall during low saturation of the catchment; PS4 — short-term medium
intensity rainfall during high saturation of the catchment.

5 Conclusions

In this work, four main evaluations of soil retention potential at mountain areas were used. The
knowledge of soil conditions of a catchment and its retention capacity, which is variable over time, is
important factor. In the Sumava Mts. enviroment, depth of groundwater level in hydromorphic soils
was proved to be one of the key factors of outflow from the catchment. Catchments with a large
proportion of peat bogs have retention characteristics determined by the area of paet bogs or
hydromorphic soils.

Evaluation of discharge data from selected stations at small catchments in the Vydra river headwater
has shown influence the extent of peat bogs and hydromorphic soils on drainage after rainfall events.
The discharge volume was found to be substantially higher at the time of full water saturation of soils
from the amout of precipitation greater than 10-15 mm. On the contrary, during dry periods, the
retention ability of peat bogs was not proved.

Using the method of stable isotopes and chemistry of water in the stream, it was found that the
baseflow from the catchment with peat bog is mainly formed by water from the aquifer in mineral
soils. Also, significant variation in outflow from the catchment with a higher proportion of
hydromorphic soils and peat was confirmed.

During the sprinkling experiment - Stormflow simulation (Weiler et al., 2006), flow in organic
horizons on both slopes was demonstrated at two slopes representing the dominant soil types of the
central Sumava Mts. Deep percolation on the slope formed by entic podzol and surface runoff on the
slope formed by histosol.
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In the agricultural-used catchments in the Sumava Mts., the different landuse has an indirect influence
on the runoff formation. By long-term interventions, mainly by drainage measures, the soil has been
partly transformed by landuse. The retention capacity is higher due to drainage at the catchment where
meadow dominates. However, response to precipitation is slower at the forested catchment.
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