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ABSTRAKT

Eroze pudy, zejména vodni, je vSeobecné povazovana za hlavni pfic¢inu degradace pludy
a jsou s ni spojené zmeény pudnich vlastnosti, vyznamné ovliviiuje vynosy zemédélskych
plodin a zhorsuje také hydrologické a mimoproduk¢ni funkce piidy. Eroze ptidy mize ménit
nejen fyzikalni a chemické vlastnosti pidy, ale 1 biologické a navic tyto charakteristiky
mohou reagovat na zmény podminek prosttedi diive, nez ostatni parametry. Také zZiviny
v pudé a organicka hmota podléhaji ztratdm kvuli erozi. Kromé ekologickych Skod
zpusobuje eroze pudy 1 Skody ekonomické, jako jsou finan¢ni ztraty nebo zvySovani nakladl
na péstovani plodin. Je tedy Zadouci studovat vliv eroznich procesti na biologické, chemické

a fyzikalni vlastnosti ptd.

Prace si klade za cil 1) vyhodnotit zmifiovany dlouhodoby vliv eroznich procest na riznych
Castech svahli na vybrané chemické vlastnosti tykajici se organické hmoty, biologické
vlastnosti vyjadiené aktivitou ptidnich enzymu a fyzikalni vlastnosti a posoudit, ktera ze
sledovanych vlastnosti nejvice odrazi probihajici erozi; 2) vyhodnotit vliv aplikace riiznych

typtl a davkovani exogenni organické hmoty na aktivitu vybranych pidnich enzymii.

Prvni ¢ast prace vychézi ze studii provedenych v oblasti jizni Moravy na ptadach typu
cernozem. Prokdzala se znacna intenzita eroznich procesi na studované vlastnosti pudy
v jednotlivych ¢astech svahl. Bylo zjisténo kvalitn€jsi slozeni pidni organické hmoty
v depozi¢nich oblastech, coz je potvrzeno vét§im obsahem celkového humusového materialu
a huminovych kyselin v organické hmoté. Naopak u obsahu vapniku a pH byly zjistény
statisticky vyznamné vyssi hodnoty v eroznich ¢astech svahii. To je potvrzenim intenzivnich
eroznich procest. V1iv eroze na enzymatickou aktivitu byl také potvrzen, depozi¢ni oblasti
vykazovaly vétsi mikrobidlni biomasu a enzymatickou aktivitu ve srovnani s eroznimi
oblastmi. Nejvice byly ovlivnény charakteristiky chemické, souvisejici s mnozstvim

a kvalitou organickych latek a se zasobou ptijatelnych Zivin (P).

Druhé ¢ast prace byla vénovana vlivu aplikace a davkovani exogenni organické hmoty
(EOM) na aktivitu pidnich enzyml. Vyzkum probihal na maloparcelkovych polnich

pokusech v lokalit¢ Pusté Jakartice v Moravskoslezském kraji. Prostfednictvim rtiznych



davek EOM bylo do pidy dodavéano rizné procento dusiku v organické formé. Prokazali
jsme, ze aplikace EOM vede k pomérné rychlym zménam v enzymatické aktivité. Aktivity
celulazy, kysel¢ a alkalické fosfatazy byly stimulovany nejvyssimi davkami EOM. Zvysujici
se obsah C, N a P dodavany prostiednictvim EOM pozitivné ovliviioval aktivitu celulazy
a fosfatdz. Slozeni a kvalitu riznych typii odpadt a organické hmoty je dobré brat v avahu
pfi vyuziti v zemédelstvi.

Tento vyzkum byl podporovan v rdmci programu z Ministerstva zemédélstvi NAZV
QJ123066, QJ1630422, OK1720303, QK1810233, Operacniho programu pieshrani¢ni
spoluprace CZ — PL (CZ.3.22./1.2.00/12.03445) a IGA projektd Piirodovédecké fakulty

Univerzity Palackého v Olomouci.

KLICOVA SLOVA: piida, vodni eroze, enzymatick aktivita, Ziviny, exogenni organicka

hmota, biologické, chemické a fyzikalni vlastnosti.



ABSTRACT

Soil erosion, especially water erosion is generally considered as a major cause of soil
degradation and associated changes in soil properties, significantly affecting crop yields and
also aggravating hydrological and non-productive soil functions. Soil erosion can change
not only the physical and chemical properties of the soil, but also the biological, and in
addition, these characteristics can respond to changes in environmental conditions earlier
than other parameters. Also, soil nutrients and organic matter are subject to losses due to
erosion. In addition to the environmental damage, soil erosion also causes economic damage,
such as financial losses or increased crop costs. It is therefore desirable to study the effect of
erosion processes on the biological, chemical and physical properties of soils.

The aim of the thesis is to first evaluate the above mentioned long-term impact of erosion
processes in different parts of slopes on selected chemical properties related to organic
matter, biological activity of soil properties expressed enzymes, physical properties and to
assess which of the observed properties reflects the most significant erosion; second, to
evaluate the effect of application of different types and dosage of exogenous organic matter

on soil activity of selected enzymes.

The first part of this work is based on studies carried out in the area of South Moravia on
chernozem soils. Significant intensity of erosion processes on the studied soil properties
in different parts of slopes was proved. A better composition of soil organic matter
in deposition areas was found, which is confirmed by higher content of total humus material
and humic acids in organic matter. In contrast, in the calcium content and pH were
statistically significantly higher in the erosion areas slopes. This is a confirmation of intense
erosion processes. The effect of erosions on enzymatic activity was also confirmed,
deposition areas showed greater microbial biomass and enzymatic activity in comparison
with the erosion regions. Most were affected by the chemical characteristics related to the

amount and quality of organic substances and with a supply of available nutrients (P).



The second part is devoted to the influence of the application and dosage of exogenous
organic matter (EOM) on the activity of soil enzymes. The research was conducted on small-
plot field trials in the Puste Jakartice area in the Moravian-Silesian Region. Different
percentages of nitrogen in the organic form were supplied to the soil through various doses
of EOM. We have demonstrated that the application of EOM leads to relatively rapid
changes in enzymatic activity. Cellulase activity, acidic and alkaline phosphatase were
stimulated with the highest doses of EOM. Increasing the content of C, N and P supplied
through the EOM positively influenced cellulase and phosphatase activity. The composition
and quality of different types of waste and organic matter should be taken into account when

used in agriculture.

This research was supported within the program of the Ministry of Agriculture NAZV
QJ123066, QJ1630422, OK1720303, QK1810233, Operational Program Cross-Border
Cooperation CZ - PL (CZ.3.22./1.2.00/12.03445) and IGA projects of the Faculty of Science
of Palacky University in Olomouc.

KEY WORDS: soil, water erosion, enzymatic activity, nutrients, exogenous organic matrer,

biological, chemical and physical properties.
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1 UVOD

V praci jsem se zameétila na dveé hlavni otazky, a to na vliv eroze na biologické, chemické
a fyzikalni vlastnosti pud a dale na organickou hmotu a vliv jeji aplikace na aktivitu piidnich
enzymu.

Eroze pudy, zejména vodni, patii k nejrozsifenéjSim a velice zavaznym typum degradace
pady z hlediska Zivotniho prostiedi, a to jak celosvétove, tak i v Ceské republice. Jen v Ceské
republice je urcitou formou vodni eroze ohrozeno vice nez 50 % pudy, pfi¢emz odhadovana
ztrata pudy vlivem eroze je ptiblizné 21 milionti tun ornice za rok (Kolektiv 2018). Podstatny
vliv na plidni erozi ma hospodafeni. Nespravnou hospodaiskou ¢innosti je nendvratné
poskozovan pidni profil pozemkl. Mnozstvi pidy odnesené vodni erozi mnohondsobné
pievysuje mnozstvi pudy, ktera vznika pfirozenymi procesy (Verheijen et al. 2009).

Na vodni erozi se podili i intenzifikace zemé&délstvi v povaleéném obdobi. V Ceské republice
jsou stale nejvétsi pudni bloky v Evropé, coz pribéhu eroze jen napomaha. (Kolektiv 2018)
Vice nez 70 % piidnich bloki se v CR nachézi ve velikostni kategorii pievysujici viyméru 20
hektart. (Agromanual © 2018). V minulosti bylo zruseno zna¢né mnozstvi doprovodnych
krajinnych prvkd, jako jsou zatravnéné cesty, udolnice, meze a dalsi, které vodni erozi
¢aste¢né eliminovaly. Vznik vodni eroze je ovlivnén ze znacné €ésti zpiisobem zpracovani
pudy, souvisejicim se scelovanim poli do vétSich celkd, které mohly byt obhospodatrovany
mechanizaci, ovSem za cenu sniZené ochrany, kterou pravé do té doby bézné krajinné prvky
plnily.

Eroze, a s ni spojena ztrata Zivin, nejenze vyznamné ovlivituje vynosy zeméd¢elskych plodin,
ale zhorSuje také hydrologickou funkci pidy. V dlouhodobém horizontu muize vést
k postupné zméné hydrologické situace v krajiné a zméné povodnové frekvence s dopady
I mimo erozni lokalitu (Boardman, Poesen 2006). Dalsi Gi¢inky eroze na produktivitu plodin
jsou zpusobeny mnoha faktory, jako je snizeni hloubky zakofenéni, pokles dostupnych
rezerv vody, sniZeni urodnosti piidy a nepfiznivé fyzikalni podminky pidy (Ebeid et al.
1995).

Ptesun piidnich ¢astic vlivem Spatného obhospodafovani muze byt dominantni pti¢inou
posunu pidy po celé plose profilu. Pidni eroze vede k odstraiiovani pidy z konvexnich

sklonii a akumulaci v konkavnich ¢astech svahu (Lindstrom et al. 1992; Govers et al. 1994,
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Lobb et al. 1995). Redistribuce ptdnich ¢astic v dusledku eroze ma dopady na prostorovou
variabilitu velikosti pudnich ¢astic, kdy jemné&j$i material cestuje na vétsi vzdalenosti
a hromadi se v oblastech ukladani (Quinton 1999).

Uvadi se, ze eroze pudy miize zménit fyzikalni a chemické vlastnosti pudy, ale také
biologické vlastnosti, jako mikrobialni spolecenstvo, abundanci nebo enzymatickou aktivitu
(Xu et al. 2010; Hiltbrunner et al. 2012).

Pidni enzymatické aktivity jsou uzitecnym nastrojem pro posuzovani funk¢ni rozmanitosti
mikrobialnich spoleCenstev v pidé (Kandeler et al. 1999). Enzymaticka aktivita tak muze
byt pouzivana jako indikator kvality pady, udrzitelnosti a zmén v bio-geochemickych
funkcich diky managementu nebo porucham.

Vedle vlivu eroznich procest na kvalitu pudy je vdznym problémem stav organické hmoty
V pidnim prostiedi. Organicka hmota v pudé je vystavena ubytku, rozkladu a dal$im
zménam a jeji nadmérné ztraty patii k zavaznym formam degradace pid. Znacné nebezpeci
této formy degradace souvisi s nedostate¢nou dodavkou kvalitnich organickych latek.
Tento problém je i v Ceské republice, z dosavadnich zjisténi vyplyva, Ze ke sniZeni obsahu
humusu doslo na ptdach po jejich odvodnéni (pfedevsim hydromorfni a semihydromorfni
pudy a oglejené subtypy ptud), ato o 5 — 15 % v zavislosti na pidnim typu (Kolektiv 2018).
Jednou z moznosti feseni je dodavka riiznych druhti exogenni organické hmoty (EOM), jako
jsou napf. Cistirenské kaly, vedlejsi produkty z potravinaiského primyslu, kompostované
odpady z primyslové vyroby nebo komunalniho odpadu, digestaty, Zivo¢isné moucky
a statkova hnojiva (Diacono a Montemurro 2010, in Maly a Siebielec 2015), ktera ovlivituje

jak fyzikalni, tak chemicke i biologické vlastnosti.
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2 LITERARNI PREHLED

2.1 Degradacni faktory piudy

Piida je nestabilni systém, ktery se neustdle vyviji. Velmi vyznamnou roli hraje také fakt, ze
jsou pidni funkce vzdjemné propojené, diky ¢emuz jsou navzijem zranitelné¢ riznymi
formami degradace pud (Sarapatka et al. 2002). Jako degradaci pudy lze oznadit vse,
co snizuje jeji kvalitu a z toho vyplyva, Ze pokud neplni pida nékterou ze zakladnich funkci,
doslo k jeji degradaci (Lal 1998).

Degradace pid je proces, pfi kterém dochdzi ke snizeni Urodnosti, vyuzitelnosti ptdy
a snizuji se jeji ekologické funkce. Mezi hlavni faktory patii zejména vodni a vétrna eroze,
utuzeni pid, ztrata organické hmoty, acidifikace nebo kontaminace pid. Samostatnym
a velmi vaznym problémem jsou zabory pudy.

Prvni ¢ast vyzkumu probihala v eroznich oblastech jizni Moravy, coz je nejurodnéjsi oblast
Ceské republiky s ¢ernozemnimi ptidami a kde je také nejvétsi hrozba eroze, proto

je nasledujici text zaméfen na erozi pudy ovlivitujici kvalitu pady.
Eroze pudy

Eroze je vSeobecné uznavana jako hlavni pfi¢ina degradace pudy na orné pude (Li et al.
2007). Celosvétové velmi ovliviiuje kvalitu piidy, v Ceské republice je oznaGeno za erozné
ohrozenou vice nez polovina pudy. Primérné ro¢ni ztraty pudy z hektaru plochy v Evropé
dosahuji 2,46 tuny (Panagos et al. 2015). V Ceské republice je odhadovana ztrata pady
vlivem eroze pfiblizné 21 milioni tun ornice za rok (Kolektiv 2018). Erozi muzeme tridit
podle riznych Cinitell, napf., které erozi vytvaii a plisobi na jeji pribéh, jde o vodni, vétrnou,
antropogenni, sné¢hovou, ledovcovou erozi, atd. Jedna se o ptirodni proces a dochazi pti ném
Kk rozruSovani padniho povrchu. Uvolnéné pidni ¢astice jsou transportovany a dochazi

k jejich naslednému usazovani na jiném misté (Janecek el al. 2007).

Vodou vyvoland eroze pfemistuje pidu, snizuje infiltraci a zvySuje povrchovy odtok
(Pilgrim et al. 2010). Vodni eroze se vytvari diky dopadajicim destovym kapkam
s kinetickou energii, jez dopadaji na povrch ptudy a uvoliuji padni ¢astice. To se na povrchu
pudy projevuje selekci téchto ¢astic a vznikem odtokovych drah rtiznych rozméra (ryzek,

ryh, vymoli) a v mistech vyrazné koncentrace povrchového odtoku se mohou vytvaret strze.
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Efemerni strze vzniklé v dasledku eroznich procest jsou vyraznou bilan¢ni polozkou
celkového odnosu pudy (Evans 1993). Nejen v odtokovych drahéch, ale v celém svahu
dochazi k premistovani pidnich Castic, coz mize vést ke ztraté uhliku ¢i vrstev s obsahem
organické hmoty (Cheng et al. 2010). V depresich a na snizenych mistech a plochach dochazi
k ukladani pudnich &astic. Céstice transportované za hranice pozemku se dostévaji
do hydrografické sité, kde vytvareni splaveniny. V tocich se snizenou transportni schopnosti

nebo nadrzich tyto splaveniny sedimentuji.

Mezi faktory, ovlivilujici vznik vodni eroze, 1ze zatradit predevSim sklonitost a délku
pozemku po spadnici. Dale je vyznamny rovnéz vegetacni pokryv a vlastnosti ptudy, které
ovliviiuji jeji nachylnost k erozi, tedy napf. pfitomnost ¢i nepifitomnost protieroznich

opatieni €1 vn&j$i faktory, mezi které Ize zaradit Cetnost vyskytu ptivalovych srazek.

Kromé ekologickych skod zptsobuje eroze pudy i Skody ekonomické, jako jsou financni
ztraty a zvySovani nakladi na péstovani plodin (snizeni hektarovych vynost, nutnost ¢isténi
vodnich tokt, pokles jednotkové ceny pudy — piefazeni do jiné BPEJ, kompenzace za

poskozeni majetku sesuvy ptdy apod.).

Pro stanoveni vodni eroze se povazuje za nejvhodnéjsi Wischmeier — Smithova univerzalni
rovnice (USLE), nebot’ nejlépe vyjadiuje kvantitativni uc¢inek hlavnich faktort, které ptisobi
pii ptivalovych destich a mohou ovlivnit vznik eroze. SlouZi k vypoctu eroze na povodi za
cely rok. Vodni eroze je kvantifikovana pomoci dlouhodobého primérného smyvu ptdy (G)

v t/ha/rok (Wischmeier a Smith 1978):
G=R.K.L.S.C.P,kde:
G — primérna dlouhodoba ztrata pudy,

R — faktor erozni u¢innosti desté, vyjadieny v zavislosti na kinetické energii a intenzité

erozné nebezpecnych destt,

K — faktor erodovatelnosti pidy, vyjadieny v zavislosti na textufe a struktufe ornice, obsahu

organické hmoty a propustnosti pidniho profilu,

L — faktor délky svahu, vyjadiujici vliv nepferuSené délky svahu na velikost ztraty pidy

erozi,
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S — faktor sklonu svahu, vyjadiujici vliv sklonu svahu na velikost ztraty pudy erozi,

C — faktor ochranného vlivu vegetace, vyjadieny v zavislosti na vyvoji vegetace a pouzité

agrotechnice,
P — faktor u¢innosti protieroznich opatteni.

Detailni popis jednotlivych faktorii a jejich stanoveni pro Ceskou republiku je v metodice
Janecek et al. (2012).

2.2 Eroze pudy a ovlivnéni vybranych biologickych, chemickych
a fyzikalnich charakteristik
Jako indikatory zdravi a kvality pudy se obvykle voli vybrané pudni charakteristiky
fyzikalni, chemické a biologické. Tuto kvalitu ovliviiuje i pudni eroze, kterd nemusi ménit
jen fyzikalni a chemické charakteristiky, ale také charakteristiky biologické. Nékteré studie
také uvadéji (Lynch et al. 2004; Odlare 2008), ze biologické charakteristiky reaguji na
zmény podminek citlivéji a dfive nez ostatni plidni parametry. Nas vyzkum byl ptedevs§im
zaméten na ovlivnéni biologickych charakteristik eroznimi procesy, vyjadienych aktivitou
vybranych pidnich enzymd, ale také zhodnotit dlouhodoby vliv eroznich procesti na riznych
¢astech svahu na vybrané fyzikalni a chemické charakteristiky. Dale také jesté na organickou

hmotu a vliv jeji aplikace na aktivitu ptidnich enzymd.
2.2.1 Biologické charakteristiky a vybrané faktory jejich ovlivnéni

Pidni mikroorganismy hraji klicovou tlohu v pedogenetickych procesech, kolobézich prvki
a rustu rostlin, v tocich latek, energie a informaci. Mikroby v pidé jsou podstatné tim,
ze produkuji rizné enzymy (Zhang et al. 2009), které jsou neustale syntetizovany,

akumulovany, inaktivovany a/nebo rozkladany v pud¢ (Tabatabai 1994; Dick et al. 1994).

Pidni enzymy jsou pfirozenymi mediatory a katalyzatory mnoha dtlezitych puadnich
procest, jako je rozklad organickych latek uvolnénych do pidy béhem vegetace, tvorba
a rozklad humusu, produkce Zivin dostupnych pro rostliny, fixace dusiku, jakoz i tok uhliku,
dusiku a dalSich zakladnich prvka biochemického cyklu. Pidni enzymy piispivaji k celkové
biologické aktivité, protoze jsou uzce zapojeny do katalytické reakce nezbytné pro

stabilizaci pudni struktury a dekompozice organické hmoty (Allison a Vitousek 2005),
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mineralizace a kolob&hu zivin (Tabatabai 1994; Dick et al. 1994), ptenosu energie a kvality
zivotniho prostiedi. Mohou byt také pouzity ke studiu biochemickych procest pidy
a hodnoceni kvality pady (Trasar-Cepeda et al. 1998; Acosta-Martinez et al. 1999). Mnohé
lidské ¢innosti, jako je zeméd¢lstvi, znecisténi zivotniho prostredi nebo aplikace pesticidu,
mohou také ovlivnit ptidni mikrobidlni spolecenstva. Enzymy, které jsou v ptidé ze znacné
¢asti z mikrobidlnich zdrojt, tvofi nejpocetnéjsi a nejvyznamnéjsi skupinu biokatalyzatora
a muzeme je definovat jako specifické bilkoviny vznikajici v zivych buiikach. Hlavnim
zdrojem ptdnich enzymi jsou rostliny, zivoc¢ichové a zejména mikroorganismy. Kazdou
pudu a kofenovy systém rostlin lze definovat specifickou sadou enzymt. Proteinova
struktura enzymu, ktera charakterizuje dany enzym je citlivd na zmény prostiedi, a to jak
ptirozeného, tak antropogenniho plvodu. Aktivity vybranych enzymu se Casto vyuzivaji
jako vhodny indikator kvality ptdy a diky své citlivosti vii¢i agrotechnickym zdsahiim
reaguji na zmény managementu mnohem dfive nez ostatni parametry (Bielinska a Mocek-

Ptociniak 2012).

Vybrané enzymy a jejich vyznam v pudé (dle Uplatnéné certifikované metodiky Enzymy,

jejich vyznam, funkce a metody stanoveni jejich aktivit, Sarapatka 2013)

Dehydrogenaza — patii mezi oxidoreduktdzy a pouzivéa jinou molekulu nez kyslik jako
elektronicky akceptor (napt. NAD™), je vysledkem aktivit riznych dehydrogenaz, které jsou
dilezitou slozkou enzymového systému v§ech mikroorganismi. Mize slouzit jako indikéator

biologického redox systému a intenzity mikrobialniho metabolismu v padé.

Celulaza — je polymer B-glukézy a je nejrozsitencjsi organickou molekulou na Zemi. Tento
enzym je produkovan specializovanymi bakteridlnimi druhy a fadou druhti hub. Jejich
aktivita byva vyssi ve rhizosféfe ve srovnani s okolni pidou. DileZity je obsah celuldzy

Vv poskliziiovych zbytcich nebo organickém materiélu.

Ureaza — je enzym, ktery se vyskytuje u vétSiny rostlin, zivo€ichi a mikroorganismt,
hydrolyzuje mocovinu na HNza CO». V pude to je stabilni enzym a je asto uzivan v ramci

testovani pudni tirodnosti.
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Proteaza — hydrolyza bilkovin, je umoznovana diky proteazam, kdy dochazi k rozkladu na
oligopeptidy a aminokyseliny. Na proteiny, které se do pidy riznymi zpusoby dostavaji,

pudobi velké mnozstvi bakterii a hub, které urychluji jejich rozklad.

Fosfatizy — jsou zodpovédné za enzymatickou mobilizaci organicky vazaného fosforu.
Odstratiuji PO4> ze substratu. Rozlisujeme dvé skupiny, a to kyselou a alkalickou fosfatazu.
Kysela fosfatdza je pfitomna v kofenovych exsudatech a je indikatorem rhizosferniho
prostiedi. Zasadita fosfatdza je produkovana mikroorganismy a caste¢né mykorhiznimi

houbami.

Nitatreduktaza — puisobenim enzymu nitratreduktazy, kterym jsou vybaveny jak rostliny,

tak nékteré bakterie, dochazi k redukci dusi¢nani na dusitany.

2.2.2 Fyzikalni charakteristiky a vybrané faktory jejich ovlivnéni

Fyzikalni vlastnosti ovlivituji vlhkostni, vzdusny a tepelny rezim pud. Jedna se piredevsim
0 objemovou hmotnost, celkovou porovitost, minimalni vzdusnou kapacitu a vyuzitelnou
vodni kapacitu. Erozi a dalSimi zmé&nami, jako je pouzivani t€zké mechanizacni techniky,
intenzivniho mineralniho hnojeni a nedostate¢ného organického hnojeni nebo Spatného
stiidani plodin dochéazi ke zhorSovani fyzikalnich vlastnosti pid (Fulajtar 1986). Autofi
(Packer a Hamilton 1993) zjistili, Ze zvySujici se objemova hmotnost pidy zvySuje mnozstvi
pudniho smyvu. To je zptsobeno narusenim ptidni stability v disledku nadmérného zhutnéni

a naslednych nepfiznivych fyzikalnich, biologickych a chemickych vlastnosti.

Autofti Ebeid et al. (1995) uvadéji, ze pudy poskozené erozi maji vyssi objemovou hmotnost
a tyto pidy s vyssi objemovou hmotnosti jsou nadchylnégjsi k erozi. Pfi nadmérném zhutnéni
pudy se také snizuje efektivnost minerdlniho hnojeni, a to pfedevsim dusikem. Dochézi
rovnéz ke zménam v obsahu vody v pude¢, kdy pfi nadmérném zhutnéni se v disledku
snizeni porovitosti omezuje pohyb vody v padé (Hula el al. 2010). I dalsi vyzkumy potvrzuji,
Ze v pudach poskozenych erozi byvaji obsahy maximalni vodni kapacity nejnizsi (Ebeid et
al. 1995). Dobry strukturni stav pidy se da udrzovat ptivodem organické hmoty, Strukturni
agregaty jsou dillezité pti ochrané pidy pied erozi a jsou vyznamnym piinosem pro udrZeni

vlahy a jako ochrana pied vyparem (Hila et al. 2010).
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2.2.3 Chemické charakteristiky a vybrané faktory jejich ovlivnéni

Ve vztahu ke kvalité pady je dalezité nejen mnozstvi organické hmoty, ale také jeji kvalita.
Organicka hmota je material produkovany zivymi organizmy (rostlinami, zivocichy), ktery
je navracen do pidy a prochazi dekompozi¢nimi procesy. Organickd hmota zahrnuje veskeré
organické slouCeniny ptitomné v pude (Diacono a Montemurro 2010). Hlavnim zdrojem
pudni organické hmoty jsou rostlinné zbytky, mikroorganismy, metabolity mikroorganismut
vzniklé béhem jejich rtstu a rozkladu a huminové slou¢eniny (Maly 2015).

Humus je slozkou organické hmoty a jsou to latky vzniklé v procesu rozkladu. Déli se na
huminové kyseliny, fulvokyseliny a huminy. Humus se déli podle své rozlozitelnosti na
humus zivy, kam fadime fulvokyseliny a latky nehuminové povahy, a humus staly, tvotfeny
latkami huminové povahy (Sarapatka 2014).

V poslednich letech je béznéd specializace zemédé€lci na rostlinnou produkci bez chovu
hospodarskych zvifat a timto vznikéd také problém s nedostatecnou dodévkou organické
hmoty do ptdy jako dilezitého zdroje pro tvorbu humusu. Jako feseni se nam nabizi i pouziti
riznych druhii exogenni organické hmoty (EOM), vlastnosti EOM jsou ovlivnény
vlastnostmi vychozich surovin. Osud této hmoty po aplikaci na piidu je do zna¢né miry urcen
pomérem C a N a dal§ich zakladnich prvkd.

Pida obsahuje rizné chemické prvky, rozdélené na mikroelementy a mikroelementy, které
tvoii zéklad jejiho chemického sloZeni. Hlavnimi Zivinami, dtlezitymi pro rist rostlin, jsou
dusik (N), fosfor (P) a draslik (K).

Jednim z nejdilezitéjSich prvki z pohledu hodnoceni kvality ptidy a obsahu organické hmoty
je dusik. V piidach je celkovy obsah tohoto prvku velmi rozdilny a kolisa nejcastéji od 0,02-
0,5%. Ve vétSiné naSich pid je 98 az 99% veSkerého N v ornici pfitomno ve formé
organické, zbytek se vyskytuje ve formé mineralni (Sarapatka et al. 2010). U drasliku se
uvadi, Ze jeho obsah ptud¢ zavisi na padotvorném substratu a pohybuje se v rozmezi 0,5-3,3
% (Sarapatka et al. 2010). Draslik je rostlinou nejlépe piijimany kationt a jeho nadbytek v
pud¢ plisobi negativné na piijem ostatnich Zivin, zvlasté hot¢iku (Klement, Susil 2013).

Z hlediska chemie pudy nékolik védeckych studii popisuje (Polyakov a Lal 2004; Papiernik
et al. 2007; Nie et al. 2013) zrychleni ztraty organického uhliku, dusiku a fosforu vlivem
eroze a prostorového rozlozeni téchto materialti ve svahu a ve vztahu k transportu vody

a rozruSovani ptidy béhem hospodaiskych praci (Cerda et al. 2007; Haile and Fetene 2012).
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V nasem vyzkumu byly analyzovany vybrané chemické vlastnosti tykajici se zakladnich
zivin a pudni organické hmoty. Véapnik je ptiznivy pro strukturu ptidy a neutralizuje ptdni
kyselost. Také ale mize byt ukazatelem probihajicich eroznich procesi, kdy vynosy maji
do pudy dostava vyssi mnozstvi vapniku, a soucasné je zde nizky obsah organické hmoty
(Cox et al. 2003).
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3 CILE A STRUKTURA PRACE

Jak vyplyva z vyse uvedeného, eroze pidy, zejména vodni, patii k nejrozsirencjsSim typtim
degradace pudy, jak celosvétové, tak i v Ceské republice. V Ceské republice je uréitou
formou vodni eroze ohrozeno vice nez 50 % pudy (Kolektiv 2018). Podstatny vliv na pudni
erozi ma hospodateni. Nespravnou hospodarskou ¢innosti je nenavratné posSkozovan ptidni
profil pozemkl. MnozZstvi pidy odnesené vodni erozi mnohonasobné prevySuje mnozstvi
pudy, ktera vznika prirozenymi procesy (Verheijen et al. 2009). Je tedy zadouci studovat
vliv eroznich procesii na biologické, chemické a fyzikdlni vlastnosti pid, které jsou

pfedmétem vySe zminénych zmén.
Prace si klade tyto cile:

a) Vyhodnotit dlouhodoby vliv eroznich procest na riznych ¢astech svahti v oblasti
jizni Moravy na vybranych chemickych vlastnostech tykajici se ptidni organické
hmoty, biologickych vlastnostech vyjadfenych aktivitou vybranych pldnich
enzymi a fyzikdlnich vlastnostech. Posoudit, kterd ze sledovanych charakteristik
nejvice odrazi probihajici erozi.

b) Vyhodnotit vliv aplikace riznych typt a davkovani exogenni organické hmoty na
aktivitu vybranych ptdnich enzymu. Z nich byly zvoleny enzymy z kolobéhu N, P

a C, a to ureaza, fosfatazy a celulaza.
V ramci jednotlivych cilt byly ovéfovany nasledujici hypotézy:

- ma eroze ma negativni dopad na fyzikalni, chemické a biologické vlastnosti pidy?
- ktera z téchto vlastnosti nejcitlivéji odrazi probihajici erozi?

- ovlivni dodavka exogenni organické hmoty aktivitu enzymt kratce po aplikaci?
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4 METODIKA

Podrobna metodika studii je popsana v pfiloZzenych publikacich (Pfilohy I — IlI). Tato

kapitola uvadi stru¢ny popis studijnich lokalit, popis experimentt a pouzité metody.

4.1 Studijni lokality

Studie vlivu eroze na riznych ¢astech svahu (piiloha I a I1l) probihala v oblasti jizni Moravy
na pudach typu cernozem. Kazdy rok byly zvoleny ve vybranych katastralnich izemich
svazité pozemky oseté kukufici. Pokusné lokality se nachazely v katastralnich izemich
Ostrozska Nova Ves, Ostrozskd Lhota, Syrovin, Horni Bojanovice, Krumvif, Vracov,
Hovorany, Hustopece, Velké Bilovice a Cejkovice. Pozemky byly vybrany s vyuzitim map
EPEU (Estimated pedologic-ecological units) a také podle vypo¢ti dlouhodobé ztraty pudy
vodni erozi Universal Soil Loss Equation (USLE/RUSLE) erozni ohrozenosti pidy
(Wischmeier a Smith 1978; Janecek et al. 2012).

V ramci studie vlivu aplikace riznych typi a ddvkovani exogenni organické hmoty do plidy
(ptiloha II) byly na zkuSebni stanici Ustiedniho kontrolniho a zkusebniho ustavu
zemédéelského v Pustych Jakarticich v Moravskoslezském kraji zalozeny maloparcelkové
polni pokusy. Puda byla klasifikovana jako luvisol s pseudoglejovymi vlastnostmi.

Na pokusné lokalité byla péstovana kukufice.
4.2 Popis experimentii a pouzité metody

4.2.1 Vyzkum v eroznich oblastech jiZzni Moravy

Vyzkum v oblasti jizni Moravy probihal mezi lety 2012 — 2016 (Ptiloha I a III). Pti vybéru
lokalit pro kazdy rok bylo stéZejnim faktorem péstovani Sirokoradkové kukutice na svazitém
pozemku ohrozeném erozi. Celkové bylo vybrano 48 odbérovych lokalit (ptfiloha I) a 60
odbérovych lokalit (pfiloha III). Pro potteby nasi studie byla odbérna mista na vrcholu svahu
S minimalnimi projevy eroze oznacena jako kontrola (C). Odbéry byly dale provadény ve
stiedni ¢asti svahu, tedy erozni ¢asti (E), a v akumulaéni ¢asti svahu (D). Pii jejich vybéru
bylo dulezité¢ zpracovani akumulacniho modelu (USPOD). Vzorky piady pro chemickou
analyzu a studium biologické aktivity byly odebirany z horizonti 0-20 cm sondovaci tyci

Eijkelkamp. Odbéry probihaly kazdy rok vzdy ve dvou terminech, a to na jafe a na podzim.
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Pidni vzorky pro stanoveni fyzikalnich vlastnosti ptidy byly odebirdny na vybranych

pozemcich z ornice v hloubce 5 — 25 cm na konci vegeta¢niho obdobi.

Z odebranych vzork byly stanoveny vlastnosti pudy podle nésledujicich postupt.
Enzymatickéd aktivita pidy byla stanovovana vétSinou s vyuzitim spektrofotometrickych

metod.

Aktivita celulazy byla stanovena s vyuzitim CM-celuldzy jako substratu. Redukujici cukry
zpusobuji redukci hexakyanidozelezitanu draseln€¢ho, ten reaguje se siranem zelezito-
amonnym za vzniku komplexu hexakyanidozeleznatanu draselného (berlinska modr) a tato

byla stanovena kolorimetricky (Schinner a von Mersi 1990).

Aktivita fosfatdzy byla méfena s pouzitim p-nitrofenylfosfatu jako substratu. Vytvoteny p-
nitrophenol byl extrahovan a méfen fotometricky pii vinové délce 400 nm (Tabatabai
a Bremner 1969).

Aktivita dehydrogenazy byla métena s vyuzitim trifenyltetrazolium chloridu jako substrétu.

Vznikly trifenyl formazan je po extrakci méfen spektrofotometricky pii 546 nm (Ross 1970).

Pro stanoveni aktivity uredzy byly pidni vzorky inkubovdny s roztokem mocoviny.
Uvolnéné amonné ionty byly extrahovany roztokem chloridu draselného a méfeny

kolorimetricky pti 690 nm (Tabatabai a Bremner 1972).

Pro stanoveni aktivity protézy byly pudni vzorky inkubovany s kaseinem. Uvolnéné
aminokyseliny byly extrahovany a zbyly substrat byl sraZzen po piidani kyseliny
trichloroctové. Aromatické aminokyseliny reagovaly s Folen — Ciocalreu’s fenolovym
¢inidlem v alkalickém roztoku tvoii modré komplexy, které byly stanoveny kolorimetricky

pii 700 nm (Ladd et al. 1972).

V ramci studia chemickych charakteristik byl obsah ptistupného fosforu, hot¢iku a drasliku
stanoven pomoci extrakéniho roztoku podle Melicha III, s naslednym stanovenim pomoci

atomové absorp¢éni spektrofotometrie (Mehlich 1984, Zbiral a Honsa 2010).

Pudni reakce byla stanovena jako pH/H20 (ISO 10390, 2000; Zabiral a Honsa 2010). Obsah
Cox byl stanoven jednotnym pracovnim postupem oxidaci chromsirovou smesi a barevna

intenzita méfena spektrofotometrii (ISO 14235, 1998; Zbiral et al. 2011).
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Ntot byl stanoven oxidaci peroxidu dusiku v prostfedi koncentrované kyseliny sirové.
Po mineralizaci byla provedena destilace do kyseliny borité a obsah dusikatého materialu

byl stanoven titraci s H.SO4 (ISO 11261, 1995; Zbiral et al. 2011).

Frakce humusu byly stanoveny modifikovanym postupem (Konovova a Bélickova 1961),
kdy C vSech huminovych latek byl ur€en odpafovanim pyrofosfore¢nanového vyluhu

a obsah C huminovych kyselin byl stanoven po rozpusténi NaOH.

Fyzikalni vlastnosti byly stanoveny za pouziti standardni metody podle Zbiral et al. (2010).
Na odbér vzorkil byly pouzity Kopeckého vale¢ky (100c m®) a zahrnuji tato stanoveni:
objemovou hmotnost redukovanou, celkovou porovitost, maximalni kapilarni vodni
kapacitu a minimalni vzdu$nou kapacitu. Stabilita pidnich agregati byla stanovena
prosévanim za mokra. Byl stanoven procenticky podil nerozplavenych agregat z celkové
navazky vzorku podle daného vzorce: % SAS = (M2 — M3) / W — (M3 — M1)) . 100.

(Kandeler 1996). Ze vsech vzorkovacich mist bylo odebrano 8 neporusenych vzorkd.

Fyzikalni charakteristiky pidy byly méfeny spolufesitelskym tymem z Vyzkumného ustavu
picninafského v Troubsku a z Mendelovy univerzity v Brné. Studium chemickych
a biologickych (biochemickych) charakteristik, bylo tkolem katedry Ekologie a Zivotniho

prostiedi Univerzity Palackého v Olomouci.

Vysledky analyz byly vyhodnoceny statistickym programem STATISTICA (StatSoft 2013),
ve kterém byly provedeny zakladni charakteristiky skupin a byla stanovena Spearmannova
korelace. Hodnoceni rozdilu mezi jednotlivymi skupinami bylo provedeno neparametrickym
Wilcoxnovym parovym testem. (Publikace I). V publikaci III byl také pro zakladni statistiku
zvolen statisticky program STATISTICA (StatSoft 2013). Hodnoceni statisticky prikaznych
rozdili mezi jednotlivymi skupinami bylo provedeno Mann — Whitney U testem. Dale byl
ze ziskanych dat vyhodnocovan vliv ¢asti svahu na méfené charakteristiky prostfedi. Jako
nezavisle proménné do analyz vstupovaly jednotlivé ¢asti svahu (kontrolni, erozni
a akumulacni) a zavisle proménnymi byly jednotlivé fyzikdlni, chemické a biologické
vlastnosti pudy. Data byla analyzovana pomoci linedrniho modelu pfimé ordinace RDA
(RDA - redundancy analysis). Dale byla také testovana vyznamnost jednotlivych

nezavislych proménnych metodou postupného vybéru (forward selection). Vyznamnost
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RDA modelu a jednotlivych proménnych byla testovana Monte Carlo permuta¢nimi testy

(Leps a Smilauer 2000). Viechny analyzy byly provadény v programu CANOCO 5.

4.2.2 Vyzkum typu davky exogenni organické hmoty na vybrané biochemické
vlastnosti

Studie vlivu typu davky exogenni organické hmoty na vybrané biochemické vlastnosti pudy

probihala v letech 2013 a 2014 ve zndhodnénych blocich. Bloky zahrnovaly 10 kombinaci

hnojeni a kazdd kombinace méla 4 opakovani. Pro tento vyzkum jsem se podilela na

metodice (Maly, Siebielec 2015), v niz je charakterizovano pouziti exogenni organické

hmoty nasledovné:

Kompost (Ag) je organické hnojivo vyrobené z hnoje a kejdy (driibezi trus, praseci kejda,
hovézi hntj), slamy, pilin a dalSich rozlozitelnych organickych latek (kaly z Cistiren
odpadnich vod, biologicky rozlozitelné odpady z kuchyni a dalsi. V dasledku vysoké teploty
v prubéhu vyrobniho procesu (cca 75°C) jsou zni¢ena vSechna semena plevell ze vstupnich

surovin.

Primyslovy kompost (Ra) je organické hnojivo, které se vyrabi homogenizaci
a kompostovanim materidlli obsahujicich rozlozitelné organické latky, jako jsou kaly
z cCistiren odpadnich vod, piliny, biologicky rozlozitelné odpady ze zahrad a parkii, vapenaty

kal a dalsi.

Zivogisna moucka (Mb) je organické hnojivo vyrobené z vedlejsich produktii Zivogisného
puvodu (materidly 2. a 3. kategorie) s technologii podle natfizeni ES ¢. 1069/2009 (metoda
¢. 1) a je caste¢né odtucnéna.

Podrobng&jsi popis pouzitych statkovych hnojiv uvadi Niedzwiecki et. al. (2015) v publikaci
(Maly, Siebielec 2015), ktera byla vydana jako vystup projektu Rizika a piinosy aplikace
exogenni organické hmoty na piidu — Program pieshraniéni spoluprace Ceska republika —
Polska republika.

Podrobné chemické slozeni organickych hnojiv je uvedeno v Tabulce 1 (Ptiloha IT). Pouzité
davky byly odvozeny od N (200 kg.hal), ale lisil se pomér dusiku dodaného organickym

a mineralnim hnojivem. Vzdy 0 %, 50 %, 75 % a 100 % z celkového mnoZstvi aplikovaného

N bylo ve formé¢ EOM (Table 2, Ptiloha II). Organické materidly byly aplikovany na jate
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2013 a 2014 a zapraveni exogenni organické hmoty bylo provedeno do hloubky 15 — 20 cm.
Ptiblizné€ jeden mésic poté byla odebrana ptida pro laboratorni analyzy. Podzimni odbér
vzorkli probihal bezprostfedn¢ po sklizni. V obou letech byla na pokusech péstovana
kukufice (Niedzwiecki et. al. 2015). Enzymaticka aktivita byla méfena stejnymi
spektrofotometrickymi metodami, jako jsou uvedeny v piedchozi kapitole o vyzkumu eroze

Vv oblastech Jizni Moravy a tyto metody jsou také uvedeny v publikaci v ptiloze II.

Ziskané vysledky byly vyhodnoceny pomoci programu STATISTICA (StatSoft, Ver.12)
s analyzou korelac¢nich zavislosti (Pearsonoiv koeficient), s testovanim rozdili mezi
skupinami (parametrické porovnani, ANOVA, Turkeyliv test) a s vyuzitim pfisluSnych

grafli.

24



5 VYSLEDKY A DISKUZE

5.1 Vyzkum v eroznich oblastech jizni Moravy

Vysledky analyz biochemickych a chemickych charakteristik byly statisticky vyhodnoceny
Z hlediska rozdilu téchto vlastnosti ptdy v kontrolnich, eroznich a depozi¢nich ¢éstech
svahi. Primérné hodnoty jednotlivych padnich charakteristik v riznych castech svahi
(Tabulka 1, piiloha I), tak statisticky vyznamné rozdily mezi jednotlivymi ¢astmi svahi
(Tabulka 2, ptiloha I) potvrzuji, ze v eroznich oblastech svahii pfesahuji procesy eroze
depozi¢ni procesy a v depozi¢nich oblastech ptevazuji depozini procesy nad procesy

eroznimi.

Kdyz se podivame na zjisténé statisticky vyznamné rozdily (Ptiloha I) v dostupném drasliku
a fosforu, tak v oblastech depozice byly zasoby vys$$i v porovnani s eroznimi oblastmi. Podle
kritérii hodnoceni vysledkti chemické analyzy zemddélské pudy v CR (Ministerstvo
zemédélstvi 1998), byl obsah drasliku v oblasti svahu pfijatelny, ale v oblasti ukladani byl
vys$§i, tedy dobry obsah. U fosforu byl jeho obsah v eroznich oblastech nizky, zatimco
Vv kontrolnich a depozi¢nich oblastech uspokojivy. Podobné rozdily byly zjistény také
Vv charakteristikach souvisejicich s organickou hmotou v piadé (Obr.. 4 a 5, ptiloha I).
V oblastech depozice byly prokdzany vyssi zasoby, at’ uz jde o celkovy dusik, organicky
uhlik, humus nebo huminové kyseliny. Z hlediska chovéni pidy se v nékolika védeckych
studiich uvadi (Polyakov a Lal 2004; Papiernik et al. 2007; Nie et al. 2013) a prokazuji to
1 nase vysledky, ze vlivem eroze dochazi ke zrychleni ztrat organického uhliku, dusiku
a fosforu. Také v eroznich procesech je uhlik dostupnéjsi v depozicnich oblastech nez
v eroznich oblastech (Ma et al. 2014). Ve vztahu k naSemu vyzkumu bylo zjisténo kvalitng&;si
sloZeni piidni organické hmoty v depozi€nich oblastech, coz je potvrzeno vétSim obsahem

celkového humusového materidlu a huminovych kyselin v organické hmot¢.

Naopak u obsahu vapniku (Obr. 3, ptiloha I) a pH byly zjistény statisticky vyznamné vyssi
hodnoty v eroznich ¢astech svahu. To je dikazem intenzivnich eroznich procesu a da se Fict,
ze dochazi k takovému smyvu pudy, Ze je v této ¢asti povrchovy horizont ve smési se sprasi
nebo zerodovany az na spraS. Vysledky naseho vyzkumu odpovidaji 1 publikovanym

vysledkiim od Hammerové et al. (2014) na podobnych ¢ernozemnich ptadach.
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V ramci vyzkumu byly sledovany také enzymatické aktivity, kde statisticky vyssi primérna
hodnota byla v depozi¢nich ¢astech svahu, konkrétné u dehydrogenazy (Obr. 6, ptiloha 1),
kyselé fosfatazy a také uredzy a nitrat reduktazy. VIiv eroze na enzymatickou aktivitu je
potvrzen také ve vyzkumu Li et al. (2015), kde depozi¢ni oblasti vykazovaly vétsi
mikrobialni biomasu a enzymatickou aktivitu ve srovnani s eroznimi oblastmi. Také v studii
Garcia a Hernandez (1997) byla prokazana niz$i aktivita u dehydrogenazy a katalazy, coz
naznacuje nizsi biologickou aktivitu v degradovanych pudach. Dale byla provedena také
korelace mezi aktivitou ptidnich enzymt a charakteristikami tykajicimi se organické hmoty
(Tabulka 3, ptiloha I). Byla zde nalezena pozitivni korelace uhliku a dusiku s celulazou,
proteazou, nitrat reduktazou a fosfatazami. Také publikovana studie Li et al. (2015) popisuje
pozitivni korelaci mezi aktivitou enzymi a organickym zdrojem uhliku. Pomér C:N mél

negativni vliv na aktivitu dehydrogenazy a kyselych a alkalickych fosfataz.

V publikaci III jsme se zaméfili na zjiStovani, které charakteristiky nejvice odrazeji
probihajici erozi. Provedena zakladni statistika (Tabulka 1, pfiloha III) naznacuje rozdily
charakteristik mezi jednotlivymi ¢astmi svahl, malé statisticky prikazné rozdily mezi
pozicemi svahll ukazuji na rozdily pouze u nékterych charakteristik, pfi¢emz nejvice jich

bylo zaznamenano mezi erozni a depozi¢ni ¢asti svahu (Tabulka 2, pfiloha III).

Z chemickych charakteristik se statisticky priikazné liSil mezi erozni a depozi€ni ¢asti svahu
obsah N tot.,, C CHL, C HK, C:N, obsah Ca, s ¢imz souvisi i pH/H20, a dale statisticky
prikazné rozdily jsou u téchto Casti svahli u obsahu P avail.. Tyto vysledky odpovidaji
i nékterym dal$im publikovanym studiim (Polyakov a Lal 2004, Nie et al. 2013), které
uvadéji, ze v dusledku eroze dochazi k rychlejSim ztratdm organického uhliku, dusiku
a fosforu. Z téchto divodt byva depozi¢ni oblast povazovana za ulozisté uhliku (Zhang et
al. 2013). Na obsahu organické hmoty, ktera souvisi i s zivinami a jejich kolob&hy, zavisi
i urodnost a produktivita pudy (Steiner et al. 2007; Bhattacharyya et al. 2010). U Cox byl
zjistén statisticky prukazny rozdil mezi kontrolni a erozni ¢asti svaht, rozdil byl také mezi

depozi¢ni a erozni, ale nikoliv statisticky prikazny.

U fyzikalnich vlastnosti vychazely mezi jednotlivymi ¢astmi svaht také rozdily, ale nebyly
statisticky prikazné, 1 kdyz vysledky naznacuji urCité naruSeni piidniho prostedi (napf.

vysoka objemova hmotnost nebo nizka poérovitost). Vysledky zrnitostniho slozeni pudy
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naznacuji na urcitou homogenizaci pudniho prostfedi a v disledku mozného odnosu

jemnych pidnich ¢astic mimo sledované lokality, jak to popisuje napi. Stone et al. (1985).

Priikazny statisticky rozdil u biochemickych charakteristik odrazi aktivita dehydrogenazy.
U kyselé fosfatazy byl statisticky prukazny rozdil jen mezi kontrolni a erozni ¢asti svahi.
Vliv eroze na enzymatickou aktivitu tyto naSe vysledky rovnéz potvrzuji, kdy jsme
zaznamenali vysSi enzymatickou aktivitu v oblastech depozice, ve srovnani S eroznimi
¢astmi svahl. NaSe vysledky potvrzuje napt. studie Garcia a Hernandez (1997), ktera

prokazala nizsi biologickou aktivitu u dehydrogenazy a katalazy v degradovanych padach.

Pii zjistovani, které charakteristiky nejvice odrazeji probihajici erozi, byly do RDA analyzy
zatazeny vSechny charakteristiky, a to fyzikalni, chemické a biologické a také vSechny ¢asti
svahu (kontrolni, erozni a dopozi¢ni) a tento model se ukazal jako signifikantni (Obr. 1,
ptiloha III).

Pokud vezmeme jednotlivé charakteristiky, tak signifikantni vychazi model u chemickych
vlastnosti (Obr. 2, pfiloha III). Ten nam ukazuje, Ze smérem k erozni ¢asti svahu se zvySuje
obsah Ca a C:N, to naznaCuje méné rozlozenou Cast organické hmoty a také méné
humifikovanou. Vyssi obsah Ca poukazuje na zerodovany povrchovy horizont s vystupy
spraSe. Smérem K depozi¢ni Casti se zvySovalo mnozstvi a kvalita organickych latek
vyjadiené Cox., Ntot. a C humusovych latek a huminovych kyselin, ale 1 vy$§im obsahem

pfijatelnych Zivin (zde vyjadieno obsahem pftijatelného P).

Biologické — biochemické vlastnosti (Obr. 3, pfiloha IIT) uz jako celek signifikantni
nevychdazi, ale pfi testovani jednotlivych nezavislych proménnych se ukazala signifikantni
jen erozni Cast svahu. Ztéto analyzy je patrna zdporna korelace k erozni Casti svahil
S vyS§imi aktivitami enzymi bud v depozi¢nich, nebo kontrolnich castech svaht.

To odpovida i vysledkim Mann-Whitney U testu.

U fyzikalnich vlastnosti (Obr. 4, pfiloha III) vysla signifikantni pouze depoziéni Cast
Vv nesignifikantnim modelu a ten nam ukazuje jen jako nejméné ovlivnénou nejmensi

velikost pidnich ¢astic < 0,002 mm.

Z této analyzy vyplynulo, Ze na pribéh eroze nejvice reagovaly chemické charakteristiky,

kde se jako hlavni ukazatel ovlivnéni jevi organickd hmota spolu se zdkladnimi Zivinami,
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a s tim souvisejici aktivita padnich enzymid. Ve studii Feiza et al. (2008) bylo zjisténo,
ze pudni organickd hmota, a predevSim v ni obsazeny organicky uhlik je dualezitym
ukazatelem kvality na erodovanych ptidach a je slozen z Siroké Skély sloucenin, které se
rozkladaji riznymi rychlostmi v zavislosti na jejich chemii, teploté, vlhkosti, biot&, ptidnich

mineralech a agregaci.

5.2 Vyzkum typu davky exogenni organické hmoty na vybrané

biochemické vlastnosti
Statistické hodnoceni ukazalo vztahy k aktivité jednotlivych pidnich enzym, v¢etné vztahu
k mnozstvi aplikované organické hmoty (Table 4, piiloha II). Vysledky jednofaktorového
statistického hodnoceni aktivity enzymu prokazaly signifikantni rozdily u aktivity celulazy,
kyselé a alkalické fosfatazy v zavislosti na davkovani a typu EOM. Kontrolni varianta, pfi
které bylo aplikovano pouze minerdlni N hnojivo, tvofila statisticky odlisnou skupinu nez
varianty s organickym hnojenim. Statisticky prikazné rozdily nebyly zjistény mezi

variantami z hlediska aktivity ureazy.

Aktivita celulazy, kyselé a alkalické fosfatdzy byla nejvétsi ve variantach s nejvyssSim
mnozstvim EOM a 100 % N dodaného prostiednictvim této organické hmoty (Obr. 1a, b,
ptiloha II). Déle jsme se v naSem vyzkumu vénovali zavislosti na jednotlivych typech EOM.
Tady také existuji odlisné skupiny, kde se kontrolni varianty liSily od variant s aplikaci
raznych typt EOM. Statisticky odli$né skupiny pro celuldzu, kyselou a alkalickou fosfatdzu
po aplikaci EOM jsou znazornény v ptiloze III (Obr. 2).

Aktivita celulazy byla nejvice ovlivnéna aplikaci kompostu vyrobeného ze statkovych
hnojiv a priimyslového kompostu, tedy organického hnojiva aplikovaného ve véEétSim
mnozstvi a s §irSim pomérem C:N ve srovnani s masokostni mouckou. Kysela fosfataza
naopak vykazovala nejvyssi troven po aplikaci masokostni moucky, kde tato organicka
hmota méla nejvyssi obsah P a N. Alkalické fosfataza byla také podobné ovlivnéna aplikaci
masokostni moucky. Vysoké aktivita byla patrna i po aplikaci kompostu ze statkovych
hnojiv, kde celkovy obsah fosforu byl také pomérné vysoky. To potvrzuje i studie Li et al.

(2015), ktery uvadi, Ze zvySeni enzymatické aktivity, vcetn¢ fosfatdzy plati po aplikaci
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organického hnojiva ve srovnani s minerdlnimi hnojivy, nebo po aplikaci kompostu

(Hernéndez et al. 2015).

Dodani uhliku a fosforu prostfednictvim EOM na aktivitu celulazy, kyselé a alkalické
fosfatazy potvrzuje piiloha II (Tabulka 5). Zavislost mezi aktivitou ureazy a dodavkou
C byla také patrnd, ovSem nebyla statisticky potvrzend. Plidni mikroorganizmy vykazovaly
riuzné stupné citlivosti na aplikaci EOM, konkrétné C dodaného prostiednictvim této hmoty.
Dodavka zdroje energie (C) ovlivnila v naSem vyzkumu enzymatickou aktivitu u celulazy,

to je ziejmé z prilohy III (Obr. 1a, 2a a Tabulka 4).

Pro produkci enzymi mohou byt dilezité nejen organické latky samotné, ale také jednotlivé
prvky na ni vazané. V piipad¢ fosfataz se jedna o pfeménu organického P (Marinari et al.
2000). Pokud je hladina tohoto fosforu nizka, mikroorganizmy a kotfeny rostlin jsou
aktivnimi producenty fosfatazovych enzymu (Chabot et al. 1996). Vyssi hladiny fosfatazové
aktivity zavislé na vysoké davce organického hnojiva a nasledné vyssim obsahem C v ptude
jsou popsany ve studii Saha et al. (2008). Organicky fosfor mize byt dulezity pro
kratkodobou biologickou spotiebu, zatimco minerdlni hnojeni mtze snizit aktivitu enzymu

ve vztahu k cyklim C, N a P (DeForest et al. 2012; Fan et al. 2012; Wang et al. 2012).

Razné typy zmén mohou mit také rizné slozeni organické hmoty (napt. C:N), ovlivitujiciho
rychlost rozkladu a strukturu mikrobialnich spolecenstev. Dulezitym faktorem téchto
procesi je celulaza, ktera se podili na rozkladu celuldzy jako prvku organické hmoty (Dilly
a Nannipieri 2001). Statistickou zavislost u aktivity ureazy potvrdil testovany pomér C:N,
mirna zavislost byla zaznamenana mezi aktivitou celulazy a kyselé fosfatazy. Vztahy mezi
aktivitou ureazy a organickou hmotou jsou popsany ve vyzkumnych studiich, napt. ve
vztahu k davce organické hmoty (Chakrabarti et al. 2000; Geisseler et al. 2010). V nasem
vyzkumu nebyl zjistén prikazny rozdil u aktivity ureazy ve variantach s aplikovanou EOM
vyrobenou kompostovanim hnoje ve srovnani s jinymi typy EOM. Ve vyzkumu jsme
prokézali rychlou reakci zejména u aktivity enzymi, to, Ze enzymy reaguji poméerné rychle
na zmény V pudnim prostiedi prokazuji i studie Kandeler et al. (1999) nebo Zhang et al.
(2010). V priubéhu obou sezén nebyl zjistén statisticky vyznamny vliv jakéhokoliv typu
EOM na charakteristiky tykajici se podzemni vody, infiltrace, vodotésnosti nebo stability

agregatu (Lipiec et al. 2015). V piipadé chemickych vlastnosti pfi testovani EOM nebyl také
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prokazan zadny vyznamny vliv na nestabilni frakce organického uhliku (Kaczynski

a Siebielec 2015).
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6 ZAVER
V casti predlozené disertacni prace vénované vyzkumu V eroznich oblastech jizni Moravy

a jejich vlivu na chemické a biochemické vlastnosti jsem dopéla k témto zavértim.

V této intenzivné obhospodaiované oblasti s vyrazné rozsifenou pidou typu ¢ernozem ma
zna¢na intenzita eroznich procest vyrazny vliv na studované vlastnosti piady v jednotlivych
¢astech svahu. Tento nés vysledek je potvrzen i1 ve studii Zadorova et al. (2013), kde erozni
koluvialni horizont ve spodni ¢asti svahu mtize byt az 1 m hluboky. Erozni procesy mohou
v disledku nevhodného vyuzivani a hospodafeni na pidé vést ke zméndm puldnich
vlastnosti, ale také az ke zméné€ pidniho typu (Obrslik 2004). VSechny tyto zmény

zpusobené vodni erozi se netykaji pouze produktivity, ale také neprodukénich funkei pady.

V ¢asti vénované vyzkumu vodni eroze v cernozemnich oblastech jizni Moravy a ovéfovani,
které vlastnosti pud nejcitlivéji odrazi zmény pudnich vlastnosti, jsem dospéla
Kk nasledujicim zavérum.

Vyzkum potvrdil negativni vliv vodni eroze na fyzikalni, chemické a biochemické vlastnosti
pud sruzné intenzivnim ovlivnénim jednotlivych vlastnosti. Nejvice byly ovlivnény
charakteristiky chemické, souvisejici s mnozstvim a kvalitou organické mhoty a se zasobou
pfijatelnych Zivin (zejména P). Stim souvisela i aktivita vybranych pudnich enzymu,
zejména dehydrogenazy a kyselé fosfatazy. Aktivita téchto enzymu byva v korelaci s fadou

dalsich pidnich charakteristik, napt. s organickou hmotou (napt. Sarapatka a Krskové 1997).

Detailn€jsi poznani vlivu eroznich procesi na pidni prostfedi v téchto intenzivné
zemé&délsky obhospodafovanych oblastech, které ovliviiuji ale i produkéni a mimoprodukéni
funkce piidy, je dilezité pro rozhodovani o optimalnim vyuzivani pidy jak na lokalni, tak
narodni Urovni. Jsou také nedilnou soucasti pravidel Spolecné zemédé€lské politiky EU

v ramci kontroly podminénosti Cross Compliance.

V posledni ¢asti vyzkumu vénovanému vlivu aplikace a davkovani exogenni organickeé

hmoty na aktivitu plidnich enzym, jsem dospéla k nasledujicim zavéram.

Obsah organické hmoty v pidé¢ je zakladni charakteristikou, ktera ovliviiuje fyzikalni,
chemickeé a biologické vlastnosti piid. V naSem vyzkumu jsme prokazali vliv aplikovaného

uhliku v exogenni organické hmot¢ na aktivitu celulazy, kdy tyto hmoty pozitivné ovlivnily

31



mikrobidlni aktivitu. Doslo k rozkladu materidlu, v nichz byl dostate¢ny obsah dusiku.
U vsech studovanych materialii byl pomér C:N nizsi nez 10:1 a mikroorganismy tak netrpély
jeho nedostatkem. U aktivity fosfatazy fungovalo slozeni materialu obdobné, kde m¢l vliv

celkovy obsah fosforu.

Vyzkum potvrdil, Ze Gbytek organické hmoty a s tim souvisejici procesy Ize fesit dodavkou
riznych druhit EOM: NasSe studie také doklada, Ze slozeni rGznych druhti organického
odpadu by mélo byt zohlednéno pii jeho pouziti v zemédélstvi a tato organickd hmota mutize
byt piinosem pro zemédé€lskou ptidu jako hnojivo, ale také mize feSit problém nakladani

s odpady.
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In recent decades emsion proesses have influsnesd agricultural sodl quality warldwide. In the Caech Republic
the situation is made even warse by the fact that, in the postwar period, considerable changes ooourmed in land
uze during colledtivisation of &rm land, along witha significant increass in the average size of Bmed plots. This
le=d us to observe the changes in chemical and biochemical soil properties in the intensively farmed Chernozem
region of south Momavia. Aconding to the erosion/deposition madel, 48 localities with ensional, depositonal
and contral an=ss were chosen whene s0il samples were then @ken fom among matze crops. Thess samples were
then anah=zed and the results were satistically processed. From the results of analysis of chemical properties
relating to basic nutrients and soil organic matter, it is apparent that, in depositional ar=as of slopes, supplies of
potassium and phosphomus were higher in comparison with erosional areas. The opposie trend was evident in
calcium, where statistically significant higher levels were found in ensional aress of slopes, whidch & linked to
the chemistry of soil-forming substrate. This rend ako influenced pH. Differences were also found in char
acteristics relating to sodl arganic matter. Overall carbon and nitrogen content was significantly higher in de
pesitional arexs. There was a satistically condusive difference in quality of arganic matter in thess ar=as ex
pressed by the carbon content of humas matter, carbon in humic acids and the CN ratio. The mntent and quality
of arganic matter influsncee biological and biochemical soil properties. In enzymes there was sttistically higher
adivity of dehydrogenase, acid phosphatase, ursase and nitate redudtase in depositional aress ompanrsd with
eTusimnal ares.

The r=suls obtined indi@e comideable differenes in so0il properties within individual plots of land,
especially betwesn erosional and depeasitional ar=as of slopes, and the conclusions of the study are applicable in
plaming anti-=rosion defences and management mezmunes in agne-soms yshems.

1. Introduction

Soil erosion, especially caused by water, is a serious world-wide environmental problem

with a significant influence on production. The situation is no different in Europe and in the

Czech Republic, as is evident from research data. The European Environment Agency (EEA)

estimates that 12% of land in Europe is affected by water erosion. Panagos et al. (2015)

describe an average yearly loss of arable land in Europe of up to 2.46 t/ha, while overall

yearly loss in EU countries is estimated at 970 Mt. Globally, it is estimated that water erosion
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mobilises 28 Pg soil per year (Quinton et al., 2010). In the Czech Republic, according to the
latest figures (Collective, 2015) water erosion threatens more than 50% of agricultural land.
Erosion reduces the soil s fertility, affects its productivity and has an influence on physical
and chemical characteristics of the soil (Rhoton, 2002; Lal, 2003).

Damage to the surface of the soil, caused by raindrops, running water and deposited
material, reduces infiltration and increases surface runoff (Pilgrim et al., 2010) during which
the upper parts of the soil, including layers containing organic matter and nutrients, are
translocated (Smith et al., 2001; Liu et al., 2003; Evans and Brazier, 2005). Thus, not only
removal, but also deposit of material occurs on agricultural land. This means a redistribution
of not only a significant proportion of mineral content and nutrients, but also soil organic
carbon, to lower areas of a slope, with subsequent deposition (Lal, 2005; Heckrath et al.,
2005; Zhang et al., 2006; Papiernik et al., 2007; Dungait et al., 2013). The quantity of C
mobilised by erosion processes is described e.g. for the area of England and Wales, in figures
0f 0.20-0.76 x 10'2 g C yr* (Quinton et al., 2006; Quinton et al., 2010). There are numerous
factors influencing the fate of carbon in the soil as a result of erosion, transportation and
deposition processes, and these are discussed in a review by Kirkels et al. (2014).

Research has shown that soil erosion can change not only the physical and chemical
characteristics of the soil, but also biological characteristics such as microbial composition,
abundance and activity (Xu et al., 2010; Hiltbrunner et al., 2012). This is also shown in
research by Huang et al. (2013), which describes a significant reduction in microbial
abundance as a result of water erosion. There are far more micro-organisms living in the
surface layer of soil, which is transported, than in subsoil. Spatial distribution of micro-

organisms to depositional areas of land has been recorded (Fierer et al., 2003). Some studies
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describe how erosion processes have negative implications for erosional areas of a slope,
and can have a positive influence on depositional areas, in terms of organic carbon as well
as other soil characteristics (Ritchie et al., 2007). This could be in the form of plant nutrients,
which are transported and lost along with eroded soil (Pimentel et al., 1995; Chambers et al.,
2000; Palmer and Smith, 2013). This may be a factor which reduces microbial biomass and
enzyme activity in erosional areas (Li et al., 2015b). This can affect mineralization of organic
matter which is ensured in the soil by an extensive community of organisms with a wide
range of metabolic processes enabled by enzyme activity (Nannipieri et al., 2002). Besides
micro-organisms, we can also include enzymes among the main driving forces in soil
biological processes (Stott et al., 2010; Jia et al., 2005). Enzyme activity is a more vital
contributor to soil quality than soil nutrient (Dick, 1997), as all biological transformations in
the soil are dependent on, or influenced by enzymes which are present in this environment
(Tabatabai, 1994). Enzyme activity in the soil environment is influenced by disturbance
processes, including erosion. The relationship between activity and disturbance is evaluated
by Saiya-Cork et al. (2002), and the actual influence of erosion on enzyme activity in
degraded soil is described by e.g. Garcia and Hernandez, (1997), Moreno-de las Heras,
(2009).

Our research focused on an intensively-farmed Chernozem region, an area of the Czech
Republic under the greatest threat of erosion. Especially as a result of post-war
collectivisation of land and subsequent changes in farming methods, which led to reduction
in grassland and an increase in average field size in this area (Sarapatka and Stérba, 1998),
over extensive areas of land it is possible to identify erosion-threatened and damaged areas

of slopes, depositional areas and parts of slopes on which erosion is insignificant. There is
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very little information in published literature on the influence of erosion processes on
chemical and biochemical properties in extensive Chernozem land subjected to the
aforementioned changes in land use and farm management. The aim of our research was
therefore to evaluate the long-term influence of erosion processes, on different parts of
slopes, on selected chemical properties relating to soil organic matter and basic nutrients, as
well as on biochemical properties expressed by the activity of selected soil enzymes, with
the consequent possibility of application of the results in planning anti-erosion measures and

management interventions in agro-ecosystems.

2. Materials and Methods

2.1. Selection of localities for erosion research

The research was carried out in a Chernozem area in South Moravia, Czech Republic,
in the years 2013 - 2016 (Fig. 1). This area spans five districts, with a Chernozem acreage
of 179,000 hectares, which is about 38% of the national agricultural land fund.

With the use of a map of estimated pedologic-ecological units (EPEU), which is the
main basis for the qualitative differentiation of soil, climatic condition and agricultural land
in the Czech Republic (Szturc and Podhrazska, 2013), defined on the basis of agronomically
important, e.g. climatic region, main soil unit, slope, exposure, stoniness and soil depth, and
Is to a scale of 1:5000 or in digital form, plots of land with Chernozem soil type were
selected, in chosen cadastral areas, on which maize had featured significantly in the crop
rotation during the sampling period.

Fig. 1. Selection of areas of land for the study of the influence of erosion on selected soil

characteristics, with the stated number of observed localities (sampling localities are marked
in red).
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On the areas of land chosen by means of the EPEU map, and erosion-threatened land
identified by the Universal Soil Loss Equation (USLE/RUSLE) (Wischmeier and Smith,
1978; Renard et al., 1997), specific sampling locations were then selected with the use of the
USPED model (Unit Stream Power - based Erosion Deposition) which predicts the spatial
distribution of erosion and deposition rates for a steady state overland flow with uniform
rainfall excess conditions for transport capacity limited case of erosion process (Mitasova et

al., 1996; Mitas and Mitasova, 1998). Apparent locations with various intensities of erosion

and deposition processes are expressed on a logarithmic scale (Fig. 2).

Fig. 2. Example of distribution of sampling locations in relation to intensity of erosion, or

deposition.
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2.2. Evaluation of soil properties and enzyme activity assay

Representative and homogenous soil samples were taken from 48 localities (in erosional
and depositional areas, and also in pre-erosion areas — as a control) (Fig. 1) in maize crops,
after selection of localities by means of the EPEU database and the models described in point
2.1, from the 0 — 30 cm layer using an Eijkelkamp soil probe according to International
Standard (ISO 10381-1, 2002). For chemical analysis soil samples were air-dried and sieved
for fractions smaller than 2 mm (ISO/DIS 11464, 2004), for biochemical analysis the
samples were sieved as soon as possible after sampling and analysed (ISO 10381-6, 2009).
In the acquired samples, soil properties were determined by means of the following

procedures. C org. was determined after oxidation with a surplus solution of potassium
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dichromate in a sulphuric acid environment, measuring the colour intensity by spectro-
photometry (ISO 14235, 1998; Zbiral et al., 2011). Quality of organic matter was expressed
by the proportion of humic acids and fulvic acids after extraction using an alkaline sodium
pyrophosphate solution, with subsequent spectro-photometric measurement. The fractions
of humus material were determined by means of a modified procedure according to
Kononova and Be¢l¢ikova (1961), where C content of overall humic substances was
determined by vaporisation of pyrophosphate leachate, the C content of fulvic acids was then
determined in the acidified leachate, and C content of humic acids was determined after
dissolving in a NaOH solution. To determine Nt., the sample was oxidised with nitrogen
peroxide in a concentrated sulphuric acid environment. After mineralization the digest was
distilled into boric acid and the content of nitrogenous material was then determined by
titration with a H2SO4 solution (ISO 11261, 1995; Zbiral et al., 2011). The soil reaction was
determined as pH/H20 and pH/CaCl, (ISO 10390, 2000; Zbiral and Honsa, 2010). Available
nutrients (Ca, Mg, K and P) were determined by means of Mehlich 3 extraction solution
(Mehlich, 1984; Zbiral and Honsa, 2010), with subsequent determination by means of atomic
absorption spectrophotometry, atomic emission spectrophotometry and photometry.

Soil enzyme activity was measured in naturally moist samples by means of the
spectrophotometric method. To determine protease activity casein was used as substrate and,
subsequently, blue complex was measured colorimetrically (Ladd and Butler, 1972). In order
to evaluate urease activity the soil samples were incubated with a urea solution. Released
ammonia ions were extracted in a potassium chloride solution and measured colorimetrically
(Tabatabai and Bremner, 1972). To determine activity of nitrate reductase, soil samples were

incubated using KNOs as substrate. After incubation the released nitrite was extracted and
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measured colorimetrically (Abdelmagid and Tabatabai, 1987). Cellulase activity was
evaluated using CM-cellulose as a substrate. Oligosaccharides cause a reduction in
potassium ferricyanide, which reacts with iron sulphate to produce a compound of potassium
ferrocyanide, and this was measured colorimetrically (Schinner and von Mersi, 1990).
Phosphate activity was measured using p-nitrophenyl phosphate as a substrate. The p-
nitrophenol produced was extracted and measured photometrically (Tabatabai and Bremner,
1969). Dehydrogenase activity was monitored using triphenyl-tetrazolium chloride. The

triphenyl formazan produced was extracted and measured photometrically (Ross, 1970).

2.3. Statistical evaluation

The results of analysis were processed in the STATISTICA program (StatSoft, 2013), in
which the basic statistical characteristics of the group were processed and correlation was
determined. Evaluation of the difference between individual groups was carried out using

the non-parametric Wilcoxon paired sample test.
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3. Results

The results of analysis of chemical and biochemical soil characteristics from 48 sampling
locations were statistically evaluated in terms of the difference in these soil properties in
source, erosional and depositional areas of slopes. The studied slopes are in specific
conditions of combined erosion and deposition processes. From evaluation of the erosion or
deposition processes, by means of USPED and also USLE/RUSLE models, it is apparent
that, in the source - control area, both erosion and deposition processes are at the lowest
level, and there is practically no resulting change in the soil environment.

In contrast, in erosional areas of slopes, erosion processes exceed deposition processes,
while in depositional areas of slopes deposition processes predominate over erosion
processes. From these results it is evident that, especially in erosional and depositional areas
of slopes, there is either a significant loss of surface horizon, or depleted and eroded material
Is mixed into it. This is confirmed by both the average values of individual soil characteristics
in various parts of slopes, given in Table 1, and the statistically significant differences
between individual parts of slopes, given in Table 2. Selected examples are given in Figs. 3

- 6.
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Table 1 Average values of soil characteristics, median and standard deviation in individual

parts of slope.

Soil characteristics

C E D

K (mg/kg) 228.31, 201.00 (97.53) 171.50, 163.00 (48.09) 258.82, 273.00 (103.07)
Mg (mg/kg) 284.14, 257.00 (85.66) 261.36, 279.00 (69.20) 263.43, 272.00 (57.66)
P (mg/kg) 60.73, 47.00 (41.64) 34.92, 32.00 (18.87) 62.43,54.00 (28.81)
pH/H20 7.64,7.70 (0.31) 7.78,7.79 (0.12) 7.63,7.61 (0.23)
pH/CaCl> 7.53,7.57 (0.27) 7.62,7.66 (0.13) 7.48,7.48 (0.22)
Ca (mg/kg) 6587.93, 6940.00 (2212.53) | 7561.43, 8107.00 (2107.22) | 5951.14, 6118.50 (1541.42)
C org. (%) 2.26,2.23 (0.39) 1.98, 2.01 (0.36) 2.13,2.07 (0.49)
N tot. (%) 0.16, 0.16 (0.03) 0.13,0.13 (0.03) 0.16, 0.17 (0.03)
C:N 14.64, 13.84 (2.46) 15.04, 14.81 (2.43) 12.98, 12.58 (1.91)
C CHS (%) 0.37,0.39 (0.16) 0.25,0.24 (0.11) 0.40, 0.40 (0.20)
C HA (%) 0.19,0.20 (0.11) 0.08, 0.09 (0.05 0.21,0.22 (0.12)
C FA (%) 0.18, 0.16 (0.07) 0.15, 0.13 (0.06) 0.17,0.17 (0.05)
HA/FA 1.04, 0.97 (0.46) 0.58, 0.56 (0.36) 1.10, 1.19 (0.50)
Cellulase act.

123.87, 111.60 (69.18) 115.51, 101.81 (60.28) 114.69, 103.94 (63.82)
(ug GE/g DW/24h)
Urease act.
(ug Nig DWi2h) 930.06, 942.72 (317.25) 857.55, 856.33 (322.64) 988.33, 1034.16 (298.84)

Protease act.
(ng tyr/g DW/2h)

90.58, 78.83 (58.93)

94.26, 91.54 (59.24)

90.50, 93.96 (59.52)

Nitrate reductase act.
(ug N/g DW/2h)

1.80, 1.07 (1.724)

1.54,1.11 (1.34)

2.21, 1.65 (2.14)

Dehydrogenase act.
(ug TPF/g DW/16h)

4.11, 3.68 (2.70)

3.15,3.32 (1.65)

4.37,3.84 (2.45)

Acid Phosphatase act.
(ng NP/g DW/h)

283.90, 261.93 (132.30)

198.80, 179.92 (86.38)

233.47, 210.36 (90.01)

Alkaline Phosphatase act.
(ug NP/g DW/h)

435.25, 403.57 (167.45)

426.42, 396.56 (136.65)

446.28, 432.62 (104.11)

- C—control part, E — erosional part, D — depositional part
- First figure = average, second = median
- Figures in brackets give standard deviation.
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Table 2 Statistically significant dependence (p value from Wilcoxon test) in observed soil

characteristics in individual parts of slope.

Wilcoxon paired test (p)
2012 - 2016

C-»E [C->D|E->D
K 0,001 0,018 | 0,000 7
Mg 0,209 0,550 0,889
P 0,000 4 0,090 | 0,0017
pH/H20 0,000 | 0,007y | 0,000
pH/CaCl> 0,007 T 0,150 | 0,000
Ca 00201 | 0,032y | 0,000
Corg. 0,000 | 0,006) | 0,0437
Ntot. 0,000 | 0,0077 | o0,0007T
C:N 0,286 0,753 | 0,000
C CHL 0,000 | 0,087 | 0,0007
CHA 0,000/ | 00147 | 0,000%
CFA 0,012y | 0,041} | 0,108
HA/FA 0,0001 | 0,0037 | 0,0007
Cellulase act. 0,354 0,892 0,837
Urease act. 0,149 0,154 | 0,000 T
Protease act. 0,987 0,953 0,756
Nitrate reduct. act. 0,102 0,279 0,033 1
Dehydrogen. act. 0,029y | 0,0317 | 0,0007
Acid phosph. act. 0,001 | 0,001y | 0,0017
Alkaline phosph. act. 0,550 0,642 0,069

- C - control part, E — erosional part, D — depositional part
- C — E —differences between the control and erosional parts, the same marking is

used for C - D and E — D.

- Statistically conclusive differences between individual parts are marked in red.
- Arrows beside individual statistically conclusive differences indicate the direction

of change.

In terms of chemical properties, statistically significant differences were found in

available potassium and phosphorus, where in deposition areas the supplies were

respectively 50.9% and 78.8% higher compared with erosional areas. According to criteria
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for evaluation of results of chemical analysis of agricultural land in CZ (Ministry of
Agriculture, 1998) the content of P in erosional areas of slope was low, while in control areas
and in depositional areas it was satisfactory. In terms of K content, these areas of slope were
within the acceptable category, while depositional areas were a category higher, i.e. good K
content. There were also differences in pH and Ca content where, by contrast, statistically
significant higher values were found in erosional areas of slopes (Ca 27.1% higher) (Fig. 3).
Fig. 3. Differences in Ca content in various parts of slopes with increasing content in
erosional areas of slope. These increased levels of Ca, and therefore higher pH, relate to
erosion of the surface horizon and the influence on the soil profile of the soil-forming
substrate - loess with higher Ca content. C — control part (beginning of erosion), E — erosional

part, D — depositional part. Bars bearing different letters are significantly different.
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Differences were also found in characteristics relating to soil organic matter (Figs. 4 and
5). A statistically significant difference was found in content of soil organic matter, with
higher levels in depositional areas of slopes. In overall nitrogen this was 23.1% higher, in
organic carbon it was 7.6% higher. There was a statistically significant difference in quality
of organic matter, in carbon humus matter this was 60.0% higher and in carbon humic acids

it was 162.5% higher, again in depositional areas of slopes. The difference in C:N ratio was
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also statistically conclusive, with a wider ratio in erosional areas of slopes. There was also a
difference in the ratio of humic acids and fulvic acids.

Figs. 4 and 5. Differences in Corg. content and humus quality (C of humic acids) in various
parts of slopes with reduced content in erosional areas. This reduced content in erosional
areas of slopes was also recorded in terms of other chemical characteristics (see Table 2). C
— control part (beginning of erosion), E — erosional part, D — depositional part. Bars bearing
different letters are significantly different.

26

o median [] 25%-75%

2.4

2.2

Corg. (%)

1.8

1.6

0.40

o median [] 25%-75%
0.35

0.30

0.25

0.20 a

C HA

0.15

0.10

0.05

0.00

55



In comparison of erosional and depositional localities a statistically greater average value
for enzyme activity was found in depositional areas of slopes, specifically a statistically
higher average value of dehydrogenase (38.7% higher) (Fig. 6), acid phosphatase (17.4%

higher), and also for urease and nitrate reductase.

Fig. 6. Differences in dehydrogenase activity in various parts of slopes. Reduced activity
was recorded not only in terms of dehydrogenase, but also other enzymes in erosional areas
of slopes (see Table 2).
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Within research into soil properties a correlation was found, in relation to erosion
processes, between individual studied characteristics. In terms of soil enzyme activity and
characteristics relating to organic matter, these are given in Table 3. From these correlations,
debated in the Discussion section, there is an apparent dependent relationship between
content of carbon, or nitrogen, and the activity of 4 studied enzymes, while the quality of

organic matter also proves to be significant.
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Table 3, The interdependence of selected soil characteristics in relation to enzyme activity
and soil organic matter.

CE UR PR NR DE AcP AIP Corg Ntot C:N HA/FA

Cellulase (CE) 1.00

Urease (UR) -0.04 1.00

Protease (PR) 0.33 0.02 1.00

Nitrate Red. (NR) 0.26 0.43 -0.22 1.00

Dehydrog. (DE) -0.04 022 000 022  1.00

Acid Phos..(AcP) 0.18 0.30 -0.19 0.34 -0.07 1.00

Alk. Phosp. (AIP) 0.02 0.50 -0.05 0.19 0.16 0.42 1.00

Corg. 0.24 0.13 0.27 0.21 -0.14 0.41 -0.23 1.00

Ntot. 0.31 0.20 0.23 0.29 0.07 0.62 0.05 0.66 1.00

C:N -0.08 -0.11 0.04 -0.12 -0.26 -0.27 -0.38 0.43 -0.38 1.00
HA/FA 0.27 0.11 0.22 0.28 -0.14 0.16 -0.12 0.64 0.55 0.12 1.00

4. Discussion

Erosion processes influence the physical, chemical and biological properties of soil. In
terms of soil chemistry, several scientific studies (Polyakov and Lal, 2004; Papiernik et al.,
2005; Papiernik et al., 2007; Nie et al., 2013) describe acceleration in loss of organic carbon,
nitrogen and phosphorus as a result of erosion and spatial distribution of these materials on
sloping land in relation to transport by water and disturbance during work on the land (Cerda
et al., 2007; Haile and Fetene, 2012). This is confirmed by our results, which show the
increased content of available nutrients (potassium, phosphorus) and carbon in depositional
areas of slopes.

Increased biological activity and microbial diversity in soil can be linked to the increasing
content of individual elements, including carbon (Kallenbach and Grandy, 2011). In

agreement with this study, our research also showed an increase in carbon in depositional
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areas of slope. The increase we detected was roughly 1/3 lower than that stated in a study by
Zadorova et al. (2015).

In terms of soil quality, it is not only the quantity of soil organic matter that is important,
but also the quality of soil organic matter. The availability of carbon fractions is a very
important factor for microbial biomass and activity (Lagomarsino et al., 2012; Tian et al.,
2012). According to Ma et al. (2014), under erosion processes carbon is more available in
depositional areas than in erosional areas. In relation to this, our research found a qualitative
better composition of soil organic matter in depositional areas, which is confirmed by the
greater content of overall humus material and humic acids in organic matter. In natural
depressions there can be greater C storage potential and N mineralization rates during
erosion processes (Tiemann and Grandy, 2015). This is also evident in the closer C:N ratio
in depositional areas of slope.

As with soil chemical properties, so too with soil enzyme activity can higher levels be
recorded in depositional areas rather than on hill slopes (Wicklings et al., 2016; Girvan et
al., 2003) and relate to the content and quality of soil organic matter (Park et al., 2014). The
influence of erosion on enzyme activity is confirmed in research presented e.g. by Li et al.
(2015a), in which depositional areas showed greater microbial biomass and enzyme activity
in comparison with erosional areas. Also Nie et al. (2015) state that the erosion type had an
obvious effect on the activities of invertase, urease and alkaline phosphatase and on the
slopes dominated by water erosion, the distribution patterns of the invertase and urease
activities were associated with soil redistribution. In our research we noted a statistically
conclusive higher activity of dehydrogenase, acid phosphatase, urease and nitrate reductase

in depositional areas of slope in comparison with erosional localities. This is consistent with
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a study by Garcia and Hernandez (1997), who proved the lower activity of dehydrogenase
and catalase, thus indicating lower biological activity in degraded soils. Published studies
describe a positive correlation between enzyme activity and organic C source (Garcia-Ruiz
et al., 2008; Li et al., 2015a; Hernandez et al., 2015). In our study, positive correlation was
found with Corg and Niot Observed in cellulase, protease, nitrate reductase and phosphatases.
A broader C:N ratio had a negative influence on the activity of dehydrogenase and acid and
alkaline phosphatases.

In contrast to the aforementioned results relating to organic matter, nutrients and soil
enzyme activity, calcium content, and therefore pH values, are lower in depositional areas.
On the other hand, we recorded higher content of calcium in erosional areas of slopes, which
is proof of intensive erosion processes and the surface horizon being mixed with loess, which
in the western European loess belt has 10 - 15% calcium carbonate content (Finke and
Hutson, 2008). The influence of erosion processes on calcium content, as found in our study,
corresponds with published results in similar fields by Hammerova et al. (2014). Papiernik
et al. (2005) also describe a similar situation in prairie land, where increased pH is caused
by increased carbonate concentration, while in concave slope positions, subsoil material is

deposited over the original surface horizon (De Alba et al., 2004; Heckrath et al., 2005).

5. Conclusions
In the intensively-farmed area of south Moravia, with its distinctly widespread
Chernozem soil, our research documented a considerable intensity of erosion processes with

a subsequent influence on chemical and biochemical soil properties, in individual parts of
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slopes. The intensity of water erosion in the studied region is confirmed in other studies, e.g.
Zadorova et al. (2013), in that the erosion-formed colluvial horizon in the lower part of a
slope can be up to 1 m in depth.

Changes in soil properties can even lead to reduced productivity and economic loss.
Intensive erosion processes, as a result of inappropriate land use and management, can lead
not only to the changes in soil properties we have studied, but also to change in soil type
(Obrslik, 2004) relating to the reduced extent of Chernozem soils giving way to colluvial
soils or calcavic regosols. All these changes brought about by water erosion do not relate
purely to productivity, but also to non-production functions of soil. Both of these categories

should be given greater attention in future research.
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Abstract

Bili P, Sarapatka B., Cap L. (2018): The influence of type and dosage of exopenous organic matter on chosen bio-
chemical soil properties. Soil & Water Res., 11: 220-227.

Organic matter in soil is exposed to decomposition and other changes, and excessive loss of such matter is one
of the most serious forms of degradation. One of the possible solutions to this problem is the application of vari-
ous types of organic matter. These include exogenous organic matter (EOM), which originates, to a large extent,
outside the agro-ecosystem. The aim of the presented research was to evaluate the influence of type and dosage
of applied EOM on soil characteristics, specifically on the activity of selected soil enzymes which can respond
quite sensitively to changes in land management as well as changes in environmental conditions. Nitrogen was
supplied to the soil in a combination of organic and mineral fertilizers: in variants from 0-100% in various types
of EOM, and 0—-100% in mineral form respectively, with a resulting dosage of 200 kg M/ha. Enzymes from the N, P
and C cycles were chosen for evaluation of the influence of EOM on enzyme activity, focusing on the activity of
urease, phosphatase and cellulase. In the research it was proven that application of EOM leads to relatively rapid
changes in enzyme activity. 5o0il micro-organisms, and the processes they control, showed varying sensitivity to
EOM application. Enzyme activity (cellulase, acid and alkaline phosphatase) was generally stimulated by the high-
est dosage of the tested EOM. This was not statistically confirmed in the case of urease activity. The research also
confirmed that the decisive factor for cellulase, acid and alkaline phosphatase activity was the amount of carbon,
nitrogen and phosphorus supplied via EOM. The ratio of C: N in the applied EOM had an influence on the activity
of urease and a slight dependence was proven in cellulase activity and acid phosphatase activity.

Keywords: enzyme activity; exogenous organic matter; phosphorus; soil, carbon

INTRODUCTION

Soil organic matter in agro-ecosystems comprises of all organic compounds present
in the soil (DIACONO & MONTEMURRO 2010), including plant residue in various stages of
decomposition, microorganisms, metabolites of microorganisms produced during their
growth and decomposition, and humic compounds. This organic matter breaks down and
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excessive loss of such matter is one of the most serious degradation factors. This problem is
evident in the Czech Republic, where humus loss is at a rate of 5 — 15% on drained land and
in soil on light-grained substrate, however the greatest danger of this form of soil degradation
is due to inadequate supply of good-quality organic matter (MINISTRY OF AGRICULTURE
2015). Therefore the recommendation is for types of management which lead to an increase
in the carbon content of soil (VAN CAMP et al. 2004). One possible solution is the application
of various types of exogenous organic matter (EOM), such as sewage plant slurry, bi-
products from the food industry, composted waste from industrial production or communal
waste, biogas fermentation waste, digestates, bonemeal and farmyard manure (DIACONO &
MONTEMURRO  2010), which influence physical, chemical and biological
properties/characteristics. As with chemical and physical parameters, biological soil
parameters are also sensitive to changes in the form of soil management or changes in
environmental conditions, but react to these changes much more quickly (LYNCH et al.
2004). Although the influence of the supply of organic matter on soil characteristics has been
extensively tested, unlike the influence on physical and chemical characteristics (GONG et

al. 2009; Guo et al. 2012), there has been little research in terms of biological characteristics.

The ability of microorganisms to effectively ensure the transfer of organic
compounds (decomposition, mineralisation, immobilization of nutrients) is dependent on
their ability to react quickly to changes in external conditions, such as substrate input. Soil
microorganisms, including the enzymes they produce, contribute to overall biological
activity as they are closely involved in the catalytic reaction essential for stabilization of soil
structure and decomposition of organic matter (ALLISON & VITOUSEK 2005), mineralization
and the nutrient cycle (TABATABAI 1994;. Dick et al. 1994), transfer of energy and quality
of the environment. Therefore, soil microorganisms influence not only the current content
of available nutrients, chemical and physical characteristics, but consequently also primary
production (RUTIGLIANO et al. 2004).

Biochemical transformations in the soil environment are dependent on the presence
of relevant enzymes, and many transformations of organic matter may be catalysed by
enzymes which occur outside microorganism cells (BURNS et al. 2013). A plant’s root

system and an individual soil may therefore be characterized by a unique composition of
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specific enzymes (MARINARI et al. 2014), and enzyme activity is thus a suitable instrument
for evaluation of the functional diversity of microbial communities and one of the indicators
of soil quality (KuJur et al. 2014). Soil enzymes are sensitive to changes in conditions
caused by agrotechnical interventions and agricultural management, and react to changes
much sooner than other soil parameters (LYNCH et al. 2004; ODLARE et al. 2008; SARAPATKA
et al., 2014), and enzyme activity obtains greater stimulation from organic material than

from mineral fertilizer (MARINARI et al. 2000).

The main aim of our research was to evaluate the influence of the application of
various types and dosage of exogenous organic matter (of both agricultural and industrial
origin) on the activity of selected soil enzymes. Emphasis was put on the influence on soil
enzyme activity, in relation to the composition of organic matter, expressed as the basic
macro-elements supplied via EOM, i.e. C, N and P. The enzymes selected were from the N,

P and C cycles, namely urease, phosphatases and cellulase.

MATERIAL AND METHODS

Study site. The research was carried out in 2013 and 2014 in small-parcel field trials
in the Pusté Jakartice locality of the Czech Republic (50°34'02.6" N, 16°48'07.1" E), 295 m
a.s.l. The soil was classified as luvisol with pseudogleyic properties with the following basic
soil characteristics: Corg. — 1.131 %, pH 6.5, soil colloid fraction 28 — 31 %, supply of
available nutrients in Mehlich 3 solution: P — 101 mg.kg™, K — 209 mg.kg, Mg — 90 mg.kg"
1 Ca — 1820 mg.kg™.The average precipitation for the locality is 640mm and the average
annual temperature is 8.0°C. In both years maize was grown on the plots of land, N K Terada
FAO 26 variety in 2013 and Utan — FAO 270 in 2014.

Experimental design and soil sampling. The field trial, carried out on randomly
assigned blocks of land, comprised of 10 combinations of fertilization, where each
combination was repeated 4 times. The area of each individual land parcel was 25 m?. EOM

with varying parameters was applied to the soil (Tab. 1) in the form of compost made from

73



farmyard manure (Ag), bone meal (Mb) made from by-products of animal origin, and
industrial compost (Ra) made from sludge from waste-water treatment plants, sawdust and

biologically degraded waste from parks and gardens.

Table 1. Chemical composition of organic fertilizers tested in field trial (Source:
NIEDZWIECKI et al. 2015)

Tested fertilizer Short Total Total Total
form Carbon Nitrogen | C:N Phosphorus
% % %
Bone meal Mb 40.1 8.4 4.77 6.42
Industrial compost Ra 17.9 2.3 7.78 0.75
Compost Ag 24.1 2.6 9.27 3.35

The same level of fertilization with nitrogen was set for all variants (200 kg.ha'l), but
the ratio of nitrogen supplied by organic or mineral fertilizer (ammonium nitrate) varied, as
described in Tab. 2. One-off fertilization with other nutrients (P, K, Ca, Mg) was carried out

in autumn 2012 to ensure a good supply of accessible nutrients.

Table 2. Test variants and nitrogen supplied via EOM and mineral fertilizer

) _ N supplied via o
Variant | Variant, N supplied via
EOM
number | EOM NHsNOz (%, kg N.ha?)
(%, kg N.ha)
1 Control 0,0 100, 200
2,57 Mb, Ra, Ag 50, 100 50, 100
3,6,9 Mb, Ra, Ag 75, 150 25, 50
4,7,10 Mb, Ra, Ag 100, 200 0,0
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Organic material was applied in spring 2013, specifically on 30. 4. and 21. 5. (Mb),
and on 22. 4. 2014 the following year (Tab. 3). Soil samples were taken from the 0 — 0.2 m
horizon, for analysis, one month after application, on 10. 6. 2013 (24. 6. 2013 — Mb) and on
6. 5. 2014. After the maize was harvested soil samples were again taken in autumn on 6. 11.
2013 and 24. 9. 2014. Exogenous organic matter was worked into the soil to depths of 15 —
20cm.

Table 3. Interventions on trial plots

Month/Year | Intervention Month/Year | Intervention
1V/2013 soil tillage 1\V/2014 soil tillage
V/2013 sowing 1V/2014 sowing
V1/2013 soil sampling /2014 soil sampling
X/2013 harvest 1X/2014 harvest
X12013 soil sampling 1X/2014 soil sampling

Soil enzyme activity assay. Soil enzyme activity was measured in naturally moist
samples by means of the spectrophotometric method. In order to evaluate urease activity the
soil samples were incubated with a urea solution. Released ammonia ions were extracted in
a potassium chloride solution and measured colorimetrically at 690 nm (TABATABAI &
BREMNER 1972). Cellulase activity was evaluated using CM-cellulose as a substrate.
Oligosaccharides cause a reduction in potassium ferricyanide, which reacts with iron
sulphate to produce a compound of potassium ferrocyanide, and this was measured
colorimetrically (SCHINNER & VON MERSsI 1990). Phosphate activity was measured using p-
nitrophenyl phosphate as a substrate. The p-nitrophenol produced was extracted and

measured photometrically at a wavelength of 400 nm (TABATABAI & BREMNER 1969).

Statistical evaluation of results. The results obtained were evaluated by means of
the STATISTICA programme (StatSoft, Ver.12) with analysis of correlation dependence
(Pearson coefficient), testing the difference between groups (parametric comparison,
ANOVA, Tukey test). Results were processed twice a year (both in spring and autumn).

Greater statistical dependence was confirmed in the spring period in both years of the study,
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after application of organic matter, compared with the autumn period. With regard to the
size of the file, only an evaluation of the whole extensive file of results from both years is

presented in this paper.

RESULTS

Statistical evaluation showed relationships to the activity of individual soil enzymes,

including a relationship to the amount of organic matter applied, as is shown in Table 4.

Table 4. Correlation between the activity of individual studied enzymes and the amount of
EOM applied.

CM-cellulase | Acid Alkaline Urease Amount  of
activity phosphatase | phosphatase activity EOM
activity activity applied
CM-cellulase activity *% *k * K%
Acid phosphatase activity *%* - *%* -
Alkaline phosphatase *% - - -
activity
Urease activity * *% - -
Amount of EOM applied *%* - - -
*  Correlationto p<0.05 ** Correlation to p <0.01 - No correlation proven

EOM - exogenous organic matter
In two-way factor analysis of variance for dosage and type of EOM, no significant

interaction was found. The results of single-factor statistical evaluation of soil enzyme

activity proved significant differences in activity of cellulase, acid and alkaline phosphatase
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depending on the dosage and type of EOM. The control variant where only mineral N
fertilizer was applied, i.e. no application of organic matter, formed a statistically different
group than the variants with organic fertilization. The organic fertilizer variants were divided
into other statistically different groups. No statistically conclusive differences were found

between variants in terms of urease activity.

Activity of cellulase, acid and alkaline phosphatase was greatest in variants with
highest amounts of EOM and with 100% N supplied via this organic matter. With reduced
EOM dosage the soil enzyme activity decreased. This trend is shown in the activity of
cellulase, acid and alkaline phosphatase as illustrated in Figures 1. In urease activity, no
dependence was statistically confirmed, therefore no trends for urease are shown in the

following graphs.
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Figure la. Cellulase activity depending on EOM dosage and statistically conclusive
similarity of groups (A — C) in terms of soil enzyme activity depending on EOM and N
dosage supplied by EOM, irrespective of the influence of the type of EOM (Tukey test,
p<0.05).
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Figure 1b. Acid and alkaline phosphatase activity depending on EOM dosage and
statistically conclusive similarity of groups (A — C) in terms of soil enzyme activity
depending on EOM and N dosage supplied by EOM, irrespective of the influence of the type
of EOM (Tukey test, p<0.05).

Evaluation did not focus only on EOM dosage, but also considered the dependence
on individual type of exogenous organic matter applied. As with dosage, study of EOM type
also proved that there were statistically different groups, where the control variants differed
from the variants where various types of EOM was applied. Statistically different groups in
the control variants, as well as in individual variants, are for cellulase and both acid and

alkaline phosphatase activity after application of tested EOMSs shown in Figures 2.

Cellulase activity was most-profoundly influenced by the application of both
compost made from farmyard manure and industrial compost, i.e. organic fertilizer, which
was applied in greater amounts and had a wider ratio of C:N compared with applied bone
meal. Acid phosphatase activity showed the highest level after application of bone meal,
where this organic matter had the highest content of phosphorus and nitrogen of all forms of
applied EOM. Alkaline phosphatase activity was similarly significantly influenced by the
application of bone meal. A high level of activity was also apparent after application of
farmyard manure compost, in which the overall content of phosphorus was also relatively
high.
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Figure 2a. Cellulase activity depending on the type of organic matter applied and statistically
conclusive similarity of groups (A — B) according to soil enzyme activity depending on the
type of EOM applied, irrespective of the influence of dosage (Tukey test, p<0.05); DM —dry
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Figure 2b. Acid and alkaline phosphatase activity depending on the type of organic matter

applied and statistically conclusive similarity of groups (A — C) according to soil enzyme
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activity depending on the type of EOM applied, irrespective of the influence of dosage
(Tukey test, p<0.05); DM — dry matter

Further statistical evaluation, which is shown in Table 5, confirmed the influence of
the amount of carbon supplied via EOM on the activity of cellulase, acid phosphatase and
alkaline phosphatase. The supply of phosphorus and nitrogen was also the decisive factor
for activity of cellulase, acid phosphatase and alkaline phosphatase. A certain dependence
was apparent in the relationship between urease activity and C supplied via EOM (p=0.104),
although this was not statistically confirmed. The tested ratio of C:N in the applied fertilizer
confirmed the statistical dependence of urease activity and slight statistical dependence of

cellulase activity (p=0.056) and acid phosphatase activity (p=0.062).

Table 5. Enzyme activity dependence on C:N ratio and content of C, N and P supplied via
EOM.

C:Nin EOM C supplied via N supplied via P supplied via
EOM EOM EOM
Cellulase activity 0.1595; 0.3236 p=0.000 | 0.2816 p=0.000 0.2207
p=0.056 p=0.005
Acid phosphatase activity 0.1562; 0.1826 p=0.021 0.3333 p=0.000 | 0.2753 p=0.000
p=0.062
Alkaline phosphatase 0.0448; 0.1875 p=0.018 | 0.2661 p=0.001 | 0.3343 p=0.000
activity p=0.594
Urease activity 0.2026 p=0.015 | 0.1289 p=0.104 | 0.0339 p=0.670 | 0.0510 p=0.522

P — values are given in parenthesis; statistically significant dependence is marked in bold
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DISCUSSION

The results show the evident influence of the application of various types of EOM in
varying dosage on microorganism communities and the production of extracellular enzymes.
Mineral and organic fertilizers stimulate the development of microorganisms as the main
source of soil enzymes (KRAMER & GREEN 2000). Activity of hydrolytic soil enzymes can
increase after regular application of organic fertilizer (GARCiA-RuUIZz et al. 2008). This is true
for enzyme activity, including phosphatase, after application of organic fertilizer, compared
with mineral fertilizers or the control variants (LI et al. 2015), or after application of compost
(HERNANDEZ et al. 2015). The stimulation effect of applied organic material on microbial
and enzyme activity is described by FRANCO-OTERO et al. (2012). The presented research
obtained similar results. Soil microorganisms and the processes they control showed varying
degrees of sensitivity to the application of EOM, and enzyme activity (cellulase, acid and
alkaline phosphatase) was generally stimulated by the highest doses of EOM tested,

specifically C supplied via this matter.

Not only organic matter itself, but also individual elements bound in organic matter
can be important for the development of certain microflora and for the production of
enzymes. In the case of phosphatases, it is the transformation of organic P which is bound
in phosphate esters and is mineralized independently into C through catalysis by
phosphatase, which is influenced by the source of phosphorus (KANDELER et al., 1999, Ross
etal., 1999, MARINARI et al., 2000). Earlier studies (e. g. NANNIPIERI et al., 1978) show that
phosphomonoesterase activity in soil is influenced by content of available phosphorus. If the
level of this phosphorus is low, microorganisms and plant roots are active producers of
phosphatase enzymes (CHABOT et al., 1996). On the other hand, higher levels of phosphatase
activity are described by SAHA et al. (2008a) as dependent on high dosage of organic
fertilizer and the consequently higher content of C in the soil. Organic phosphorus may be
important for short-term biological consumption, while mineral fertilization may reduce
enzyme activity relating to the C, N and P cycles (DEFOREST et al. 2012; FAN et al. 2012;
WANG et al. 2012). The importance of added amounts of P, type and dosage of EOM are
shown in our study. According to published research, however, there may be other
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dependencies. For example, ZOU et al. (1995) describe the positive influence of increased
N on phosphatase activity. Similarly, OLANDER & VITOUSEK (2000) found that N addition

increased phosphatase activity in an N-limited site.

Different types of amendments may also have varying composition of organic matter
(e.g. C:N), affecting the rate of decomposition and influencing the structure of microbial
communities. For example, digging in straw favours the competitive ability of cellulolytic
microorganisms compared to those that cannot degrade cellulase (JENSEN & NYBROE, 1999).
An important factor in these processes is cellulase, which is involved in the decomposition
of cellulose as an element of organic matter (DILLY & NANNIPIERI, 2001). SCHIMEL &
WEINTRAUB (2003) describe a model according to which the addition of C to a N-limited
system increases respiration, while adding N actually decreases respiration. Supply of a
source of energy — carbon influenced enzyme activity (also in our research), specifically the
activity of cellulase, as is evident e.g. in Figures 1, 3 and in Table 4. The ratio C:N in the
applied EOM was at the limit of statistical confirmation in terms of cellulase activity.

In our research we did not register a statistically significant influence of increasing
dosage of EOM on urease activity. Neither was there any confirmation of the influence of
various types of EOM on the activity of urease enzymes. Statistically significant dependence
was confirmed between the activity of urease and the ratio of C:N in the applied organic
matter, while an indication of a relationship was apparent (p=0.104) in regard to the amount
of C supplied via EOM. Relationships between urease activity and applied organic matter
are described in research reports, for example, in relation to the dosage of organic matter
(REYNOLDS et al., 1985; PASCUAL et al., 1999; CHAKRABARTI et al., 2000; GEISSELER et al.,
2010). Increased activity of the majority of other enzymes (e.g. phosphatase, cellulase) after
manure application was described by SAHA et al. (2008b). On the other hand, in research by
SAHA et al., urease activity was uninfluenced by manure treatment. Urease activity may
reduce with increased application of NH3 base N fertilizers (Dick et al., 1988; MCCARTY et
al., 1992). This was not confirmed in our research in evaluation of urease activity in the case
of only mineral fertilization, in some cases with the lowest amount of EOM compared with

variants with the lowest dosage of mineral nitrogen and the highest dosage of EOM. Neither
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did we find a conclusive difference in urease activity in variants with application of EOM

made by composting manure in comparison with other types of EOM.

Soil enzymes are important not only in terms of their role in the nutrient cycle, their
suitability as indicators of specific biochemical reactions in the soil and managed analytical
methods (DIcK et al. 1994; KizILKAYA & BAYRAKLI 2005), but they also react relatively
quickly to changes in soil environment (KANDELER et al. 1999; ZHANG et al. 2010). In the
research we now present, we have proved that application of EOM to soil leads to a relatively
rapid reaction in enzyme activity in particular. The biochemical characteristics which we
studied reacted much more sensitively during the research than other characteristics
identified in the described small-plot trials. In the course of two seasons no statistically
significant influence of any individual type of EOM was found on characteristics relating to
ground water, infiltration, water-resistance, or on aggregate stability (LIPIEC et al. 2015). In
the case of chemical characteristics, it can also be stated that-with the application of the
tested EOM, there was no proof of any significant influence on unstable fractions of organic

carbon (KACzYNsKI & SIEBIELEC 2015).

CONCLUSION

The organic matter content of soil is a basic characteristic which influences the
physical, chemical and biological qualities of the soil. In our research we have proven the
influence of applied carbon on the activity of cellulase. In our observations, decomposition
occurred in material where there was an adequate level of nitrogen, as the C:N ratio in all
the studied types of EOM was lower than 10:1. The composition of material also figured
similarly in phosphate activity, where the supply of overall phosphorus had an influence on
this activity. The presented study proves/shows that the composition of various types of
organic waste must be taken into consideration when it is applied to agricultural use. This
organic matter can then be a benefit to agricultural land as a fertilizer while also solving the

problem of waste management.
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Abstract

Soil erosion, especially the water erosion, is one of the most widespread types of soil
degradation, not only worldwide, but also within the Czech Republic, where it endangers
more than a half of the agricultural land. In addition to farming, the landscape structure has
a significant impact on soil erosion in the conditions under study, where, especially in the
post-war period, the collectivization of large-scale arable land was accompanied by the
present abolition of associated landscape elements. The agricultural production area of the
South Moravia is one of the most endangered areas in the Czech Republic, therefore, it was
selected for our research, which main objective was to verify the sensitivity of selected
physical, chemical and biochemical characteristics to identified changes in soil properties in
erosion processes at identified erosion areas. The testing was carried out within a period of
5 years in 60 locations with chernozem soils with cultivated corn. To assess the quality of
soil properties, indicators of soil quality from the physical, chemical and biological -
biochemical groups were selected. The results of the analyses and the subsequent statistical
evaluation showed that the chemical characteristics, especially those related to the quantity
and quality of organic matter, were the most sensitive to the changes in soil properties. From
biochemical indicators some enzymes, particularly dehydrogenase and acid phosphatase,
reacted sensitively. In the studied physical characteristics, their influence on erosion

processes was the least significantly documentable.
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INTRODUCTION

Erosion is generally considered to be a major cause of arable land degradation (LI et
al. 2007) and it is associated with changes in soil properties, significantly affecting crop
yields, and also worsening the hydrological and other non-productive soil functions. From
the long-term prospective, it can lead to a gradual change in the hydrological regime in the
landscape (BOARDMAN, POESEN 2006). Water erosion is not only a major global problem
and it endangers more than 50% of the soil in the Czech Republic, with estimated land loss
due to erosion is at 21 million tonnes of topsoil per year (COLLECTIVE 2018). Within the
land, erosion leads to land shifting from convex parts of slopes and to its accumulation in
concave parts (GOVERS et al. 1994; Lo et al. 1995, SENSOY & KARA 2014) and part of the
material is taken away from the agricultural land with extensive damage. Incorrect economic
activity is often irretrievably damaging the land, where its amount taken away can exceed

many times the amount of land created by natural processes (VERHEIEN et al. 2009).

The erosion-influenced slopes occur both in the area and in the concentrated runoff
to transfer soil particles, to lose carbon and nutrients, and to influence many soil properties
(Cheng et al., 2010). A number of studies have described greater adsorption of nutrients and
agrochemicals on finer soil particles with their subsequent transfer (GHADIRI & ROSE 1993,
PADMALAL et al. 1997). Other negative manifestations of erosion related to crop production
can include limited rooting, a decrease in available water resources, reduced soil fertility and
adverse physical conditions. (EBEID et al. 1995). In connection with these physical
properties, for example, JANKAUSKAS (2007) or ARRIAGA (2003) described the increasing
erosion intensity with the increasing bulk density. The shift and redistribution of a significant
proportion of organic matter and nutrients into the lower parts of slopes is also serious
(PoLyAkoV & LAL 2004a; CHAPLOT & POESEN 2012). The research has confirmed that the
soil erosion can change not only the physical and chemical properties of soil, but also
biological properties such as microbial composition, abundance of individual edaphons or
the enzyme activity (Xu et al. 2010; HILTBRUNNER et al. 2012). According to the research,

these biological characteristics may respond to changes in environmental conditions more
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sensitively and sooner than other soil parameters (LYNCH et al. 2004; ODLARE 2008). The
activity of microorganisms in soil plays an important role in biotransformation, nutrient
cycles and in the enzyme activity (BURNS et al. 2013, ZHANG et al. 2009). Thus, these
activities can be a useful tool for assessing the functional diversity of microbial communities

in soil or in organic matter transformation (KANDELER et al. 1999).

Nutrients in the soil, especially N and P, but also the organic matter are subject to
losses due to the water erosion. An increase in the proportion of smaller particles is observed
in the eroded material, resulting in an increase in the proportion of mineral and organic
colloids and therefore the sediment becomes richer in nutrients (BERTOL et al. 2003). Soil
erosion also preferentially removes fresh and more labile C-rich materials from the topsoil
(WANG et al. 2014). Most of the eroded soil is known to be re-located near source areas and
basins (SMITH et al. 2005). The eroded and subsequently settled C can be stabilized by
interaction with minerals, thereby reducing C-deposited mineralization in the soil profile
(WANG et al. 2013). WANG et al. (2013) also found out higher concentrations of the

dissolved organic carbon at deposition sites.

From the brief review above, the effect of erosion processes on the physical, chemical
and biological properties of soils is evident. In this context, the aim of our research was to
verify which of these selected indicators reflect the most sensitive changes in soil properties

in erosion and accumulation processes.

MATERIALS AND METHODS

Location selection and sampling of soil samples. The research took place between
years 2012 and 2016 in the area of South Moravia, CZ on black soils. Selection of localities
in selected cadastral areas: Krumvit (48.9890058N, 16.9102728E), Horni Bojanovice
(48.9497050N, 16.8001464E), Hustpece (48.9408467N, 16.7376211E), Ostrozska Nova
Ves (49.0043386N, 17.4363183E), Ostrozska Lhota (48.9755900N, 17.4675133E), Syrovin
(49.0258231N, 17.2639311E), Vracov (48.9752289N, 17.2109967E), Velké Bilovice
(48.8492886N, 16.8922736E), Cejkovice (48.9059197N, 16.9423033E) and Hovorany
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(48.9549308N, 16.9934561E), occurred using the EPEU maps (Estimated pedologic-
ecological units) and according to the erosion threat of land modelled assistance using the
Universal Soil Loss Equation (USLE / RUSLE) (WISCHMEIER & SMITH 1978). Moreover,
60 sampling locations with the designation C (control with minimal manifestations), E
(erosion parts) a D (deposition parts) were gradually selected on individual blocks of arable
land with cultivated crop - maize using the USPED (Unit Stream Power - Based Erosion

Deposition) model (MITASOVA et al. 1996, MITAS & MITASOVA, 1998).

Soil samples for chemical and biochemical analyses were taken from 0-20 cm
horizons using a probe rod from company Eijkelkamp according to the International
Standard (ISO 10381-1, 2002). The collected mixed samples specified for the chemical
analysis were air dried and sieved (2 mm size ok) (ISO / DIS 11464, 2004). For the
biochemical analysis, the non-dried samples were sieved as soon as possible and analysed
(ISO 10381-6, 2009).

The soil samples were taken from topsoil at a depth of 5-25 cm to determine physical
characteristics. For sampling, Kopecky rollers (100 cm3) were used. 8 intact samples were
taken from all sampling locations. The same samples were used to determine the grain size

as for the chemical analysis of soils.

Soil samples analysis. Selected soil characteristics were determined according to the

following procedures.

From the physical characteristics, the bulk density reduced, the total porosity, the
maximum capillary water capacity and the minimum air capacity were determined after
sampling into the Kopecky rollers. Physical properties were determined using the standard
method of ZBIRAL & HONSA (2010). The stability of soil aggregates was determined by wet

sieving (KANDELER 1996).

In the study of chemical characteristics, the content of available phosphorus and
calcium was determined using the extraction solution according to Mehlich 111, followed by
an atomic absorption spectrophotometry, atomic emission spectrophotometry and

photometry (MEHLICH 1984, ZBiRAL & HONSA 2010). The Cox carbon content was
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determined by soil oxidation with chromsulphuric mixture and the color intensity was then
measured by spectrophotometry (ISO 14235, 1998; ZBirRAL et al. 2011). Ntot was
determined by the oxidation of nitrogen peroxide in concentrated sulfuric acid environment.
After mineralization, distillation into boric acid was carried out and the crude protein content
was determined by titration with H>SO4 (ISO 11261, 1995; ZBirAL el al. 2011). The soil
reaction was determined as pH/H>O (ISO 10390, 2000; ZABIRAL & HONsA 2010). The
humus fractions were determined by a modified procedure (KONONOVA & BELICKOVA
1961), where C of all humic substances was determined by evaporation of pyrophosphate

leachate and the C content of humic acids was determined after dissolution of NaOH.

In the study of biochemical characteristics, enzymatic activities were determined by means
of a colorimetric ending. Cellulase activity was determined using the CM-cellulose as a
substrate (SCHINNER & VON MERSI 1990). The phosphatase activity was measured using p-
nitrophenyl phosphate as a substrate (TABATABAI & BREMNER 1969). The dehydrogenase
activity was determined using a triphenyl-tetrazolium chloride substrate (Ross 1970). For
the determination of urease activity, soil samples were incubated with a urea solution
(TABATABAI & BREMNER 1972). To determine protease activity, soil samples were incubated

with casein (LADD et al. 1972).

Statistical evaluation. The results of all analyses were evaluated by the STATISTICA
statistical program (StatSoft. 2013) in which the basic characteristics of the groups were
performed. Evaluation of statistically proven differences among groups was performed by
Mann - Whitney U test. Furthermore, the influence of slope parts on measured environmental
characteristics was evaluated from the obtained data. Individual parts of the slope entered
the analysis as independent variables (control, erosion and accumulation) and as independent
variables were physical, chemical and biological properties of the soil. The data were
analysed using the linear RDA (RDA - redundancy analysis) direct model. Furthermore, the
significance of individual independent variables using the forward selection method was also
tested. The significance of the RDA model and individual variables was tested by the Monte
Carlo permutation tests (LEPS & SMILAUER 2000). All analyses were performed in the
CANOCO 5 programme.
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RESULTS AND DISCUSSION

Water erosion causes changes in the physical and chemical properties of the soil,
including changes in soil structure, organic matter content, calcium carbonate content, and
nutrients (KosMAS et al. 2001; Li & LINDSTROM 2001; SARAPATKA et al. 2018). These
changes were also covered by our research, where we statistically processed the results of
analyses of physical, chemical and biological - biochemical properties for individual parts

of slopes - control, erosion and accumulation.

Although the results of the analyses and their basic statistics presented in Table 1
indicate differences in the studied characteristics among the slope parts, the statistically
significant differences between slope positions after the use of Mann-Whitney U test shown
in Table 2, however, show only differences in some characteristics, most recorded between
the erosion and deposition part of the slope (8 out of 22 studied characteristics), followed by
differences between the control and deposition parts of the slope (6 out of 22 characteristics
studied). The least statistically significant differences were between control and deposition
slopes (only two statistically significant differences). It is thus possible to state that these

parts of the slopes (control and deposition) are similar in the characteristics studied.

In addition, from the chemical characteristics, the N tot. content was statistically
significant between the erosion and deposition part of the slope (0.13 and 0.16%,
respectively), C CHL (0.25 and 0.40% respectively), C HK (0.10 and 0.21%, respectively),
C: N (15.04, respectively 12.98), Ca content (7561.43 and 5951.14 mg/kg, respectively),
with which it is related pH / H20 (7.67 and 7.56, respectively), and statistically significant
differences in these parts of the slopes of the P content avail. (40.86 and 62.43 mg / kg,
respectively). These results are consistent with some other published studies (POLYAKOV &
LAL 2004b, NIk et al. 2013), which report that erosion results in faster loss of organic carbon,
nitrogen and phosphorus. For these reasons, the deposition area is considered as the carbon
repository (ZHANG et al. 2013). Soil fertility and productivity are also dependent on the
nutrient content and circulation of the organic matter (STEINER et al. 2007;
BHATTACHARYYA et al. 2010). However, not only the amount of soil organic matter but also

its quality is important in terms of soil quality (Liu et al. 2006). Lower pH and higher
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calcium content in the erosion parts of the slopes are indicative of intense erosion processes,
and blending of surface horizons remains as a soil-forming substrate (SARAPATKA et al.
2018). The effect of erosion processes on calcium content is confirmed by published results
of similar studies, which further report that yields tend to be the lowest in eroded areas where
calcium substrates are exposed and are low in organic matter (Cox et al., 2003; STEWART et
al. 2002).

In biochemical characteristics, there was a statistically significant difference in the
dehydrogenase activity (3.15 and 4.37 ug TPF / g DW / 16 h, respectively). A statistically
significant difference was observed in the activity of acid phosphatase in the activity of soil
enzymes, between the control and erosion part of slopes (283.90 and 226.48 ug NP / g DW
/ h, respectively). Increased acid phosphatase activities were also observed in the deposition
part of the slope compared to the erosion part (256.46 and 226.48 pg NP / g DW / h,
respectively), but this difference was not statistically proven at p <0.05. There is a similar
situation with Cox, when between the control and erosion part of the slope was (2.26 and
1.98% respectively). There was also a difference between deposition and erosion part of the

slope, but it was not statistically proven (2.13 and 1.98%, respectively).

The process of conversion of organic matter into the soil environment takes place
with the participation of soil microorganisms and their associated enzymes (SCHIMEL &
BENNETT 2004). The effect of erosion on enzymatic activity, also confirms these results
where we experienced higher enzymatic activity in deposition areas compared to erosion
parts of the slopes. These results are confirmed by, for example, the study by GARCIA &
HERNANDEZ (1997), which demonstrated a lower biological activity in dehydrogenase and

catalase in degraded soils.

Although there were some differences in physical characteristics between the slope parts
(Table 1), these were not statistically proven and require a follow-up monitoring, although
in all three parts of slope the results indicate some disruption to the soil environment (e.g.
high bulk density, low porosity). The results of the granular composition of the soil indicate
a certain homogenization of the soil environment and the possible removal of fine soil

particles outside the monitored locations, as described, for example, by STONE et al. (1985).
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Table 1: Values of studied physical, chemical and biochemical soil properties in individual parts of slopes

C - control part E - erosional part D - depositional part
Average Standard Average Standard Average Standard
Soil characteristics values Median deviation values Median deviation values Median deviation
Bulk density (g*cm-3) 1,65 1,61 0,22 1,72 1,60 0,25 1,59 1,56 0,15
2,00-0,05 23,06 23,46 6,65 25,09 24,18 7,17 30,28 27,02 15,21
0,05-0,002 49,21 48,65 6,99 50,31 50,73 6,51 46,43 50,57 11,98
< 0,002 27,74 27,66 4,92 24,75 25,27 3,81 23,31 23,28 5,17
Maximum capillary water capacity (% wol.) 36,44 36,36 5,89 37,73 36,89 6,21 36,74 36,52 3,67
Total porosity (% vol.) 39,71 39,31 4,36 41,36 40,94 5,39 40,96 40,71 4,00
Minimal air capacity (%) 5,94 5,97 3,13 5,54 5,96 2,29 6,96 7,37 2,98
Soil airiness (% wol.) 11,27 10,58 4,07 12,67 11,63 5,32 15,07 11,25 7,29
Water stability of soil aggregates (%) 33,14 29,53 18,97 28,61 23,56 14,76 30,02 29,29 12,69
pH/H20 7,52 7,69 0,46 7,67 7,78 0,42 7,56 7,61 0,31
Cox (%) 2,26 2,23 0,39 1,98 2,01 0,36 2,13 2,07 0,49
N (%) 0,16 0,16 0,03 0,13 0,13 0,03 0,16 0,17 0,02
C CHL (%) 0,37 0,39 0,16 0,25 0,24 0,11 0,40 0,40 0,20
C HK (%) 0,19 0,20 0,11 0,10 0,09 0,07 0,21 0,22 0,12
C:N 14,64 13,84 2,46 15,04 14,81 2,43 12,98 12,58 1,91
Ca (mg/kg) 6587,93 6940,00 2212,53 7561,43 8107,00 2107,22 5951,14 6118,50 1541,42
P (mg/kg) 76,82 51,00 71,39 40,86 32,50 28,36 62,43 54,00 28,81
Dehydrogenase (ug TPF/g DW/16 h) 4,11 3,68 2,70 3,15 3,32 1,65 4,37 3,84 2,45
Acid phosphatase (ug NP/g DW/h) 283,90 261,93 132,30 226,48 187,17 124,59 256,46 218,94 115,93
Urease (ug N/g DW/2 h) 984,79 982,11 453,41 857,55 856,33 322,64 988,33 1034,16 298,84
Cellulase (ug GE/g DW/24 h) 123,87 111,60 69,18 115,50 101,81 60,28 114,69 103,94 63,82
Protease (ug tyr/g DW/2 h) 90,58 78,83 58,93 94,26 91,54 59,24 90,50 93,96 59,52
Table 2 Statistically proven differences between the slope parts (Mann Whitney U test)
pH/HZO COX Ntot. C CHL C HA CN Ca Pavail_
Control vs. erosional part X X X X X X X
Erosional vs. depositional part X X X X X X

Note: There are statistically proven differences in dehydrogenase activity between the erosion and deposition

parts of slopes in the biochemical characteristics, in the acid phosphatase activity between the control and

deposition part of the slopes. There were no statistically proven differences between the slope parts for physical

characteristics.

To determine which characteristics are most sensitive to ongoing erosion, the RDA

analysis was chosen. Figure 1 includes all the physical, chemical and biological

characteristics of all studied parts of slopes. This model proved to be significant (F = 2.5; p

= 0.004) and explained the 5.8% variability. We repeatedly performed this analysis also

omitting the control part of slope, again with a similar significant result (F = 3.6; p = 0.002),

with the explained variability being 6.3%.
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Figure 1: RDA ordination diagram describing the Figure 2: RDA ordination diagram describing the
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Subsequently, analyses were carried out separately for individual groups of
characteristics (physical, chemical and biological), again for all parts of slopes and then only
for erosion and accumulation parts, the results of which were very similar, as in the analyses
without omitting the control part of slope. Taking the individual characteristics, the model of
chemical properties significantly occurs (F = 6.2; p = 0.004), which explained the 13.3% of the
variability (Figure 2). From this it can be seen that the erosion part of the slope indicates a
higher C:N ratio and Ca content, suggesting a less decomposed and humified portion of the
organic matter, as well as the de-eroded surface horizons of outflows with a higher Ca content.
The amount and quality of organic matter expressed by Cox., Ntot. and C humus substances
and humic acids, as well as higher levels of acceptable nutrients (expressed herein as acceptable

P content) were increased approaching the deposition parts of the slopes.

The biological - biochemical properties (Figure 3) do not come out significantly as a whole (F
= 1.5; p = 0.004), but significant erosion of the slope (F = 2.6; p = 0.038) was found when
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testing individual independent variables. From this analysis there is an apparent negative
correlation to the erosion part of the slopes with higher enzyme activities either in the deposition
or control parts of the slopes. This corresponds to the results of the Mann-Whitney U test. For
the physical properties (Figure 4), only the deposition part (F = 2.1; p = 0.048) in the overall
non-significant model (F = 1.3; p = 0.024) came out as significant. In this model only the

smallest particle size <0.002 is the least affected.

Figure 3 — RDA ordination diagram describing the Figure 4 — RDA ordination diagram describing the
relationship among the slope parts and soil relationship among the slope parts and physical soil
biological characteristics characteristics
‘C_’- 1 depositional part S erosional part
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To determine the main factors influencing soil quality, selected physical, chemical and
biological — biochemical characteristics were analysed by the RDA analysis. This analysis
showed that the chemical characteristics, where organic matter together with the basic
nutrients, and the related activity of soil enzymes seem to be the main influence on the course
of erosion. In the FEIzA et al. (2008) study, it was found that soil organic matter, and in
particular organic carbon contained therein, is an important indicator of quality on eroded
soils and is composed of a wide range of compounds that decompose at different rates
depending on their chemistry, temperature, humidity, biota, soil minerals and aggregation.
Therefore, as a recommendation for further soil degradation testing, it would be a good idea
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to focus more closely on the above-mentioned properties related to organic matter and to
study their interconnection in details and physical properties should be extended to study of

more horizons with the possible dating of these changes in these heavily affected areas.

CONCLUSIONS

The study of water erosion in the chernozem locations of South Moravia confirmed
the negative effect of water erosion on the physical, chemical and biochemical properties of
soils with different intensive influences of individual properties. Characteristics related to
the quantity and quality of organic matter and the supply of acceptable nutrients - phosphorus
- were the most affected. This was also related to the activity of selected soil enzymes,
especially dehydrogenase and acid phosphatase. The activity of these enzymes is correlated
with a number of other soil characteristics, e.g. the organic matter (SARAPATKA & KRSKOVA
1997). The more complicated situation was with the physical properties, which did not show
clear statistically proven differences among the slope parts. These inconclusive differences
may be related to the long-term manifestations of intense erosion and disruption of the soil
environment by its homogenization in surface horizons and at the same time the burial of
the original arable horizons, as indicated for the given black-soil region, e.g. in the studies
of ZADOROVA et al. (2013). The follow-up research, with emphasis on physical properties,
should be extended to study of more horizons with the possible dating of these changes in
these heavily affected areas. More detailed knowledge of the impact of erosion processes on
the soil environment in these intensively farmed areas, which also affect the production and
non-production functions of soil, is important for deciding on optimal land use both at local
and national levels and for adjusting the rules of the EU Common Agricultural Policy within

the Cross-Compliance checks.
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ABSTRAKT

Eroze pidy, zejména vodni, je vSeobecné povazovana za hlavni pficinu degradace pidy
a jsou s ni spojené¢ zmény pudnich vlastnosti, vyznamné¢ ovlivituje vynosy zemédélskych
plodin a zhorsuje také hydrologické a mimoprodukéni funkce piidy. Eroze ptidy miize ménit
nejen fyzikdlni a chemické vlastnosti plidy, ale i biologické, a navic tyto charakteristiky
mohou reagovat na zmény podminek prostfedi diive nez ostatni parametry. Také ziviny
v pudé a organickd hmota podléhaji ztratdm kvili erozi. Kromé ekologickych Skod
zpuisobuje eroze pudy i Skody ekonomické, jako jsou finan¢ni ztraty nebo zvySovani ndklada
na péstovani plodin. Je tedy Zadouci studovat vliv eroznich procesti na biologické, chemické

a fyzikalni vlastnosti pud.

Prace si klade za cil 1) vyhodnotit zmifiovany dlouhodoby vliv eroznich procest na riznych
castech svahli na vybrané chemické vlastnosti tykajici se organické hmoty, biologické
vlastnosti vyjadiené aktivitou pudnich enzymt a fyzikalni vlastnosti a posoudit, ktera
ze sledovanych vlastnosti nejvice odrdzi probihajici erozi; 2) vyhodnotit vliv aplikace
riznych typli a davkovéani exogenni organické hmoty na aktivitu vybranych pidnich

enzymu.

Prvni Cast prace vychazi ze studii provedenych v oblasti jizni Moravy na piidach typu
cernozem. Prokdzala se znacnd intenzita eroznich procest na studované vlastnosti pudy
v jednotlivych ¢astech svahl. Bylo zjisténo kvalitnéj$i sloZzeni plidni organické hmoty
v depozi¢nich oblastech, coz je potvrzeno vétsim obsahem celkového humusového materialu
a huminovych kyselin v organické hmoté. Naopak u obsahu vapniku a pH byly zjistény
statisticky vyznamné vyssi hodnoty v eroznich ¢astech svahti. To je potvrzenim intenzivnich

eroznich procest. Vliv eroze na enzymatickou aktivitu byl také potvrzen, depozi¢ni oblasti



vykazovaly vétsi mikrobialni biomasu a enzymatickou aktivitu ve srovnani s eroznimi
oblastmi. Nejvice byly ovlivnény charakteristiky chemické, souvisejici s mnozstvim

a kvalitou organickych latek a se zasobou piijatelnych zivin (P).

Druhé cast prace byla vénovana vlivu aplikace a davkovéani exogenni organické hmoty
(EOM) na aktivitu ptidnich enzymil. Vyzkum probihal na maloparcelkovych polnich
pokusech v lokalit¢ Pusté Jakartice v Moravskoslezském kraji. Prostfednictvim riznych
davek EOM bylo do pidy dodavano rtizné procento dusiku v organické forme. Prokazali
jsme, ze aplikace EOM vede k pomérné rychlym zménam v enzymatické aktivité. Aktivity
celulazy, kyselé a alkalické fosfatazy byly stimulovany nejvyssimi ddvkami EOM. Zvysujici
se obsah C, N a P dodavany prosttednictvim EOM pozitivné ovliviioval aktivitu celuldzy
a fosfataz. SloZeni a kvalitu riznych typl odpadl a organické hmoty je dobré brat v tvahu
pfi vyuziti v zemédélstvi.

Tento vyzkum byl podporovan v ramci programu z Ministerstva zemédé€lstvi NAZV
QJ123066, QJ1630422, OK1720303, QK1810233, Operacniho programu pieshranic¢ni
spoluprace CZ — PL (CZ.3.22./1.2.00/12.03445) a IGA projekti Pfirodovédecké fakulty

Univerzity Palackého v Olomouci.

KLICOVA SLOVA: puda, vodni eroze, enzymaticka aktivita, Ziviny, exogenni organicka

hmota, biologické, chemické a fyzikalni vlastnosti.



ABSTRACT

Soil erosion, especially water erosion is generally considered as a major cause of soil
degradation and associated changes in soil properties, significantly affecting crop yields and
also aggravating hydrological and non-productive soil functions. Soil erosion can change
not only the physical and chemical properties of the soil, but also the biological, and in
addition, these characteristics can respond to changes in environmental conditions earlier
than other parameters. Also, soil nutrients and organic matter are subject to losses due to
erosion. In addition to the environmental damage, soil erosion also causes economic damage,
such as financial losses or increased crop costs. It is therefore desirable to study the effect of
erosion processes on the biological, chemical and physical properties of soils.

The aim of the thesis is to first evaluate the above mentioned long-term impact of erosion
processes in different parts of slopes on selected chemical properties related to organic
matter, biological activity of soil properties expressed enzymes, physical properties and to
assess which of the observed properties reflects the most significant erosion; second, to
evaluate the effect of application of different types and dosage of exogenous organic matter

on soil activity of selected enzymes.

The first part of this work is based on studies carried out in the area of South Moravia on
chernozem soils. Significant intensity of erosion processes on the studied soil properties in
different parts of slopes was proved. A better composition of soil organic matter in
deposition areas was found, which is confirmed by higher content of total humus material
and humic acids in organic matter. In contrast, in the calcium content and pH were
statistically significantly higher in the erosion areas slopes. This is a confirmation of intense
erosion processes. The effect of erosions on enzymatic activity was also confirmed,
deposition areas showed greater microbial biomass and enzymatic activity in comparison
with the erosion regions. Most were affected by the chemical characteristics related to the
amount and quality of organic substances and with a supply of available nutrients (P).



The second part is devoted to the influence of the application and dosage of exogenous
organic matter (EOM) on the activity of soil enzymes. The research was conducted on small-
plot field trials in the Puste Jakartice area in the Moravian-Silesian Region. Different
percentages of nitrogen in the organic form were supplied to the soil through various doses
of EOM. We have demonstrated that the application of EOM leads to relatively rapid
changes in enzymatic activity. Cellulase activity, acidic and alkaline phosphatase were
stimulated with the highest doses of EOM. Increasing the content of C, N and P supplied
through the EOM positively influenced cellulase and phosphatase activity. The composition
and quality of different types of waste and organic matter should be taken into account when

used in agriculture.

This research was supported within the program of the Ministry of Agriculture NAZV
QJ123066, QJ1630422, OK1720303, QK1810233, Operational Program Cross-Border
Cooperation CZ - PL (CZ.3.22./1.2.00/12.03445) and IGA projects of the Faculty of Science
of Palacky University in Olomouc.

KEY WORDS: soil, water erosion, enzymatic activity, nutrients, exogenous organic matrer,

biological, chemical and physical properties.
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1 UVOD

V préci jsem se zaméfila na dvé hlavni otazky, a to na vliv eroze na biologické, chemické
a fyzikalni vlastnosti puid a dale na organickou hmotu a vliv jeji aplikace na aktivitu ptidnich
enzymu.

Eroze pudy, zejména vodni, patii k nejrozsifenéjSim a velice zavaznym typum degradace
pady z hlediska Zivotniho prostiedi, a to jak celosvétove, tak i v Ceské republice. Jen v Ceské
republice je urcitou formou vodni eroze ohrozeno vice nez 50 % pudy, pfi¢emz odhadovana
ztrata pudy vlivem eroze je pfiblizné 21 miliond tun ornice za rok (Kolektiov, 2018).

Na vodni erozi se podili i intenzifikace zemé&délstvi v povaleéném obdobi. V Ceské republice
jsou stale nejvétsi ptidni bloky v Evropé, coZ pribéhu eroze jen napomaha. (Kolektov, 2018)
V minulosti bylo zruseno zna¢né mnozstvi doprovodnych krajinnych prvkia. Vznik vodni
eroze je ovlivnén ze znacné Casti zplisobem zpracovani pudy, souvisejicim se scelovanim
poli do vétSich celki, které mohly byt obhospodafovany mechanizaci, ovSem za cenu
sniZzené ochrany, kterou prave do té doby bézné krajinné prvky plnily.

Eroze, a s ni spojena ztrata zivin, nejenze vyznamné ovlivituje vynosy zemédéelskych plodin,
ale zhorSuje také hydrologickou funkci pidy. V dlouhodobém horizontu muize vést
k postupné zméné hydrologické situace v krajiné¢ (Boardman, Poesen, 2006). K dal$im
negativnim projevim eroze souvisejicich s produkei plodin miZzeme zafadit omezené
moznosti zakotfenéni, pokles dostupnych zdroji vody, sniZeni urodnosti pidy a jeji
neptiznivé fyzikalni podminky (Ebeid et al., 1995).

Uvadi se, ze eroze pidy muZe zménit fyzikalni a chemické vlastnosti pudy, ale také
biologické vlastnosti, jako mikrobialni spolecenstvo, abundanci nebo enzymatickou aktivitu
(Xu at al., 2010; Hiltbrunner et al., 2012).

Pidni enzymatické aktivity jsou uzite¢nym nastrojem pro posuzovani funkéni rozmanitosti
mikrobialnich spolecenstev v pudé (Kandeler et al., 1999). Enzymaticka aktivita tak mize
byt pouzivana jako indikator kvality pidy, udrZitelnosti a zmén v bio-geochemickych
funkcich diky managementu nebo porucham.

Vedle vlivu eroznich procesii na kvalitu plidy je vaznym problémem stav organické hmoty

V pidnim prostiedi. Organickd hmota v pudé je vystavena ubytku, rozkladu a dalSim



zménam a jeji nadmérné ztraty patii k zavaznym formam degradace pid. Znacné nebezpeci
této formy degradace souvisi s nedostate¢nou dodavkou kvalitnich organickych latek.

Jednou z moznosti feSeni je dodavka raznych druhii exogenni organické hmoty (EOM), jako
jsou napt. Cistirenské kaly, vedlejsi produkty z potravinarského primyslu, kompostované
odpady z pramyslové vyroby nebo komundlniho odpadu, digestaty, zivocisné moucky
a statkova hnojiva (Diacono a Montemurro 2010 in Maly a Siebielec 2015), ktera ovlivituje

jak fyzikalni, tak chemickeé i biologické vlastnosti.

2 LITERARNI PREHLED

2.1 Degradacni faktory pidy

Pida je nestabilni systém, ktery se neustale vyviji. Velmi vyznamnou roli hraje také fakt,
ze jsou pudni funkce vzajemné propojené, diky ¢emuz jsou navzdjem zranitelné riznymi
formami degradace pud (Sarapatka a kol., 2002). Jako degradaci pudy lze oznagit vie,
co snizuje jeji kvalitu a z toho vyplyva, Ze pokud neplni ptida nékterou ze zakladnich funkci,
doslo k jeji degradaci (Lal, 1998).

Vyzkum probihal ptfedev§im v eroznich oblastech jizni Moravy, coz je nejirodnéjsi oblast
Ceské republiky s ¢ernozemnimi ptidami a kde je také nejvétsi hrozba eroze, proto

je nasledujici text zaméfen na erozi pudy ovliviiujici kvalitu pady.
Eroze piidy

Eroze je vSeobecné uznavana jako hlavni pficina degradace piidy na orné pudé (Li a kol.
2007). Vodou vyvolana eroze piemist'uje pudu, snizuje infiltraci a zvySuje povrchovy odtok
(Pilgrim et al. 2010). Vodni eroze se vytvafi diky dopadajicim destovym kapkam
s kinetickou energii, jez dopadaji na povrch piidy a uvolniuji ptidni ¢astice. Na vznik vodni
eroze ma nejvetsi vliv sklonitost a délka pozemku po spadnici, dale pak vegetacni pokryv,
vlastnosti pidy a jeji nachylnost k erozi, pfitomnost resp. nepfitomnost protieroznich

opatfeni a Cetnost vyskytu ptivalovych srazek.



2.2 Eroze piudy a ovlivnéni vybranych biologickych, chemickych
a fyzikalnich charakteristik
Jako indikatory zdravi a kvality pady se obvykle voli vybrané pudni charakteristiky
fyzikélni, chemické a biologické. Tuto kvalitu ovliviiuje i ptidni eroze, ktera nemusi ménit
jen fyzikalni a chemické charakteristiky, ale také charakteristiky biologické. Nékteré studie
také uvadéji (Lynch et al. 2004; Odlare 2008), ze biologické charakteristiky reaguji
na zmény podminek citlivéji a diive nez ostatni piidni parametry. Nas vyzkum byl predevSim
zaméien na ovlivnéni biologickych charakteristik eroznimi procesy, vyjadienych aktivitou
vybranych ptidnich enzymu, ale také zhodnotit dlouhodoby vliv eroznich procesii na riznych
¢astech svahu na vybrané fyzikalni a chemické charakteristiky a také zhodnotit vliv aplikace

a davky exogenni organické hmoty.

2.2.1 Biologické charakteristiky a vybrané faktory jejich ovlivnéni

Pidni mikroorganismy hraji kli¢ovou tlohu v pedogenetickych procesech, kolobézich prvki
a rustu rostlin, v tocich latek, energie a informaci. Mikroby v ptid€ jsou podstatné tim,
ze produkuji rizné enzymy (Zhang et al. 2009), které jsou neustale syntetizovany,

akumulovany, inaktivovany a/nebo rozkladany v pud¢ (Tabatabai 1994; Dick et al. 1994).

Pidni enzymy jsou pfirozenymi mediatory a katalyzatory mnoha dilezitych plidnich
procest, jako je rozklad organickych latek uvolnénych do pidy béhem vegetace, tvorba
a rozklad humusu, produkce Zivin dostupnych pro rostliny, fixace dusiku, jakoz 1 tok uhliku,

dusiku a dalsich zakladnich prvka biochemického cyklu.

Vybrané enzymy a jejich vyznam v pudé (dle Uplatnéné certifikované metodiky Enzymy,
jejich vyznam, funkce a metody stanoveni jejich aktivit, Sarapatka 2013)

Dehydrogenaza — patii mezi oxidoreduktazy a pouziva jinou molekulu neZ kyslik jako
elektronicky akceptor (napt. NAD™), je vysledkem aktivit riznych dehydrogenaz, které jsou

dilezitou slozkou enzymového systému vSech mikroorganismii. MizZe slouZit jako indikator

biologického redox systému a intenzity mikrobialniho metabolismu v padeé.

Celulaza — je polymer B-glukézy a je nejrozsitené;jsi organickou molekulou na Zemi. Tento

enzym je produkovan specializovanymi bakteridlnimi druhy a fadou druhii hub. Jejich
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aktivita byva vyssi ve rhizosféfe ve srovnani s okolni pidou. Dulezity je obsah celuldzy

Vv poskliziiovych zbytcich nebo organickém materialu.

Ureaza — je enzym, ktery se vyskytuje u vétSiny rostlin, zivo¢ichti a mikroorganismu,
hydrolyzuje mocovinu na HNza CO». V pide¢ to je stabilni enzym a je ¢asto uzivan v ramci

testovani pudni tirodnosti.

Proteaza — hydrolyza bilkovin, je umoznovana diky protedzam, kdy dochazi k rozkladu na
oligopeptidy a aminokyseliny. Proteiny, které se dostavaji do ptdy, jsou rozkladany mnoha

bakteriemi a houbami.

Fosfatazy — jsou zodpovédné za enzymatickou mobilizaci organicky vazaného fosforu.
Odstratiuji PO4> ze substratu. Rozlisujeme dvé skupiny, a to kyselou a alkalickou fosfatazu.
Kyseld fosfataza je pfitomna v kofenovych exsudéatech a je indikdtorem rhizosferniho
prostfedi. Zéasaditd fosfatdza je produkovana mikroorganismy a ¢aste€né mykorhiznimi

houbami.

Nitatreduktaza — puisobenim enzymu nitratreduktazy, kterym jsou vybaveny jak rostliny,

tak n&které bakterie, dochazi k redukci dusi¢nanii na dusitany.

2.2.1 Fyzikalni charakteristiky a vybrané faktory jejich ovlivnéni

Fyzikalni vlastnosti ovliviiuji vlhkostni, vzdusny a tepelny rezim ptd. Jedna se predev§im
0 objemovou hmotnost, celkovou porovitost, minimalni vzdusnou kapacitu a vyuzitelnou

vodni kapacitu.

Autofti Ebeid et al. (1995) uvadéji, ze pudy poskozené erozi maji vyssi objemovou hmotnost
a tyto pidy s vyssi objemovou hmotnosti jsou nadchylnégjsi k erozi. Pfi nadmérném zhutnéni
pudy se také snizuje efektivnost minerdlniho hnojeni, a to pfedevsim dusikem. Dochézi
rovnéz ke zménam v obsahu vody v pude€, kdy pfi nadmérném zhutnéni se v disledku
snizeni porovitosti omezuje pohyb vody v pidé (Hula a kol. 2010). I dalsi vyzkumy
(Ebeid et al. 1995). Dobry strukturni stav pidy se da udrzovat ptivodem organické hmoty,
strukturni agregaty jsou dilezité pii ochrané plidy pfed erozi a jsou vyznamnym piinosem

pro udrzeni vlahy a jako ochrana pted vyparem (Hula a kol. 2010).
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2.2.2 Chemické charakteristiky a vybrané faktory jejich ovlivnéni

Ve vztahu ke kvalité pady je dalezité nejen mnozstvi organické hmoty, ale také jeji kvalita.
Organicka hmota je material produkovany Zivymi organizmy (rostlinami, zivocichy), ktery
je navracen do piidy a prochazi dekompozi¢nimi procesy. Organickd hmota zahrnuje veskeré
organické slouceniny ptitomné v pidé (Diacono a Montemurro 2010). V poslednich letech
je bézna specializace zeméd¢€lct na rostlinnou produkci bez chovu hospodaiskych zvitat
a timto vznikd také problém s nedostatecnou dodavkou organické hmoty do pidy jako
dalezitého zdroje pro tvorbu humusu. Jako feSeni se nam nabizi 1 pouziti riznych druha
exogenni organické hmoty (EOM), vlastnosti EOM jsou ovlivnény vlastnostmi vychozich
surovin. Osud této hmoty po aplikaci na pidu je do zna¢né miry uréen pomérem C a N
a dalsich zakladnich prvka.

Piida obsahuje rizné chemické prvky, rozdélené na mikroelementy a mikroelementy, které
tvofi zaklad jejiho chemického slozeni. Hlavnimi zivinami, dilezitymi pro rist rostlin, jsou
dusik (N), fosfor (P) a draslik (K).

Z hlediska chemie plidy nckolik védeckych studii popisuje (Polyakov and Lal, 2004;
Papiernik et al. 2007; Nie et al. 2013) zrychleni ztraty organického uhliku, dusiku a fosforu
vlivem eroze a prostorového rozlozeni téchto materiali ve svahu a ve vztahu k transportu
vody a rozrusovani pudy béhem hospodarskych praci (Cerda et al., 2007; Haile and Fetene,
2012). V nasem vyzkumu byly analyzovany vybrané chemické vlastnosti tykajici se
zakladnich Zivin a pidni organické hmoty. Viapnik je pfiznivy pro strukturu pidy
a neutralizuje pidni kyselost. Také ale mtize byt ukazatelem probihajicich eroznich procesi,
kdy vynosy maji tendenci byt nejnizsi v erodovanych oblastech, kde je odhaleno vapenaté
podlozi, ¢imz se do pudy dostava vyssi mnozstvi vapniku, a soucasné je zde nizky obsah

organické hmoty (Cox et al. 2003).

3 CILE A STRUKTURA PRACE

Jak vyplyva z vySe uvedeného, eroze pidy, zejména vodni, patii k nejrozsirenéj$§im typim
degradace pudy, jak celosvétove, tak 1 v Ceské republice. Nespravnou hospodaiskou Cinnosti
je nendvratn¢ poskozovan pudni profil pozemkii. Mnozstvi plidy odnesené vodni erozi

mnohonasobné prevySuje mnozstvi plidy, kterd vznika pfirozenymi procesy (Verheijen et
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al.,, 2009). Je tedy Zzadouci studovat vliv eroznich procesii na biologické, chemické

a fyzikalni vlastnosti ptd, které jsou predmétem vySe zminénych zmén.
Préce si klade tyto cile:

a) Vyhodnotit dlouhodoby vliv eroznich procest na riznych ¢astech svahti v oblasti
jizni Moravy na vybranych chemickych vlastnostech tykajici se ptidni organické
hmoty, biologickych vlastnostech vyjadienych aktivitou vybranych pidnich
enzymu a fyzikéalnich vlastnostech. Posoudit, ktera ze sledovanych charakteristik
nejvice odrazi probihajici erozi.

b) Vyhodnotit vliv aplikace riznych typt a davkovani exogenni organické hmoty na
aktivitu vybranych ptdnich enzymi. Z nich byly zvoleny enzymy z kolob&éhu N, P

a C, a to uredza, fosfatazy a celulaza.
V ramci jednotlivych cild byly ovétovany nasledujici hypotézy:

- ma eroze md negativni dopad na fyzikalni, chemické a biologické vlastnosti pidy?
- ktera z téchto vlastnosti nejcitlivéji odrazi probihajici erozi?

- ovlivni dodavka exogenni organické hmoty aktivitu enzymi kratce po aplikaci?

4 METODIKA

4.1 Studijni lokality

Studie vlivu eroze na rliznych ¢astech svahu probihala v oblasti jizni Moravy na ptidach typu
¢ernozem. Kazdy rok byly zvoleny ve vybranych katastralnich uzemich svazité pozemky
oseté kukufici. Pokusné lokality se nachazely v katastralnich uzemich Ostrozska Nova Ves,
Ostrozskd Lhota, Syrovin, Horni Bojanovice, Krumvif, Vracov, Hovorany, Hustopece,
Velké Bilovice a Cejkovice.

V ramci studie vlivu aplikace riznych typi a ddvkovani exogenni organické hmoty do plidy
byly na zkusebni stanici Ustfedniho kontrolniho a zkuSebniho ustavu zemédélského
v Pustych Jakarticich v Moravskoslezském kraji zaloZzeny maloparcelkové polni pokusy.
Puda byla klasifikovana jako luvisol s pseudoglejovymi vlastnostmi. Na pokusné lokalité

byla péstovana kukufice.
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4.2 Popis experimentli a pouZzité metody

4.2.1 Vyzkum v eroznich oblastech jiZzni Moravy

Vyzkum v oblasti jizni Moravy probihal mezi lety 2012 — 2016. Pti vybéru lokalit pro kazdy
rok bylo stéZejnim faktorem péstovani Sirokofddkové kukufice na svazitém pozemku
ohrozeném erozi. Pro potfeby nasi studie byla odbérna mista na vrcholu svahu oznacena jako
kontrola (C), dale ve stfedni Casti svahu, tedy erozni ¢asti (E), a v akumulacni ¢asti svahu
(D). Vzorky pudy pro chemickou analyzu a studium biologické aktivity byly odebirany
z horizontti 0-20 cm sondovaci ty¢i Eijkelkamp. Odbéry probihaly kazdy rok vzdy ve dvou
terminech, a to na jafe a na podzim. Pidni vzorky pro stanoveni fyzikalnich vlastnosti ptudy
byly odebirany na vybranych pozemcich z ornice v hloubce 5 — 25 cm na konci vegetaéniho
obdobi.

Z odebranych vzorki byly stanoveny vlastnosti pudy podle nasledujicich postup.

Enzymatické aktivity pady byly stanovovany s vyuzitim spektrofotometrickych metod.

Aktivita celulazy byla stanovena s vyuzitim CM-celuldzy jako substratu. (Schinner a von
Mersi 1990). Aktivita fosfatazy byla méfena s pouzitim p-nitrofenylfosfatu jako substratu.
(Tabatabai a Bremner 1969). Aktivita dehydrogenazy byla méfena s vyuzitim
trifenyltetrazolium chloridu jako substratu. (Ross 1970). Pro stanoveni aktivity ureazy byly
ptdni vzorky inkubovany s roztokem mocoviny. (Tabatabai a Bremner 1972). Pro stanoveni

aktivity protézy byly piidni vzorky inkubovany s kaseinem. (Ladd et al. 1972).

V ramci studia chemickych charakteristik byl obsah ptistupného fosforu, hot¢iku a drasliku
stanoven pomoci extrakéniho roztoku podle Melicha III, s naslednym stanovenim pomoci

atomové absorpcni spektrofotometrie (Mehlich, 1984, Zbiral and Honsa, 2010).

Pldni reakce byla stanovena jako pH/H20 (ISO 10390, 2000; Zabiral a Honsa, 2010). Obsah
Cox byl stanoven jednotnym pracovnim postupem oxidaci chromsirovou smési a barevna

intenzita métena spektrofotometrii (ISO 14235, 1998; Zbiral a kol., 2011).

Ntot byl stanoven oxidaci peroxidu dusiku v prostfedi koncentrované kyseliny sirové. (ISO

11261, 1995; Zbiral a kol., 2011).
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Frakce humusu byly stanoveny modifikovanym postupem (Konovova and Bélickova, 1961),
kdy C vSech huminovych latek byl ur¢en odpafovanim pyrofosfore¢nanového vyluhu

a obsah C huminovych kyselin byl stanoven po rozpusténi NaOH.

Fyzikalni vlastnosti byly stanoveny za pouziti standardni metody podle Zbiral a Honsa
(2010). Na odbér vzorkii byly pouzity Kopeckého valecky (100c m®) a zahrnuji tato
stanoveni: objemovou hmotnost redukovanou, celkovou porovitost, maximalni kapilarni
vodni kapacitu a minimalni vzdusnou kapacitu. Stabilita ptidnich agregat byla stanovena

prosévanim za mokra.

Vysledky analyz byly vyhodnoceny statistickym programem STATISTICA (StatSoft,
2013), ve kterém byly provedeny zédkladni charakteristiky skupin a byla stanovena
Spearmannova korelace. Hodnoceni rozdilu mezi jednotlivymi skupinami bylo provedeno
neparametrickym Wilcoxnovym parovym testem a Mann — Whitney U testem. Data byla
analyzovana pomoci linearniho modelu piimé ordinace RDA (RDA — redundancy analysis).

Vsechny analyzy byly provadény v programu CANOCO 5.

4.2.2 Vyzkum typu davky exogenni organické hmoty na vybrané biochemické
vlastnosti

Studie vlivu typu davky exogenni organické hmoty na vybrané biochemickeé vlastnosti pidy

probihala v letech 2013 a 2014 ve zndhodnénych blocich. Bloky zahrnovaly 10 kombinaci

hnojeni a kazd4a kombinace méla 4 opakovani. Na plidu byla aplikovana exogenni organicka

hmota (EOM) s rozdilnymi parametry, jednalo se kompost (Ag), primyslovy kompost (Ra)

a zivoc¢isnou moucku (Mb).

Podrobng&jsi popis pouzitych statkovych hnojiv uvadi Niedzwiecki et. al. (2015) v publikaci
(Maly, Siebielec 2015), ktera byla vydana jako vystup projektu Rizika a piinosy aplikace
exogenni organické hmoty na piidu — Program pieshraniéni spoluprace Ceska republika —
Polska republika.

Pouzité davky byly odvozeny od N (200 kghal), ale lisil se pomér dusiku dodaného
organickym a mineralnim hnojivem. VZdy 0 %, 50 %, 75 % a 100 % z celkového mnozstvi

aplikovaného N bylo ve form& EOM. Organické materidly byly aplikovany na jafe 2013

a 2014 a zapraveni exogenni organické hmoty bylo provedeno do hloubky 15 — 20 cm.
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Ptiblizn¢ jeden mésic poté byla odebrana piida pro laboratorni analyzy. Podzimni odbér
vzorkli probihal bezprostfedn¢ po sklizni. V obou letech byla na pokusech péstovana
kukufice (Niedzwiecki et. al. 2015). Enzymaticka aktivita byla méfena stejnymi
spektrofotometrickymi metodami, jako jsou uvedeny v piedchozi kapitole o vyzkumu eroze

v oblastech jizni Moravy.

Ziskané vysledky byly vyhodnoceny pomoci programu STATISTICA (StatSoft, Ver. 12)
s analyzou korelacnich zavislosti (Pearsonotiv koeficient), s testovanim rozdili mezi
skupinami (parametrick¢ porovnani, ANOVA, Turkeyav test) a s vyuzitim ptisluSnych

grafui.

5 SOUHRN HLAVNICH VYSLEDKU

5.1 Vyzkum v eroznich oblastech jiZni Moravy

Vysledky analyz biochemickych a chemickych charakteristik byly statisticky vyhodnoceny
Z hlediska rozdilu téchto vlastnosti pidy v kontrolnich, eroznich a depozi¢nich ¢astech
svahl. Primérné hodnoty jednotlivych pudnich charakteristik v riznych ¢astech svahd, tak
statisticky vyznamné rozdily mezi jednotlivymi ¢astmi svahil potvrzuji, Ze v eroznich
oblastech svahll piesahuji procesy eroze depozi¢ni procesy a V depozicnich oblastech

prevazuji depozicni procesy nad procesy eroznimi.

Kdyz se podivame na zjisténé statisticky vyznamné rozdily v dostupném drasliku a fosforu,
tak v oblastech depozice byly zasoby vyssi v porovnani s eroznimi oblastmi. U fosforu byl
jeho obsah v eroznich oblastech nizky, zatimco v kontrolnich a depozi¢nich oblastech
uspokojivy. Podobné rozdily byly zjiStény také v charakteristikdch souvisejicich
s organickou hmotou v pudé. V oblastech depozice byly prokazany vyssi zasoby, at’ uz jde
o celkovy dusik, organicky uhlik, humus nebo huminové kyseliny. Z hlediska chovani ptidy
se v n€kolika védeckych studiich uvadi (Polyakov and Lal 2004; Papiernik et al. 2007; Nie
et al. 2013) a prokazuji to i naSe vysledky, Ze vlivem eroze dochazi ke zrychleni ztrat
organického uhliku, dusiku a fosforu. Také v eroznich procesech je uhlik dostupnéjsi
Vv depozi¢nich oblastech nez v eroznich oblastech (Ma et. al. 2014). Ve vztahu k naSemu

vyzkumu bylo zjisténo kvalitnéjsi slozeni ptidni organické hmoty v depozi¢nich oblastech.

16



Naopak u obsahu vapniku a pH byly zjistény statisticky vyznamné vyssi hodnoty v eroznich
¢astech svahi. To je dikazem intenzivnich eroznich procesi a vysledky naseho vyzkumu
odpovidaji i publikovanym vysledkim od Hammerové et al. (2014) na podobnych

¢ernozemnich ptidach.

V ramci vyzkumu byly sledovany také enzymatické aktivity, kde statisticky vyssi primérna
hodnota byla v depozi¢nich ¢astech svahu, konkrétn¢ u dehydrogenazy, kyselé fosfatazy
a také uredzy a nitrat reduktazy. Vliv eroze na enzymatickou aktivitu je potvrzen také ve
vyzkumu Li et al. (2015), kde depozicni oblasti vykazovaly vétSi mikrobidlni biomasu
a enzymatickou aktivitu ve srovnani s eroznimi oblastmi. Dale byla provedena také korelace
mezi aktivitou pidnich enzymi a charakteristikami tykajicimi se organické hmoty. Zde byla
nalezena pozitivni korelace uhliku a dusiku s celulazou, protedzou, nitrat reduktdzou
a fosfatdzami. Také publikovand studie Li at al. (2015) popisuje pozitivni korelaci mezi

aktivitou enzymi a organickym zdrojem uhliku.

Zam¢ftili jsme se 1 na zjiStovani, které charakteristiky nejvice odrazeji probihajici erozi.
Provedena zakladni statistika naznacuje rozdily charakteristik mezi jednotlivymi ¢astmi
svahll, malé statisticky prikazné rozdily mezi pozicemi svahl ukazuji na rozdily pouze
u nékterych charakteristik, pfi¢emz nejvice jich bylo zaznamenano mezi erozni a depozi¢ni

¢asti svahu.

Prikazny statisticky rozdil u biochemickych charakteristik odrazi aktivita dehydrogenazy.
U kyselé fosfatazy byl statisticky prikazny rozdil jen mezi kontrolni a erozni ¢asti svaht.
Vliv eroze na enzymatickou aktivitu tyto naSe vysledky rovnéz potvrzuji, kdy jsme
zaznamenali vy$§i enzymatickou aktivitu v oblastech depozice, ve srovnani S eroznimi
¢astmi svaht.

Pfi zjistovani, které charakteristiky nejvice odrazeji probihajici erozi, byly do RDA analyzy
zatazeny vSechny charakteristiky, a to fyzikalni, chemické a biologické a také vSechny ¢asti

svahu (kontrolni, erozni a dopozi¢ni) a tento model se ukazal jako signifikantni.

Z této analyzy vyplynulo, Ze na pribéh eroze nejvice reagovaly chemické charakteristiky,
kde se jako hlavni ukazatel ovlivnéni jevi organickd hmota spolu se zédkladnimi Zivinami,

a s tim souvisejici aktivita plidnich enzymi. Ve studii Feiza et al. (2008) bylo zjiSténo,
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ze pudni organickd hmota, a pfedevS§im v ni obsazeny organicky uhlik je dulezitym
ukazatelem kvality na erodovanych ptdach a je slozen z Siroké Skély sloucenin, které se
rozkladaji riznymi rychlostmi v zavislosti na jejich chemii, teploté, vlhkosti, bioté, ptidnich

mineralech a agregaci.

5.2 Vyzkum typu davky exogenni organické hmoty na vybrané

biochemické vlastnosti
Statistické hodnoceni ukazalo vztahy k aktivité jednotlivych piidnich enzym1, véetné vztahu
k mnozstvi aplikované organick¢é hmoty. Vysledky jednofaktorového statistického
hodnoceni aktivity enzymt prokazaly signifikantni rozdily u aktivity celulazy, kyselé
a alkalické fosfatdzy v zavislosti na davkovani a typu EOM. Statisticky prikazné rozdily

nebyly zjistény mezi variantami z hlediska aktivity ureazy.

Ve vyzkumu jsme prokézali rychlou reakci zejména u aktivity enzymtl, to, Ze enzymy reaguji
pomérné rychle na zmény v ptidnim prostiedi prokazuji i studie Kandeler et a. (1999) nebo
Zhang et al., (2010). V prub¢hu obou sezén nebyl zjistén statisticky vyznamny vliv
jakéhokoliv typu EOM na charakteristiky tykajici se podzemni vody, infiltrace, vodotésnosti
nebo stability agregatt (Lipiec et al. 2015). V ptipad¢é chemickych vlastnosti pii testovani
EOM nebyl také prokdzan zddny vyznamny vliv na nestabilni frakce organického uhliku

(Kaczynski a Siebielec 2015).

6 ZAVER
V ¢asti predlozené disertacni prace vénované vyzkumu v eroznich oblastech jizni Moravy

a jejich vlivu na chemické a biochemické vlastnosti jsem dopéla k témto zaveérim.

V této intenzivné obhospodafované oblasti ma zna¢na intenzita eroznich procesti vyrazny
vliv na studované vlastnosti pudy v jednotlivych ¢astech svaht. Tento na$ vysledek je
potvrzen i ve studii Zadorova at al. (2013), kde erozni koluvidlni horizont ve spodni ¢asti
svahu mtize byt az 1 m hluboky. Erozni procesy mohou v disledku nevhodného vyuzivani
a hospodafeni na pud¢ vést ke zménam pidnich vlastnosti, ale také az ke zmén¢ pidniho
typu (Obrslik 2004). VSechny tyto zmény zplUsobené vodni erozi se netykaji pouze
produktivity, ale také neprodukénich funkei pudy.
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V ¢asti vénované vyzkumu vodni eroze v cernozemnich oblastech jizni Moravy a ovéfovani,
které vlastnosti pad nejcitlivéji odrazi zmény puadnich vlastnosti, jsem dospéla
k nasledujicim zavéram:

Vyzkum potvrdil negativni vliv vodni eroze na fyzikalni, chemické a biochemické vlastnosti
pud srizné intenzivnim ovlivnénim jednotlivych vlastnosti. Nejvice byly ovlivnény
charakteristiky chemické, souvisejici s mnozstvim a kvalitou organické hmoty a se zasobou
ptijatelnych Zivin (zejména P). Stim souvisela i aktivita vybranych ptdnich enzym,
zejména dehydrogenazy a kyselé fosfatazy. Aktivita téchto enzymu byva v korelaci s fadou
dalsich ptdnich charakteristik, napt. s organickou hmotou (napt. Sarapatka a Krikova,
1997).

Detailnéj$i poznani vlivu eroznich procesi na plidni prostiedi v téchto intenzivné
zeméd¢lsky obhospodafovanych oblastech, které ovliviiuji ale 1 produkéni a mimoprodukéni
funkce pudy, je dulezité pro rozhodovani o optimalnim vyuzivani pidy jak na lokalni, tak
narodni urovni. Jsou také nedilnou soucasti pravidel Spole¢né zemédélské politiky EU

v ramci kontroly podminénosti Cross Compliance.

V posledni ¢asti vyzkumu vénovanému vlivu aplikace a davkovani exogenni organické

hmoty na aktivitu ptidnich enzymd, jsem dospéla k nésledujicim zadveérim:

Obsah organické hmoty v pudé je zékladni charakteristikou, ktera ovliviuje fyzikalni,
chemické a biologické vlastnosti piid. V nasem vyzkumu jsme prokazali vliv aplikovaného
uhliku v exogenni organické hmot¢ na aktivitu celulazy, kdy tyto hmoty pozitivné ovlivnily
mikrobialni aktivitu. Doslo k rozkladu materialu, v nichz byl dostate¢ny obsah dusiku.
U vsech studovanych materialii byl pomér C:N nizsi nez 10:1 a mikroorganismy tak netrpély
jeho nedostatkem. U aktivity fosfatazy fungovalo slozeni materialu obdobné, kde mél vliv

celkovy obsah fosforu.

Vyzkum potvrdil, Ze tbytek organické hmoty a s tim souvisejici procesy lze fesit dodavkou
riznych druhtt EOM. Nase studie také doklada, ze slozeni rtiznych druhti organického
odpadu by mélo byt zohlednéno pii jeho pouziti v zemedélstvi a tato organicka hmota miize
byt ptinosem pro zemédelskou ptidu jako hnojivo, ale také muze fesit problém nakladani

s odpady.
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