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1. Uvod

Se stale vice rostoucim poctem obyvatel na Zemi a jejich neustale rostoucimi naroky,
roste i mnozstvi vyprodukovaného odpadu, a to jak biologicky rozlozitelného, tak i toho
nerozlozitelného. Nejvétsim problémem je to, jak vlastné odpad dale zpracovavat.
Existuje neékolik vice ¢i méné ekologickych moznosti. Tou nejméné ekologickou je samoziejmé
skladkovani (Bjorklund et al. 1999), které by se mé¢lo velmi omezit, chceme-li jako ¢lensky stat
splnit natizeni Evropské unie, dle kterého se nejpozdéji do roku 2035 musi procento
skladkovani snizit maximalné na 10 % (Smérnice Evropského parlamentu a rady EU
2018/850). Naopak vice podporovanym zpusobem je tfidéni biologicky rozlozitelného odpadu
do tzv. kompostejnerd, pro které byly v roce 2020 dokonce zlevnény poplatky za odvoz odpadu
(pro Prahu) (Mana 2020). Dalsi moznosti je spalovani, kterému podléhd naprostd vétSina
smésného odpadu z hlavniho mésta Prahy. Za rok 2019 tak v Malesické spalovné skoncilo na
277 tis. tun odpadu (Mana 2020). Nejvice ekologickou variantou odstranovani bioodpadu je
pak domaéci ¢i komunitni kompostovani a v dnesni dobé jiz vice rozsifené vermikompostovani
(Pliva et al. 2016).

Vermikompostovani, stejné tak kompostovani, je definovano, jako proces aerobni
fermentace biologicky rozlozitelného materialu. Vermikompostovani se od klasického
kompostovani lisi predevsim svou ,,bezidrzbovosti“, kdy neni nutné manualni provzdusnovani
¢i prekopavani vermikompostovaci zakladky, nebot’ tuto ¢innost zastdvaji samotné zizaly
(Sharma et al. 2005). Avsak je nutné vice sledovat vlhkost b&hem celého procesu
vermikompostovani. Ta by se prave kvili zizalam méla pohybovat kolem 80 % (Edwards et al.
2011)

Vermikompostovani je vSak ve velké vétsiné ptipadd vyuzivano ve form¢ doméaciho
vermikompostovani. Na téma vermikompostovani v menSim méfitku, predevS§im na téma
laboratorniho vermikompostovani, byla publikovana celd tada studii (Aria et al. 2011;
Dominguez et al. 2013; Garcia-Sanchez et al. 2017; Huang et al. 2014; Romero et al. 2010;
Tripathi & Bhardwaj 2004). Vermikompostovani ve velkém méfitku pfimo v misté velké
produkce odpadu, tj. v podnicich zpracovavajicich naptiklad ovoce, zeleninu ¢i jakykoli jiny
biologicky rozlozitelny material, neni v Ceské republice ani ve svété rozsifené. A na toto téma
nebyly v Cechach ani v zahrani¢i publikovany Zadné odborné studie. Proto se piedkladana
prace v prvé fadé¢ zaméfuje na vermikompostovani v konkrétnich podnicich, kde odpad pfimo
vzniké. Jedna se o vermikompostovani ve velkém méfitku v systému pribézného krmeni zizal

ve venkovnich podminkéch.



2. Literarni p'ehled

2.1. Kompostovin’

Zakladem dobré kvality kompostu je zajisténi podminek pro pfiznivy pribéh celého
procesu. Dilezitd je spravna skladba surovin. Na zdkladé sloZeni vychozich surovin je
dle potfeby vhodné doplnéni dusiku, ptipadné fosforu. Pidavek fosforu by se mél pohybovat
tak, aby kompostovand smés vykazovala obsah fosforu v susiné kolem 0,2 %. Dusik by mél byt
doplnén tak, aby byl dodrZzen pomér C:N 25 —30:1 (Crecchio et al. 2004). Pro docileni
idedlniho poméru C:N je vhodné michani riznych druhii organickych materialti (napf. piliny,
které vykazuji pomér C:N kolem 500:1, odifezané vétve kolem 300:1 ktira 120:1, slama mezi
60 a 100:1, Cerstva trava kolem 20:1, hndj 25:1). Pfi kompostovani odpadu ze zahrady je tedy
nutné vyrovnani poméru C:N, nebot’ by byl pfili$ Siroky (Vanék et al. 2007). K dodani dusiku
do kompostovaci smési jsou nejvhodnéjsi statkovad hnojiva jako kejda skotu (s pomérem C:N
10:1), dribezi trus (C:N 10:1) ¢i moctvka (C:N 2:1) (Ginting et al. 2003; Van¢k et al. 2007).
MozZné je také pouziti minerdlnich hnojiv s amidovym nebo amonnym dusikem (mocovina,
siran amonny, DAM 390) (Vanék et al. 2007). Kromé& poméru C:N by béhem kompostovani
mély byt dodrzovdny i dalSi podminky. Pocatecni velikost ¢astic by neméla byt vétsi nez
15 mm, vlhkost by méla byt udrZovana mezi 55 a 60 % (vyS$si hodnoty pouze pfi pouZiti slamy
nebo pilin), hladina kysliku by méla byt udrZzovana na 10 — 18 %. Dilezitym faktorem je vyska
kompostovaci zakladky, ta by neméla byt vyssi nez 3 m, kvili dobrému provzdusnovani
(Edwards et al. 2011). K rozkladu organické hmoty je tieba pidni mikrofléra. Vyse zminéné
podminky napomahaji rozvoji mikroorganismi. Muze se tak docilit az desetkrat vétsiho poctu
mikroorganismi ve srovnani s klasickou pidou, coZ urychluje a intenzifikuje cely proces zrani
kompostu (Vana 1994). I tak je ale nutné do kompostovaného materidlu mikroorganismy
dodévat. Nejidedln€j$i moZznosti jsou zeminy s dobrou sorpéni kapacitou, které jsou nejen
zdrojem pravé pidni mikrofldry, ale také zdrojem jilovych a mineralnich ¢astic. Zemina ma
také schopnost zadrZovat vodu a pohlcovat vznikajici zapach, piisobi na sorpci zivin (pfedevsim
poutani vznikajictho NHs) hlavné na zacatku procesu kompostovéani, kdy nemd organicka
hmota téméf Zddnou sorpcni schopnost (Crecchio et al. 2004; Edwards et al. 2011). Statkova
hnojiva jsou téZ dobrym zdrojem mikroorganismi, a pfedev§im snadnéji rozlozitelnych
organickych latek (Ginting et al. 2003).

Kompostovaci proces lze rozdé€lit do nékolika fazi, v prvni fadé se jednd o navaZeni
a soustiedovani surovin, jejich tfidéni, smiseni a homogenizaci a ndsledné samotné zaloZeni

kompostu. Ddle rozliSujeme tifi fdze samotného kompostovani (Obr. 1). Fazi rozkladu,



ve které probihd velmi silny rozvoj mikroorganismid a teplota stoupa na 60— 70 °C.
Teplota fermentované smési a doba, po kterou se takovito teplota udrzuje je rozhodujici
pro pribéh rozkladu organickych latek a jejich transformaci na stabilnéjs$i formu. V této fazi
dochazi k uvoliovani CO,, NH; a minerédlnich latek. Faze rozkladu trvd primérné tii tydny
(Vanék et al. 2012) a je dileZita pro hygienizaci kompostovaného materidlu, pfi které dochazi
k zahuben{ patogennich mikroorganismt, zarodki a semen pleveli (Edwards et al. 2011).
Na ni navazuje faze pfemény, béhem které vznikaji nové organické slouceniny. Tato faze trva
do osmého az desatého tydne kompostovéni a teplota pozvolné klesda. Béhem této faze je znacna
¢ast organickych liatek pfeménovdna na stabilnéjSi humusové latky. Posledni fazi, je faze
syntézy neboli zrani, ve které kompost dozravad. Primérna doba trvéni je od tfi do Sesti mésicti
(Vanék et al. 2012). V tomto obdobi je teplota kompostu vyrovndna s teplotou okolniho
vzduchu. Béhem procesu kompostovani dochazi zprvu ke sniZzeni pH bioodpadu a sniZeni
obsahu organickych latek ptiblizné o 40 % (Bernal et al. 2009). Soucasné dochazi ke zvySeni
poc¢tu humifikovanych sloucenin (Edwards et al. 2011). Béhem doméciho kompostovéni je
vhodné alespon jednou nebo nejlépe dvakrat, kompost prekopat, ve velkych kompostarnach
Castéji. Findlni uprava jiz zralého kompostu spociva v prosévéani, pii kterém dochazi k separaci
nezadoucich nebo nerozloZenych Céstic. Prosety kompost se ndsledné expeduje (Van€k et al.

2012).
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Obr. 1: Prubéh kompostovani (Pliva et al. 2006).

Na trhu se objevuji i komposty z bioreaktort (biofermentori), kde proces kompostovani
probihd rovnomérnéji. V prvni fazi fermentace, kterd trvd dva az Ctyfi dny, dosahuje
kompostovany materidl v uzavienych reaktorech teplot v rozmezi 60 — 80 'C. V ndasledujicich
pfiblizné deseti dnech 50 — 55 iC, je tedy zarucena velmi dobra hygienizace odpadu a znacné

se urychluje proces pfemény organické hmoty. V nasledujici fazi, kterd trva asi jeden mésic,



probiha dozravani komposti klasickym krechtovym zptisobem. Kompostovani v bioreaktorech
umoZziuje sbér amoniaku, ktery je mozné recyklovat jako hnojivo, a tak zabranit zneciSténi
atmosféry. Statkova hnojiva, pfedevSim kejda a dribeZi podestylka, zpracovavana timto
zpusobem predstavuji velmi kvalitni kompost (Bernal et al. 2009).

Komposty hraji vyznamnou roli v kolobéhu latek a Zivin v pfirodé.
Maji nezastupitelnou udlohu ve vyuZiti a zapojeni odpadd a vedlejSich produkti rostlinné
produkce do obnovy pidni drodnosti. Kompost mize pri aplikaci do pidy mimo jiné
poskytnout vysoky obsah Zivin ve formach piistupnych pro rostliny, ale také zlepSeni pidnich
fyzikdlné-chemickych vlastnosti, jako je ionto-vyménna kapacita, acrace pidy, propustnost,
reten¢ni schopnosti pidy, vsakovani vody a zvyseni pidni tirodnosti. To vSe vyznamné pfispiva
ke sniZeni eroze pudy a ztraty zivin z pudy povrchovym odtokem (He et al. 1992; Pinamonti
et al. 1996). Pinamonti (1998) uvadi, Ze komposty zvySuji obsah organické hmoty v ptd¢,
obsah fosforu a vyménného drasliku, stejné tak snizuji teplotni vykyvy ptdy a evaporaci vody.
Celkovy 1 pristupny obsah vSech Zivin v kompostech zavisi na vychozich surovinich.
U primyslovych kompostt je stanoven pouze nejnizsi obsah celkového dusiku (min. 0,6 %),
pomér C:N (max. 30), obsah spalitelnych ldtek (min. 25 %) a také obsah vody (40 — 65 %)
(Vanék et al. 2012). Aby zraly kompost spliioval uvadéna kritéria pro primyslové komposty,
je nutné pii zakladani sledovat obsah rizikovych prvki v jednotlivych materidlech pouzivanych
ke kompostovdni (Vaca-Paulin et al. 2006). Pfitomnost organickych a anorganickych
kontaminantd v kompostovaném materialu mtize predstavovat nebezpeci pro Zivotni prostfedi.
V nékolika studiich byly po aplikaci kompostil, zejména z komundlniho odpadu, pozorovany
zvySené obsahy hladiny rizikovych prvkd (pfedev§im Zn, Cu a Pb), nejen v puadé,
ale i v rostlinich (Bevacqua & Mellano 1993; Illera et al. 2000; Woodbury 1992).
Nejméné vhodné pidy pro aplikaci komposti z odpadu s vysokym obsahem rizikovych prvku
jsou piscité pudy s nizkou sorp¢ni kapacitou a nizkym pH, které hiife adsorbuji kovy (Mc Bride
2003). Dle Edwardse et al (2011) se sice v dusledku ztrat uhliku béhem mineralizace celkové
mnozstvi rizikovych prvkd zvysuje, ale mnoZstvi biologicky dostupnych rizikovych prvki ma
tendenci se sniZovat vzhledem k tvorbé stabilnich komplexii shuminovymi latkami.
Kviili zamezeni aplikace kompostd s vysokym obsahem rizikovych prvki jsou vymezeny
piistupné obsahy rizikovych prvki, kterym musi vyhovovat kompost uvadény na trh dle pfilohy
¢. 1 vyhlasky MZe ¢.271/2009 Sb., kterd upravuje limitni hodnoty rizikovych prvkd

pro organickd hnojiva se susSinou nad 13 %, kam patii i komposty (Tab. 1).



Tab. 1: Limitni hodnoty rizikovych prvkii pro organickd hnojiva se susSinou nad 13 %

(ptiloha ¢. Tk vyhlaSce MZe ¢. 271/2009 Sb.).

mg/kg suSiny

kadmium | olovo | rtutf | arsen | chrom | méd | molybden | nikl | zinek
2 100 1,0 20 100 150 20 50 600

Pouziti kompostu na zemédélské pidé muize prispét k rovnomérnému rozlozeni Zivin
a snizeni vyuZzivani omezenych zdrojii anorganickych hnojiv. Ackoli mize byt kompostovani
nakladné€js$i neZ vyuzivani surového hnoje ¢i kejdy, je kompostovéni, v porovnani s ostatnimi
technologiemi nakldadini s odpady, méné ndkladné (Edwards et al. 2011). Kompostovani je
povazovano za alternativni zdroj organickych latek k ostatnim organickym hnojiviim

(Bernal et al. 2009). Pro zahradnické ucely pfedstavuje kompost ekonomickou alternativu

k raseliné (Edwards et al. 2011).

2.2.Vermikompostovin’

Vermikompostovani je definovano jako metoda mezofilni aerobni fermentace
organickych materialti za ptisobeni urcitého druhu Zizal (Han¢ & Pliva 2013). Béhem procesu
vermikompostovéni je velkd ¢ast primdrni organické hmoty mineralizovdna na oxid uhlicity
(COy), amoniak (NH3) a vodu (H;0O), zbyla ¢ast je preménéna na stabilni organickou hmotu
podobnou humusovym latkdm (Romero et al. 2007). Na procesu vermikompostovani se podileji
jak zizaly, které jsou oznaCovany za hnaci motor celého procesu, tak i mikroorganismy,
které interakci s Zizalami napomadhaji s prfeménou organického odpadu na hnojivo (Champar-
Ngam et al. 2010). Vermikompostovani, stejné jako kompostovani, probihd v riznych fazich.
V ptipadé vermikompostovani je to faze aktivni, kde dochdzi ke zpracovédni a prfeméné
organického materidlu, zméné fyzikalnich vlastnosti a mikrobidlniho sloZeni (Lores et al.
2006). A faze dozravaci, které se i&astni jiZz jen mikroorganismy. ZiZaly se pfesouvaji do nové,

N

Cerstvéjsi vrstvy bioodpadu (Aira et al. 2007). Délka obou fazi se odviji od sloZzeni bioodpadu
a druhu Zizal (Dominguez et al. 2010).

Vermikompostovat Ize jak ve velkém, tak v malém méfitku. V malém méfitku je mozné
odpady vermikompostovat i pfimo v domdcnosti za vyuziti vermikompostért, které obsahuji
jednotlivé misky, jeZ je mozné sklddat na sebe (Obr. 2). Dnes jsou jizZ dievéné Ci plastové
vermikompostéry velmi designové. Pfi doméacim vermikompostovéni je nutné udrzovat stalou

teplotu kolem 20 jC a pruibézné vermikompostovany odpad zavlazovat. Piipadny vyluh

z vermikompostu odtékd, diky perforovanému dnu, a shromazduje se v dolni &4sti
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vermikompostéru (Obr.2 — dolni ¢ast C). Vyluhy z vermikompostl 1ze také pouZit jako

hnojivo. Uvadi se idedlni pomé&r fedéni 1:9 s vodou (Pliva et al. 2016).

Obr. 2: Domaci vermikompostér (http://www plastia.cz/produkt/urbalive/vermikomposter/)

Vermikompostovéni v uzavienych prostorech s vétsi produkci bioodpadu je mozné fesit
formou dvoumodulového vermireaktoru (Obr. 3). Ten je sloZzen ze dvou nadob tzv. moduli,
které jsou stejné velké a vespod maji kolecka, pro snadnou manipulaci. Moduly mohou
fungovat jak oddélené, tak v pevném spojeni. V piipadé odd€leni modulti probihd v prvnim
modulu takzvané predkompostovani. Do modulu je pfiddvan novy — Cerstvy bioodpad, ktery je

v v

nasledné pfedkompostovan bez ptitomnosti ZiZzal. V druhém modulu probihd nésledné proces

v v

vermikompostovani jiz za pfitomnosti Zizal. Pfipad pevného spojeni obou moduld se vyuziva
zejména k presunu ZiZal z modulu 2, kde jiZ probéhl proces vermikompostovéani, do modulu 1,
kde je jiz predkompostovany a Z{Zzalami nezpracovany bioodpad. Zizaly se pfesouvaji samy,
instinktivné za potravou. Ve druhém modulu, ktery Zizaly pravé opustily, pak zistava zraly
vermikompost. Proces je nutné monitorovat, a proto jsou oba dva moduly vermireaktoru

vybaveny panelem pro sledovani teploty a vlhkosti kompostovaného/vermikompostovaného

materidlu (Han¢ & Pliva 2013).
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Obr. 3: Dvoumodulovy vermireaktor (Han¢ & Pliva 2013)

Dal$i moZnosti je vermikompostovani na zahradach v nizkych zdhonech (30 — 40 cm)
s betonovym podkladem, kvtli zamezeni vsaku vyluhu z vermikompostu do ptudy a piistupu
krtki do vermikompostu. Alternativou k betonovému podkladu mohou byt silné folie.
Vhodnym pro venkovni vermikompostovani je odlezely hndj domdacich zvirat, listi Ci trava
v malych vrstvach (cca 15 cm) a odpad ze zahrady. Zdhon je nutné dostatecné provlhcovat
a zajistit odtok pfipadného vyluhu. Nové vrstvy bioodpadu se doporucuje pridavat kazdych
10 — 30 dnti. V zimé je nutné zdhon dostate¢né zateplit, napiiklad vEtSi vrstvou travy nebo
slamy, tak aby bylo umoznéno vétrani (Han¢ & Pliva 2013; Kalina 2004).

Vermikompostovani je moZzné také ve velkém méfitku v podobé pdsovych
nebo ploSnych hromad (Obr. 4). Hromady je idedlni zaklddat na zpevnénych plochéch.
Zakladky je mozné také zastfeSit, proto je duleZité sledovat a udrzovat idealni vlhkost
vermikompostovaného materidlu (cca 80 %). Piekopdvani nebo obraceni neni nutné, nebot’ tuto
praci zastanou Zizaly. Vermikompostovéani je tak investicné a provozné nendro¢nym procesem.
Interval pfikrmovani se odviji od pldnované vysky nové vrstvy bioodpadu: 1x tydné 10— 15 cm,
1x za 14 dni 20 — 30 cm, Ix za tfi tydny 30 — 50 cm. ZiZaly se zdrzuji v hornich vrstvach
zakladek, a tak je mozZné, u jiz vysokych zaklddek, vyuZit vrchni vrstvy bioodpadu s ZiZalami
pro zaloZeni nové vermikompostovaci zaklddky (Han¢ & Pliva 2013). Je nutné nepriddvat
do kompostti jakékoli odpady bez znalosti jejich ptvodu a sloZeni, z hlediska mozné

s w2z

kontaminace nezadoucimi organickymi polutanty a rizikovymi prvky. Velka ¢ast odpadi,
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zv1asté z riznych skladek, miZe byt znacné zne€isténa a miZe tak zpusobit prinik nezadoucich

latek do ptidniho prostfedi a nasledné i do potravniho fetézce (Vanék et al. 2012).

Obr. 4: Vermikompostovéni v podobé pasovych hromad (Han¢ & Pliva 2013)

22.1. Zizaly

Zfialy se fadi do kmene Annelida (krouzkovci), podkmene Cittelata (opaskovci),
tfidy Oligochaeta (madloStétinatci) fadu Haplotaxida a podfddu Lumbricina (ZiZaly).
RozliSujeme tfi druhy ZiZal, anektické, epigeické a endogeické (Ismail 1995).
V Ceské republice se vyskytuje ve volné piirodé kolem 50 druhdi ZiZal, mezi nimi napf.: ZiZala
hnojni (Eisenia fetidd, Zizala dlouha (Aporrectodea longg Zzizala polni (Aporrectodea

wees

vrstvé pady, které nevytvari trvalé nory a Zivi se primarni organickou hmotou a humusem
z povrchu pudy, tedy zizaly epigeické (Mc Lean & Parkinson 1998). Mezi nejvyuzivanéjsi
druhy pro vermikompostovani patii napriklad Zizala hnojni (Eisenia fetidaa vyslechténa Zizala
kalifornskd (Eisenia andrei, dile pak evropska deStovka (Dendrobaena veneja
Zizala naCervenala (Lumbricus rubellug africka destovka (Eudrilus eugerae)
nebo ,,modry Cerv (Perionyx excavatygZajonc 1992).

Zizala hnojni (Eisenia fetidama rudohn&dou barvu a dortstd délky 3 — 12 cm a priméru
kolem 2 —4 mm. Zivi se pfevazné rozkladajicim se rostlinnym materidlem (Zajonc 1992).
Dle Huanga et al. (2014) je E. fetida nejvhodnéjsim druhem pro rozklad zbytkli ovoce

a zeleniny, odpadu z Gdrzby zahrad a park (listi, trava, zbytky rostlin), odpadu z papirenského

prumyslu ¢i Cistirenského kalu. Idedlni teplotou pro Zivot a rozmnozovani je 25 °C. S teplotou
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Vv,

pfimo souvisi i vySe spotfeby potravy, kterd je pti idedlni teploté vyssi. Tim se zvySuje i rychlost
rozkladu biologicky rozlozitelného materidlu. E. fetida se vyznaCuje i vySSim tempem
rozmnozovéni. To je zajiSténo tak, Ze do jednoho kokonu kladou nékolik vaji¢ek najednou
a jejich mlddata rychle dospivaji (Zajonc 1992).

Zizala kalifornskd (Eisenia andrejibyla specidlné vyslechténa pravé z volné Zijici Zizaly
hnojni (E. fetidg za tdcelem zpracovani organického materidlu. E. andrei zpracovava
biologicky rozlozitelny material znacné rychleji nezZ jeji pfedchtidkyné. Ma jednolitou barvu,
tmavé nebo svétle rudou. Idedlni teplotou k Zivotu a rozmnoZovani je rozmezi od 15 do 25 °C.
Jeji rozméry jsou témér totozné jako u E. fetida(Zajonc 1992).

Nekteré druhy Zizal (Eudrilus eugeniagEisenia fetidaa Perionyx excavais) maji také
schopnost kumulovat ve svém téle rizikové prvky, jsou schopny odfiltrovat z organické hmoty
az 75 % vsech rizikovych prvki. Rizikové prvky jsou akumulovany do Zizal a ztraci tak
mobilitu ve vermikompostovaném materidlu (Pan & Wang 2009). Jako potrava slouZzi ZiZaldm
biologicky rozlozitelny materidl (nejlépe predfermentovany) s pomérem C:N v idedlnim
rozmezi 25:1 — 30:1 (Edwards et al. 2011). Pfi idedlnich podminkdch jsou ZiZaly schopny
zkonzumovat 0,5 — 1 ndsobek jejich télesné hmotnosti. VétSinou zpracuji jakykoli biologicky
rozloZitelny materidl (Gaddie & Douglas 1975). Nedélaji jim problém zbytky zemédélskych
plodin a zbytky z domaécnosti, ze zahrad, Zivo¢isné odpady, nékteré primyslové odpady,
zejména odpady z pivovaru, lihovarnictvi, ze zpracovani cukrové titiny nebo Cistirenské kaly
(Atiyeh et al. 2000b; Sinha et al. 2010). ZiZaly vyuZiji néco kolem 40 % organickych latek.
Zbytek, tvoreny predev§Sim jiZz natrdvenou organickou hmotou, vylucuji do prostredi.
Takto vznikly vermikompost obsahuje vysoky podil huminovych kyselin, diky nimZ je mozZné
docilit az desetkrat vétstho poctu mikroorganismu oproti klasickému kompostu (Carrasquero-
Durén et al. 2009). Zizaly krom& dostatku organického materidlu vyZaduji také vlhkost
v rozmezi 80 — 85 % (mezni hodnoty 60 — 90 %) (Edwards et al. 2011). Ackoli Georg (2004)
uvadi, Ze idedlni vlhkost je 75 — 80 %. B€hem tuhé zimy se muiZe stat, Ze ve vermikompostovaci
zakladce nebude dostatek kysliku, ZiZaly vSak dokdzou vyuZit kyslik zabudovany v molekuldch
vody (Munroe, 2007).

Dle Syerse a Springetta (1984) je mozné tvrdit, ze Zizaly maji pozitivni vliv na rdst
rostlin. Za prvé tim, Ze napomdhaji pfi rozkladnych procesech a tim urychluji proces
mineralizace. Za druhé tim, Ze zlepSuji celkové fyzikdlni, chemické a biologické vlastnosti
pidy, maji pozitivni vliv na udrZeni drobtovitych agregat, coz zlepSuje vzdusny a vodni reZim
pidy. Diky tomu miZe klesnout spotieba vody aZ 0 40 % (Sinha et al. 2010). Zizaly mohou mit
vliv také na transport iontd v pidé (Elad 1994). Ovliviiuji mnoZstvi Zivin v pidé, zejména N,
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P, K a Ca, které jsou snadno vyuZitelné rostlinami, nebot’ je velkd ¢ast téchto Zivin obsaZena
ve slizu a vykalech ZiZal (Arthur et al. 2012). Cinnost ZiZal nejen zrychluje rozklad primarni
organické hmoty (Lv et al. 2013), ale ma také vliv na vyskyt pidnich mikroorganismd
(Syers & Springett 1984), diky kterym maji vermikomposty jemnou strukturu a obsahuji Ziviny

ve formach snadno pfistupnych pro rostliny (Garg et al. 2006; Tripathi & Bhardwaj 2004).

2.2.2. Vermikompost

Findlnim produktem celého procesu je kvalitni hnojivo, vermikompost.
Hotovy vermikompost by mél, dle normy pro vermikompostovini, byt hnédé, Sedohnédé
az ¢erné barvy. M¢l by byt homogenni, drobovité a hrudkovité struktury, bez nezapojitelnych
&astic. Nemél by vykazovat pachy svéd&ici o piitomnosti jakychkoli nezadoucich latek (CSN
46 5736). Stejné tak, by mél spliiovat technické pozadavky uddvané CSN 46 5736 (Tab. 2).
MEéI by spliiovat i hodnoty shodné pro komposty dle pfilohy €. I vyhldsky MZe ¢.271/2009 Sb.,
kterd upravuje limitni hodnoty rizikovych prvki pro organickd hnojiva se suSinou nad 13 %

(Tab. 1).

Tab. 2: Kvalitativni znaky a obsah Zivin ve vermikompostu (CSN 46 5736).

Znak jakosti Hodnota
Vlhkost [%] 50-70
Spalitelné latky ve vysuseném vzorku [%] min. 35

Celkovy dusik jako N pfepocteny na vysuSeny vzorek [%] | min. 1

Pomér C:N max. 30
Hodnota pH 6-9
NerozlozZitelné ptimési [%] max. 2
Celkovy P,Os v susing [%] min. 0,6
Celkovy K;0 v susiné [%] min. 1

Vermikompost je mozné rozdélit do tfi skupin dle jeho struktury: Polohruby — ma hrubsi
strukturu a je mozné ho pouZit jako nahradu za statkovy hntj; Jemny zahradni — ma jemné&;si
strukturu a pouZziva se jako ndhrada za statkovy hntij, ale lze jej pouzit i pro pokojové rostliny
¢i parkové travniky; Specialni jemny golfovy — ma velmi jemnou strukturu a aplikuje se pfimo

na nove zaloZeny ¢i jiz vzrostly travnik (Pecl 2007).
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Obsah Zivin ve vermikompostech je ¢asto mnohem vyssi nez v tradi¢nich kompostech
(Dickerson 2001). Obsahuje také kvalitni humus, rdstové hormony a stile aktivni enzymy
(Sinha et al. 2010). Hlavnim vyuZzitim vermikompostl je hnojeni, napfiklad travniki a jinych
zahradnich nebo pokojovych rostlin nebo jej lze pouzit jako mul¢ (Dickerson 2001).
Vermikomposty Ize dle Mikese (2008) mimo jiné také vyuzit k odstranéni kovovych iontt
z odpadnich vod ¢i jako prostiedek k biofiltraci vzduchu, eliminujici zapach pfi anaerobni
digesci. Vermikomposty lze také vyuzit v kombinaci s fytoremediaci pfi odstranovéni
kontaminace pidy polyaromatickymi uhlovodiky (Wang et al. 2012). Vermikompost mtize
slouZit jako prevence vyskytu rostlinnych patogent a parazitu rostlin, napiiklad dle Edwardse
et al. (2004) sniZuje miru poskozeni od msSic, ¢i housenek. Celkovy obsah dusiku pfi hnojeni
vermikompostem by mél byt dle pokusu Bhadauria a Ramakrishnana (1996) statisticky
vyznamné vy§$i nez pfi pouZiti zeleného hnojeni ¢i hnoje. Hnojeni vermikompostem dle Wanga
et al. (2012) pozitivné ovliviiuje mikrobidlni aktivitu v pidé a zvySuje tvorbu kofenového
systému rostlin. Dle Sinhy et al. (2010) tak hnojeni vermikompostem Setii péstitelim penize

za primyslova hnojiva a pesticidy.

2.3. Parametry vermikompostovimskladba surovin

2.3.1. SuSina

Obsah vlhkosti ve vermikompostech by mél byt udrZovan v rozmezi 60 — 90 %.
Vyssi vihkost miiZze zpusobit nedostatek kysliku, ktery je potfebny pro zivot zizal (Munroe
2007). Naopak nizsi hodnoty vlhkosti mohou zapfi¢init vysuseni t€l ZiZal, nebot’ dychéani ZiZal
probihd celym povrchem téla, je tedy nutné pravidelné vlhcéeni vermikompostovaného
bioodpadu (Garg & Gupta 2009; Pliva et al. 2016). Pravidelnym vlhéenim udrZovali idedlni
vlhkost také Atiyeh et al. (2000a) pti vermikompostovani kravského hnoje, kde byla pocédtecni
vlhkost 78 %, béhem prvniho tydne klesla na 76 % a nasledné stoupala az na 81 % ve 14. tydnu
vermikompostovéni. S idedlni vlhkosti je béhem celého procesu vermikompostovani mimo jiné
tzce spojen i transport Zivin, diky idedlni vlhkosti je zajistén spravny pribéh chemickych

procesi (Yadav & Garg 2011a).

232.pH
Ideélni hodnota pH vermikompostovaného materidlu by se méla pohybovat v rozmezi
5 — 9 (Munroe 2007). Malat'dk (2008) a Rostami (2011) uvadéji, Ze optimalni pro Zivot Zizal je

pH neutrélni. Zizaly jsou viak schopny pH jejich potravy upravovat, diky vdpenatym Zlazdm,
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jez usti do jicnu Zizal (Pliva et al. 2016). Béhem celého procesu vermikompostovani dochazi
ke zménam pH jak vlivem mikroorganismi a samotnych zizal, tak rozkladem sloZitych
organickych litek na latky jednodussi (Singh et al. 2005). Pi biodegradaci organického odpadu
dochazi ke vzniku meziprodukti (fulvonové kyseliny, huminové kyseliny, amoniak),
jejichZ kladné ¢i zdporné nabité castice ovliviiuji hodnotu pH (Pramanik et al. 2007).
Tato tvrzeni potvrzuje pokus Fernandéze-Goémeze et al. (2010) s vermikompostovanim zbytkd
po péstovani rajcat, kde doslo ke zvySeni pH z hodnoty 8,3. Béhem prvnich 30 dnii se hodnota
pH zvySila na 9,1, pak hodnota pH kolisala mezi 8,6 — 9,5 aZ se v dobé zrani (po 210 dnech)
ustélila na hodnot& 104. Upravu pH z velmi kyselych hodnot ukazuje pokus Domingueze et al.
(2014), s vermikompostovdnim matoliny, kde byla pocate¢ni hodnota 4,36, po 56 dnech
vermikompostovani hodnota stoupla na 8,17, jiz zraly vermikompost vykazoval hodnotu 7,1
(po 112 dnech vermikompostovéni).

Kviili nizké hodnoté pH se nedoporucuje vermikompostovat citrusy nebo jejich zbytky.

Citrusy casto byvaji chemicky oSetfeny (Priatelia Zeme 2003). Nevhodné jsou také cibule,

nebot’ snizuji pH substratu a tim omezuji aktivitu zizal.

2.3.3. Mérna vodivost

Zizaly jsou velmi citlivé na obsah soli. Vysoké zasoleni znadi i vysoké hodnoty mérné
vodivosti. Ideédlni obsah soli vermikompostovaného materidlu je pfiblizné 0,5 % (Gunadi et al.
2002). Z Cetnych studii je ale zndmo, Ze Zizaly akceptuji i vyS8i hodnoty a dokdzi béhem
procesu  vermikompostovdni  sniZovat mérnou  vodivost  pocdteCnich  surovin.
Naptiklad v pokusu Domingueze et al. (2016), s vermikompostovdnim matoliny, byla mérna
vodivost samotné matoliny 1,4 mS/cm, zatimco mérnd vodivost findlntho vermikompostu byla
0,27 mS/cm.

Vermikompostovat lze i mofské fasy, ty by vSak mély byt nejprve proplachnuty,
aby z nich byla smyta veskera stl, ktera zlistavd na povrchu. Vysoky obsah rozpustnych soli
ma i fada typl hnoje. Pokud je hnilj pouzit ve smési jako potrava pro Zizaly, tak to vétSinou
nebyva problém, nebot’ se mu Zizaly mohou do¢asné vyhnout, dokud nedojde k odplaveni soli.
Z hnoju je jako nejidedln€jsi potrava pro Zizaly povazovan hntj skotu (Gaddie & Douglas

1975).
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234.C:N

Pomér C:N je jeden zparametri vyuZzivanych prfi hodnoceni stability a kvality
vermikomposti. Pfimo ovliviiuje aktivitu a metabolismus zizal (Ndegwa et al. 2000).
Idedlné by mél byt béhem procesu vermikompostovani dodrZovdn pomér kolem 25:1
s maximdlnimi hrani¢énimi hodnotami 20 — 40:1, pfi vyS$Sich hodnotach dochézi ke zpomaleni
rozkladnych procesi (Garg & Gupta 2009). Pomér je mozné upravit smichanim vice druht
bioodpadi, v praxi se totiz Castéji, nez jedna surovina pouzivaji kombinace vice surovin
smichané v rizném poméru (Yadav & Garg 2011b). Vyuzivd se kombinace vlhkého
(Cerstvéjsiho) a suchého (dievnatéjsiho) materidlu tak, aby mély suroviny v idedlnim poméru
organickou a anorganickou slozku (Borkovcovd & Zakova 2015). Obecné plati, Ze &im je

Vv,

materidl rdznorodéjsi, tim lépe se kompostuje (Han¢ 2017). Vys$§im obsahem uhliku
se vyznacuji napriklad piliny ¢i sldma, naopak vySsi obsah dusiku maji naptiklad kaly (Garg &
Gupta 2009; Sinha et al. 2009). V priibéhu vermikompostovani dochazi k pfirozenym zménam
v poméru C:N. Uhlik je spotfebovavédn a uvolfiovan do ovzdusi v podobé CO,, zatimco dusik
je dodavan v podob¢ Zizalich exkrementi, tak dochazi ke sniZovani poméru (Nagavallemma
etal. 2004). Pokud je ve smési materidlu uz$i pomér uhliku a dusiku a proces
vermikompostovéni nenf jesté ukoncen, je idedlni pridat rostlinny material, a naopak pii vySSim
mnozstvi uhliku, pfiddvdme naptiklad zviteci exkrementy, substrét tak zraje rychleji (Zajonc,
1992). Pti dosaZeni niz§iho poméru nez 20:1 ve findlni fazi vermikompostovani se dle Garga
a Gupty (2009) jednd jiz o stabilizovany organicky odpad — tedy stabilni vermikompost.
To potvrzuji hodnoty C:N z pokusu s vermikompostovanim kravského hnoje Atiyeha et al.
(2000a), kde pocéte¢ni hodnota C:N byla kolem 35:1. Béhem prvniho tydne mirné stoupla
(40:1) a ndasledné klesala imérné s délkou vermikompostovani az na cca 20:1 v 17. tydnu
vermikompostovani. V pokusu s vermikompostovdnim matoliny Domingueze et al. (2014) byl

dokonce poc¢édte¢ni pomér C:N pouze 24:1, hodnota zralého vermikompostu tak byla jesté niZsi

12,7:1.

2.3.5. Obsah prvki

Dulezitou roli hraje skladba surovin, kterd uruje pomér zivin (Dominguez & Edwards
2011). Arthur et al. (2012) uvadé€ji, Ze i samotné Zizaly znalné ovliviiuji mnoZstvi Zivin
piistupnych pro rostliny. Zizaly mohou akumulovat Ziviny v jistych forméch a tim sniZovat
mobilitu Zivin v substrdtu (Pan & Wang 2009). Soucasné vSak Zizaly znacné mnoZstvi Zivin

vylucuji spolu s vykaly (Shipitalo & Protz 1989). S postupnym ubytkem primarni organické
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hmoty se béhem procesu vermikompostovani obsah makroZivin zvySuje (Dominguez
& Gémez-Brandén 2013). V pokusu Domingueze et al. (2014), s vermikompostovdnim
matoliny, doSlo, u celkového obsahu fosforu, nejprve po 56 dnech vermikompostovéani
ke statisticky vyznamnému poklesu ze 4030 mg/kg na 2800 mg/kg a po dalSich 56 dnech
ke statisticky vyznamnému nartstu i oproti pdvodni suroviné (8360 mg/kg). Celkovy obsah
fosforu v pokusu Hance a Vasdka (2015), s vermikompostovanim digestatu v kombinaci
se slamou v rtiznych pomérech, se po péti mésicich vermikompostovani zvysil az o 50 % oproti
pocatecnimu stavu, stejné tak doSlo k navySeni celkového obsahu drasliku (o 30 — 100 %)

a hot¢iku (o 70 — 120 %).

2.3.6. Pocet a biomasa Zizal

Pocet 1 biomasa Zizal byvd obecné nejvy$§i v nejmladSich  vrstviach
vermikompostovacich zaklddek, nebot’ se Zizal presouvaji za potravou. Spodni vrstvy obsahuji
To potvrzuje i pokus Garcii-Sdnchez et al. (2017), s vermikompostovanim kornského hnoje,
jable¢nych vyliskd, matoliny a digestiatu v systému pribézného krmeni, kde byl nalezen

v v

nejvyssi pocet i biomasa zizal ve 120 dnl staré vrstvé (druhé nejmladsi) u vSech variant
vermikompostovanych bioodpadti. Naopak nejnizsi biomasa i pocet Zizal (nulovy) byl nalezen
ve vrstvé nejstarsi (240 dnti).

Volba spravného sloZeni bioodpadu je zdkladnim predpokladem k vytvofeni kvalitniho
vermikompostu. Nejidedlnéjsi volbou pro vermikompostovani je odpad rostlinného ptivodu,
tedy odpad ze zahrady ¢i domovni odpad, jako je listi, ¢asti dfevin (St€pka, piliny), ale také
zbytky z kuchyné ¢i papirové kapesniky. Skladba surovin ma pfimo vliv na pocet a biomasu
zizal (Sulzberger & Mindtovd 1996). Masné vyrobky a ryby, jsou pro vermikompostovéani
nevhodné, nebot’ ZiZaly nemaji schopnost je zpracovavat. Stejné tak se nehodi ani oleje,
ty neumoznuji dostate¢ny prichod kysliku a vytvafeji tak anaerobni prostiedi (Singh 2014).

Nedoporuc€uje se ani vétsi mnozZstvi Cerstvého listi i travy, ty pfi rozkladu uvoliuji velké

mnoZstvi tepla, které je pro Zizaly neakceptovatelné (Gaddie & Douglas 1975).

2.3.7. Obsah mikroorganismu
Mikroorganismy se za podpory enzymil a Zizal podileji na rozkladnych procesech.
Pri dekompozici organické hmoty jsou aktivni zejména bakterie Aminobacter aminovorans

nebo Bacteroides retiglotermitisa houby Citeromyces matritensis Arthrobotrysoligospora
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(Huang et al. 2014). Monroy et al. (2008), ve svém pokusu s odstraiovdnim koliformnich
bakterii z Cerstvé praseci kejdy pomoci Zizal uvadéji, Ze jsou Zizaly schopny redukovat az 85 %
koliformnich bakterii. I tak ale bylo v fadé studii zabyvajicich se vermikompostovanim
nalezeno vys§i mnoZstvi bakterii neZ hub. Naptiklad v pokusu Goméze-Brandéna et al. (2011),
s vermikompostovdnim matoliny, byl naméfen pomér bakterii a hub 14:1; v pokusu Arii et al.
(2011), s vermikompostovanim kravského hnoje, se pomér bakterii a hub pohyboval okolo
30:1; v pokusu Romera et al. (2010), taktéZ s vermikompostovdnim matoliny, byl pomér
bakterii a hub dokonce 164:1. Flack et al. (2008) uvadéji, Ze ZiZaly napoméhaji rozSifovani
mikrobidlnich spoleCenstev, zpfistupniuji svou aktivitou jak bakteriim, tak houbdm
predzpracovany vyZzivové bohaty materidl. NejvySsi obsah mikroorganismi tak byva
ve vrstvach s vysokou aktivitou ZiZal, tedy ve vrstvdch mladSich. V pokusu Arii et al. (2011),
s vermikompostovanim kravského hnoje, byla zaznamendna nejvysSi hodnota celkového
obsahu mikroorganismti pravé v nejmladsi vrstvé 900 pg PLFA.gsuSiny, coz bylo
0 300 pg PLFA .g'susiny vice neZ v ostatnich vrstvach, stejné tak byl v nejmladsi vrstvé
naméfen jak nejvyssi obsah bakterii (650 pg PLFA.g? suSiny), tak i hub (20 pg PLFA.g*
susiny). Aktinobakterie byvaji zastoupeny v niZSim poctu, nebot’ je k jejich Zivotu tfeba
kyselej$i pH (Rousk et al 2010). Vyssi obsah bakterii je podminén zvySenym procentem vody
a snadno rozlozitelnych latek. Houbové kolonie se béhem celého procesu vermikompostovani
pohybuji v nizsich koncentracich, nebot’ houbové bunky slouzi také jako potrava pro zizaly
(Schonholzer et al 1999). Stejné tak je vyskyt hub podminén hodnotou pH. Houby se 1épe

rozmnoZuji pfi nizSich hodnotach pH, pfi vysSich hodnotéch jejich produkce klesd (Gock et al

2003).

2.3.8. Enzymaticka aktivita
Limitni hodnoty aktivity jednotlivych enzymii u zralych vermikomposti uvadi
certifikovana metodika Hance et al. (2018) (Tab. 3). Hladina jednotlivych enzymi znaéné

kolisa béhem celého procesu vermikompostovéani.
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Tab. 3: Limitni hodnoty enzymatické aktivity jednotlivych zralych vermikompostti (Hanc et al.

2018).

Enzym 1. 2 3 a
iﬁﬁﬂg;g;ﬁhl] <900 <2000 <2000 <2100
'[:S;L?tidﬁlgp_g.yh.l] <1100 <1500 <1800 <1100
ﬁrﬂ:ﬁ ll\f/IaItJil::ZSég'l.h'l] <70 <60 <60 <30
I[':LFIfOZlaMUFY.g.lh.l] <10 700 <8600 <11900 | <10100
ﬁ{::;?ﬁ%FN.g.l_h{] <1800 <3500 <90 <200
ﬁi%?m}/gggfﬁq <900 <1500 <200 <200
ﬁ';r(\)lln;;dng:galpglg 2 <200 <300 <30 <10
[LfrﬂgilnAaMmc"fgfﬁ.tff 22 00 <200 <70 <40
Htrge 1¢\IZI?4-N.g'1.2 h] <200 <300 < 100 < 400
I[\Ipigljiltori%u.;tlj.;zzj h1] <20 <20 <10 <20

Legenda: 1. vermikomposty s biologicky rozloZitelnym komundlnim odpadem; 2. vermikomposty s lihovarskymi

vypalky; 3. vermikomposty se zemédélskym bioodpadem a s kalem ze sladovny; 4. vermikomposty s matolinou.

B-D-glukosiddza

Enzym celuldza katalyzuje hydrolyzu celulézy na D-glukézu, ta je tvofena nejméné
ttemi enzymy: endo-1.4-glukandzou, exo-8-1,4-glukandzou a B-glukosiddzou (Hordkova &
Némec 2003). B-glukosidazy tvoii velmi heterogenni skupinu enzymi hydrolyzujicich
gluk6zové oligosacharidy (Bockova & Klernha 1972). Nejcastéji jsou produkoviany houbami,

napt. rodu Actinomyce ¢i Clostridium(Hordkova & Némec 2003).

Kysela fosfataza

Kyseld fosfatdza patfi mezi hydroldzy, konkrétn€é mezi fosfomonoesterdzy,
které katalyzuji hydrolyzu anhydridi a monoesterti kyseliny fosfore¢né (Horakova & Némec
2003). Dochézi tak k mineralizaci organického fosforu (Enowashu et al. 2009). Obecné jsou

fosfatdzy d€leny na kyselé fosfatdzy, které jsou pfitomny prevazné v kofenovych exudétech,
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a alkalické, které jsou naopak vyluCovéany piedeviim ptidnimi mikroorganismy (Sarapatka

& Cép 2013).

Arylsulfatdza

Arylsulfatazy spadaji do tfidy hydroldz. Obecné sulfatdzy jsou zapojeny do biochemické
mineralizace organické siry (Tabatabai & Bremner 1971). V pfirod¢ se vyskytuji rizné typy
sulfatdz: alkylsulfatazy, arylsulfatdzy, aj. Nejvice prozkoumanou je arylsulfatdza, kterd vznika
prevazné Cinnosti bakterii a hub, i kdyZje arylsulfatiza produkovana také rostlinami
a zivoCichy. Arylsulfatdza katalyzuje hydrolyzu arylsulfitového aniontu pferusenim vazby
O - S. Tabatabai a Bremner (1970) predpoklddaji, Ze arylsulfatdza pfispiva k mineralizaci

organické siry na S-SO,% .

Lipdza

Lipazy jsou dulezité pro hydrolyzu acylglycerolti, obsahujicich fetézce mastnych
kyselin s po¢tem uhlikd vys$§im nez 9, na mastné kyseliny a glycerol (Hordkova & Némec
2003). Soubézné tak dochazi k uvolnovéani esterovych vazeb mezi mastnymi kyselinami
a glycerolem (Sarapatka & Cdp 2013). Lipazy mohou byt aktivni i v prostfedi s nizkym
obsahem vody, v jejich pritomnosti nejsou problémy s rozpousténim hydrofobnich substratt

(Linek 2002).

Chitindza

Chitindzy odpovidaji za rozklad chitinu. Hydrolyzuji glukosidické vazby chitinu,
za soucasného uvolnéni mensi organické slouceniny, obsahujici dusik. Chitin je jednou
z dominantnich forem dusiku, ve které se dostava do ptidy. Hlavnimi producenty chitindzy jsou
predev§im houby, ale také bakterie, kvasinky, korySi a mékkysi. Chitin je hlavni sloZkou
bunééné stény hub. Aktivita chitindzy muize byt potlaCovana, stejné jako u fosfatazy,

jejimi produkty, a to zejména gluk6ézou a N — acetylglukosaminem (Gooday 1994).

Celobiohydrolaza

Celobiohydrolazy hydrolyzuji B-D-glukosidické vazby v celotetradze a celuldze.
Uvolnuji celobiézu nebo glukézu z celulézového fetézce. Podileji se spolu s B — glukosiddzou
a endoklukandzou na rozkladu strukturnich polymert. Jsou produkovany vieckovytrusnymi

houbami (Ascomycota) predevsim druhem Trichoderma reeséMertz et al. 2007).
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Leucin a alanin aminopeptiddza

Aminopeptidazy Stépi proteiny béhem traveni. Leucin aminopeptiddza uvoliuje
koncovy N z aminokyselin, peptidii, amidd nebo arylamidt pfedevsim z leucinu ¢i prolinu,
na druhou stranu alanin aminopeptiddza uvoliiuje koncovy N z aminokyselin, peptidi,

amidd nebo arylamidd, predevsim z alaninu ¢i prolinu (Wickstrom et al. 2011).

Ureaza

Uredza je produkovdna bakteriemi, predev§im druhem Helicobacter pylori
Ureéza katalyzuje hydrolyzu mocoviny na CO, a NH;. Aktivita uredzy je pfimo zdvisld
na obsahu organického uhliku. Jejim plsobenim dochézi ke zvySovani pH okolniho prostiedi

(Dick 1984).

Nitrat reduktiza

Nitrat reduktdza redukuje dusi¢nanovy iont na iont dusitanovy. Je tvofena
a produkovéna predevsim rostlinami. Sklad4 se z flavinoproteinu, molybdenového komplexu
a hemu. Aktivita nitrdt reduktdzy je zavisld na intenzité slune¢niho svétla, obsahu kysliku
a teploté okoli. Pfi vySsi intenzité svétla, vy$Sim obsahu kysliku a niZsi teploté je aktivita nitrat

reduktdzy vyss$i (Hageman & Hucklesby 1971).

2.4. Srovnin’ lompostovinavermikompostovin’

Hlavnim  rozdilem mezi  kompostovdnim a  vermikompostovdnim je,
Ze pti vermikompostovani nedochdzi k termofilni fazi, kterd je pro klasické kompostovani
typicka (Pliva et al. 2016). Zatimco u kompostovani dochézi k hygienizaci pravé v termofilni
fazi rozkladu (teploty kolem 60 — 70 jC), u vermikompostovéni je to zhruba po 70 dnech
vermikompostovani (Tab. 4). Celkové se tedy teplota pfi vermikompostovdni pohybuje
v rozmezi 15 — 25 jC. Pomér C:N se u obou metod téméft nelisi, stejné tak pocatecni velikost
&astic. Cim vétsi kusy bioodpadu chceme kompostovat &i vermikompostovat, tim bude proces
pomalejsi. Dalsim zdsadnim rozdilem je vlhkost, kterou je nutné udrzZovat béhem obou procesu.
U kompostovéni stac¢i dodrzovat vlhkost kolem 50 — 60 %, u vermikompostovani se jedné
ale o vlhkost v rozmezi 80 — 85 %. Vyssi vlhkost u vermikompostovéni je nutnd pravé kvili
idedlnim podminkdm pro Zivot Zizal. Co se tyCe okysliCovani, tak u obou procest je nutné
provzdusnovani. U kompostovani kvuli spravnému pribéhu procesu a u vermikompostovani

v v

pravé kvuli samotnym zizZalam. Ale zatimco u kompostovani musime aerobni podminky
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zajistovat at’ manualné nebo pomoci stroji, tak u vermikompostovani tento proces zastanou

samy zizaly (Edwards et al. 2011).

Tab. 4: Charakteristika kompostovani a vermikompostovani (upraveno dle Edwardse et al.

2011)
Faktor Kompostovin’ Vermikompostovin’
Pomér C:N 25:1-30:1 20:1-30:1
Pocatecni velikost 10 — 20 mm (vetsi Castice
o 10 — 15 mm .
¢astic zpomaluji proces)

Vlhkost

55 - 60 % (vice pouze pfi pouZiti
sldmy nebo pilin)

80 — 85 % (mezni hodnoty 60 —
90 %)

Okysliceni

Nutné udrZovani hladiny kysliku
ve vySi 10 — 18 % prekopdvanim

Zizaly vyzaduji aerobni podminky
a zajistuji provzdusnéni

Zpétna kontrola

Pomoci teploty nebo kontrola
kysliku pomoci dmychadla v
aerdtorech

15 °C —25 °C (mezni hodnoty 4 °C

veEtsi.

Teplota <70°C —30°C)
pH >5a9=< >5a9=<
Obsah NH3 <0,5 mg/g

Libovoln4 délka; vyska 1,5 m;
Velikost Sitka 2,5 m pro komposty s Libovolna délka a Sitka, vySka 50
vermi/kompostové | ptirozenou aeraci. Pro komposty | cm (vy$S§i hodnoty zpomaluji nebo
zakladky s fizenou aeraci miZe byt vyska dokonce zastavuji proces)

Velikost reaktoru

Dulezitym faktorem je vyska, u
mas vysSich neZ 3 m mize byt
vazny problém s vétranim

Délka 40 m; Sitka 2,4 m; hloubka 1
m. Odpady by se mély davkovat

v tenkych vrstvich silnych 5 —

10 cm.

Lidské patogeny

Jsou zabity pfi termofilni fazi

Jsou zabity do 70 dnd
vermikompostovani

Cas rozkladu

Po samo-vyhtivéni a termofilni
fazi (cca tyden), nasleduje
nékolik mésict ,,zrani* pfi
mesofilnich teplotach (30 — 40°C)

od 4 do 12 mésica, ve spojitych
systémech reaktor do 30 — 60 dnti

Marcinédk (2015) uvadi, Ze vermikomposty v fadé ukazateld prevysuji svou kvalitou

klasické komposty. Vermikomposty obsahuji rGstové hormony, dale enzymy, které jsou

schopny chranit rostliny prfed chorobami a $ktdci, obsahuji kvalitni humus a pfi aplikaci

do pidy umoznuji lepsi vyuziti minerdlnich latek v nich obsazenych (Krdsa 2014).

Latky prospésné pro rostliny jsou u vermikomposti aplikovanych do pudy vstfebatelné

z 80 — 90 %, zatimco u kompostl je to pouze z 60 — 70 % (Borkovcovd & Zikovéa 2015).
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Hanc et al. (2013) uvadéji, Ze jsou vermikomposty povazovany za nejucinnéjSi organické
hnojivo, zejména kvili pfitomnosti Zizalich vykali, které obsahuji huminové kyseliny, jejichz
agronomicka dcinnost je aZ o 60 — 70 % vyssi nez u klasickych kompost.

Ackoli se v obou piipadech jednd o metody, vyuzivani bioodpadu, Setrné k Zivotnimu
prostiedi, tak velky rozdil v klasickém procesu kompostovani a vermikompostovani z pohledu
dlouhodobého a velkoplosného méfitka nalezneme v cené obou procesti. Vermikompostovani
se fadi k nizkonékladovym technologiim zpracovani bioodpadu. V ptipadé vermikompostovani
je v podstaté jedinou investici ndkup ndsady ZiZal a zavlaZovani, v ptipadé klasického
kompostovani je ale nutné jak prfipadné zavlaZovani, tak pravidelné mechanické

provzdusnovani, které je velmi ndkladné (Kalina 2014; Pliva et al. 2016).
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3. Hypotézy a cile prace

3.1. HypotZzy

¥
¥

v v

Pocet a biomasa Zizal se bude v prib&hu procesu lisit dle pouZzitého bioodpadu.

S rostouci dobou vermikompostovdni se bude zvySovat stabilita a zralost
vermikompostu.

Bude nalezen statisticky vyznamny rozdil v celkovém a pristupném obsahu prvkl mezi
vrstvami jednotlivych vermikompostovacich zakladek.

Nejvyssi enzymaticka aktivita bude namétena v hornich vrstvach vermikompostovacich

zakladek.

3.2. C'le price

¥

Porovnat hodnoty pocétu a biomasy Zzizal v jednotlivych vermikompostovacich
zakladkach.

Vyhodnotit jednotlivé vlastnosti vrstev odli§ného stafi a zralych vermikompost.
Stanovit a porovnat hodnoty celkového a pfistupného obsahu prvkd v jednotlivych
vrstvach vermikompostovacich zakladek.

Zjistit, které enzymy a v jakém rozsahu jsou pii vermikompostovani produkovany.
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4. Metodika
4.1. PoulitZ bioodpady

Matolina — Matolina vznika jako zbytek po rozdrceni, odvodnéni a lisovani vinnych
hroznt. Je nejdileZitéjsim vedlejsim produktem vinafského primyslu. Nejcastéji obsahuje
z 50 % slupky hroznd, z 25 % semena a z 25 % stonky (Jin & Kelly 2009).

Lihovarské vypalky v kombinaci se sldmou — Lihovarské vypalky jsou kaSovitou
hmotou, kterd zbyva ve vafdku destilacniho pfistroje po oddestilovéani alkoholu z ovocného
kvasu (Obroucka et al. 2010).

Zemédeélsky bioodpad s kalem ze sladovny — Kal vznikd pfi sladovnické vyrobé a je
smési sladového kvétu, splavkil, odpadni a maceci vody. Sladovy kvét vznika pii odkliCovani
suSeného sladu. Je tvoten klicky a kofinky nakli¢eného je¢mene. Vzhledem k obsahu bilkovin
a vitamind, 1ze tento odpad vyuZit jako pfisadu do krmiv pro dobytek. Ze zavlaZovani jeCmene
vznikaji odpadni méceci vody. Pfi méaceni je¢mene vyplouvaji na povrch je¢menna zrna tvorici
tzv. splavky (Filip & Oral 2002).

Biologicky rozloZitelny komunélni odpad (BRKO) - BRKO je odpad z domacnosti,
tfadi a dalSich instituci, véetné oddélené sbiranych slozek té€chto odpadi, jak je uvedeno

ve vyhlasce ministerstva Zivotniho prostfedi ¢. 93/2016 Sb. o katalogu odpadu.

4.2. Vermikompostovin’

Vermikompostovaci pokusy probihaly ve venkovnich podminkéch v systému pdsovych
hromad, v riznych podnicich, podle toho, jaky odpad zde vznikal. Jednalo se o 4 lokality
(Obr. 5), a to konkrétné o Uhersky Brod, kde byl vyuzit odpad z domédcnosti a zahrad (BRKO),
Veleliby u Nymburka, kde se vermikompostoval zemédélsky bioodpad s kalem ze sladovny
(cca 20 % obj.), dale MikulCice, kde byl vermikompostovdn odpad po zpracovéani révy vinné
(matolina), a nakonec CeSov, kde se vermikompostoval odpad z vyroby pélenky (lihovarské
vypalky) spolu se slamou (50:50). Vermikompostovani BRKO, zemédélského bioodpadu
s kalem ze sladovny a matoliny probihalo po dobu jednoho roku. Lihovarské vypalky byly
spolu se slamou vermikompostovany po dobu dvou let.

Pfi zakladani vermikompostii byla prvni umisténa vrstva bioodpadu, poté ndsada
se zizalami Eisenia andre{50 ks/1) a na ni opét vrstva bioodpadu. Kazdy mésic byla pfiddvana
nové vrstva bioodpadu o mocnosti 15 — 20 cm, dle metodiky Hance a Plivy (2013). Zhruba po
trech mésicich (u zakladky s BRKO; kalem ze sladovny se zemédélsym bioodpadem;

matoliny), u zakladky s lihovarskymi vypalky a sldmou po Sesti mésicich, byly vrstvy oddéleny
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sitkou (o rozméru ok 0,6 x 0,6 cm), pro lepsi identifikaci jejich stafi. U prvnich tfi zakladek tak
vzniklo celkem pét vrstev odliSného stafi a u zakladky s lihovarskymi vypalky vrstvy Ctyfi

(Obr. 6).

@ Uhersky Brod

® veleliby u Nymburka
@ Mmikultice

Celov

Obr. 5: Mapa znézornujici polohu jednotlivych lokalit.

P4dsovd hromada BRKO v lokalit¢ Uhersky Brod byla zaloZena v kvétnu 2015
o puidorysu 5,6 x 25,5 m. I. vrstva méla jiné vlastnosti nez vrstvy nasledujici, nebot’ se jednalo
0 ndsadu se ZiZzalami. Jednotlivé vrstvy vermikompostovaci hromady se liSily dle skladby
surovin, ktera byla riznoroda v zavislosti na rocnim obdobi. BRKO byl smési odpadu ze zahrad
a domécnosti.

Zemédélsky bioodpad s kalem ze sladovny se ve Velelibech u Nymburka
vermikompostoval od kvétna 2015 formou pasové hromady o rozméru 6 x 10 m. Kal byl
aplikovan ve smési: cca 20 % obj. - kal, 60 % obj. — Stépka, slama, jablka, trdva a makovina
(skladba zemédé€lského odpadu se liSila v zavislosti na ronim obdobfi). I. vrstva méla jiné
vlastnosti neZ vrstvy nasledujici, nebot’ obsahovala ndsadu se zizalami.

Matolina z vinafstvi Habanské sklepy (Velké Bilovice) byla vermikompostovdna
na pudorysu 2,5 x 50 m v lokalit¢ Mikuléice. Vermikompostovaci hromada byla zalozena
v kvétnu 2015. I. vrstva méla jiné vlastnosti neZ vrstvy ndsledujici, nebot’ obsahovala nasadu
s Zizalami z koniského hnoje.

Lihovarské vypalky se slamou a senem se vermikompostovaly od dubna 2014 do kvétna
2016 na plose 6x 8 m na rovném travnatém povrchu v aredlu palirny v lokalité CeSov.

SloZeni jednotlivych vrstev se liSilo v zavislosti na daném ovoci, které se zpracovavalo
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(prevazné jablka, hrusky, Svestky a tfeSné€). Lihovarské vypalky se vermikompostovaly

v kombinaci se slamou v poméru cca 50:50, z dGvodu jejich znac¢né tekutosti.

Po roce, u lihovarskych vypalki po dvou letech, byly z jednotlivych
vermikompostovacich zaklddek odebrany vzorky, vZdy ve Ctyfech opakovénich z kazdé vrstvy
tak, aby vzorek reprezentoval danou vrstvu (Obr.6 — odbér vzorkl z vermikompostovaci
zakladky). Hmotnost kazdého vzorku byla cca 1kg. Po odebrdni byly zkazdého vzorku
vyselektovany zizaly, které byly spocitany a zvaZeny, ndsledné byly zmraZeny a lyofilizovany
pro analyzu obsahu prvkl. Vzorek se poté rozd€lil na tfi ¢asti. Prvni ¢ast se dala susit do suSarny
na 35 °C pro stanoveni suSiny, celkového a pfistupného obsahu prvk, N-NH,*, N-NOs,
dostupného organického uhliku (DOC) a ionto-vyménné kapacity (IEC). Druhd céast se
skladovala v lednici pfi 4 °C pro stanoveni pH/H O a mérné vodivosti (EC). Treti &ast

vemikompostu byla zmrazena v mrazdku pfi -20 °C a nasledné lyofilizovana pro mikrobidlni

analyzu a stanoveni enzymatické aktivity.

Vi <3més /[ e
/ 5 A o - \ IV:3 -6 mss /0— 6 mds
/ ST T \ III: 6 — 9 m&s /6 — 12 mds

/ . o . . \ II:9- 12 més / 12 — 18 mes
/ 5 o o . I >12 més /18—24 més
e Vzorky

Obr. 6: Schéma odbéru vzorkt z vermikompostovaci zakladky.
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4.3. Anal"zy

4.3.1. Fyzikélné-chemické analyzy

Susina byla stanovena gravimetricky na zdklad¢ rozdilu hmotnosti pfed a po ususeni
vzorku v suSarné pfi 35 jC. Hodnota pH a mérné vodivosti (EC) byla stanovena ve smési
vzorku s demineralizovanou vodou (1:5, w/v) za pouziti pH metru WTW pH 340i
a konduktometru WTW cond 730 dle normy CSN EN 15933 Ionto-vyménna kapacita (IEC)
byla stanovovdna ve spoluprici s Jihofeskou univerzitou v Ceskych Budgjovicich.
K 5 g suseného namletého vzorku bylo prilito 10 ml HCI (0,1 mol.I'Y). Takto vznikld smés byla
umisténa do vodni lazn€ pfi 50 °C na 0,5 h. Poté co smés zchladla na laboratorni teplotu byla
promyta od chloru na filtracnim papiru, dokud se nepfestala tvofit srazenina AgNOs.
Promytd smés byla pfevedena pomoci demineralizované vody do 250 ml erlenmeyerovy bariky.
Pro tvorbu kalibraéni kfivky se smés titrovala BaOH, (0,2 mol.I''), kaZdou 1 min 0,5 ml
za stalého michani na magnetické michacce a méfeni mérné vodivosti do dosazeni bodu
ekvivalence. Nasledné se vypocitala iontovyménna kapacita (IEC) dle Sandhoffa (Vachalova
et al. 2014). Pro stanoveni celkového dusiku (Ntot) a celkového uhliku (Ctot) byl pouzit CHNS
analyzitor Vario MACRO cube (Elementar Analysensysteme GmbH, Némecko). V tomto
pristroji bylo spaleno v katalytické peci cca 25 — 30 mg suSeného namletého vzorku a nésledné
byly pomoci teplotné-vodivostniho detektoru stanoveny hodnoty C a N. Celkovy obsah P,
K a Mg u susenych namletych vzorkd a u lyofilizovanych Zizal byl stanoven rozkladem na
mokré cesté (8 ml HNO; (65 %) + 2 ml H;O, (30 %)) v uzavieném systému s mikrovinnym
ohfevem Ethos 1 (MLS GmbH, Némecko). Obsahy N-NH,*, N-NOg", dostupny organicky uhlik
(DOC) a pfistupny obsah prvkiu (P, K, Mg) byly stanoveny u suSenych namletych vzorkd
ve vyluhu CAT (0,01 mol.l* CaCl, a 0,002 mol.It! kyseliny dietylentriaminpentaoctové
(DTPA)) v poméru 1:10 (w/v) podle normy CSN EN 13651. Obsahy N-NH,*, N-NO3, DOC
byly ddle méfeny kolorimetricky za pouziti systému Skalar Sanplus System' .
Celkové a pristupné obsahy prvki u jednotlivych vzork i Zizal byly méfeny pomoci optického
emisniho spektrometru s indukéné vazanym plazmatem (ICP-OES, VARIAN VistaPro, Varian,

Australie).

4.3.2. Biologické analyzy
Bezprostfedné po odebrani vzork byly zkazdého z nich manudlné vyselektovany

Zizaly, které byly spolitany a zvazeny pro stanoveni poctu kusi a biomasy zizal, pak byly

zmraZeny a lyofilizovany pro analyzu celkového obsahu prvki (viz vyse).
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Skupiny mikroorganismi byly stanoveny u lyofilizovanych vzorki pomoci analyzy
fosfolipidovych mastnych kyselin (PLFA) ve spolupriaci s Mikrobiologickym tstavem
Akademie véd CR v Praze. Vzorky (0,3 — 0,5 g lyofilizovaného vzorku) byly extrahovany
pomoci chloroform-methanol-fosfatového pufru (1:2:0.8; v/v/v) dle Bligha a Dyera (1959).
Volné methylestery fosfolipidovych mastnych kyselin byly analyzovdny hmotnostnim
spektrometrem s tandemovou plynovou chromatografii (GC-MS; 450-GC, 240-MS Varian,
Walnut Creek, CA, USA) dle Snajdra et al. (2008). Methylované mastné kyseliny byly
identifikovany podle jejich hmotnostnich spekter za pouZiti standardd od firmy Sigma-Aldrich
(Snajdr et al. 2011). Bakterie byly stanoveny na zdklad& i14:0, i15:0, a15:0, 15:0,116:0, 16:1 o
9,16:1 w7,16:1 o 5,10Me-16:0,i17:0,a17:0,cy17:0, 17:0, 10Me-17:0, 18:1 ® 7, 10Me-18:0,
cy19:0. Biomasa gram pozitivnich bakterii (G+) byla kvantifikovdna jako suma 114:0, 115:0,
al5:0,116:0,117:0, al17:0. Gram negativni bakterie (G—) byly stanoveny dle 16:1 o 7, 18:1 ®
7,cyl17:0,cy19:0, 16:1w5. Pro aktinobakterie byly pouzity 10Me-17:0, 10Me-18:0, 10Me-16:0
a pro biomasu hub 18:2 w 6,9. Celkova mikrobidlni biomasa byla stanovena jako suma vSech
vy$e zminénych markerd spolu s 16:0 a 18:1 w 9 dle Oravecze et al. (2004) a Snajdra et al.
(2011).

Enzymy (! -D-glukosiddza, kyseld fosfatdza, arylsulfatdza, lipdza, -chitinaza,
celobiohydroldza, alanin a leucin aminopeptiddza) byly stanovovany fluorescenéni metodou
ve spolupraci s Mikrobiologickym tstavem Akademie véd CR v Praze na mikrotitraénich
destickach s pouZzitim kombinovaného piistroje Tecan Infinite M200. Pro stanoveni enzymu
se pripravila suspenze zhomogenizovanim 0,2 g+0,002g zlyofilizovaného vzorku
vermikompostu a 20 ml octanového pufru s hodnotou pH 5 o koncentraci ¢ =50 mmol.I?
(1,39 g octanu sodného + 450 Ul kyseliny octové + 500 ml destilované vody), po dobu pfiblizné
30 s pomoci pristroje Ultra-Turrax. Do pfisluSnych jamek v mikrotitracni desticce bylo
napipetovano 200 pl zhomogenizovaného vzorku a poté se pridal pfisluSny substrat (Tab. 5).
Mikrotitra¢ni desti¢ky se ndsledné vloZily na dobu 5 minut do inkubdtoru, vyhtidtého na teplotu
40 °C, poté byla pomoci pfistroje Tecan Infinite M200 méfena fluorescence daného substratu.
Nésledné se opét desticky vloZily do inkubdtoru, na 2 h a znovu se zméfila fluorescence
Z rozdilu pocatecni a kone¢né hodnoty se vypocitala enzymatickd aktivita, béZzné je uddvana
v mikromolech pfislu§ného substritu (Tab. 5) za hodinu na jeden gram vzorku (Baldrian 2009;

Stursovd & Baldrian 2011, Hanc et al. 2018).
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Tab. 5: Substraty pro méfeni fluorescenénich enzymd.

Koncentrace
Stanoven’ Substrit [mmol . 1]

| Kalibrace MUF | MUF = methylumbelliferol | 100 .
| B-D-glukosiddza | MUFG = 4-methylumbelliferyl-f-D-glucopyranoside | 2,75
 Kys. fosfatiza | MUFP = 4-methylumbelliferyl-phosphate | 275
Arylsulfatiza | MUFS = 4-methylumbelliferylsulphate potassium salt | 2,50
Lipdza | MUFY = 4-methylumbelliferyl-caprylate | 250
(Chitindza | MUEN = 4-methylumbelliferyl-N-acetylglucosaminide | 100
 Celobiohydroldza | MUFC = 4-methylumbelliferyl-N-cellobiopyranoside | 2,50
Kalibrace AMC | AMC = 7-aminomethyl-4-coumarin 1,00
‘Alanin |
aminopeptiddiza | AMCA = L-alanine-7-amido-4-methylcoumarin 2,50
Leucin |
aminopeptiddza | AMCL = L-leucin-7-amido-4-methylcoumarin 2,50

Rozpostédlo: dimethylsulfoxid (DMSO)

Pro stanoveni aktivity uredzy byla pouZzita upravend metoda dle Kandelera a Gerbera
(1988), kterd je zaloZena na stanoveni obsahu amoniaku po inkubaci smési lyofilizovaného
vzorku s moc¢ovinou. Byla vytvofena suspenze smichdnim 0,5 g + 0,005 g zlyofilizovaného
vzorku, 4 ml demineralizované vody a 0,25 ml mocoviny (0,08 mol.I't). Takto pfipravena
suspenze se inkubovala 2 h pti 37 °C. Po inkubaci bylo do suspenze prilito 5 ml KCI (1 mol.l-).
Suspenze se déle tiepala na tfepacce po dobu 30 min, nédsledné byla zfiltrovdna a méfena
spektrofotometricky pfi vinové délce 690 nm v 30 min reakénim Case proti roztoku KCI
(1 mol.I'Y) pomoci UV/VIS spektrometru Lambda 25. Stanoveni aktivity nitrat reduktazy bylo
provedeno dle Kandelera (1996). Je zaloZeno na stanoveni hladiny dusitant po inkubaci
lyofilizovaného vzorku spolu s dusicnanem. Byla vytvofena suspenze smichdanim
0,5g+0,005 g zlyofilizovaného vzorku, 4,5 ml demineralizované vody, 04 ml roztoku
2 4 — dinitrofenolu (0,9 mmol.l"Y) a 0,1 ml KNO; (0,025 mol.I'Y). Suspenze byla umisténa na
24 h do inkubétoru pri 25 °C. Po inkubaci bylo do suspenze priddno 10 ml KCI (4 mol.l*}),
nasledné byla suspenze zfiltrovdna a méfena spektrofotometricky pfi vinové délce 520 nm
a 15 min v reak¢énim Case proti standardu (1000 pg NO,-N.ml?), pomoci UV/VIS spektrometru
Lambda 25.

4.3.3. Statistické analyzy
Byly provedeny analyzy normality (Kolmogordv-Smirnoviv, Lillieforstiv, Shapiro-
Wilktiv W test) a homogenity (Cochrantiv, Hartleytiv, Bartlettiv test). Na zdkladé vysledkt

normality a homogenity byla zvolena analyza rozptylu jednofaktorovd ANOVA nasledovana
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Tukeyho HSD testem (p<0,05) za pouZiti softwaru Statistica 12 CZ (StatSoft, Tulsa, USA).
Analyzy vicenasobné linedrni regrese a korelace — Pearsontiv korela¢ni koeficient (p<0,05),
byly provedeny pomoci softwaru IBM® SPSS Statistics® (SPSS, Chicago, USA).
Analyza hlavnich slozek (PCA) byla provedena za pouZiti softwaru Minitab 16 verze 2.2.0
(Minitab Inc., Pensylvanie, USA).
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Abstract

Large-scale vermicomposting under outdoor conditions may differ from small-scale procedures in the laboratory. Theigy
evaluated changes in selected properties of a large-scale vertical-flow windrow vermicomposting system with continuo
with household biowaste. The windrow profile was divided into five layers of differing thickness and age after mormtrahsléf
vermicomposting. The top layer (0B30, age <Bnhonths) was characterised by partially decomposed organic matter with a t
value and an elevated carbon/nitrogen (C/N) ratio. The earthworm biomassgkas' ¥bth a population density of 125 earthwor
per kilogram predominantly found in clusters. The greatest amount of fungig@'5dw) and bacteria (&g?* dw) (expresse
as phospholipid fatty acid analysis) was found in this layer. Thus, the top layer could be used for an additional aydteve
vermicomposting and for the preparation of aqueous extracts to protect plants against diseases. The lower layers (@due
and by 3nonths of age) were mature as reflected by the low content of ammonia nitrogen, ratio of ammonia to nitrate nit
dissolved organic carbon, and high ion-exchange capacity and its ratio to carbon. These layers were characterisedviayuels
for electrical conductivity, total content of nutrients, available magnesium content, and a relatively large bacterialffwr@althe
basis of the observed properties, the bottom layers were predetermined as effective fertilisers.

Keywords
Large-scale windrow vermicomposting, continuous feeding, biowaste, earthworms, micro-organisms

Received 14th January 2017, accepted 13th July 2017 by Associate Editor Dave Ross.

Introduction

An attractive alternative to thermophilic composting is to uggradual addition of vertical layers of biowaste that conse
epigeic species of earthworms to break down organic wastes gpace (Hanc and Pliva, 2013).

turn them into vermicompost (Edwards, 2011). There are small-Vermicomposting studies published in the scientific litera
scale and large-scale systems of vermicomposting based onatieemostly conducted in small-scale systems with one-time
desired processing capacity. The small-scale vermicomposting. Abbasi etal. (2015) briefly characterised 96 experime
systems are suitable for households and offices. The large-sedth vermicomposting of phytomass (e.g. garden and kit
systems require large volumes of wastes and are mainly usediaste, vegetable and fruit waste, grasses, pruning waste,
commercial purposes (Ben'tezagt 2002). There are three mainvaste, greenhouse waste, etc.) conducted under laborat
large-scale vermicomposting system methods, which are-classnall-scale conditions. Small containers and periodic sam
fied as: flow through, beds, and windrow. The windrow system

uses linear long piles on the ground that contain organic material

They can be open or under a cover that consists of a bedditgartment of Agro-Environmental Chemistry and Plant Nutrition,
material for earthworms and organic matter to prevent the -pred%ZECh University of Life Sciences Prague, Czech Republic

tion of earthworms. Even though the windrow method has 2Department of Agroecosystems, University of South Bohemia in
eske Budejovice, Czech Republic

physical borders, the earthworms remain in the piles owing to #gtitute of Microbiology, Academy of Sciences of the Czech
large amount of organic material available. In the case of hoRepublic, Czech Republic
zontal flow, the fresh organic matter is added from both the froHF“t“te for Environmental Studies, Charles University in Prague,
zech Republic
and back sides of the pile. When the decomposition process s P
completed, the vermicompost can be removed (Singh and Sirfggtresponding author:
_ ianl s Hanc, Department of Agro-Environmental Chemistry and Plant
2014). Our study focused on the large-scale vertical-flow SySteﬂ?trmon Czech University of Life Sciences Prague, Kamycka 129,
The system is widely used for large-scale vermicomposting in i 1 prague 6, Czech Republic.

Czech Republic and neighbouring countries. It consists of theail: hanc@af.czu.cz
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e Samples

Figure 1. Diagram of the large-scale vermicomposting at the Rumpold UHB waste management company, Uhersky Brod,
Czech Republic.

might have a negative impact on the living conditions of tlveas thermophilically pre-composted fow2eks in open winc

earthworms. Additionally, the results achieved in laboratorpws so as to: (1) achieve a certain degree of homogenisa

experiments may differ from practical large-scale vermicomposie feedstock components; (2) obtain feed with an accef

ing that is influenced by the settling of the vermicomposted-matemperature for earthworms; and (3) obtain partially det

rials and climate conditions. posed and more palatable feed (Ndegwa and Thompson,
The objective of this study was to evaluate selected propertiesSamples were taken up from cross profiles of different di

of a large-scale vertical-flow windrow vermicomposting systeand ages in the four replications given below:

with continuous feeding with household biowaste operated on a

hard surface under outdoor conditions. The study sought to conV: 093&m, <3months

tnbutg to the }Jnderstandlng of the proce§ses occurring in th|s|Vz 30D6@m, 3D6nonths

vermicomposting system. The results obtained are expected to be

helpful for companies that process municipal biowaste in large-|j1: 60p90cm, 6Bonths

scale systems, as well as for vermicompost users.
II: 90b12@&m, 9b12nonths

Materials and methods I: 120D15@m, >12months
Layout and procedure Each sample was collected to characterise the entire resy
The experiment was conducted under large-scale vermicompabsight range. The weight of each primary sample was athkaou
ing conditions at the Rumpold UHB waste management-coithe sample was subjected to quartering to achiekg df
pany, Uhersky Brod, Czech Republic (49825'N homogenised sample. Potential earthworms were sepe
17;3857.0'E). Household biowaste originating from apartmergounted, weighted, and lyophilised. The resulting vermicon
buildings and housing areas is vermicomposted here. The typ&ahple was divided into three parts and treated as requir
composition of household biowaste generated in four seastaimratory analyses. One part of the vermicompost sampl
typical for the Czech Republic and temperate climate is descrilstdred in a refrigerator a§@ until the pH and electrical condt
in detail in a previous study (Hancadt, 2011). tivity (EC) could be determined. The second part was dri
Windrow vermicomposting was set up in May 2015 on 20iC to a constant weight and ground. This was then use
ground plan of 5.6#25.5m placed on a flat asphalt surfacenalyses of the total and available content of elements ar
(Figure 1). The bedding with biowaste was placed first. Tlexchange capacity. The final portion of the vermicompost se
bedding was then inoculated with earthworms using the tejas frozen and then lyophilised. This was subsequently us
layer from another windrow with a density of about 50 eartthe determination of the groups of micro-organisms.
worms Eisenia andréiper litre. Next, layers were added every
3weeks in spring, summer, and autumn, with the height of tth
added layers being 8. The winter season was an exception
because an activity of earthworms was lower. The interval whse pH and EC measurements were conducted on sa
extended to @eeks and the height of the layers wasm0Oto mixed with deionised water (1:5 w/v wet basis) using a W\
avoid cold conditions for the earthworms. The biowaste uspd 340 i and Testo 240, respectively, according to EN 1

emical and biological analyses
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Table 1. Selected agrochemical parameters of different layers in the large-scale vertical-flow windrow vermicomposting
system. Values are the means = SD §=4). Different letters within a column indicate significant differences between the values
based on TukeyOs test.

Layer Dry matter pH/H,O EC Ceot Niot C/IN

(%) (uScm-) (%) (%)
\ 40.16 + 2.19 8.70 £ 0.13 1824 + 139.43 24.17 = 1.27 1.53+0.2F 16.07 £ 3.10
\Y 34.95 + 1.64 8.75+ 0.0 2041 + 367.99 21.50 + 2.75¢ 1.54+0.17 13.99 + 1.15¢
1] 46.57 + 1.09 7.49 £ 0.1F 3640 + 318.0% 17.24 + 0.58 1.67 £ 0.06 10.34 £ 0.16
Il 43.76 £ 0.69 8.11 £ 0.09 2076 + 319.54 17.16 + 1.53 1.62 +0.03 10.64 + 1.23°
| 40.44 + 0.54 7.45+0.16 2317 +197.88 18.14 + 1.3 1.75+0.03 10.38 £ 0.78

V: 0D3@m, 3months; IV: 30D6@m; 3D6months; Ill: 60D90cm; 6D9months; Il: 90D120cm; 9D12months; I: 120D15G&m, >12 months; EC: elec-
trical conductivity; C,: total carbon; N,: total nitrogen; C/N: carbon/nitrogen ratio.

(1999). Total carbon () and nitrogen (i) were determined Statistical analysis

using the CHNS Vario MACRO cube analyzer (Elementar

Analysensysteme GmbH, Germany). In this instrument, abcRigtistical analyses of variance were performed using
25mg of the sample was burned in a catalytic furnace, and s@gATISTICA 13.2 software (StatSoft, Tulsa, USA). A one-
sequently G, and N,, were determined by using a thermal Corfanalysls of variance using a 95% confldenc§ level followe
ductivity detector. The total element contents (phosphorddkeyOs test was performed. SpearmanOs correlation

potassium, and magnesium) were determined in digests obtaidfored between the agrochemical and biological parame

by pressurised wet-ashing (HN® HCI + HF) in an Ethos 1 the 0.05 probability levels. Principal component analysis (F

microwave system (MLS GmbH, Leutkirch im A||g§uyvascarried out using Minitab 16 version 2.2.0 (USA).

Germany). The contents of ammonium nitrogen (NN),

nitrate nitrogen (N@-N), dissolved organic carbon (DOC), andResults and discussion
the available portions of phosphorus, potassium, and mageﬁq
sium were determined in calcium chloride/DTPA (CAT) solution
(0.01molL- CaCl, and 0.002nolL-! diethylene triamine pen The dry matter content and selected properties of individug
taacetic acid (DTPA)) at a ratio of 1:10 (w/v) according to thmicompost windrow layers are shown in Table 1. The gre
International BSI Standard EN 13651 (2001). The,NN and dry matter content was found in the 60Bdr20depth. The be
NO;-N contents in the extracts were measured colorimetricatym layer showed a low dry matter content and thus high ki
using a SKALAR SANPLUS SYSTEM (The Netherlands). ity, which was probably caused by the absorption of rain
The element concentrations were determined using inductivedyained on the asphalt surface. A similar dry matter co
coupled plasma optical emission spectrometry (ICP-OE@0%) was also observed in the upper portion of the winc
VARIAN VistaPro, Varian, Australia) with axial plasma config which was affected by rainfall and the evaporation of water
uration. The ion-exchange capacity (IEC) was determined cdow amount of transformation of the organic matter cause
ductometrically as described by Vichalovi at (2014). flow of rainwater through the top layer into the layer at 3
Samples for the phospholipid fatty acid (PLFA) analysis we6®cm, hence layer IV had the lowest dry matter content
extracted in triplicate using a mixture of chloroform, methan@howed a statistically significant difference when compared
and phosphate buffer (1:2:0.8; v/v/v) according to Bligh aral of the other layers.

Dyer (1959). The extracts were analysed by tandem gas chromaThe observed pH was in the alkaline range with an av
tographybmass spectrometry (GC-MS; 450-GC, 240-MS Variaajue of 8.1. The upper layers differed significantly from
Walnut Creek, CA, USA). Methylated fatty acids were identifielbwer layers. The higher pH in the two upper layers coul
according to their mass spectra using a mixture of chemicalused by the use of pre-composted feedstocks and the pi
standards obtained from SigmabAldrich, Prague, Czewhearthworms. The lower pH values in the lower layers
Republic and Matreya LLC, USA. Bacteria were determined @nobably due to the prevailing anaerobic conditions in
the basis of 17:0, 1611 9, 15:0, and 16:1 7. Biomass gram absence of earthworms and the formation of fatty acids. :
positive (G+) bacteria were quantified as the sum of i14:0, i15d1al. (2005) investigated changes in pH in mixed vegetable
als:0,i16:0, i17:0, and al7:0. The gram negative) (iacteria dues with different initial substrate pH values (4.3D6.9) in a
were determined on the basis of 16:17, 18:1! 7, cyl17:0, ratory experiment with and without earthworms. The maxir
cy19:0, 16:1 5. 10Me-17:0, 10Me-18:0, 10Me-16:0 were useslubstrate pH was 8.2 in the experiments with initial pH valu
for actinobacteria, and 1812 6,9 for fungi. The total biomass 4.8 and 5.2, while it was 8.3 in their controls without earthw:
was quantified as the sum of all of the markers together wifter 6 and 18ays of composting. The substrate pH attain
16:0 and 18:1 9 #najdr etal., 2011). The labelling is a typicaldeclining trend thereafter, and was neutral afteile3® of ver
for this research field (Oraveczadt, 2004). micomposting. The controls without earthworms showec

emical parameters

37



1124 Waste Management & ResearcB5(11)

values 6.8 and 6.9 even afterdays of aerobic composting. The
increasing rate of substrate pH was observed to be greater thi
the decreasing rate. 15000
Earthworms are very sensitive to salt content (expressed &_ 12000
salinity or EC) in the substrate and prefer a salt content of approx{é 0000
imately 0.5% (Gunadi edl., 2002). In our experiment, the EC
ranged from 1.&hScm! in the top layer to 3.Scm? in the
middle layer. The increase in the EC was indirectly proportional
to the decline in the pH ®DP0.64,p<0.05) and could be 0

18000

6000

3000

. - . . I 1 ox v v
explained by release of the bounded elements during digestion ( WPtot OPavail WKt OKavail WMgtot —OMg avail

earthworms together with loss of organic matter (Garglet ] )
ure 2. Changes in total and available phosphorus,

2006). This is in agreement with our experiment where EC—negégassium‘ and magnesium contents (mgkg?) in layers 1BV

tively correlated with ¢ (R=D0.59p<0.05). A decrease of EC f the |arge-scale vertical-flow windrow vermicomposting
was found in the lower layers. It could be caused by runoff of tigstem. The values are the means + SDif=4).
leachate during large-scale veécomposting under outdoor con

ditions. This assumption is consistent with Hanc and Pliva (ZOJV%)rmicompost derived from dairy manureBwaste paper mi;
who vermicomposted garden biowaste in a laboratory expefi 6us) and separated cattle solids (0.4%), but was lower tt
ment with one-time feeding. The leachate that was Capt“re%&micompost based on separated pig solids (1.7%), chicken

stainless trays was returned to the vermicomposted materialg;t9o4) and duck solids (2.9%), as was reported by Mupoadii
achieve a closed loop. The initial EC was abomiSzm?, and (2011) and Edwards and Burrows (1988).

after Imonth the EC increased tavScm and fluctuated at  The ayailable phosphorus showed an initially increasing

about this level for the nextdonths. then a decreasing trend. In the case of the available pota
The greatest £ content was found in the upper layer anghere was no significant variation between the layers. The-
gradually decreased with depth. The gradual decline was-attgBje magnesium content gradually increased from an initial
uted to the loss of volatile solids in the form of COhe Ny tent of 390ngkg? to a final content of 85Mgkg?. The
content increased with the age and depth of the layer, but gagportion of the available content in the total content rang
changes were not statistically significant. The C/N ratio Wase whole profile from 1% to 5% for phosphorus, 58% to 759
greatest in the top layer with a value of 16. This relatively logstassium, and 8% to 15% for magnesium. The available cc
ratio could be explained by the use of pre-composted feedstgekphosphorus, potassium, and magnesium in vermicorr
and intensive mineralisation made by earthworms and mickased on apple pomace constituted approximately 16%,
organisms. The portion of the windrow from the middle to thgnd 15% of the total contents, respectively, and these value
bottom showed the same stable C/N ratio (slightly above 1809, 45%, and 25% greater than in the control composts |
which is a sign that the process of vermicomposting is virtuaiyyd Chadimova, 2014).
completed. Similarly, Taeporamaysamai and Ratanatamskul
(2016) found the C/N ratio of final vermicomposts based . e
kitchen and vegetable market waste in the range of 13.091%tumy and Stablhty
They concluded that the C/N ratio below 15 is preferable f®he maturity of composts or vermicomposts can be express
agronomic use of vermicompost. parameters such as NN, NH,*-N/NO;-N, DOC, IEC, ant
The total contents of macro-elements, such as phosphotBE/C,, as shown in Table 2 (Bernalait, 2009). Mineral nitre
potassium, and magnesium (Figure 2), increased with the aggef forms (NH-N and NQ-N) play an important role in the u
the vermicomposted material, which was associated with the losermicompost as a fertiliser. During the process of vermi
of organic matter (Dom’nguez and G—mez-Brand—n, 2013).pbkéng, the earthworms usually enhance nitrogen mineralis
average ratios of the totalrtents of elements in the bottom layeso the mineral is retained primarily in the nitrate form (Ati
and the top layer increased in the following order: Magnesiwhal., 2000). Mucus, nitrogenous excretory substances, g
(1.32-fold), potassium (1.36-fold), and phosphorus (2.61-foldtimulating hormones, and enzymes that contain different 1
The content of total elements in the entire windrow profile was @f nitrogen can be added by earthworms into vermicompos
the ranges of: Phosphorus (0.25%D0.65%), potassium (1.286Etheir fragmentation and digestion. In addition, the actic
1.7%), and magnesium (0.4%D0.6%). Pattnaik and Reddy (201€2 living nitrogen-fixing bacteria can contribute to a gre
observed 0.9% phosphorus, 0.8% potassium, and 0.9% maglieersity of the content and forms of nitrogen (Gupta and (
sium in vermicompost from vegetable market waste and 0.€3%09). Immature vermicomposts can contain high level
phosphorus, 0.3% potassium, and 0.6% magnesium in vermicammonium nitrogen and ammonia, which may reduce the g
post from floral waste after @fays of vermicomposting lBisenia nation and root development of plants. In this study, the Ic
fetida The total phosphorus content found in the vermicompostammonium nitrogen content (23r®NH,*-N kg) was found ir
this study was comparable with the total phosphorus contenthie bottom layer, which contained the oldest vermicompo:
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Table 2. Effect of depth and age of the vermicompost windrow profile on selected maturity indicators. The values are the
means + SD (=4). Different letters within a column indicate significant differences between the values based on TukeyOs test.

Layer NH,*N NH,*N/ DOC IEC IEC/C,,
(mgkg?) NGOy -N (mgkg?) (mmol, 100g*?)

Vv 49.30 + 5.27 12.99 + 14.18 6981.32 + 661.8%" n.d. n.d.

v 45.94 + 1.48 6.33 +8.33 7984.87 + 935.80 52 + 8.29 2.44+0.43

I 72.62+7.12 0.03 + 0.0F 7156.08 + 129.16 53 + 8.83 3.09 + 0.58b

I 41.00 + 8.33 0.06 + 0.02 6089.21 + 711.09 60.75 + 3.88 3.56 + 0.4%

[ 23.81+6.22 0.05 + 0.02 4584.13 + 174.71 60.50 + 2.38 3.35+0.28

V: 0Bb3@m, 3months; IV: 30D6&m; 3b6months; Ill: 60D90cm; 6B9months; II: 90D120cm; 9D12months; |: 120D15m, >12 months.
DOC: dissolved organic carbon; IEC: ion-exchange capacity; n.d.: not detectable.

the above layers, the contents were slightly greater but did paiperties. For this reason, the IEC should be included amo
exceed 7Bngkg?, indicating a mature compost according tindicators evaluating compost and vermicompost mat
Thompson eal. (2003). The N@-N content was 17-fold greaterReasonable IEC values with a classically shaped curve we
than the NH*-N content. Greater contents were found in théetected in layer V, which contained little processed primary or
lower half of the windrow profile. The average proportion ahatter without adsorption capacity for ions. IEC values ranged
NH,*-N in the N,, was 0.3% and the proportion of N was 52mmol,100gin layers IV and Ill, to 6thmol, 100g in the oldel
4.8%. The maturity parameter N=N/NO;-N was indirectly layers (Il and 1), but with no statistical differences. The ve
proportional to the age of the vermicomposted material. Despiteserved were greater than in a previous study utilising
a large difference in the parameter between the two upper lay@&8mmol, 100g?), and garden compost (35anol, 100g?), but
and the lower three layers, no statistical significance was founder than a synthetic cation exchanger (&Ml 100g?) as
that could be caused by the large standard of deviation in tetermined by Vichalovi etf. (2014). Mature vermicompc
NO;-N content. This is in agreement with Hanale{2017) who should have significant sorption and ion-exchange propertie:
found the greatest variation to be in N® among 10 monitored release nutrients gradually to optimise the composition of th
parameters during the composting process. There is still swution. Harada and Inoko (1980) and Iglesias-Jimenez and
threshold level of NE-N/NO;-N for stabile vermicompost, Garcia (1992) suggested a cation exchange capacil
however, a value of <1.0 was suggested for this parameter f6@mmol, 100g* and !67mmol, 100g?, respectively, for matui
mature compost (Abouelwafa ait, 2008; Ko etl., 2008), and compost derived from municipal solid waste.
<1.9 for a mature compost composed of a woodchip base (BenitaThe IEC/G,, ratio takes into account the mineralisatior
et al., 2003). Additionally, it is noteworthy that the graduallprganic matter. The parameter increased to a depth afii,
decreasing content of nitrates below layer Ill suggests prevailingh values ranging from 2.4 to 3.5, which is greater thar
anoxic conditions and the nitrate decrease was caused by nitvatae of 1.7 suggested by Roigatt(1988) for mature compo:
reducing bacteria. This fact could explain the complete disap
pearance of the earthworms from layer | (see below). Earth

DOC is the most active fraction of carbon and its concentraar worms
tion is recommended as a simple method of determining compbisé properties of the earthworms utilised in the current stuc
maturity (Wu efal., 2000). The greatest DOC value was found shown in Table 3. The earthworms were found in clusters, v
layer IV. There were no statistical differences among the layesstypical for the large-scale vermicomposting of household
with the exception of layer I, in which the lowest value of 0.45%aste characterised by high heterogeneity (Haral.e£011)
was observed, and this was significantly different when-coffhe greatest number of earthworms were found in the top
pared with the DOC values present in the other layers. This i$88.5% of the total), followed by layer Il (5.9%), layer IV (3.8
accordance with Zmora-Nahumadt (2005) who recommendedand layer 111 (1.8%). A similar situation was found in the cas
4gkg?! as a threshold level indicating maturity, however, Huée earthworm biomass: Top layer (89.2% of the total from i
and Liu (1995) suggested a greater limit of 1.0%. Airalet the layers), layer Il (4.9%), layer IV (4.2%), and layer 11l (1.7
(2006), who vermicomposted two pig slurries that differed ifhe earthworms in layers 1V, 1lI, and Il lived in random clus
their C/N ratios, found that aging produced a significantly stromging air space with the still undecomposed matter. The av
decrease in the DOC levels in both treatments. These reductiweght of one earthworm ranged from 0.10 to @ X8d ther
were greater in the elevated C/N ratio treatment, resulting iwvare no significant differences among the layers. No earthwn
significant association between the age of the layers and the @#te found in the oldest layer (l) owing to the completed i
ratio of the treatments. This depletion of DOC was more interfsemation of the organic matter and thus lack of food for e
in the presence of earthworms. worms, and anoxic conditions.

Mineralisation and humification occur during aerobic-pro The earthworms contained an average of 0.74% phospl
cesses, which may be reflected by the changes in the ion-exch&§8% potassium, and 0.12% magnesium. The conter
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Table 3. Population, biomass, and selected nutrient parameters of earthworms in the vermicompost windrow layers.

Layer Number E. biomass Poot Koot Mot

(in 1kg) (gkg™) (mgkg™) (mgkg?) (mgkg™)
\ 125+ 81.92 14.94 + 8.93 7438 + 177 6645 + 390 1443 + 235
I\ 5.42 +7.86 0.70 £ 0.92 7432 + 135 6605 + 196 1058 + 40
1] 2.50 +£3.97 0.29 £ 0.42 7414 + 1255 6793 £ 1025 1075 * 303
Il 8.33+13.54 0.82+£1.32 7350 + 427 6012 + 757 1213 + 180
| 00 0+0 n.d. n.d. n.d.

V: 0-30 cm, 3 months; IV: 30-60 cm; 3-6 months; Ill: 60-90 cm; 6-9 months; II: 90-120 cm; 9-12 months; |: 120-150 cm, >12 months.
E. biomass: Earthworm biomass; n.d.: not detectable.

elements in the earthworms tended to decline slightly towards th= 120
lower layers, wherein the total contents of elements in the ver
micomposted materials increased in the same direction (for phos 190
phorus: R=D0.91,p<0.05; for potassium: RP0.50,p<0.05,
and for magnesium: RD0.65p<0.05). This indicates consider s
able uptake of the macro-elements by the earthworms, howeve§ i
it is necessary to take into account the loss of organic matter c§ 60
well as the leakage and movement of earthworms through thg- -
profile. The phosphorus content in the earthworms was greate™ 4 )
by 311% and 8681% than theRnd B, respectively, in the ‘ | LB
vermicomposted materials of the windrow layers. On the con " T
trary, the potassium content in the earthworms constituted 429 HI ) IH I I
and 62% of the [ and K,.; determined in the layers. In the case 0 ———=F maEEe Iﬂ' ﬂl
of magnesium, it was 23% and 232% of the Mmd Mg, ;. sl bacerinacthobacterin 62 T emn
Earthworms can serve as animal feed, especially for fish an sl el =0 WV Qv
poultry (Edwar.ds anq Niederer, 2011; Hamid abt 2016)' Figure 3. Changes in fungal PLFAs, bacterial PLFAs, and
Earthworms with a high content of phosphorus found in ofia| microbial PLFAs biomass in the layers of the large-scale
experiment could be used in feed mixtures for animals as-a siditical-flow windrow vermicomposting system. The values
stitute for phosphate rocks that are gradually depleting (Taragfé the means + SD (n=4).
etal., 2016). PLFA: phospholipid fatty acid.
With the development of biomedicine, scientists have redis
covered the medicinal value of earthworms related to maf@nged from 0.2 to 3jigkg*dw and the concentration in the f
chemical components, including (1) earthworm proteases, (@yer was 11.5-fold greater compared with the lowest |
metal-binding protein, (3) other active proteins including thosgmilarly, in a previous study, the microbial PLFA decre:
with proliferative improving activity, (4) active peptides, (5fhroughout the layers during the 250-day long vermicompo
earthworm metabolites, (6) special organic acids, and (7) otBérrabbit manure (G—mez-Brand—ralet 2013). Howeve
components such as purin, vitamin B, tyrosine, and selenium {ggarding the profile of the bacterial biomass, the bacteria ¢
etal., 2011). ally decreased only until layer Il with a slight increase in lay
Since the results of nitrate concentrations indicate pos
anoxic conditions, the elevated biomass could be caus:
anaerobic bacteria based on cypl7:0, cyp19:0, and 1
There were differences among the microbial decomposer cdii! me'ek etal., 2016). The data emphasize further rese
munities in the vermicomposting windrow, as revealed by thegarding this phenomenon.
PLFA (Figure 3). In an attempt to find correlations of the micro The lowest value for the bacterial/fungal ratio (17) was fc
flora, earthworm biomass, and other relevant parameters, we fietthe top layer, and this value substantially increased to
formed PCA of the results from the vermicomposting. The resulgyer IV. In the intermediate and lower layers, the parameter
are shown in Figure 4. The first two principal componentsated at approximately 93 + 19 with a peak value of 111 in
explained 53.0% and 25.3% of the total variability of the dat. Based on gPCR, Castilo @t (2013) found that the bacteri
The PCA results clearly indicate strong correlation between tiwagal abundance ratio tended to decrease with time durir
earthworm biomass and all the groups of micro-organisms. vermicomposting of a winery substrate (W) B (255 in the
Generally, the microbial biomass tended to decrease durittgek, 204 in the final vermicompost after viéeks), bu
the vermicomposting course represented by the individual layérsreased significantly in an olive-mill substrate mixed with |
For instance, the concentration of the PLFA representing futig@nure at a 4:1 ratio (dw:dw) (O) B (95 in the 1st week, 3

I3

Micro-organisms
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LES pa— aqueous extracts to protect plants against diseases. The se
0,24 earthworms are conveniently utilised as feed for fish and pc
01 \ and are also utilised in the production of pharmaceutical-
E’_ 00f o { - e ucts. The bottom layers are predetermined to be useful as
:‘ 01 —_— iw&"_w::?s tive fertiliser, or as components of commercial potting mi
é’ 2] . / \ T and for the remediation of contaminated soils and waste w:
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Abstract

The present study evaluated the feasibility and processes occurring in a vertical-Row windrow vermicomposting
distillery residues together with wheat straw. There wereréinces between the very top and lower layers. The top
youngest layer showed the greatest humidity and electrical conductivity among the layers. It was characterized |
decomposed organic matter with a great amount of earthworm biomaggk(?, which was conbrmed by paramet
such aC,,; (34%) N, (2.25%), and C/N (15.3). On the other hand, the lower layers were characterized by greater
which was documented by a lower content of microbial biomass and activity of hydrolytic enzymes, as well as
alkaline pH (7.6D7.9), and lesser values for NPNERD84Nngkg*Y) and dissolved organic carbon (5228D6Sg¢kg"?),
which was indirectly proportional to the ion-exchange capacity (5786l 1009%%). Among the examined macronutrie!
potassium showed the greatest content. The total contents of P and Mg increased directly with the age of the vernr
material, which was related to the loss of organic matter. The proportion of the available contents of P, K, and Mg «
on average in all of the layers 11, 64, and 10%, respectively, of the total content. On the basis of the detected

the top layer is suitable for a new windrow and for the preparation of aqueous extracts. The older layers are suite
as an organic fertilizer.

KeywordsDistillery residue® Vermicompostirig Layers Chemical and biological properties

Statement of INovelty biological parameters, the possibilities of subsequent
for the layers are proposed. The results of this resear:

Improper handling of distillery residues can have negativeseful for producers of distillery residues, vermicompos

impacts on the environment. The vermicomposting of displants, and vermicompost users, especially growers.

tillery residues is one of the possible solutions for suitable

handling of this biowaste. Treatment of distillery residues

by earthworms has not yet been documented in the scientitrtroduction

literature. The importance of this research consists of the

detailed characterization of individual layers in a vertical-The increasing trend of environmental protection con

Bow windrow vermicomposting system operated in-oututes to the growth of demand for alternative sources

door conditions. This system is the most widespread in end of recent years is the addition of bioethanol to -

large-scale vermicomposting. On the basis of chemical and order to reduce oil consumption. As a result, there

increase in the number and capacity of distilleries. Alc

production in distilleries consists of four main steps:

preparation, fermentation, distillation, and packagitig

Ethanol can be prepared from various biomass materia
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the biomass-containing starch (e.g. cereals and potatoesjganic matter by microorganisms under controlled co
and lignocellulosic biomass (e.g. straw, energy crops, artibns, during which the organic material undergoes a ch
biowaste) B]. Distillery residues are the main waste prod teristic thermophilic stage 458185 that allows sanitizatiol
uct of ethanol productiord]. In the production of . of  of the waste by the elimination of pathogenic microos¢
ethanol, 15 to 20 of distillery residues are produces|.[ isms. Two phases can be distinguished in composting:
The production and the characteristics of the spent residutsermophilic stage, where decomposition takes place
are greatly variable and dependent on the raw materiaistensively and which therefore constitutes the active p
used and various aspects of the ethanol production proces§.composting, (2) a maturation stage, which is marke
Wash water used to clean the fermenters, cooling water bladecreases in the temperature to the mesophilic rang
down, and boiler water blow down further contribute to itswhere the remaining organic compounds are degrade
variability [6]. slower rate. The duration of the active phase depends (
The handling of distillery residues can cause environmercharacteristics of the waste (the amounts of easily biode
tal problems due to their seasonal production and pollutingble substances) and on the management of the contr
characteristics. Direct discharge tfgent into watercourses parameters (aeration and moisture). The extent of the 1
poses a serious threat to aquatic ecosystem. High chemication phase is also variable, and it is normally marke
oxygen demand values and great nitrogen and phosphortire disappearance of phytotoxic compounds. Thermoyg
contents can lead to eutrophication of watercourses. At tleamposting is well established on the industrial scale
same time, the coloration of fragments can reduce lighgolid organic-waste treatment, although the loss of nitr
transmission, which leads to inhibition of photosynthetiachrough volatilization oNH; during the thermophilic stag
activity and depletion of dissolved oxygen in waté}. [ of the process is one of the major drawbacks of the pro
Direct application of distillery residues can have a detrimenThrough composting, the heterogeneous fresh organic |
tal é#ect on the soil due to their inappropriate physicochemirial is transformed into a homogeneous and well-stabil
cal properties, especially low pid][ It causes inhibition of humus-like productl4].
seed germination. Greatly toxigects of raw distillery e u- Vermicomposting involves the bio-oxidation and stat
ent on the growth and germination\éifjna radiataseeds zation of organic material by the joint action of earthwo
even at a lesser concentration of 5% (v/v) was reportednd microorganisms. Although it is the microorganisms
Leaching of protein and carbohydrates from the seeds aochemically degrade the organic matter, earthworm:
well as a decrease in the activities of important enzymese crucial drivers of the process, as they aerate, conc
like alkaline phosphatase and ATPase were also observadd fragment the substrate, thereby drastically incre:
[9]. Depletion of vegetation by reducing the soil alkalinity the microbial activity. Earthworms act as mechanical bl
and the availability of some nutrients can be found, ¥ disers. By disintegration of the organic matter they modify
charged without adequate treatmelti] [ E#ective treatment physical and chemical status. The C:N ratio is gradt
can be achieved by using various biological, physical, anceduced and the surface is increased, whereby the m
chemical treatment processes, either alone or in combinbetter exposed to thétects of microorganisms. Two phas
tion. Biological treatment of distillery spent wash is eithercan also be distinguished here, (1) an active phase \
aerobic or anaerobic, but in most cases a combination tie earthworms process the waste, modifying its phy
both is used. A typical chemical oxygen demand (COD)state and microbial composition, and (2) a maturation
biochemical oxygen demand (BOD) ratio of 1.8D1.9-indiphase marked by the displacement of the earthworms tc
cates the suitability of theé' auent for biological treatment fresher layers of undigested waste, where the microe
[11]. Various physicochemical methods such as adsorptioisms take over in the decomposition of the waste. As ir «
coagulationbRocculation, and oxidation processes like Feposting, the duration of the active phase is not bxec
tonOs oxidation, ozonation, electrochemical oxidation usimwill depend on the species and population density o
various electrodes and electrolytes, nanobltration, revergarthworms and their ability to ingest the wadtg.|
osmosis, ultrasound, and#airent combinations of these  The main diterence between thermophilic compc
methods have also been practiced for the treatment-of di;g and vermicomposting is that composting is an aer
tillery €" uent. These processes are generally employed aftprocess that can reach temperatures of 69©,/@hereas
the primary anaerobic treatment in order to further reduceermicomposting systems are mesophilic and mus
the COD and color. A majority of these methods decolorizenaintained at temperatures below;85 Exposure of the
the & uent by either concentrating the color into the sludgearthworms to temperatures above this, even for relat
or by breaking down the colored molecul&s12, 13]. short time periods, will kill them, and, to avoid such e\
The composting and vermicomposting of distillery resi heating in vermicomposting systems, very careful man
dues are two of the possible solutions for handling this feednent of the wastes is required. Epigeic earthworms
stock. Composting involves the accelerated degradation @€ry active. They will consume organic wastes locate
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a relatively narrow horizontal aerobic layer of 10Bfrff  more soluble levels of major nutrients and organic m:
that is, close to the surface of a bed or container, venyith improved quality. 19].
rapidly. The critical key to successful vermicomposting At this time, there do not appear to be any scientibe
lies in adding organic wastes to the surface in successiies on the vermicomposting of distillery residues. The ail
thin layers at frequent intervals, so that any thermophilithe study was to evaluate the feasibility of vermicompos
heating that may occur does not become excessive. If welf distillery residues under outdoor conditions. The st
managed, this low level of heating will maintain the activ sought to contribute to the understanding of the proce
ity of the earthworms at a high level df eiency through occurring in a vertical-flow windrow vermicompostil
colder periods in temperate countries, since vermiconsystem.
posting works best at temperatures between 240825
Temperatures below 4@ generally result in reduced or
little feeding activity; and below!4C, cocoon production Materials and!'Methods
and development of young earthworms ceases. In extreme
temperature conditions earthworms tend to hibernate arfeeedstocks
migrate to deeper layers of the windrow for protection.
Earthworms can also acclimate to temperature in autunifthe composition of the distillery residues corresponde
and survive the winter, but they cannot survive extendethe just processed fruit in a grower distillery. The typt
periods under freezing conditions unless they are in prdruit was based on the growing season. The distillery
tective cells. The unfavorablétect of elevated tempera cessed mostly apples, pears, plums, and cherries. Dis
tures (above 3QC) on most species of earthworms is notresidues were stored in an underground tank, so a mi
entirely a direct #ect because these warm temperaturesvith 5.7% total solids was therefore applied. The pH v
also promote chemical and microbial activities in the-subranged in the acidic area (on average 4.9) and the el
strate. The increased microbial activity tends to consumeal conductivity reached 48@\cm®L. For the experimen
the available oxygen, with negativéexts on the survival dry wheat straw from compacted bales with 90% dry m
of earthworms. There is a strong relationship between thmntent was used. Selected physicochemical paramet
moisture content of organic wastes and the growth ratthe feedstocks are shown in Tdlle
of earthwormsEisenia andreican survive in moisture
ranges between 50 and 90% C, but they grow more rapescription ofExperiment
idly between 80 and 90% in organic wastes. Earthworms
lack specialized respiratory organs, and oxygen and cafhe experiment was set up under operating condit
bon dioxide difuse through their body wall. Thus, earth at a family grower distillery in Cesov, Czech Reput
worms are very sensitive to anaerobic conditiéisenia  (N50j20.3363& E15j21.89653. The vermicompost pil
andrei have been reported to migrate in large numbersccupied a ground space&8!m?. The bedding layer cor
from a water-saturated substrate in which oxygen hasisted of precomposted beef manure and grape marc
been depleted, or in which carbon dioxide or hydrogeearthworms Eisenia andre), with a density of about 5
sulbde has accumulated. The earthworms are sensitiveagarthworms per liter, and was placed brst on a Rat su
ammonia and salts. They will die quickly if exposed toWheat straw layers were added evehy@nths. Distillery
wastes containing more than Oty of ammonia pég®'  residues were applied on these layers every 2 weeks
of waste and more than 0.5% salt6][ Vermicomposting to the inRuence of precipitation, the application of distill
employing earthworms is increasingly gaining attentiomesidues, and the transformation of organic matter, the
as a sustainable and ecofriendly technique to transforers settled. After !®ears from the beginning of the expe
and sanitize a variety of organic wastes into nutrient-riciment, samples were taken up from cross probles. San
biofertilizer [17, 18]. Compared to the feedstock and eon of each layer was carried out in four replications. The d
ventional compost, vermicompost contains increased aracement above the bedding layer and the age of eact
were as follows:

Tablel Selected

- . Dry matter pH/H,O EC Cot N CIN Py Kgo  Cage Mg
physicochemical parameters of (%) (mSlcm) (%) (%) %) (%) (%) (%)
the feedstocks used (pH and EC
were determined in wet matter;  pistillery 5.7 4.9 0.48 45 22 20 025 161 075 0.17
other parameters in dry matter)  esidues

Straw 90 7.4 15 46 0.6 77 0.02 0.47 028 0.03
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IV: 0B30cm, 0bénonths their mass spectra using a mixture of chemical stan
I1l: 31D60Acm, 6D1nonths obtained from Sigma-Aldrich, Prague, Czech Republic
II: 61D90cm, 12D1Bnonths Matreya LLC, USA. Bacteria were determined on the t
1: 91D120@cm, 18D24nonths of 17:0, 16:1$ 9, 15:0 and 16:$ 7. Biomass Gram positi'

(G+) bacteria were quantibed as the sum of i14:0, i:

Potential earthworms were separated, counted, weighteai]15:0, i16:0, i17:0, and al7:0. The Gram negative)|
and lyophilized. The resulting vermicompost sample with bacteria were determined on the basis of $8;118:1$7,
out earthworms was divided into three parts and treated agl17:0, cy19:0, 1645. 10Me-17:0, 10Me-18:0, 10Me-1¢
required for laboratory analyses. One part of the vermiconwere used for actinobacteria and 882 for fungi. The
post sample was stored d{@ until the pH and electrical total biomass was quantibed as the sum of all of the mi
conductivity (EC) could be determined. The second part waegether with 16:0 and 189 [24]. The labeling is typice
dried at 30;C to a constant weight and ground. This wador this research bel@¥§]. The activities of the hydrolyti
then used for analyses of the total and available contenémnzymes such &p-glucosidase, phosphatase, sulfat
of elements and the ion exchange capacity (IEC). The thidipase, chitinase, cellobiohydrolase, alanine aminop
part of the vermicompost sample was frozeh 20!iC and  dase, and leucine aminopeptidase were quantibed b\
then lyophilized for subsequent determination of the groupsescence detection according to Baldria@l pnd&tursovi
of microorganisms by the PLFA method and for enzymend Baldrian 27]. BrieRy, the prepared suspension {Q

activity. of lyophilized sample and 2@L of 50mmollL" ! acetatt
bu#er with pH 5) was homogenized by the Ultra-Tur
Chemical antBiological Analyses instrument. Then, it was pipetted into the appropriate

in microtiter plates and the addition of the relevant subs
Measurements of active pH and EC were conducted on safbllowed. The microtiter plates were placed in an incuk
ples mixed with deionized water (1:5 w/v wet basis) usindeated to 49C for 5min. Subsequently, the Buorescenc
a WTW pH 340 i and Testo 240, respectively accordinghe substrate was measured using the Thdamite M200
to EN 13037 20]. Total carbon(C,,) and nitroger(N,,)  instrument. For urease activity determination, the me
were determined using the CHNS Vario MACRO cube anaaccording to Kandeler and Gerb@®8[ was applied. It i:
lyzer (Elementar Analysensysteme GmbH, Germany). lbased on ammonia determination after incubation of
this instrument, about 2&g of the sample was burned in aples with urea. Determination of nitrate reductase act
catalytic furnace, and subsequer@ly, andN,,, were deter  was carried out according to Kandel2g][ and it is base
mined by using a thermal conductivity detector. The totabn nitrite determination after incubation of vermicomg
contents of P, K, and Mg were determined by decompositiowith nitrate. The #ect of nitrite reductase is inhibited
utilizing a wet method in a closed system with microwavehe addition of 2,4-dinitrophenol.
heating using an Ethos 1 microwave system (MLS GmbH,
Germany). The contents of ammonium nitrogen (N;NH  Statistical Analysis
dissolved organic carbon (DOC), and the available portions
of P, K, and Mg were determined in calcium chloride/DTPAStatistical analyses were performed using the STATIS]
(CAT) solution (0.0imolll" * CaCl, and 0.00nolll" 1 dieth  13.2 software (StatSoft, Tulsa, Oklahoma USA). A one-
ylene triamine pentaacetic acid (DTPA)) at a ratio of 1:1ANOVA using a 95% conbdence level followed by Tuk
(w/v) according to the International BSI Standard EN 13651est was performed. SpearmanOs correlations were e
[21]. TheNH,*BN andNO, DN contents in the extracts were between the agrochemical and biological parameters
measured colorimetrically using a SKALAR SANPLUS 0.05 probability levels.
SYSTEM . The element concentrations were determined
using inductively coupled plasma optical emission spec
trometry (ICP-OES, VARIAN VistaPro, Varian, Australia) Results andDiscussion
with axial plasma conbguration. The ion-exchange capacity
(IEC) was determined conductometrically as described bighysicochemical Parameters
Vichalovt eal. [22). Samples for the phospholipid fatty acid
(PLFA) analysis were extracted in triplicate using a mixturel he basic physicochemical parameters are shown in!Ze
of chloroform, methanol, and phosphatetbu (1:2:0.8; The dry matter increased with the age of the layers
viviv) according to Bligh and DyeR§]. The extracts were least dry matter content was found in the top layer. It
analyzed by tandem gas chromatographybmass spectroraused by the high humidity of the applied distillery resi
etry (GCBMS; 450-GC, 240-MS Varian, Walnut Creek, CA(94.3%) and by exposure of the surface of the pile to we
USA). Methylated fatty acids were identibed according t@onditions. The dry matter in the other layers was on av
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Table2 Basic physicochemical
parameters of the layers in
the large-scale vertical-Row

windrow vermicomposting v 15.3+2.42  7.41+0.07 1162+ 6448  34.01+545 2.25+0.35  15.30+2.80°
system i 258+15% 7.72¢0.04  976+39"  29.93¢1.35 237+0.0F 12.64 0.76"
I 259+139 7.64+010  683+51°  31.943.08 273t028 11.72+0.58
| 283+069 7.92+0.0F  760+23 2845242 262+017  10.85 0.24

Layer Dry matter  pH/H,O EC Ciot Niot CIN
(%) ($SCtm™) (%) (%)

Values are the meanSD (n=4). Di! erent letters in a column indicate signibcantedénces (Tukey!
HSD test, B# 0.05)

IV: 0Bb30cm, 0bB&months; IIl: 31D6&m, 6D12months; 1l: 61D9&m, 12D18mnonths; |: 91D12@m,
18D24months

1.75 times greater, with lderences between the layers notTable3 E! ect of depth and age of the proble on the selected me
statistically signibcant. The pH values in the vermicompostndicators

ing pile ranged from 7.45 to 7.92. The greatest value wasyer NDNH,* DOC IEC IEC/C,,
measured at the oldest layer. An increase in the pH value  (mgkg’®) (mgkg™®) (mmcg/tI
was observed in the direction from the youngest layer to 1009™)

the oldest. This can be caused by the fact that the microqy 162 05: 5445 8799+ 98F 55.063.27  1.64+ 022
ganisms and earthworms which were present degraded the 83.66+ 21.6P 6564+ 37 60.2+2.87  2.01+0.1F
organic acids and partially consumed them. These valugs 2127+ 42F 5347+ 18F 71.2¢+7.3P  2.23+0.09
also indicate that the earthworms were able to increase the 22.30F 1920 5208+ 320° 57.2¢3.2F  2.02+0.19
pH of the substrate from acidic values (the pH of distillery
residues was 4.9) to neutral or slightly alkaline values byalues are the meanSD (n=4). Dil erent letters in a column inc
the gradual transformation of the organic matter. This c0|9a_te signipcant Uerence_s (TUKeyOS HSD test,0?05). _
respondsf to Singh'al. [?;Q]: who vermicomposted mixed %é’gﬁmﬁ S;?Fgfgtlh;ér:f'%%%i%?r’]tﬁglhonths’ Il: 61990m,
plant residues with an initial pH of 4.3D6.9. They found a

neutral pH in all treatments after'@@ys of vermicompost

ing. The EC values in the layers did ndteli signibcantly, in the old layers but synthesis of humic substances.
nevertheless they showed a decreasing trend. A possildentent ofC,, in old layers was probably caused by t
explanation may be the gradual leaching of salts from theontent ofC, in used feedstocks (distillery residues ¢
layers. The total carbon content showed the greatest valu€g, and straw 469%,,). In some vermicomposts, hi@h,,
in the youngest layer and showed a decrease to the le@atues may occur as it is documented in the following-¢
value in the oldest layer. This is due to the gradual loss @s. Final vermicompost coming from grape marc conte
volatile solids in the form oEO,. The content o€, in the  37%C,,, [31]. Total organic carbon in vermicomposts fr
youngest upper level IV was 34% that is lower by 11% ancbw dung, poultry droppings and food industry sludg
12% compared the used feedstocks (distillery residues add erent proportions after M8eeks of intensive laborato
straw, respectively). A further decrease was found betweeamrmicomposting ranged from 30 to 38%2][ Nine di erent
the top layer IV and Il (from 34 to 29.9%). In layers Ill, vermicomposts based on spent mushrooms waste, cow
Il'and I, content ofC,, have stabilized. A slight increase vegetables residue, coconut husk and leaf litter cont:
between layers Il and Il was within the standard deviatior22D27%C,, [33]. The amount of total nitrogen gradue
Similar values in layers Ill, Il and | can be explained by theéncreased with the age of the layers. However, the mee
following factors and conditions: (1) The highest decompovalues did not show a statistically signiPcardtedence
sition of organic matter was in the presence of earthworniBalashilkar etl. [34] attributes an increase M, to the
(IV and 11l layers), (2) The bottom layers were almost freggradual addition of nitrogen by earthworms in the forr
of earthworms, (3) Low microbial and enzymatic activityslime containing nitrogenous substances. The relativel
was found in the bottom layers where material became mo@N value in the top layer indicates a rapid transform:
stable and mature which proves low content of NjPJN#id  of organic matter through the earthworms. The decre:
DOC in the bottom layers | and Il and on the other hand thine C/N value with the age of the vermicomposted mat
highest parameter of IEC{§(Table3), (4) Apparently as (from 15.3 to 10.9) is consistent with the observatio
a result of settlement of the material, anaerobic or anoxidanc efal. [35], who found a similar decrease in C/N (fr
conditions were occurred in these layers, so the decompogdi6.1 to 10.4) in a vertical-Bow windrow vermicompost
tion and release of carbon in the form3®, was minimal, system of household biowaste. Torres-Climetule{36]
(5) There was almost no decomposition of organic mattavho co-composted winery-distillery wastes with ani
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manure, observed a decrease in the C/N from 21.9 to 13&limit value of NDNH for mature compost of less th
Among the examined macroelements, potassium showed tfB!mg'kg?!, which was met by the oldest layers | anc
greatest content (Fig). DOC as the most active fraction of carbon decreased

The total contents of P and Mg increased directly with théhe age of the layers. The proportion of DOC inGheRuc
age of the vermicomposted material, which was related timated between 1.7 to 2.6%. These two parameters pos
the loss of organic matter. The average contenB,odnd  correlated with each other (R0.55, p< 0.05). The greate:
Mg, increased in the bottom layer 2.16-fold and 1.98-foldyalue of DOC was found in the youngest layer IV (0.8¢
respectively, compared to the top layer. The behavistpf The dI' erences among layers 1V, I, and Il were signibc
was df erent because the bottom layer contained 10% le€3n the other hand, ‘tlerences between the older layer
Kot than the top layer. In the case of available contents, @nd | were non-signibPcant, which indicates completio
increase was found in the contenMi,; (1.83-fold) and a  the transformation processes. In these layergy 5/3DOC
decrease in the contentsRyf; (0.72-fold) ancK,,; (0.54-  kg*! was found, which is close tdgtkg”! and below the
fold). The proportion of the available contents of P, K, and.0lg'kg”! recommended by Zmora-Nahumagét [39] and
Mg constituted on average in all of the layers 11, 64, anHue and Liu §0] as a limit for mature compost. Mine¢
10%, respectively, of the total content. These proportioralization and humibcation may result in a change in
found during the vermicomposting of distillery residuesexchange properties, which can be quantibed by a pi
with straw were less than for grape marc vermicompostingter known as IEC. The IEC had an increasing trend
(P=20D42%, K 65D79%, and Mg11D13%) as reported layer IV (59mmol,/100g*1) to layer Il (72mmol,/100g*Y).

by Castkova and Han8T]. This layer was the only one statistically drent from the
other layers. The IEC in layer | was!&¥mol,/100g*2,
Parameters dMaturity which could be explained by some transfer of a bed

layer consisting of precomposted beef manure and ¢

In this experiment, the maturity of vermicompost was evalumarc by earthworms to layer | at the beginning of
ated by parameters such as NPNHDOC, IEC, and IEC/ experiment. Taking into account the mineralizatior
Ciot (Table3). organic matter the IEC/ showed a signiPcant"dérence

A typical feature of immature vermicompost is the-ele between the youngest layer IV (1.6) and layer 11l (2.0). F
vated content in NDNfi and DOC, and conversely lower etlal. [35] found that the IEC and IEC{g during the ver
values for IEC and IEC/g. This phenomenon was con micomposting of household biowaste were in the rang
Prmed by values in the youngest layer 1V, which was sutb2b6@mmol,/100g*! and 2.4D3.5, respectively.
ject to the intense process of vermicomposting. With the
exception of the IEC parameter, layer IV elied statistically Earthworms
from the other layers. A great content of NEYNh organic
fertilizer can have detrimental ects on the germination As is evident from Tabld, the greatest number of ear
and root development of plants. Thompsdale{38] set  worms was found in the youngest layer (5.9 pcs/kg), an

Fig.1 Changes in the total 21000
and available P, K, and Mg

(mgkg™?) in layers IDIV of 18000
the large-scale vertical-Bow

windrow vermicomposting

system. The values are the 15000
mearnt SD (n=4). Di* erent

letters above the bars withinthe  ~ 15000
same element denote signiPcant 5"

di* erences (TukeyOs HSD test, en

p< 0.05) £ 9000

6000

3000

WMPtot OPavail mMKtot OKavail mMgtot OMg avail
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Table4 Quantitative (number

. h Layer Number E. biomass Prot Koot Mot
P aramatere o ihe cartiworms in (intk) (@™ (mgkg™) (mgkg™) (mgkg™)
the windrow layers v 5.9+ 1.9 2.5+ 0.8 5776+ 855 3201t 777 696+ 156
1 5.8+ 2.2 2.6+1.0° 6904+ 1062 6434+ 1183 1447+ 264
I 1.6£1.7 0.5+ 0.7 9036+ 1517 7929+ 2603 2186+ 893
I 1.4+ 0.6 0.4+ 0.2 7226+ 4812 5548+ 398 1514+ 98°

Values are the meanSD (n=4). Di! erent letters in a column indicate signibcantedénces (Tukey!
HSD test, R.0.05)

IV: 0B30cm, 0BBmonths; 1ll: 31D6@m, 6DB12months; Il: 61D9&m, 12D18months; I: 91D12@m,
18D24months

lowest number (1.4 pcs/kg) was in the bottom layer, becaugeesence of earthworms, which conbrms that vermicor
this layer was already decomposed. ing is the interaction of these two groups of organistis

The statistically non-signibcant!dirences were found The oldest three layers showed signibcantly greater co
between layers Il (5.8 pcs/kg) and 1V (5.9 pcs/kg). Theof bacteria than fungi. In layer 1V, a greater content of b,
greatest biomass of earthworms was in the two top layensa than fungi was found, but this result was not signibc
The average weight of one earthworm ranged from 0.29 ti! erent, because this layer exhibited a great standard
0.454. tion caused by the heterogeneity of the material.

The earthworms are able to accumulate nutrients from G—mez-Brand—niatt [44] vermicomposted rabb
the substrate. They also contain nutrients in their urine amdanure for 25@lays using the earthwornisenia fetida
mucus #1]. The total contents of nutrients in earthwormsThey found the greatest total microbial activity and
is shown in Tabld. The greatest total contents of phospho greatest bacterial activity after 1@@ys of vermicompos
rus (9036mg/kg), potassium (7928g/kg), and magnesium ing. The greatest value for fungal activity was measur
(2186'mg/kg) were measured in layer Il, which exhibited atheir brst uptake after 5fays of vermicomposting. In tl
lower earthworm density, and which also showed statisticurrent study, the greatest bacterial/fungal ratio was foL
cally signibcant dierences to the other layers. The leasthe oldest layer | (32.5), whereas the greatest content ©
contents of these nutrients were found in layer 1V, whichmicroorganisms (bacterial PLFAs 11%7'g"2"dw; fungal
was also the youngest layer. It can be stated that with tHRLFAs 25.4%g"g"""dw) and the smallest ratio was obser
age of the layers, the contents of the observed elementsimthe youngest layer IV (4.7). The dominant microok
the earthworms increased. According to the Pearson's casms were bacteria, especiallf4bacteria, then G+ ba
relation coé cient, a positive correlation was found betweerteria, followed by fungi and Pnally actinobacteria, wt
the total Mg content in the vermicompost and in the earthwas almost suppressed. These bnding correspond w
worms. This co# cient increased from layer | R0.47, vermicomposting of grape marc done by Castkova and
p<0.05) to layer IV (R=0.97, p< 0.05), where the greatest [37], but in their type of vermicompost the activities w
number of earthworms was counted. For P content, a-corf®wer. Also Fernindez-G—meakt[45] found the sam
lation coetf cient was greater than=R0.5, p< 0.05 for layer  order the activity of microorganisms as we did: bact
I, 11, and IV. Only for layer Il was the Pearson’s correlation(43nmolPLFA'g"Y), G%bacteria (1:molPLFAG™Y), G+
coet cient negative. In the case of K content, a negative cobacteria (1&mol'PLFA"g"®), fungi (8nmol'PLFA"g"®),
relation was found for all the layers except layer Il, where thand actinomycetes #mol'PLFA"g*) after 24weeks o
correlation was slightly positive @®0.28, p< 0.05). How  vermicomposting plant waste mixed with paper-mill slu
ever, movement of earthworms through the proble, leakagg:1) usingE. fetida In the current experiment, for m
and the loss of organic matter must be taken into accountmicroorganisms the activity decreased during the pro

Only in the case of actinobacteria was a decreasing
Microorganisms with the age of the layers not observed. In this case
greatest activity was in layer Il (4%'g""dw) and the lea:
The total microbial biomass was very great during the wholeactivity was in the youngest layer (25§'g"%"dw).
process as it is illustrated in F@. The microbial biomass
decreased from 196 to ‘8g'g"%"dw, directly proportional Enzyme Activity
with the age of the layers. This is in accordance with the
study by Aria éfal. [42], who found that the earthworms The activity of ten enzymes is illustrated in F3gbd.
signibcantly increased microbial activity in younger mod  Units are$mol of specibc substratg®h”L. Substrate
ules. The content of microorganisms was proportional to thier arylsulphatase: 2.5Gmol'L* 4-methylumbellyfery
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Fig.2 Changes in fungal 350
PLFAs, bacterial PLFAs, and

total microbial PLFAs biomass

in the layers of the vertical-Bow 300
windrow vermicomposting of

distillery residues. Values are

the meart SD (n=4)
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Fig.3 Enzymatic activity of arylsulfatase, alanine aminopeptidase, leucine aminopepéjlee-¢lucosidase, acid phosphatase, lipase,
tinase, cellobiohydrolas®), ureased), and nitrate reductasd)(in all layers during vermicomposting. The values are the m&ih(n=4)

sulphate potassium salt (MUFS); alanine aminopeptidase: Units are#mol of specibc substrate '1h" 1. Substrate:
2.50mmollL" ! L-alanine-7-amido-4-methylcoumarin for $-p-glucosidase: 2.ZmmollL" ! 4-methylumbellyferyl-
(AMCA); leucine aminopeptidase: 25@molL" ! leucine- ~ $-p-glucopyranoside (MUFG); acid phosphata
7-amido-4-methylcoumarin (AMCL). 2.79mmollL" ! 4-methylumbellyferyl-phosphate (MUFF
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lipase: 2.50mmollL" ! 4-methylumbellyferyl-caprylate value for the nitrate reductase activity was in the oldest
(MUFY);chitinase: 1.0mmollL" ! 4-methylumbellyferyl-  (0.68ugNO,DNg’ 1124h" ). All the layers showed no signi
N-acetylglucosaminide (MUFN); cellobiohydrolase: cant d¥erences in the activity of this enzyme, because
2.50mmollL" ! 4-methylumbellyferylN-cellobiopyranoside ~were great standard deviations.
(MUFC).

For arylsulphatase, it cannot be conclusively shown that
there were statistically signipcant changes because this activ
ity was very low. It ranged from 39#8nol MUFSg Yth'*  Conclusion
to 18.0#mol MUFSg Yh" L. The alanine and leucine ami
nopeptidase showed the greatest activity in the upper lay&€he top and so youngest layer was characterized by
(IV). The very high standard deviation was probably causetially decomposed organic matter with a great amou
by clusters of earthworms and heterogeneity of vermicomearthworm biomass, which was conbrmed by param
posted material in the youngest layer. The least activitguch as humidityC,,;, Ny, and C/N. On the other hand, 1
was measured in layer | (15T#mollAMCA!g th"1)  lower layers were characterized by greater maturity w
for the alanine aminopeptidase and in the layer Ilwas documented by lesser contents of microbial biomas
(131.2#mollAMCL!g" 11h" ) for the leucine aminopepti activity of hydrolytic enzymes as well as a slightly alka
dase. The greate$tD glucosidase (20538mol MUFG  pH, and lesser values for NDiHand dissolved organic ez
g 'h'Y, acid phosphatase (219%#ol MUFPg 1th'l),  bon, which was indirectly proportional to the ion-excha
lipase (9117.B#mol!MUFY!g 'th'Y), and chitinase capacity. Of the total and available nutrients studied, p
(3613.7#mollMUFN!g’ 11h" 1) activities were measured in sium was the greatest, followed by phosphorus and
the youngest layer (Figb). This layer was very biologi nesium. On the basis of the detected parameters, tt
cally active, with the greatest number of earthworms. On thiayer is suitable for a new windrow and for the prepare
other hand, the least activity of these enzymes except lipas€aqueous extracts. The older layers are suitable for t
was measured in the oldest layer, which was fully maturean organic fertilizer. The results obtained could encou
and stabilized. The greatest activity $ap-glucosidase was companies to%¥ectively use this valuable biowaste tha
measured by Fernindez-G—miat §16] in vermicompost currently, unfortunately, often unnecessarily removed.
from cow dung and in vermicompost from tomato-fruit

waste after 1®8veeks of vermlcompost|ng They also meas AcknowledgementsThe authors would like to thank Iva Labast
. L . . m family grower distillery in Cesov for experiment maintenance
ured phosphatase, and its activity was multiple times greatgfwistina Baker Starrman for revision of the English text.

in both vermicomposts than in our vermicompost. Nogales

etial. [47] also measured these two enzymes during a labor@ynding The authors disclosed receipt of the following Pnanciai

tory study conducted with vermicomposting of grape margort for the research, authorship, and/or publication of this ar

for 16lweeks. The activity of these enzymes was greatelhis work was supported by the Ministry of Agriculture of the Cz
- - public under NAZV Project No. QJ1530034 #ycthe Ministry of

than purs, but thes_e activities decreased_ with the agg of tE Ucation, Youth and Sports under FAFNR S-Grant.

vermicompost, which was the same as in our experiment.

The greatest activity of cellop!?hytzrolase was measured '&ompliance with Ethical Standards

layer 11l (1219.2#mollMUFClg “th -) and the least activ

ity was in the bottom layer (883#n0l!MUFClg h™%). " confiict of interestThe authors declare no potential conBicts of i

Overall, the values of the middle layers were very close dusst with respect to the research, authorship, and/or publication

to the heterogeneity of the material. In the case of ureagéicle.

(Fig.!3c), there was the same trend as for cellobiohydrolase.

The greatest activity of urease was measured in layer Il

(187.1ug'NH,PNg 1121h" 1) and the least activity was in

layer | (65.7ugINH,DNg’ 421" ). A greater urease activity References
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Abstract

The main by-product of wine-making is grape marc. With proper treatment, grape marc may return to the vineyard as aties
study deals with the vermicomposting of grape marc in a continuous feeding system in outdoor conditions for mongottiths.
The N-NH,*, dissolved organic carbon (DOC), and N-}N-NO; contents were greater in the top layers. The pH value
about 8 in all the layers. The electrical conductivity was the greatest in the bottom layer. The ion-exchange capaaitypdiiy
significantly during vermicomposting. The microbial biomass was the greatest in the upper layer, as well as the numk
biomass of the earthworms. The process of vermicomposting seems to be an ideal way of processing residues from the
industry. This vermicompost has very good properties for use as a fertiliser, and for returning the nutrients and orgaaithe
soil, for example, in a vineyard.

Keywords
Vermicomposting, large-scale system, continuous feeding, grapefmsenja andreiphospholipid fatty acid profiles
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Introduction nutrients in the soil that are available to plants (G—mez-Br
5 and Donminguez, 2014), because most of these nutrients are¢
Grapes are one of the worldOs most prevailing fruit crops, Wih3ed in the urine and the mucus of the earthworms (Baroi
global production of about 74.5 million tonnes, of which arour]_dave"e’ 1986). Vermicompost has the same utilisation as
63,533 tonnes are produced in the Czech Republic (in 201st hut moreover, it can be effectively used to reduce soi
About 80% of the total grape production is used in wine-makignination by heavy metals, polycyclic aromatic hydrocart
(FAOSTAT, 2017). The total area of grape vineyards in the Czeghy chiorinated pesticides (Sakakibara, 2006; Santner and E
Republic reached 0.49% of the agricultural land (in May 201%09; Zhang el., 2014). The use of vermicompost could be
(CSO, 2017). Grape marc is the residue from the wine indusfly o alternative to traditional fertilisers (manure, slurry, mil
remaining after grape crushing and pressing. It consists of f@ﬁilisers, etc.) (Lazcano at., 2013).
stalks, skins, and pulps from grape (60%), and grape seeds (400/‘érape marc was previously vermicomposted by Dom'n
(Dom’nguez edl., 2016; Roberts ell., 2008). Grape marc is richg; 5. (2014), Dom'nguez el. (2016) and Dom'nguez @l.
in essential macronutrients and beneficial substances, which f{%’l?) in their vermireactors with. andrej and by Fernfnde
to increase water-holding capacity, to reduce temperature uctda mes eta). (2011) in an indoor reactor with fetida G-mez-
tions, and to supply other nutrients (Flavedlet2005). One of the grandn etal. (2011) also vermicomposted grape marc, bi
ways to properly recycle grape marc is vermicomposting, Whigfhstic containers. Likewise, Nogalesagt (2005) and Romer
accelerates the organic-matter stabilisation (Edwarals @011). ¢ o). (2009) vermicomposted grape marc, but most of
Vermicomposting is defined as a method of mesophilic aerobic

degradation of organic matter based on the activity of certain spe
cies of earthworms. Vermicomposting uses species that live in Igé%artment of Agroenvironmental Chemistry and Plant Nutrition,
upper layer of soil b epigeic (McLean and Parkinson, 1998). Tite Czech University of Life Sciences Prague, Prague, Czech
most frequently used arEisenia fetidaand Eisenia andrei Republic
(Dom’'nguez and Edwards, 2011). The earthworms facilitate #6responding author:
decomposition processes of the biological materials, and thus thdystkovt, Department of Agroenvironmental Chemistry and Plant
accelerate the mineralisation of the organic matter. They alégrition. Faculty of Agrobiology, Food and Natural Resources, The

. . . . ... Czech University of Life Sciences Prague, Kamycka 129, Prague 165
affect the transport of the ions in the soil under certain cond|t|0£§ Czech Republic.
(Elad and Shtienberg, 1994). The earthworms affect the amourg@hil: castkovat@af.czu.cz

56



ptstkovt and Hary 827

divided into three parts. The first part of the sample was sto
4;C for pH and electrical conductivity (EC) analysis. The sei
part of the sample was dried in a dryer af3%or element anal
sis, including N-NH*, N-NO;,, and DOC (dissolved organic €
bon). The third part was frozen"&0;C and then lyophilised fc
PLFA (phospholipid fatty acid) analysis.

[ m:40-60 cm

11:60 - $0 cm

I 1:$0- 100 cm

Physico-chemical analyses

The active pH value and the EC were conducted on sa
mixed with demineralised water (1:5 w/v wet basis) usil
WTW pH 340 and WTW cond 730, respectively, according
BSI EN 15933 (2012). The ion-exchange capacity (IEC)
carried out their experiments in a system with single feeding Qf,,ated conductometrically according to Vichaloviale
the earthworms and mostly in laboratory conditions. The presgtgm). For the determination of the total carbom,X@nd
work deals with the evaluation of the layers, and the age of Frogen (\,), a CHNS Vario MACRO cube (Elemen
profile from a physico-chemical and microbiological viewpoint i'AnaIysensysteme GmbH, Germany) analyser was applied.
a large-scale operational grape marc vermicomposting Sysﬁﬁglrument, about 2Bg of the sample was burned in a cata
with the continuous feeding of earthworms. furnace, and subsequently,@nd N,, were determined by usi
the thermal conductivity detector. The total contents of phe:

Material and methods rus, potassium, and magnesium were determined by decol
tion utilising a wet method in a closed system with microv
heating using an Ethos 1 system (MLS GmbH, Germany) (
The experiment was conducted using large-scale vermicomp@étd Vasak, 2015). The contents of N-NHN-NO;, DOC, anc
ing conditions at the collective farm in Mikulcice, Czecfhe available portions of phosphorus, potassium, and magr
Republic. The vermicomposting heap was placed under the rgtgfe determined in CAT solution (0.0DllI* CaCl and
and regularly irrigated to optimum humidity (about 80%). Th@.002moll-* diethylene triamine pentaacetic acid (DTPA)) af
windrow vermicomposting was set up on a ground pldate of 1:10 (w/v) according to the International BSI Standar
2.5m! 50m. A bedding layer, consisting of manure and grad$651 (2001). The N-Nj4, N-NOy, and DOC contents we
with earthwormsE. andreiB.), with a density of approximately measured colorimetrically using the SKALAR SANPL
50 earthworms per litre, was placed first. Subsequent layersSOfSTEM . The total and available element concentrations
fresh untreated grape marc (with seeds) were added every #&igrmined using inductively coupled plasma optical emi:
2weeks depending on the season and the feeding activityspectrometry (ICP-OES, VARIAN VistaPro, Varian, Austre
earthworms. The earthwormE.(andre) were obtained from a With axial plasma configuration.
culture bank at the Filip and Filip farm, Czech Republic. The
spent grape marc was obtained from a winery industry Eﬁological analysis
Habanske sklepy, Velke Bilovice, Czech Republic.

Samples were taken up from the cross profiles of differeRp€ number and the biomass of the earthworms were deter
depths. Depth placement and the average age of each layer F8ffhworms were manually separated from the vermicor

Figure 1. Diagram of the large-scale vermicompost system
in Mikulcice, Czech Republic.

Experimental design

as follows: and counted. Afterwards, they were washed and weighed

mass calculation. After a few hours (abob) hey were washe

V: 0B2@m, <3months and weighed again. Then they were frozen and lyophilise
element analysis.

IV: 20D4&m, 3bénonths The groups of microorganisms were detected using |

analysis done by the Institute of Microbiology of the CAS, \

- 40D6Cm, 6BInonths Samples for the PLFA analysis (0.38.B depending ¢

I 60D8@m. 9D12nonths an absorption of material) were extracted in triplicate usi
chloroformPmethanolbphosphate buffer (1:2:0.8; viviv) a€
I: 80D10@m, >12months ing to Bligh and Dyer (1959). The free methyl esters of Pl

were analysed by tandem gas chromatographybmass spe

Four samples were taken systematically from each layertgs (GCBMS) (450-GC, 240-MS Varian, Walnut Creek,
shown in Figure 1. Each sample was collected to represent W&A) according ta#najdr etal. (2008). Methylated fatty aci
specific layer. The weight of each sample was abdkg. 1 were identified according to their mass spectra using a ba
Earthworms were separated from each sample, counted, weighed, lipid standard fatty acid methyl esters obtained from Si
frozen, and lyophilised. The sample without earthworms was th&ldrich (#najdr etal., 2011). Bacteria were determined on
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Table 1. Physico-chemical properties of Layers VDI in the large-scale vertical-flow windrow vermicomposting system.

Layer Dry matter pH/H,O EC Cot Niot CIN

(age) [%0] (p=0.0035) [uScm?] [%0] (%] (p=0.0054)
(p=0.0019) (p=0.0015) (p=0.0018) (p=0.0140)

\Y 41.06 SD 0.88 7.73SD 0.18 812 SD 17.68° 46.51 SD 0.58 2.10SD0.14 22.28 SD 1.77

(< 3months)

\Y, 39.20SD 0.88> 8.08 SD 0.13> 805 SD 10.0€° 45.06 SD0.72> 2.19SD 0.13> 20.58 SD 1.04°

(3bémonths)

I} 38.07SD 1.3® 7.98SD0.1@8> 729 SD 31.98 4487 SD 0.63%° 2.24SD 0.18  20.14 SD 1.8%

(6B9months)

1] 35.32SD1.12> 8.08 SD0.1@8> 643 SD 34.08 43.04 SD 0.59 2.29SD 0.04>  18.83 SD 0.4%

(9D12months)

| 26.68 SD 1.08 8.68 SD 0.16 1433 SD 131.78 37.30SD 1.02 2.64SD0.14 14.18 SD 1.08

(> 12months)

Values are the means SD (1=4). Different letters (in superscript) in a column indicate significant differences (KruskalbWallis ANOVA, p< 0.05).

basis of i14:0, i15:0, a15:0, 15:0, i16:0, 16:®, 16:1! 7, 16:1 manure, and winery waste in a system with a single feedifg
! 5,10Me-16:0,i17:0, al17:0, cy17:0, 17:0, 10Me-17:0, 1871 fetida earthworms. The increasing pH value observed durin
10Me-18:0, cy19:0. The gram positive (G+) bacteria biomassrmicomposting process is probably owing to the formatic
were quantified as the sum of i14:0, i15:0, al5:0, i16:0, i174lkaline-type intermediates in the decomposition of organic aci
and al7:0. The gram negative"(Gacteria were determined onthe action of microorganisms (Romerakt2007). The greatest,C
the basis of 16:1 7, 18:1! 7, cy17:0, cy19:0, 16:1 5. 10Me- and the lowest }\| content was found in the upper layer. This"
17:0, 10Me-18:0, 10Me-16:0 were used for actinobacteria dliietly related to its C/N ratio, which was also greater in the top
18:2! 6,9 for fungi. The total biomass was quantified as the swaith a value of 22.3 (Table 1). A significant increase jp (Vab.1)
of all the markers together with 16:0 and 18:3. All basis were can be owing to the reduction of the organic matter and the nit
chosen according to Oravecz @t (2004) and#najdr etal. release during the mineralisation process (Ferrar,e2001) and i
(2011). also can be caused by washing the nutrients down in profile. At
of the possible reasons is development of the nitrogen-bi
microorganisms, because the anaerobic process promotes n
fixation (Ferrer etl., 2001) and the lower layer is a more anaer
Analysis of normality (KolmogbSmirnov, Lilliefors, ShapiroRnvironment compared with the upper layers. TheNg,, and the
Wilk W tests), homogeneity (Cochran, Hartley, Bartlett test), ai@IN ratio were greater in our experiment than in the experimen
KruskalBWallis ANOVA p<0.05) for analyses of variance werejucted by Dom’nguez at. (2016), in which the C/N ratio was 12.
performed using the STATISTICA 12 software (StatSoft, Tulsi 112-days-old vermicompost.

USA). Analysis of multiple linear regression and correlation B The stability of the final vermicompost can be evaluate
Pearson's correlation coefficient (at the 0.05 level) were pgarameters N-Nji, N-NH,*/N-NO;, DOC, IEC, and IEC/G,
formed using the IBM" SPSS Statistics™ software. (Table 2) (Bernal eal., 2009). Nitrogen mineralisation plays
important role in using the vermicompost as a fertiliser (At
etal., 2000). This mineralisation is regulated by the availabili
dissolved organic nitrogen and ammonium. The average va
The pH value of grape marc was 7.64 and the EC wasiB8&%".  ammonium nitrogen was 25.8fgNkgL, in our experiment. A stz
The pH value and the EC increased during the vermicompostigically significant difference was found only between the
process (the individual layers differed from each other by 0.29 @er and Layer I1l, because this layer (Layer 1) consisted of d
average at pH value and about 23&8m on average at EC). In aent materials (manure and grass with earthworms) than the
previous experiment done by Dom’'ngueale(2016), the EC was |ayers. The DOC decreased with the age of the layers

lower in vermicompost than in grape marc, however this experimestssomgCkg in Layer V to 906BngCkg? in Layer I) (Table 2)
was conducted in a pilot-scale vermireactor housed in a greenhogiseomparison with the grape marc vermicomposting experi
In our experiment, the EC was greater in vermicompost (the greagesiducted by Gmez-Brandn etal. (2011), where the DOC w
was in Layer | D the oldest layer) than in grape marc, as showni0omgkg?, we observed greater contents of DOC in all of
Table 1. It can be caused by washing the salts down into the prefiiers, as well as greater contents of nitrate nitrogen in Layer
and by the loss of organic matter. The pH value was about 8 in alljhgvhich was 8@ngkg in their experiment), but not in Layers
layers, but there was a significant difference between Layer | &l Iv. The ammonium nitrogen was higher in their experit
Layer V (Table 1). This result was shown as well in the study c@Ran in ours (19Ggkg™ in their experiment). Their study also-t
ducted by FernandZz-@ez etal. (2011), who vermicomposted|ised E. andreiearthworms, but in plastic containers in labora
separately damaged tomato fruits, olive-mill and biosolids, catilgnditions in a system with a single feeding, and it was ru

Statistical analyses

Results and discussion
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Table 2. Stability indicators of Layers V D | in the large-scale vertical-flow windrow vermicomposting system.

Layer N-NH ,* N-NH,*/N-NO 5 DOC IEC IEC/C,,

(age) (mgNkg?) (p=0.0036) (mgCkg?) (mmol, 100g?) (p=0.3723)
(p=0.0095) (p=0.0126) (p=0.1723)

Y 22.97 SD 3.43 0.27 SD 0.08° 13559 SD 1970.46 58.00 SD 10.28 1.25SD 0.2%

(< 3months)

\YJ 18.31 SD 3.2% 0.45SD 0.18 13211 SD 2161.0% 62.50 SD 3.70 1.39 SD 0.09

(3bémonths)

1] 17.12 SD 3.09 0.39SD0.12 12981 SD 697.4® 63.75 SD 15.26 1.42 SD 0.38

(6B9months)

1l 24.81 SD 1.43 0.14 SD 0.02° 10473 SD 1219.0% 64.25 SD 2.08 1.49 SD 0.09

(9D12months)

| 45.82 SD 17.52 0.11 SD 0.03 9065 SD 677.88 50.25 SD 5.74 1.35SD0.18

(> 12months)

Values are the means SD (=4). Different letters (in superscript) in a column indicate significant differences (Kruskal®Wallis ANOVA, p< 0.05).

25000 thereby reducing their mobility (Pan and Wang, 2009). At the
X time, earthworms exude a certain amount of available nut
(Shipitalo and Protz, 1989). The proportion of the available cc
in the total content ranged in the whole profile from 20% to 42¢
phosphorus, 65% to 79% for potassium, and 11% to 13¢
magnesium.
The low concentration of the earthworms can be affecte
M oy IV Joyer I Jeyer p— some of the experimental factors, which change during the
(<Smonths)  (3-6months)  (6-Omonthe)  (9-12months) (> 12months) micomposting process, such as the pH value, salinity, or the
ence of the ammonium ion (N-NH. The greatest number

20000 K

15000

[mg/kg]

10000

5000

mPtot OPav. MKtot OKav. WMgtot OMgav.

Figure 2. Changes in the total and available phosphorus, earthworms was in the youngest layer, which waseks old. Th
potassium, and magnesium (mgkg?) in Layers VDI of the number of earthworms in Layer V was 2128 in kg (92.07% o
large-scale vertical-flow windrow vermicomposting system. the total number of earthworms) (Table 3). In Layer IV (ata c

Values are the means SD (=4). of 20D4@m), the number of earthworms wast8 in kg (7.93%

of the total number of earthworms) (Table 3). Dom’nguedal.¢
15days. In the current experiment, the IEC increased (although (®§116) conducted their white grape marc vermicomposting e;
significantly) through the profile and ranged from 58 tment in a single feeding system. The number of earthworrr
64mmok-100g? (Table 2). The IEC/G, ratio increased, but not square metre in their experiment was aboutpt8d2 after
significantly, with the age of the layers, except the lowest lay&fdays of vermicomposting and the biomass of the earthw
where the ratio dropped to 1.35 (Table 2). Insignificant differenceas approximately 21@2. In the current study, the number ¢
may be owing to the large proportion of seeds in the grape marte biomass of earthworms, as well as the microbial biomas:
The observed total and available phosphorus, potassium, trel greatest in the upper layer. This layer provides suffi
magnesium values in the individual layers are shown in Figureaounts of carbon, oxygen, and food for the earthworms.
The total amount of phosphorus,(franged from 0.26% to 0.55%  Earthworms are able to accumulate a significant amou
and was directly proportional to the age of the layers. The greatagrients including nitrogen, phosphorus, potassium, etc. (A
P, value was found in the oldest layer (Layer I). Thed®ntent etal., 2012). The amount of the elements received by the-(
was 5522ngkg?, of which 19.7% was available phosphorus.  worms was higher with the increasing mineralisation of the
The total amount of potassium ranged from 1.51% to 1.78%ary organic matter (Table 3).
in all the layers. An upward trend can be expected here, as in théll the layers showed significantly greater contents of bt
case of phosphorus. However, this was not confirmed, the maia than fungi (ratios of bacteria to fungi were as follows: Li
mum values were obtained in Layer Il (17,78¢kg?). | 32.6; Layer 1l 7.5; Layer Il 7.9; Layer IV 7.9; and Laye!
The total magnesium content ranged from 0.19% to 0.55%,54), which is in accordance with laboratory vermicompos
can be seen from the graph. The greatest total magnesium comtgperiments of grape marc in a system with a single fet
was measured in the first (the oldest) layer, and the value was s@onducted by Gmez-Brandn etal. (2011) and Romero el.
lar to the R, (Mg,,; 5518mgkg?), the other layers being nearly(2009). The lowest value for the bacterial/fungal ratio (5.4)
balanced and reaching a maximum of 19@&g* (Layer I1). found in the top layer. The value gradually increased witt
Bhadauria and Ramakrishnan (1989) and Arthual.e(2012) age of the layers to 32.6 in Layer | (Figure 3). Ariale(2011)
claim that the earthworms affect the amount of nutrients that af@wed that the microbial biomass was greater in the uppel
available to plants. Nutrients can be accumulated by the earthwoitian in the bottom layer in their vermicomposting study utili:
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Table 3. Biological and chemical parameters of the earthworms in the windrow layers.

Layer Number Biomass Pt Kiot Mot
(age) (in 1kg) (gkg™) (mgkg™) (mgkg™) (mgkg)
\% 209 SD 51 32.65SD 7.53 8723 SD 623 9187 SD 1728 1187 SD133
(< 3months)
v 18 SD 9 3.22 SD 1.80 9136 SD 495 10103 SD 865 1422 SD 310
(3bémonths)
1] 0SDO 0SDO n.d. n.d. n.d.
(6B9months)
I 0SDoO 0SDO n.d. n.d. n.d.
(9D12months)
I 0SDO 0SDO n.d. n.d. n.d.
(> 12months)
Values are the means SD (=4).
n.d.: no data.
140 reproduced better at lower pH values, and on the contra
120 ::i::i/ E:::;":; higher pH values their production decreases (Goek €2003).
e Blayer il (6 -9 montns) Earthworms secrete nutrients and thus they support the ac
'§“° g;azz:' ngm:m;:)) \i of microorganisms (Shipitalo and Protz, 1989). The micrc
g j: \ biomass gradually decreased with the age of the layers of
2 mﬂ m | “ marc as well as the number of earthworms. But the micr
o Mme : = “ﬁﬂﬂ [Iﬁ | biomass was greater in Layer | than in Layer I, because L&
e e e @ oo e consisted of different material (Layer | ® manure and g
Figure 3. Changes in the fungal, bacterial, and total Layer Il B grape marc). Owing to the high IEC value in Laye
microbial PLFAs biomass in the layers of the large-scale the microorganisms were unable to obtain nutrients fromr
;/hertical—ﬂongindrow vermicomposting system. Values are organic matter, and therefore this layer exhibited the lo
e mean SD.

microbial biomass. It can also be assumed that this layel
already fully stabilised and matured.

a continuous feeding system. In fact, in their experiment, the Correlation (Pearson's correlation coefficient) and muli
bacterial and fungal activities were the greatest in the upfieear regression analysis with use of predictive models fo
layer (bacterial PLFAs approximately 70@gtdw, fungal potential effect of microorganisms on the main paramete
PLFAs about 2Qgg’dw) and the lowest in the bottom layerermicompost were performed. By computing the indivic
(bacterial PLFAs about 4Q@gtdw, fungal PLFAs about regression coefficients (independent variables), we are at
12pggtdw). Their experiment was a continuous feeding systewll, what extent they affect the dependent variables. It shou
in a pilot-scale vermireactor housed in a greenhouse, and @eéne in mind that these models are only theoretical. Bast
earthworms E. andre) were fed by the cow manure. In outhe dependence course (equation (1)), supplemented by
experiment, the greatest bacterial and fungal activities were aigfation analysis, it is possible to say that the C/N parame
found in the youngest layer (bacterial PLFAs aboytdgdw, statistically significantly influenced by all microorganisi
fungal PLFAs about llgg'dw (Figure 3)). The dominant except actinobacteria. The strongest dependence was fol
microorganisms in vermicompost were bacteria, namely G- bagngal biomass. The C/N ratio will be higher if more fungi
teria, followed by G+ bacteria and fungi. Although-#®z- present in the vermicompost (assuming the content of |
Brand- etal. (2012) reported that the concentrations of G-, Gicroorganisms will be constant). Conversely, for example
and fungi can be reduced by the activity of earthworms, tagN ratio will be lower if more G+ bacteria are present in
highest concentration of these microbial groups was found in f@micompost (assuming the content of other microorgan
youngest layer (Layer V), which was rich in the earthworms. Buill be constant).

the cgnditions and the consisteqce of fegding material of both y! =18151+0,514x +1,285, " 0,641x, " 1,616x,
experiments were different. Actinobacteria were almost sup " 1674% +0123% Q)
pressed, because the actinobacteria reach higher values at a !

more acidic pH value (Rousk &t, 2010). The presence of bacThe course of the C/N ratio on microbial biomass; R squa
teria is caused by elevated levels of water and easily degrad@l£%. Pearson'ss0.9757. Where, is fungal biomassg, bacte
substances. The fungal colonies are kept at low concentratitak X; actinobacterialy, G+ bacterialx; G- bacterial, and total
throughout the process because fungal cells serve as a faetobial biomass.

source for the earthworms (Schsnholzerakt 1999) and the  N-NH,* (Pearson's¥0.894) and EC (Pearson's0.935) are
fungal colonies are also influenced by the pH values, they atatistically significantly influenced only by fungal biomass
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abstract

The presented experiment determined the enzymatic activity of eight different enzymes in three types of
aged vermicomposts (from household biowaste; malt house sludge mixed with agricultural waste; grape
marc). The vermicomposting was conducted in the large-scale systems of heaps with continuous feeding
of the earthworms, which is applicable in practice. All vermicomposting heaps were divided into Ive
layers of different depths, depending on the age of these layers. In all heaps, the highest number and
biomass of earthworms occurred in the youngest layers, as did the highest activity of bacteria or fungi.
The highest activity of all eight measured enzymes occurred in the vermicomposting process with
household biowaste. The lowest activity of all enzymes showed the arylsulphatase, which did not exceed
66 Mol 4-methylumbellyferyl sulphate potassium salt. g 'Lh'l The highest enzyme activity was
detected for lipase, where all values were higher than 5382 nmmol 4-methylumbellyferyl-
caprylate.g' Lh' 1. There were marked differences between the layers in all vermicomposting heaps.

Aged vermicompost

Continuous feeding

Eisenia andrei

Phospholipid fatty acids analysis

© 2019 Published by Elsevier Ltd.

1. Introduction

Biodegradable waste is currently processed by conventional
biodegradation methods such as composting and an anaerobic
decomposition ( Bjérklund et al., 1999 ), or a large part of biode-
gradable waste is incinerated (sludge, straw, plant residues) ( Faalij,
2006). The less frequently used and more gentle method that can
contribute to cleaner production is vermicomposting. Vermi-
composting is mesophilic aerobic fermentation using epigeic
earthworms which live in upper layers like  Eisenia andreior Eisenia
fetida (Mc Lean and Parkinson, 1998). Organic material (ideally pre-
fermented) with a C:N ratio of 25:1 e30:1 serves as a food for
earthworms. The ideal temperature for vermicomposting is about
22" C, and humidity should range from 70 to 80% (Edwards et al.,
2011). The earthworms usually process any organic material
(Gaddie and Douglas, 1975), such as sewage sludge, animal waste,
crop residues (Sinha et al., 2010), household and garden waste and

* Corresponding author.
E-mail address: hrebeckova@af.czu.cz(T. Hrebetkova).

https://doi.org/10.1016/j.jclepro.2019.118127
0959-6526/ © 2019 Published by Elsevier Ltd.

some industrial waste ( Atiyeh et al., 2000 ). Unsuitable materials for
vermicomposting are the materials with high salt content or
thicker layers of fresh leaves or grass, meat and dairy products
(Sinha et al., 2008).

This experiment deals with vermicomposting of household
waste, agricultural waste with malt house sludge and grape marc.
Household waste is the waste from apartment buildings, housing
areas and gardens over four seasons (Hanc et al., 2017). Agricultural
waste includes some chips, straw, apples, grass or poppies and it is
mixed with malt house sludge, which is dif ! cult to dispose. This
sludge remains during the barley soaking process at the bottom of
the tank. Grape marc is formed after grapes crushing, draining and
pressing and is the most important by-product of the wine in-
dustry. Most commonly, grape marc contains about 60%vol of
stalks, peel and pulp and 40%uvol of grape seeds (Flavel et al., 2005).

Enzymes are the most numerous groups of biocatalysts, with
speci! ¢ proteins produced inside living cells which catalyse bio-
logical reactions. The International Commission divided the en-
zymes into six main classes: oxidoreductases, transferases,
hydrolases, lyases, isomerases and ligases. The enzymes selected
for this experiment were based on the evaluation of the available
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data. Selected enzymes play a part in the metabolic processes
involved in the decomposition of organic matter ( b-D-glucosidase,
acid phosphatase, arylsulphatase, lipase, chitinase, cellobiohy-
drolase, alanine and leucine aminopeptidase) and fall into the hy-
drolase class, which catalyses hydrolytic cleavage.

b-glucosidases form a very heterogeneous group of enzymes
hydrolysing glucose oligosaccharides ( Brenda, 2019). Acid phos-
phatases catalyse the hydrolysis of monoesters and phosphoric
anhydrides, resulting in mineralisation of organic phosphorus
(Enowashu et al., 2009). Arylsulphatase catalyses the hydrolysis of
the aryl-sulphate anion by interrupting the O e S bond. Arylsul-
phatase contributes to the mineralisation of the organic sulphur to
Se SO} (Tabatabai and Bremner, 1970). Lipases hydrolyse acylgly-
cerols, containing fatty acid chains with a carbon number ! 10, to
fatty acids and glycerol. At the same time, ester bonds between
glycerol and fatty acids are released ( Brenda, 2019). Chitinases are
an essential group of enzymes responsible for chitin degradation.
They hydrolyse the glucosidic bonds of chitin, releasing the smaller
nitrogen-containing organic compounds ( Gooday, 1994). Cellobio-
hydrolase hydrolyses b-D-glucosidic bonds in cellulose and cello-
tetraose and releases cellobiose or glucose from the cellulose chain.
It participates with endoclucanase and b-glucosidase in the
decomposition of structural polymers ( Mertz et al., 2007 ). Amino-
peptidases are among exopeptidases, which are the enzymes
digesting proteins during digestion. Alanine and leucine amino-
peptidases release terminal N from amino acids, peptides, amides
or arylamides, alanine aminopeptidase, especially from alanine or
proline and leucine aminopeptidase, mainly from leucine or proline
(Wickstr bm et al., 2011).

Vermicomposting of household waste or grape marc has pre-
viously been the subject of several studies (household waste:
Abbasi et al., 2015; grape marc: Dom’'nguez et al., 2014 ; Gomez-
Brandon et al.,, 2011b). However, all available studies were con-
cerned with small-scale conditions and in the system of single
feeding. Also, in some studies the enzymatic activity was deter-
mined, but only for a few enzymes ( Fernandez-Gomez et al.
(2010a), Fernandez-Gomez et al. (2010b) and Nogales et al.
(2005) determined the activity of phosphatase, b-glucosidase, de-
hydrogenase and urease; Romero et al. (2010) determined only
dehydrogenase and urease). The aim of the manuscript is to
determine the enzymatic activity of eight different enzymes in
three types of aged vermicomposts. The novelty of this study
consists of the evaluation of changes in activity of eight enzymes
between the layers, and the age of the pro !le in a large-scale
windrow vermicomposting system with continuous feeding of
earthworms Eisenia andrei Newly determines the enzymatic ac-
tivity of lipase, cellobiohydrolase, leucine aminopeptidase and
alanine aminopeptidase in the vermicomposts. This vermi-
composting took place in outdoor conditions in the system of large
heaps, which is useable in practice. This system is disposing the
waste at the site of its production (in the individual companies).

2. Material and methods
2.1. Experimental design

Aged vermicomposting (vermicomposting system with contin-
uous feeding of earthworms, where the layers are gradually
increasing in age) using the windrow method was set up in May
2015 at three establishments in the Czech Republic, with different
biowastes, under outdoor conditions. The vermicompost with
household biowaste was in Uhersk ! Brod; the vermicompost with a
mixture of malt house sludge (20%vol) and agricultural waste (80%
vol) was in Veleliby u Nymburka; and the vermicompost with grape
marc was in Mikul #ice. The bedding layer containing earthworms

(E. andrej), with a density about 50 earthworms per litre, was
placed ! rst. Other layers of biowaste were added every two weeks.
The composition of the biodegradable material depended on the
season, except the grape marc. The individual parameters of the
household biowaste varied (in each layer) depending on the season.
Average values for this type of biowaste are: Dry matter 32.5%; pH/
H,0 5.4 and C:N 26.7. Detailed analysis of household biowaste is
mentioned in the article by Hanc et al. (2011). Average values for
malt house sludge were: Dry matter 11.8%; pH/H ,0 8.3; EC:
2088 nB/cm and C:N 6. Average values for grape marc were: Dry
matter 34.2%; pH/H ;0 7.6; EC: 416.5n8/cm and C:N 21.4.

The vermicomposting heap with household biowaste was set up
onanareaof5.6" 25.5m. Depth and the age of the layers were: V:
0e 30cm, < 3 months; IV: 30 e 60cm, 3e 6 months; Ill: 60 e 90 cm,
6e 9 months; II: 90 e 120 cm, 9e 12 months and I: 120 e 150 cm, > 12
months ( Hanc et al., 2017) (Fig. 1).

The vermicomposting heap with malt house sludge was set up
on an area of 6" 10m. Depth and the age of layers were: V:
0e 20cm, < 3 months; IV: 20 e 40 cm, 3e 6 months; Ill: 40 e 60 cm,
6e 9 months; II: 60 e 80cm, 9e 12 months and I: 80 e100cm, > 12
months ( Fig. 1).

The vermicomposting heap with grape marc was set up on an
area of 2.5" 50 m. Depth and the age of layers were: V: 0 e20cm, <
3 months; IV: 20 e 40 cm, 3e 6 months; Ill: 40 e 60 cm, 6e 9 months;
Il: 60e80cm, 9e12 months and |: 80 e100cm, > 12 months
(&4stkova and Han#, 2019) (Fig. 1).

There were four samples from each layer collected at the end of
the experiment. All earthworms were separated from samples,
counted and weighed. The samples without earthworms were
divided into three parts. The !rst part was dried at 35 #C to a
constant weight for dry matter analysis and then ground. The
second part was stored at 4 #C for pH determination and electrical
conductivity (EC) analysis. The third part was frozen at $20*C and
then lyophilised for determination of microbial activity and enzy-
matic activity.

2.2. Agrochemical and biological analysis

The pH/H,0 and the EC were determined usinga WTW pH 340 i
(GeoTech, Denver, CO, USA) and WTW cond 730 (GeoTech, Denver,
CO, USA), according to BSI EN 15933.

Earthworms were separated from the samples and counted
manually. Afterwards, they were washed and weighed to deter-
mine biomass.

The groups of microorganisms were detected using phospho-
lipid fatty acid (PLFA) analysis, according to Hanc et al. (2017).

The activity of be De glucosidase, acid phosphatase, arylsul-
phatase, lipase, chitinase, cellobiohydrolase, alanine aminopepti-
dase and leucine aminopeptidase were measured in 96-well
microplates. Lyophilised vermicompost (0.2 g) was extracted using
20 mL of acetate buffer (pH 5.0, ¢ %50 mmol.L$%; 1.39g sodium
acetate (CAS 127-09-3), 450nL acetic acid (CAS 64-19-7) and
500 mL demineralised water) in an Erlenmayer " ask. The mixture
was homogenised using an Ultra-Turrax (IKA Labortechnik, Staufen
im Breisgau, Germany) for 30 s at 8000 rpm ( #tursovi and Baldrian,
2011). Individual enzyme activities ( Table 1) were measured in four
replicates for each sample. Homogenised samples (200 nL) were
pipetted into relevant wells in the microplate, and 40 nL of the
substrate was then added ( Table 1). The microplate was placed in a
Robbins Scienti! ¢© 2000 micro hybridisation incubator (SciGene,
CA, USA) at 40*C for 5min. The " uorescence was then measured
using a Tecan In! nite”™ M200 (Tecan Austria GmbH, Salzburg,
Austria). The microplate was placed in the incubator again for 2 h,
and the "uorescence was measured again according to Baldrian
(2009). Methylumbellyferol (CAS 90-33-5) (1.0, 0.1 and
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" V:0-20/0-30cm

IV:20-40/30 - 60 cm

111 40 - 60/ 60 - 90 cm

I1: 60 - 80 /90 - 120 cm

| 1:80-100/120 - 150 cm

Fig. 1. Diagram of the vermicomposting heap. (The depths 0 e 100 cm are for the vermicomposting heap with sludge from malt house and for the heap with grape marc; 0

are for the vermicomposting heap with household biowaste.)

Table 1
Substrates used for the analysis of enzymatic activity.

« Samples

el150cm

Enzyme Substrate CAS No. Concentration [mmol.L' 1]
be De glucosidase 4-methylumbellyferyl- b-D-glucopyranoside (MUFG) 18997-57-4 2.75

acid phosphatase 4-methylumbellyferyl-phosphate (MUFP) 3368-04-5 2.75

arylsulphatase 4-methylumbellyferyl sulphate potassium salt (MUFS) 15220-11-8 2.50

lipase 4-methylumbellyferyl-caprylate (MUFY) 20671-66-3 2.50

chitinase 4-methylumbellyferyl-N-acetylglucosaminide (MUFN) 37067-30-4 1.00

cellobiohydrolase 4-methylumbellyferyl-N-cellobiopyranoside (MUFC) 72626-61-0 2.50

alanine aminopeptidase L-alanine-7-amido-4-methylcoumarin (AMCA) 77471-41-1 2.50

leucine aminopeptidase L-leucine-7-amido-4-methylcoumarin (AMCL) 66447-31-2 2.50

Dissolved in dimethylsulfoxide (DMSO) (CAS 67-68-5). All chemicals are from Sigma-Aldrich s.r.o., MO, USA.

0.01 mmol.L' 1) and 7-aminomethyl-4-coumarin (CAS 26093-31-2)
(0.1 and 0.012 mmol.L' %) were used for the calibration curve.

2.3. Statistical analysis

Results were presented as the mean values of four replicates.
One-way ANOVA (p " 0.05; Tukey's HSD test), including testing for
normality and homogeneity of data, was performed using STATIS-
TICA 12 software (StatSoft, Tulsa, OK, USA). Multiple regression and
correlation analyses (0.05 level) were performed using IBM SPSS
Statistics 24" software (IBM, Armonk, NY, USA).

3. Results and discussion

Differences in dry matter content were found in the vermi-
composting heap with household biowaste ( Table 2), where the

Table 2
Selected parameters of vermicomposting heap with household biowaste.

lowest value was measured in layer IV and the highest in layer III.
Dry matter was the lowest in layer | in the vermicomposting heap
with malt house sludge (41.4%) ( Table 3) and in the vermi-
composting heap with grape marc (26.68%) ( Table 4). This can be
caused by the rainfall and the evaporation of water ( Hanc et al.,
2017). The problem with evaporation is also relevant to the ver-
micomposting heap with malt house sludge because there was
lower dry matter content in layer V layer than in layer IV, butin this
vermicomposting process there was no signi ! cant difference be-
tween the layers.

The pH value was mildly alkaline. In all vermicomposting pro-
cesses, the statistical differences were found. In the vermi-
composting process with sludge from malt house the pH value was
lower with the age of the layers, except the oldest layer, but this
layer consisted of different material. In the case of the other ver-
micomposting heaps, the pH values were very varied and ranged

Layer Dry matter [%] pH/H ;0 EC fr8/cm] Earthworms [pcs/kg] Biomass of earthw. [g/kg]
\% 40.16+2.19 2 8.70+ 0.13" 1824 + 139.43 2 125+ 82 14.94 + 8.93

v 34.95+1.64° 8.75+0.07" 2041 + 367.99 @ 5+8 0.70+ 0.92

1 46.57 + 1.09° 7.49+0.112 3640 + 318.01° 3:4 0.29+0.42

1} 43.76 + 0.69° 8.11+0.09 ¢ 2076 + 319.54 8+ 14 0.82+1.32

| 40.44+0.54 2 7.45+0.10 * 2317 +197.88 0 0

Values are the means + SD (n# 4). Different letters (in superscript) in a column indicate signi

I cant differences (Tukey's HSD test, P" 0.05).
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Table 3

Selected parameters of vermicomposting heap with mixture of malting sludge and agricultural waste.

Layer Dry matter [%)] pH/H ;0 EC pr8/cm] Earthworms [pcs/kg] Biomass of earthw. [g/kg]
\% 4230+ 4.88 % 8.82+0.15° 1098 + 120.18 67.08+ 72.15 6.72+ 2.38

v 46.13+4.80 2 8.80+0.10" 1368 + 132.60 2° 417+ 4.19 1.28+ 0.53

Ul 45.00 £ 3.02 8.57+ 0.10 ° 1131 + 254.00 @ 0 0

1 43.51+3.76 2 8.18+0.08 @ 1539 + 256.72° 0 0

| 41.40+2.34°2 8.28+ 0.20 *° 1483 + 88.33 @ 0 0

Values are the means + SD (n" 4). Different letters (in superscript) in a column indicate signi

Table 4
Selected parameters of vermicomposting heap with grape marc.

" cant differences (Tukey's HSD test, P # 0.05).

Layer Dry matter [%)] pH/H ;0 EC [r8/cm] Earthworms [pcs/kg] Biomass of earthw. [g/kg]
Y% 41.06+0.88° 7.73+0.15° 812+ 17.68 2 209 + 51 32.65+ 7.53

v 39.20+0.85 & 8.08+0.132 805 + 10.00 # 18+9 3.22+1.80

n 38.07 +1.372 7.98+0.10 2 729 +31.98 2 0 0

I 3532+ 1.12¢ 8.08+0.10 2 643 + 34.03° 0 0

| 26.68+ 1.06 © 8.68+0.10 1433+ 131.75 © 0 0

Values are the means = SD (n" 4). Different letters (in superscript) in a column indicate signi

from 7.45 to 8.75. It was almost the same as showed Fernhndez-
Gbmez et al. (2011) in their vermicomposting experiment with
winery waste (pH 8.3), olive-mill waste and biosolids (pH 7.4) or
cattle manure (pH 7.5) after six months of vermicomposting in
indoor continuous- ! ow reactor using Eisenia fetida

The electrical conductivity decreases between layer V and layer |
in all heaps. The highest EC (3640 "5 cm' 1) was measured in layer
Il in the vermicomposting heap with household biowaste. These
layers were really varied in terms of EC values, because the
composition of the layers depended on the season and the waste
material from each apartment.

The highest number of earthworms (209 pcs. kg '?) and the
highest biomass of earthworms (32.65gkg ' 1) were found in the
vermicomposting heap with grape marc ( Table 4). The highest
number and biomass of earthworms were found in the top layers
where the EC was the lowest. Earthworms are sensitive to salt
concentration, and the top layer also contained the highest per-
centage of organic matter, which serves as a food for earthworms
(Gunadi et al., 2002).

In all layers, higher content of bacteria was measured than fungi.
The highest ratio of bacteria/fungi was found in layer Il in the heap
with sludge from malt house (158.6), in which the highest activity
of bacteria (61.7 n”g.g! ldw) was also measured in layer V ( Fig. 2a).
This layer was not signi " cantly different to other layers. In contrast,
the lowest ratio was found in the top layer of the vermicomposting
heap with grape marc (5.4); this layer also contained the highest
content of fungi (11.3 my.g' dw; Fig. 2b). This layer was not signif-
icantly different to the other layers in the content of fungi. The
vermicomposting heap with grape marc contained a concentration
of fungi in all layers that was several times higher than it was in
other vermicomposting heaps. Gbmez-Brand bn et al. (2011a) also
reported nearly 100-fold higher activity of bacteria than fungi. The
highest activity of these two microorganisms was in the nine-
week-old layer of vermicompost from pig slurry using continuous
feeding reactors and earthworms E. fetida (bacterial PLFAs
400 ny.¢' *dw and fungal PLFAs 5 my.g' *dw) (Gbmez-Brand bn et al.,
2011a).

Activity of b-D-glucosidase showed approximately the same
trend in the vermicomposting heap with household biowaste and
in the heap with malt house sludge across the entire pro "le. The
highest activity of b-D-glucosidase was measured during vermi-
composting with grape marc (1642 mmol MUFG. g' . h' inlayer II);
the lowest activity was also measured in this vermicomposting

" cant differences (Tukey's HSD test, P# 0.05).

heap (429 nmol MUFG. ¢' 1. h' Yin layer IV) ( Fig. 3a). This variability
is caused by the high proportion of seeds, which the earthworms
are unable to degrade. And the highest value in this variant can be
caused by the value of the EC, which was the lowest in this layer.
Mondini et al. (2004) reported that, in the case of composting
cotton waste and composting cotton waste mixed with some yard
waste, the activity of b-glucosidase increased with the age of
compost. This activity decreased after 40d of composting,
increased after 80 d of composting and decreased again after 120 d
and 180 d of composting the yard waste in their experiment. Also,
Fernhndez-Gbmez et al. (2010a) measured the activity of b-gluco-
sidase in a vermicomposting experiment with continuous-feeding

E. fetida with liquid-paste of tomato-fruit waste. The activity
increased up to 6000 Ny p-nitrophenol. g "1optt (90d) and, after
that, decreased until the end of the experiment (210d). So, the
activities depend on the type of biowaste. Lazcano and Dom’nguez
(2011) were interested in the effect of vermicompost on soil fertility
and plant growth. They also dealt with enzyme content in soil after
application of vermicompost, manure and conventional fertilizer.
The experiment showed that the Glucosidase content was statis-
tically signi " cantly higher in the variant with vermicompost
(120,000 my p-nitrophenol. g ' 1. h' 1) than in the variant with con-
ventional fertilizer (100,000 Ny p-nitrophenol. g ' % h' %).

Acid phosphatase activity in the vermicomposting heap with
household biowaste showed a similar trend to  b-D-glucosidase
activity, but in the vermicomposting process with malting sludge,
the acid phosphatase activity was almost constant throughout the
process (Fig. 3b). A large signi" cant difference was found between
the youngest layer (layer V) and the other layers in terms of activity
of acid phosphatase in the vermicomposting heap with grape marc.
The highest activity was found in the youngest layer of this heap
(2035 nmol MUFP. ¢ 1. h' 1), and the lowest activity was in layer Il of
the vermicomposting heap with household biowaste (608 mmol
MUFP. gI 1 1) (Fig. 3b). The highest activity in the layer V in the
variant with grape marc can be caused by the highest content of
bacteria and also fungi. Pramanik et al. (2007) analysed acid
phosphatase activities of a few biowastes after 70 e 85 days of ver-
micomposting using E. fetida They tested cow dung, grass, aquatic
weeds and municipal solid waste. The highest activity after 70 e 85
days of vermicomposting was found in vermicompost from cow
dung (approximately 180,000 my p-nitrophenol. g ' % h' 1), and the
lowest activity was measured in the variant from municipal solid
waste (approximately 120,000 ny p-nitrophenol. g 'L h'Y). Acid
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Fig. 2. Activity of bacteria (a) and fungi (v) in all layers of vermicomposting heaps. Values are the means

ab

+ SD (n" 4). Different letters indicate signi ! cant differences (Tukey's HSD

test, P# 0.05). Legend: Vermicomposting heap with @ Household biowaste; W Malting sludge; O Grape marc.

phosphatase activity reported in the experiment of ~ Mondini et al.
(2004) differed according to the type of biowaste. The experiment
involved composting of organic residues (cotton waste, yard waste
and a mixture of these two) in perforated plastic boxes placed
outdoors under a roof for 149 days. The highest activity they
measured in compost from the mixture of cotton waste and yard
waste (approximately 8500 ny p-nitrophenol. g ' % h' %) after 40
days of composting, and the lowest activity was found at the start of
experiment in compost from cotton waste (approximately 2000 ny
p-nitrophenol. g ' 1. h* 1). Several studies looked at the application of
vermicompost to soil and its effect on enzymes in relation to soil
fertility. Lazcano and Dom’nguez (2011) found that the vermi-
compost fertilized variant had a higher phosphatase content (about
160,000 Ny p-nitrophenol. g ' % h' 1) than the variant with conven-
tional fertilizer (about 140,000 Ny p-nitrophenol. g ' 1. h* 1). Also, in

the experiment done by Marinari et al. (2000) and Saha et al.

(2008), there was a statistically signi ! cant increase in acid phos-
phatase content after application of vermicompost to the soil. The
application of vermicompost to the soil is useful due to its effect on
the transformation of organic phosphorus, which is important for

the favorable environment for microbes and plantroots ( Sahaetal.,

2008).
With regard to arylsulfatase activity in our experiment, it could
be said that the trend across the pro ! le of vermicomposting heap
with household biowaste and with malting sludge is similar.
However, the decline in activity of arylsulphatase was already in
layer Il in the vermicomposting heap with household biowaste and
in the heap with malting sludge was the decline up to layer Ill.
Arylsulphatase activity was very low throughout the process with
all vermicomposting biowastes and values ranged from 13 nmol
MUFS. d % h'? (layer I, grape marc) to 66 mmol MUFS. ¢ . h'?
(layer V, household biowaste) ( Fig. 3c). There were no signi! cant
differences between each layer of all vermicomposting heaps.
Mondini et al. (2004) also analysed the activity of arylsulphatase.
This activity of arylsulphatase was many times lower than the ac-
tivities of other enzymes ( b-glucosidase, acid phosphatase and
alkaline phosphatase), but it increased to day 120 and then
decreased to day 160. Arylsulphatase activity was also measured by
RuZek et al. (2015) in an experiment with green waste compost
(green municipal waste, white high-moor peat, clayey soil and
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Fig. 3. Enzymatic activity in all layers of vermicomposting heaps. Values are the means

Legend: @ Household biowaste; M Malting sludge; O Grape marc.

perlite). They measured the activity in the control variant (fresh
compost) and three times during storage of the compost (7 e14d;
15e20d; 21e147d). The highest activity they measured after
15e 20 days of storage (520 mg p-nitrophenol. h ' % kg' 1) and the
lowest activity they found was in the control variant (292 mg p-
nitrophenol. h ' X kg' 1). Tejada et al. (2010) investigated the effect of
vermicompost from cow manure and green forage on soil proper-
ties. They found, after comparing these two variants, that vermi-
compost from cow dung has a better effect on soil properties due to
the more labile fractions of organic matter. For arylsulfatase, the
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values were 14.2% higher in the variant with cow manure than in
the variant with green forage.

With regard to lipase activity, the vermicomposting process
with grape marc showed a trend that was the inverse of that with
other vermicomposting processes. Lipase activity was very high in
all vermicomposting heaps, ranging from 5382 nmol MUFY. g' % h' !
to 12,341 mmol MUFY. ¢' 1. h' ! (Fig. 3d). The lowest value was found
in the vermicomposting heap with household biowaste (layer I1)
and the highest value was found in the heap with. malting sludge
(layer V), where was also the highest pH value from every variants
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and layers (8,82).

Chitinase is mainly produced by fungi, which were the most
active during the vermicomposting process with grape marc, but
the highest activity of this enzyme was many times higher in the
vermicomposting heap with household biowaste than in others
(Fig. 3e). In the case of the heap containing malting sludge, the
chitinase values were very low, but there were some signi ! cant
differences between the layers. The lowest values in the variant
with malting sludge can be caused by the lowest values of bacteria
and also fungi, which mainly produce the chitinase. Chitinase ac-
tivity can be suppressed by its products such as glucose and N-
acetylglucosamine ( Gooday, 1994). The chitinase activity measured
by Lee et al. (2016) during their composting process of a mixture of
biowaste (pig and chicken manure, spent mushroom, sawdust, rice
hull and addition of fertilizers contain Mo, Zn, B, Mn and Cu)
decreased with the age of the compost and it ranged from
400 ny g! 1 (after 90 d of composting) to 550 ny g! 1 (at the begin-
ning of composting).

The highest activity of cellobiohydrolase was in the vermi-
composting heap with household biowaste ( Fig. 3f). The level of
enzymatic activity of cellobiohydrolase across the entire pro ! le has
the same trend as chitinase in the case of heap with household
biowaste. The high values in household biowaste may be caused by
the wide variety of constituent materials. And the highest value in
layer IIl, can be caused by the highest value of EC.

Activity of alanine aminopeptidase was the lowest during the
vermicomposting process with grape marc, where in several layers
zero activity was even recorded ( Fig. 3g). The highest value was
measured in the vermicomposting heap with household biowaste
(layer Il), where was also the highest value of electrical
conductivity.

With regard to leucine aminopeptidase, the highest values were
154 mmol AMCL. ¢' L. h' ! for the vermicomposting heap with
household biowaste (layer IIl), 44 mmol AMCL. g' % h'? for the
vermicomposting heap with malting sludge (layer V) and only
38mmol AMCL. ¢' % h'? for the heap with grape marc (layer I)
(Fig. 3h). The highest activity in the variant with household bio-
waste can be caused by the highest value of electrical conductivity
in this layer (layer Il1).

Correlation and multiple regression analysis of the effect of
microorganisms (fungi and bacteria) and earthworms on the indi-
vidual enzymes were performed. Based on the dependence course
(Eg. A), supplemented by the correlation analysis, it can be stated
that the activity of b-D-glucosidase is signi! cantly in " uenced by
activity of fungi and bacteria, and also by the number of earth-
worms. The activity of b-D-glucosidase will be higher if more fungi
and earthworms are present in vermicomposting process. In
contrast, the indirect dependence was found between  b-D-gluco-
sidase and bacterial activity.

V" 667.063 # 122.294x; e 2.459x, # 0.39x3

Eq. A: The course of b-D-glucosidase activity ( y) on fungal ( x1) and
bacterial (x2) activity and on number of earthworms ( x3) in the
vermicomposting process with household biowaste. R square is
44.8%.

In the cases of the vermicomposting process with malting
sludge and agricultural waste and the vermicomposting process
with grape marc, the activity of b-D-glucosidase also appears to be
in" uenced by all selected biological parameters (fungal and bac-
terial activity and the number of earthworms) (Eq. B, Eq. C). In both
processes, increased activity of b-D-glucosidase occurred when
there was also increased activity of fungi and the number of
earthworms. The activity of b-D-glucosidase decreases when bac-
terial activity increases (assuming fungal activity and the number of

earthworms is constant).
y" 800.219 # 2.359x; # 26.153X%, - 5.05x3

Eq. B: The course of the b-D-glucosidase activity ( y) on fungal ( x1)
and bacterial ( xp) activity and on number of earthworms ( Xg) in the
vermicomposting process with sludge from malt house and agri-
cultural waste. R square is 33.3%.

V" 2282.787 # 16.171xq - 28.747 X, # 2.349x3

Eq. C: The course of the b-D-glucosidase activity ( y}) on fungal ( x1)
and bacterial ( x2) activity and on number of earthworms ( xg) in the
vermicomposting process with grape marc. R square is 39.3%.
Based on the other dependence courses (other equations) and
the correlation analysis, it is clear that the activity of acid phos-
phatase is positively in " uenced by the activity of bacteria and fungi
in the vermicomposting heap with household biowaste, and by the
earthworms during vermicomposting of grape marc, marked sig-
ni! cant dependence was reported. In the case of arylsulphatase
activity, very low R square indexes were found in all vermi-
composting heaps. Only in the heap containing grape marc did the
earthworms show statistically signi ! cant direct dependence. The
activity of lipase was very highly in " uenced by bacterial activity
during the vermicomposting process of household biowaste and by
fungal activity during the process of vermicomposting of a mixture
of malting sludge and agricultural waste. No statistically signi ! cant
dependencies were found in the vermicomposting heap with grape
marc. The activity of chitinase was negatively in " uenced by all
parameters in the vermicomposting heap with household bio-
waste, but in the case of vermicomposting with malting sludge,
direct dependence was found between the activity of chitinase and
the number of earthworms. Activity of fungi had a signi ! cant
negative effect on cellobiohydrolase activity in the case of vermi-
composting of household biowaste or mixture with malting sludge.
In the case of vermicomposting grape marc, only weak de-
pendencies were found. Activity of alanine aminopeptidase was
very highly in "uenced by the activity of fungi in all vermi-
composting heaps, but only in the case of vermicomposting the
mixture of malting sludge was the dependence direct. Also, the
activity of leucine aminopeptidase was in " uenced by activity of
fungi, but only during the vermicomposting of household biowaste
and the mixture with malting sludge. In the case of vermi-
composting of household biowaste, dependencies were found be-
tween all biological parameters and the activity of leucine
aminopeptidase. The vermicomposting heap with grape marc
showed no statistically signi ! cant dependencies.

4. Conclusions

The highest activity of all measured enzymes occurred in the
vermicomposting process with household biowaste. The highest
contents of b-D-glucosidase (994 e 1272 mmol MUFG. ¢' . h' ), acid
phosphatase (1139e 2036 mmol MUFG. ¢' L. h'?Y), arylsulphatase
(35e 52 Mmol MUFS. ¢ L. h' 1) and lipase (9466 e 12341 nmol MUFY.
g' L. h' 1) were found in the youngest layers. On the other hand, the
highest activities of chitinase (1681 mmol MUFN. g' % h'Y), cello-
biohydrolase (782 nmol MUFC. ¢ % h' 1), alanine (160 mmol AMCA.
g' L h'Y) and leucine aminopeptidase (154 nmol AMCL. ¢' % h' %)
were signi! cantly higher in the vermicomposting heap with
household biowaste. The enzyme values show that the most active
vermicomposted material was the household biowaste, due to the
heterogeneity of organic waste. Therefore, this waste appears to be
most suitable for soil application. Vermicompost from domestic
biowaste should best facilitate the rapid decomposition of organic
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compounds into forms acceptable to plants, due to the high enzy-
matic activity. The least active was malt house sludge. Even so, it
can be concluded that the activity of the enzymes was suf ! cient
throughout the process and that the vermicomposting process
proceeded correctly in all variants. Based on the dependence
courses that were found, some enzymes are positively in " uenced
by the number of earthworms. However, this model is only theo-
retical and the question of its functionality in practice should be
considered. This information is in demand by people interested in
vermicomposting and is useable in practice.

A well-run system of vermicomposting household biowaste,
malt house sludge and grape marc in site is almost maintenance-
free, low-cost and ecological, thus contributing to cleaner
production.
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Nejvétsi  statisticky  vyznamné rozdily byly nalezeny v obsahu suSiny
u vermikompostovaci zakladky s biologicky rozlozitelnym odpadem (BRKO), kde byla
naméiena nejnizsi hodnota ve vrstvé IV (35 %) a nejvyssi ve vrstve 111 (47 %). Celkove nejnizsi
hodnota susiny byla ve vrstvé IV vermikompostovaci zakladky s lihovarskymi vypalky (15 %)
a ve vermikompostovaci zaklddce s matolinou (27 %). Nizs§i hodnoty suSiny mohou byt
zpusobeny srazkami nedavno pred odbérem vzorkl. Vyssi hodnoty suSiny v hornich vrstvach,
pak prasakem vody do nizsich vrstev a podlozi ¢i odpafovanim vody. Problém s odpafovanim
byl pravdépodobné¢ diivodem vyssi hodnoty susiny ve vrstvé V vermikompostovaci zakladky
s BRKO, nebot’ ve vrstvé V byl naméften statisticky vyznamné nizsi obsah susiny nez ve vrstvé
IV.

Hodnota pH se pohybovala u v§ech vermikompostovacich zakladek v neutralni az mirné
alkalické oblasti. U vSech vermikompostovacich zakladek byly zjistény statisticky vyznamné
rozdily mezi vrstvami. U vermikompostovani kalu ze sladovny se hodnota pH snizovala spolu
se stafim vrstev, s vyjimkou nejstarsi vrstvy, tato vrstva ovSem obsahovala i pfimés jiného
materidlu z ndsady s zizalami. U vermikompostovaci zakladky s lihovarskymi vypalky se pH
naopak zvySovalo se stafim vrstev. V ptipad¢ ostatnich vermikompostovacich zakladek byly
hodnoty pH velmi riznorodé, pohybovaly se v rozmezi od 7,45 do 8,75. Coz bylo téméf totozné
s pokusem Fernandeze-Gomeze et al. (2011), kteti vermikompostovali odpad ze zpracovani
vinné révy, odpad ze zpracovani oliv nebo hndj skotu, po dobu Sesti mésicu,
ve vermikompostovacim reaktoru s prubéznym krmenim, za pouziti zizal ! "#%&'()Hodnota
pH vysledného vermikompostu se pohybovala v rozmezi od 7,4 (u odpadu po zpracovani oliv)
do 8,3 (u odpadu ze zpracovani vinné révy). Singh et al. (2005) vermikompostovali rostlinné
zbytky, které mely pocatecni hodnotu pH mezi 4,3 — 6,9. Po 30 dnech vermikompostovani doslo
ke zvySeni hodnoty pH na neutrdlni hodnotu. Rostouci hodnota pH béhem procesu
vermikompostovani mize byt také dle Romera et al. (2007) zptsobena tvorbou alkalickych
meziproduktt pti rozkladu organickych kyselin za ptisobeni mikroorganismt.

M¢érnd vodivost klesala napfi¢ profilem (od nejmlads$i po nejstarSi vrstvu) pouze
u vermikompostovaci zakladky s lihovarskymi vypalky. U vermikompostovaci zakladky
s matolinou doslo k poklesu mezi V. a II. vrstvou, u vrstvy I (nejstar§i vrstvy) byla mérna
vodivost vys$i, coz mohlo byt zplisobeno piimési jiného bioodpadu znasady zizal.
Nejvyssi méma vodivost (3 640 pS.cm™) byla naméfena ve vrstvé Il vermikompostovaci

zakladky s BRKO. Vrstvy této vermikompostovaci zakladky se od sebe znac¢né lisily, nebot se
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slozeni vrstev odvijelo od ro¢niho obdobi a odpadniho materidlu z kazdé domécnosti.
Han¢ a Pliva (2012) vermikompostovali zahradni bioodpad v laboratornich podminkach
v systému jednorazového krmeni zizal !"# )*(+%. Vyluh, uvolfovany b&hem procesu,
byl zachycovan a vracen zpét do vermikompostovaného materidlu. Pocatecni hodnota mérné
vodivosti byla cca 2 000 puS.cm™!, po jednom mésici vermikompostovani se mérna vodivost
zvysilana 3 000 uS.cm™ a pohybovala se kolem této hodnoty po dobu dalsich 4 mé&sict.
Celkovy obsah uhliku, dusiku a jejich pomér byl stanoven u vermikompostovaci
zakladky s BRKO, lihovarskymi vypalky a matolinou. Nejvyssi celkovy obsah uhliku byl
naméien u vermikompostovaci zakladky s matolinou, kde se hodnoty pohybovaly od 37 %
zakladky s BRKO (17,2 %). U vSech vermikompostovacich zakladek klesal obsah uhliku
s hloubkou profilu zakladky. Yadav a Garg (2011) vermikompostovali kravsky hnij, dribezi
trus a kal z potravinaiského primyslu v riiznych pomérech po dobu 13 tydnia v laboratornich
podminkach za vyuziti zizal !"#$%&'()Hodnota uhliku se v jejich experimentu pohybovala
po 13 tydnech vermikompostovani v rozmezi 30 az 38 % (300 000 — 380 000 mg/kg).
Hidayati et al. (2017) vermikompostovali odpad po péstovani hub, kravsky hnij, zbytky
zeleniny, kokosové slupky a rostlinné stelivo. Celkovy obsah uhliku se b¢hem
vermikompostovani pohyboval vrozmezi 22 - 27 % (220000 — 270000 mg/kg).
Celkovy obsah dusiku byl u vermikompostovaci zakladky s lihovarskymi vypalky a matolinou
az o jednotku procenta vys§i nez uvermikompostovaci zakladky s BRKO.
Ve vermikompostovacich zakladkach s matolinou a lihovarskymi vypalky se obsah celkového
N pohyboval v rozmezi 2,1 — 2,6 % u matoliny, a2,3 — 2,7 % u lihovarskych vypalku.
U vermikompostovaci zakladky s BRKO bylo rozmezi hodnot mezi 1,5 — 1,8 %. Nejvyssi
pomér C:N byl u vermikompostovaci zakladky s matolinou, kde byla nejvyssi hodnota 22,3
unejmladsi vrstvy (vrstva V) a nejniz§i pak uvrstvy nejstar§i (vrstva 1) 14,2.
U vermikompostovacich zakladek s lihovarskymi vypalky a s BRKO byly hodnoty C:N nizsi.
Hodnota nejmladsi vrstvy u vermikompostovaci zakladky s BRKO byla 16,1 a klesala se stafim
vrstev az na hodnotu 10,3. I pfes nizkou hodnotu ve vrstvé V byl prave v této vrstveé (zakladky
s BRKO a s matolinou) napocitdn nejvyssi pocet zizal ze vSech vermikompostovacich
zakladek. U vermikompostovaci zakladky s lihovarskymi vypalky se hodnoty C:N pohybovaly
v rozmezi 15,3 (vrstva IV) — 10,9 (vrstva I). Dle Garga a Gupty (2009) se pii dosazeni poméru
C:N 20:1 a nizsi, ve finalni f4zi vermikompostovani, jedna jiz o stabilizovany organicky odpad
— tedy stabilni vermikompost. Nami vypocteny pomér C:N byl ve findlni fazi nizs$i nez 20:1

audvou vermikompostovacich zakladek byl niz$i dokonce i u nejmladSich vrstev.
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Vyznamné zvySeni obsahu dusiku mtize byt zptisobeno snizenim obsahu organickych latek
a uvolnovanim dusiku béhem procesu mineralizace, ptipadné promyvanim zivin z profilu.
Dalsim moznym divodem je vétsi obsah mikroorganismi vazajicich dusik, nebot” anaerobni
proces (ke kterému dochazi ve spodnich vrstvach, kde zizaly jiz nejsou aktivni) podporuje fixaci
dusiku (Ferrer et al. 2001). V pokusu s vermikompostovanim matoliny Domingueze et al.
(2014) byla hodnota zralého vermikompostu také dost nizka 12,7:1, pfi poc¢atecnim poméru
C:N pouze 24:1, coz je velmi podobné nasSim hodnotam pfti vermikompostovani matoliny. Pti
procesu kompostovani smési odpadu z vinafstvi, lihovaru a hnoje, provadéného Torres-Climent
etal. (2015), doslo také k poklesu poméru C:N na nizs§i hodnotu nez 20:1 ato z21,9:1 na 13,5:1.

Formy mineralniho dusiku (N-NH4" a N-NOj3°) hraji vyznamnou roli pii vyuziti
aktivitou mineralizaci dusiku, takze se dusik ve vermikompostech pohybuje piedevsim
ve form¢ dusiénanti (Atiyeh et al. 2000a). Zizaly uvoliiuji b&hem vermikompostovaciho
procesu do materidlu krom¢ hlenu také dusikaté latky, hormony stimulujici rist rostlin
a enzymy obsahujici rizné formy dusiku (Garg & Gupta 2009). Nejvyssi hodnota N-NH4" byla
namétena v nejstarsi vrstveé (vrstva 1) vermikompostovaci zakladky s lihovarskymi vypalky,
ve vrstvé 1II vermikompostovaci zakladky s matolinou (17 mg/kg). Hodnoty N-NH4"
se v jednotlivych vrstvach vermikompostovacich zakladek (s BRKO, lihovarskymi vypalky
a matolinou) velmi liSily. Nelze tedy jednoznaéné fici, ze by hodnoty klesaly nebo stoupaly
se stafim vrstev. Dle Thompsona et al. (2003) by méla byt hodnota N-NH4" pro zraly kompost
niz§i nez 75 mg/kg, které dosdhly pouze vrstvy vermikompostovaci zakladky s BRKO
a s matolinou. Pomér N-NH4"/ N-NOs™ byl stanovovan pouze u vermikompostovaci zakladky
s BRKO a s matolinou. Nejvyssi (12,99 — vrstva V) 1 nejnizsi hodnota (0,03 — vrstva III) byla
nalezena ve vermikompostovaci zakladce sBRKO. Hodnoty N-NHs"/N-NOs
se u vermikompostovaci zakladky s matolinou pohybovaly v rozmezi od 0,11 u vrstvy [ do 0,45
u vrstvy IV. Dostupny organicky uhlik (DOC) byl méfen u vermikompostovaci zakladky
s BRKO, lihovarskymi vypalky a matolinou. Zmora-Nahum et al. (2005) urc¢ili hodnotu
4 000 mg/kg DOC jako maximalni hodnotu oznacujici zralost kompostu. Nicméné Hue a Liu
(1995) doporucili vyssi hodnotu a to max. 10 000 mg/kg. Nejvyssich hodnot dosahoval DOC
ve vermikompostovaci zakladce s matolinou, kde se hodnoty pohybovaly mezi 9 065 mg/kg
zakladka s BRKO s hodnotami mezi 4 581 mg/kg (vrstva I) — 7984 mg/kg (vrstva IV).

Nejstarsi vrstvy vSech vermikompostovacich zakladek by tak vyhovély pouze hodnoté pro zraly
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kompost ur¢ené Huem a Liuem (1995). Goémez-Brandoén et al. (2011b) vermikompostovali
matolinu v laboratornich podminkach v plastovych nadobach v systému jednorazového krmeni
po dobu 15 dni za pouziti zizal !" #*(+%". Hodnota jimi zméfeného DOC ¢inila 4100 mg/kg,
pro N-NO;3™ byla 80 mg/kg a hodnota N-NH4" 190 mg/kg po 15 dnech vermikompostovani,
pomér N-NH4"/ N-NOs" tak ¢inil 2,4:1. Jejich hodnota N-NH4" byla témét o 30 mg/kg vyssi
nez nami naméfena nejvyssi hodnota N-NHy4".

Ionto-vyménna kapacita (IEC) a jeji pomér k celkovému uhliku byly méteny
u vermikompostovaci zakladky s BRKO, lihovarskymi vypalky a matolinou. Hodnoty IEC se
u vSech vermikompostovacich zakladek pohybovaly v témét stejném rozmezi
50 — 64 mmol+/100g. Hodnoty vermikompostovacich zakladek byly vyssi nez hodnoty uvedené
ve studii Vachalové et al. (2014), pro vzorky pudy (2,1-23,4 mmol:/100g), raselinu
(28,8 mmol+/100g) a zahradni kompost (35,2 mmol+/100g), ale niz$i nez hodnoty
pro synteticky katex (méni¢ kationt) (90,5 mmol+/100g). Nejvyssi pomér IEC / Ctot byl
zjistén u vermikompostovaci zakladky s BRKO, v rozmezi 2,44 (vrstva IV) — 3,56 (vrstva II).
Naopak nejnizsi hodnoty vykazovala vermikompostovaci zakladka s matolinou 1,25 (vrstva V)
— 1,49 (vrstva II).

Nejvyssi pocet zizal (209 ks.kg™!) a nejvyssi biomasa zizal (32,65 g.kg') byly zjistény
ve vermikompostovaci zakladce s matolinou. Nejvyssi pocet a biomasa zizal byly vzdy
nalezeny v hornich (nejmladsich) vrstvach, kde byla také nejnizsi EC. Zizaly jsou citlivé
na vyss§i koncentraci soli. Horni vrstvy také obsahovaly nejvyssi procento organické hmoty,
ktera slouzi jako potrava pro zizaly (Gunadi et al. 2002). Dle Arthura et al. (2012) ovliviuji
zizaly mnozstvi zivin pfistupnych pro rostliny. Tyto ziviny mohou byt akumulovany zizalami,
¢imz se snizuje jejich mobilita (Pan & Wang 2009). Soucasné¢ vsak zizaly vylucuji
a zpristupiiuji urcité mnozstvi dostupnych zivin (Shipitalo & Protz 1989). Proto byly
u vermikompostovaci zaklddky s BRKO, lihovarskymi vypalky a matolinou analyzovany
obsahy makroprvkii v samotnych zizalach. Nejvyssi obsahy P (9 136 mg/kg vrstva 1V)
aK (10 103 mg/kg vrstva IV) byly naméfeny v zizalach z vermikompostovaci zakladky
s matolinou. Nejvyssi hodnota Mg (2 186 mg/kg vrstva II) vSak byla naméfena v zizalach
zizal, pravdépodobn¢ diky velmi nizkému pH samotnych lihovarskych vypalkt (4,9).
Naopak nejvyssi hodnoty vSech sledovanych prvkii u zizal z vermikompostovani BRKO
(P: 7438 mg/kg — vrstva V; K: 6793 mg/kg — vrstva III a Mg: 1213 mg/kg — vrstva II) byly

nizsi, oproti hodnotdm naméfenym u zizal z ostatnich zakladek.
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Celkovy a pristupny obsah prvku (P, K, Mg) byl stanoven u vermikompostovacich
zakladek s BRKO, lihovarskymi vypalky a matolinou. Nejvyssi obsah celkového P byl naméfen
ve vrstvé [ (nejstarSi vrstv€) vermikompostovaci zakladky s lihovarskymi vypalky
(6 942 mg/kg). Nejvyssi obsah pfistupného P pro rostliny byl vSak naméfen ve vrstvé I
(nejstarsi vrstveé) vermikompostovaci zakladky s matolinou 1 089 mg/kg, nejvyssi procento
pristupného P z celkového obsahu (cca 42 %) bylo vypocteno u vrstvy V (nejmladsi vrstvy).
Hodnota piistupného P u varianty s matolinou byla téméi dvakrat vyssi nez ptristupny obsah P
u vrstvy I vermikompostovaci zakladky s lihovarskymi vypalky. Nejvyssi obsah celkového
K 18 854 mg/kg byl naméfen ve vrstvé III vermikompostovaci zakladky s lihovarskymi
vypalky. Nejvyssi obsah (12 797 mg/kg) i procento (91,7 %) ptistupného K pro rostliny byl
naméfen také ve vermikompostovaci zakladce s lihovarskymi vypalky, avSak u vrstvy
nejmladsi (vrstva IV). Procento pristupného K bylo u vSech vermikompostovacich zakladek
velmi vysoké (55,5 — 91,7 %). Nejvyssi hodnota celkového Mg (6 067 mg/kg vrstva II) byla
naméiena u vermikompostovaci zakladky s BRKO. Nejvyssi hodnota i procento pristupného
Mg byly taktéz naméfeny u vermikompostovaci zakladky s BRKO (850 mg/kg; 14,5 %),
aleuvrstvy 1 (nejstarSi vrstva). Pattnaik a Reddy (2010) vermikompostovali odpad
ze zeleninového trhu arostlinny odpad po dobu 60 dni za vyuziti zizal !"# $%&Y()
Celkové hodnoty prvkii obsazenych ve vermikompostu ze zeleninového trhu byly 0,9 % P
(9 000 mg/kg), 0,8 % K (8 000 mg/kg) a 0,9 % Mg (9 000 mg/kg). Hodnoty P a Mg byly
v jejich variant¢ vermikompostu z odpadu ze zeleninového trhu vyssi nez hodnoty naméfené
v naSich vermikompostovacich zakladkach. Ve vermikompostu z rostlinného odpadu naméfili
0,6 % P (6 000 mg/kg), 0,3 % K (3 000 mg/kg) a 0,6 % Mg (6 000 mg/kg), tyto hodnoty byly
niz8i nez ndmi naméfené nejvyssi hodnoty prvkl. Hodnota K byla u rostlinného odpadu
dokonce nékolikanasobné niz$i nez nami namétena hodnota celkového K. Han¢ a Chadimova
(2014) vermikompostovali jablecné vylisky v laboratornich podminkach v systému
jednorazového krmeni zizal !"# )*(+%. Obsah P, K a Mg pfistupného rostlindm,
ve vermikompostu z jableénych vyliskl, tvoril pfiblizné 16 % P, 62% K a 15% Mg
z celkového obsahu, coz az na procento ptistupného P odpovida ndmi namétenym hodnotam.

Ve vSech vrstvach vermikompostovacich zakladek byl naméfen vyssi obsah bakterii
nez hub. Nejvyssi pomér bakterii a hub byl nalezen ve vrstvé III ve vermikompostovaci
zakladce s kalem ze sladovny (158,6:1). Tato vrstva se ovSem statisticky vyznamné nelisila
vrstva) vermikompostovaci zakladky s lihovarskymi vypalky (4,7:1). Tato vrstva také

vykazovala nejvyssi obsah bakterii (119,7 ug PLFA.g 'susiny) a hub (25,4 ug PLFA.g 'susiny),

76



byla zde vSak vypoctena nejvyssi hodnota smérodatné odchylky, coz bylo zpiisobeno zna¢nou
nehomogenitou vermikompostovaci smési. Koncentrace hub ve vSech vrstvach
vermikompostovaci zakladky s matolinou byla téméf srovnatelna jako u vermikompostovaci
zakladky s lihovarskymi vypalky. Gomez-Brandon et al. (201 1a) také namé&fili témét 100 — krat
vyssi aktivitu bakterii nez hub pti vermikompostovani praseci kejdy ve vermikompostovacich
reaktorech za pouziti Zizal I" #%&'. Nejvyssi aktivita téchto dvou skupin mikroorganismu byla
v jejich experimentu namétena v devét tydnt staré vrstvé vermikompostu (bakterialni PLFA
400 pg.g’! susiny a houbové PLFA 5 ng.g! suSiny). Aria et al. (2011) vermikompostovali
kravsky hntllj ve vermireaktoru umisténém ve skleniku v systému pribézného krmeni zizal
I" #*(+%'". Mikrobialni biomasa v jejich experimentu byla vyssi v horni vrstvé nez ve vrstvé
spodni. Hodnota bakterialni PLFA (cca 700 pg.g™! suSiny) byla v horni vrstvé jejich
vermireaktoru nékolikandsobné vyssi nez v naSich vermikompostovacich zakladkach.
Obsah hub v horni vrstvé jejich experimentu byl cca 20 pg PLFA.g! susiny, coz je srovnatelné
s nas§imi nejvys$simi hodnotami obsahu hub. U vermikompostovacich zakladek s BRKO,
lihovarskymi vypalky a matolinou byly z bakterii nejaktivnéjs$i G- bakterie nasledované G+
bakteriemi. Obsah aktinobakterii byl témét potlaten. Fernandez-Gomez et al. (2013)
vermikompostovali rostlinny odpad v kombinaci s papirenskym kalem v poméru 2:1 po dobu
24 tydni za pouziti zizal !"# $%&'()Hodnoty mikroorganismi byly v jejich experimentu
naméfeny ve stejném pofadi, jako u naSich vermikompostovacich zakladek
(bakterie 43 nmol PLFA.g"!' suSiny, G- bakterie 19 nmol PLFA.g"!' suSiny, G+ bakterie
18 nmol PLFA.g"! suSiny, houby 8 nmol PLFA.g! suSiny, aktinobakterie 4 nmol PLFA.g"!
susiny). Goémez-Brandén et al. (2012) uvedli, Ze koncentrace G- a G+ bakterii a také hub mohou
byt nizsi diky vyssi aktivité zizal. Tvrzeni Rouska et al. (2010), Ze aktinobakterie jsou aktivngjsi
pfi nizSich hodnotich pH, opodstatiiuje ndmi nameétené nizké hodnoty aktinobakterii.
Nizsi pocet houbovych kolonii muize byt dle Schonholzera et al. (1999) zplisoben tim,
ovlivnény hodnotami pH, ty se 1épe rozmnozuji pii nizSich hodnotach pH, naopak, pii vyssich
hodnotach jejich produkce klesa (Gock et al. 2003).

Aktivita  B-D-glukosiddzy  vykazovala  pfiblizné stejny trend v prabéhu
vermikompostovani BRKO jako v prubéhu vermikompostovani kalu ze sladovny.
Nejvyssi aktivita B-D-glukosiddzy byla naméfena béhem vermikompostovani lihovarskych
vermikompostovani matoliny (429 umol MUFG.g'.h"! ve vrstvé IV). Velka variabilita hodnot

ve vermikompostovaci zakladce s matolinou byla zpiisobena vysokym podilem seminek,
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které nejsou zizaly schopny rozkladat. Vysoké hodnoty v zakladce s matolinou mohly byt
nejvyssi. Mondini et al. (2004) uvedli, ze v pfipadé kompostovani odpadu z baviny
a kompostovani kombinace odpadu z baviny s odpadem ze zahrady, se aktivita B-glukosidazy
zvysila s délkou kompostovani, ackoli se aktivita v jejich experimentu snizila po 40 dnech
kompostovani, nasledn¢ se zvysila po 80 dnech kompostovani a znovu klesla po 120 dnech
a 180 dnech kompostovani. Také Fernandez-Goémez et al. (2010) zméfili aktivitu
B — glukosidazy, pii vermikompostovani odpadu zrajat v systému prubézného krmeni
za pouziti zizal "#$%&'()Aktivita vzrostla az na 6000 pg p-nitrofenol.g”.h™! (po 90 dnech)
a poté klesala az do konce experimentu (210 dni). Aktivita B-glukosidazy tedy zavisi na druhu
biologického odpadu. Lazcano a Dominguez (2011) se zajimali o vliv vermikompostu
na urodnost pudy a rust rostlin. Zabyvali se také obsahem enzymi v piadé po aplikaci
vermikompostu, hnoje a konven¢niho hnojiva. Experiment ukazal, ze aktivita glukosidazy byl
statisticky vyznamné vy$3i ve variant€ s vermikompostem (120 000 pg p-nitrofenol.g™'.h")
nez ve varianté s konvenénim hnojivem (100 000 ug p-nitrofenol.g.h").

Aktivita kyselé fosfatazy béhem vermikompostovani BRKO vykazovala podobny trend
jako aktivita B-D-glukosidazy. V pribéhu procesu vermikompostovani kalu ze sladovny byla
aktivita kyselé fosfatazy témet konstantni. Nejvyssi aktivita byla naméfena v nejmladsi vrstveé
vermikompostovaci zakladky s lihovarskymi vypalky (2 197 umol MUFP.g"!.h"!) a s matolinou
(2 035 umol MUFP.g'.h"), coz mohlo byt zpiisobeno nejvy$sim obsahem bakterii a hub
ve vrstvé IT vermikompostovaci zakladky s BRKO (608 pmol MUFP.g!. h'!). Pramanik et al.
(2007) analyzovali aktivitu kyselé fosfatazy n€kolika druhti biologicky rozlozitelnych odpadi
po 70 — 85 dnech vermikompostovani za vyuziti zizal !"#$%&'()Vermikompostovali kravsky
hntyj, Cerstvou travu, plevel a tuhy komunalni odpad. Nejvyssi aktivita byla po 70 — 85 dnech
vermikompostovani namétena ve vermikompostu z kravského hnoje (ptiblizn¢ 180 000 pg p-
(piiblizné 120 000 pg p-nitrofenol.g'.h!). Aktivita kyselé fosfatazy popsana v experimentu
Mondini et al. (2004) se lisila dle druhu biologicky rozlozitelného odpadu. Pokus zahrnoval
kompostovani organickych zbytkl (bavinéného odpadu, odpadu ze dvora a smési téchto dvou
bioodpadl) v perforovanych plastovych bednach umisténych venku pod stfechou po dobu
149 dnti. Nejvyssi aktivitu naméfili v kompostu ze smési téchto dvou bioodpadii (piiblizné
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naméfena  na  poCatku  experimentu v kompostu z  bavinéného  odpadu
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(pfiblizné 2 000 pg p- nitrofenol.g'.h!). N&kolik studii se zabyvalo aplikaci vermikompostu
na pudu a jeho uc¢inkem na enzymy ve vztahu k trodnosti ptidy. Lazcano a Dominguez (2011)
zjistili, ze wvarianta hnojena vermikompostem vykazovala vyS$i obsah fosfatazy
(pfiblizné 160 000 pg p-nitrofenol.g”’.h''), nez varianta hnojend konvenénim hnojivem
(pfiblizné 140 000 pg p-nitrofenol.gl.h!). Také v experimentu provedeném Marinarim et al.
(2000) a Sahou et al. (2008) doslo ke statisticky vyznamnému zvyseni obsahu kyselé fosfatazy
po aplikaci vermikompostu do pidy. Diky tomu je mozné tvrdit, Ze je aplikace vermikompostu
do pudy velmi dobra, nebot’ ma ptiznivy Gc¢inek na transformaci organického fosforu, coz je
dilezité pro udrzeni vhodného prosttedi pro mikroby a koteny rostlin (Saha et al. 2008).

Vyse aktivity arylsulfatdzy v jednotlivych vrstvach vermikompostovacich zakladek
byla velmi podobna, pfedevSim u varianty s BRKO, lihovarskymi vypalky a s kalem
ze sladovny. Pokles aktivity arylsulfatazy byl v§ak naméten ve vrstveé Il u vermikompostovaci
zakladky s BRKO a lihovarskymi vypalky, u vermikompostovaci zakladky s kalem ze sladovny
byl zjistén pokles az u vrstvy III. Aktivita arylsulfatdzy byla béhem procesu velmi nizka,
jeji hodnoty se u viech vermikompostovacich zakladek pohybovaly od 13 pmol MUFS.g "' .h'!
(vrstva I, matolina) do 66 pmol MUFS.g"!.h! (vrstva V, BRKO). Mezi jednotlivymi vrstvami
vermikompostovacich zakladek, kromé zakladky s lihovarskymi vyplaky, nebyly nalezeny
zadné statisticky vyznamné rozdily. Mondini et al. (2004) také analyzovali aktivitu
arylsulfatazy. Ta byla mnohondsobn¢ nizsi nez aktivita jinych enzyma (B-glukosidaza, kysela
fosfatdiza a alkalickd fosfataza). Aktivita se vSak zvySila kolem 120. dne a 160. dne
kompostovani. Aktivitu arylsulfatizy méfili také Ruzek et al. (2015) v experimentu
s kompostem ze zeleného odpadu (zeleny komunalni odpad, bilé raselina, jilovita piida a perlit).
Me¢rili aktivitu v kontrolni varianté (Cerstvy kompost) a také tiikrat béhem skladovani kompostu
(7— 14 dni; 15 — 20 dni; 21 — 147 dni). Nejvyssi aktivitu, naméfili po 15 — 20 dnech skladovani
(292 mg p-nitrofenol.h'.kg!). Tejada et al. (2010) zkoumali vliv vermikompostu z kravského
hnoje, zelené pice a jejich kombinace, na vlastnosti piidy. Lepsi vliv na ptidni vlastnosti mél
vermikompost Cist¢ z kravského hnoje, kde byly hodnoty arylsulfatizy o 14,2 %
vys$$i nez u ostatnich variant.

U aktivity lipazy, byl vyvoj napti¢ vrstvami u zakladky s matolinou opacény oproti
vyvoji u ostatnich vermikompostovacich zakladek. Aktivita lipazy byla velmi vysoka ve vSech
vermikompostovacich zakladkach, pohybovala se v rozmezi od 4 223 umol MUFY.g'.h'!
do 12 341 umol MUFY.gl.h"!. Nejniz8i hodnoty byly naméfeny u zakladky s lihovarskymi

v
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ve vermikompostovaci zaklddce s kalem ze sladovny (vrstva V). Velmi vysoké hodnoty
vykazovala ve vsech vrsrtvach zakladka s matolinou, kde byl taktéz nejvyssi pocet i biomasa
zizal.

Chitinaza je produkovéna piedevsim houbami, které byly nejaktivnéj$i béhem procesu
vermikompostovani lihovarskych vypalkii a matoliny. Nejvyssi aktivita chitindzy byla
nékolikandsobné vyssi pravé u vermikompostovaci zaklddky s lihovarskymi vypalky.
V ptipad¢ zakladky s kalem ze sladovny byly hodnoty velmi nizké, ale i tak byly mezi
jednotlivymi vrstvami nalezeny statisticky vyznamné rozdily. Velmi nizké hodnoty u varianty
s kalem ze sladovny mohly byt zptisobeny nizkymi hodnotami bakterii a hub. Aktivita chitindzy
muze byt také potlacovana svymi vlastnimi produkty, jako jsou glukéza ¢i N-acetylglukosamin
(Gooday 1994). Aktivita chitindzy méfena Leeem et al. (2016) béhem procesu kompostovani
smési biologického odpadu (praseci a dribezi hntij, vyplozeny houbovy substrat, piliny, zbytky
po zpracovani ryze s pifidavkem hnojiv obsahujicich Mo, Zn, B, Mn a Cu) klesala s dobou
kompostovani (550 pg.g™! na pocatku kompostovani; 400 ug.g”! po 90 dnech kompostovani).

Nejvyssi aktivita celobiohydroldzy byla naméfena ve vermikompostovaci zakladce
s lihovarskymi vypalky. Uroveii enzymatické aktivity celobiohydrolazy méla u zakladky
s BRKO a lihovarskymi vypalky v celém profilu stejny trend jako aktivita chitindzy.
Vysoké hodnoty u zakladky s BRKO mohly byt zpiisobeny velkou rozmanitosti vstupnich
surovin, které byly velmi riznorodé dle typu domécnosti a rocniho obdobi. Diivodem mohla
byt také velmi vysokd hodnota EC. Vysoké hodnoty u zakladky s lihovarskymi vypalky byly
pravdépodobné zptisobeny vysokym obsahem hub.
matoliny, kde byla v n€kolika vrstvach pod mezi detekce. Vyssi hodnoty byly naméteny
ve vermikompostovaci zaklddce s BRKO, pravdépodobné kvili vysokym hodnotam EC.
Nékolikanasobn¢ vyssi hodnoty byly naméfeny u vermikompostovaci zakladky s lihovarskymi

U ve vrstvé 1

vypalky, kde se hodnoty pohybovaly vrozmezi od 158 pumol AMCA.g'.h
do 258 umol AMCA.g"'.h'! ve vrstvé IV.

Leucin aminopeptiddza vykazovala nejvy$si hodnoty (334 umol AMCL.g'.h'")
u vermikompostovaci zakladky s lihovarskymi vypalky ve vrstvé IV a u vermikompostovaci
zakladky s BRKO ve vrstvé III (154 umol AMCL.g".h'!). Nejnizsi hodnoty byly naopak
naméfeny u vermikompostovaci zakladky s matolinou 4,7 —37,51 pmol AMCL.g'.h!.
Aktivita alanin i leucin aminopeptidazy klesala se stafim vrstev pouze u vermikompostovaci

zakladky s lihovarskymi vypalky. U ostatnich zakladek se ned4 jednoznacné hovofit o jakémsi

trendu poklesu ¢i nartstu aktivity se stafim vrstev.
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Aktivita ureazy a nitrat reduktazy byla méfena pouze u vermikompostovaci zakladky
s lihovarskymi vypalky. Aktivita uredzy se pohybovala v rozmezi od 66 pg NHs-N.g'.2 h!
ve vrstvé I do 186 pg NH4-N.g .2 h'! ve vrstvé III. Vys§i aktivitu uredzy ve vermikompostu
(104 pg NHs-N.g"'.h ') naméfili Romero et al. (2010), ktefi pouzivali vermikompost z matoliny
k obohaceni pidy o ziviny. Téméf stejnou hodnotu (cca 102 pg NHs-N.g''.h!') naméfili
i Pramanik et al. (2007) v kontrolni variant¢ vermikompostu z kravského hnoje
po 70 — 85 dnech vermikompostovani v systému jednorazového krmeni zizal !"# $%&()
Hodnoty aktivity nitrat reduktiazy byly namé&feny mezi 0,6 pg NO2-N.g'.24 h'! ve vrstvé I —
12 ug NO2-N.g .24 h'! ve vrstvé IV. Kvili velkym smérodatnym odchylkam nebyly nalezeny
zadné statisticky vyznamné rozdily. To mohlo byt zplsobeno kombinaci velmi tekutych
lihovarskych vypalkt se sldamou, kde mohlo dochézet k nerovnomérnému rozlozeni samotnych

vypalkl napfi¢ profilem.
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Predkladana prace je souborem Ctyt jiz publikovanych komentovanych impaktovanych
védeckych praci. Dosavadni studie se vermikompostovanim ve velkém métitku v konkrétnich
podnicich, v systému prubézného krmeni za pouziti zizal !"# )*(+%, nezabyvaji.
Moznost vyuzivani bioodpadu pomoci zizal ptfimo v mist¢ jeho vzniku ve velkém métitku neni
prilis rozsitena.

Prace se zabyvala vermikompostovanim &ty biologicky rozlozitelnych odpadi
v kombinaci s dal§imi surovinami. Jednalo se o vermikompostovani biologicky rozlozitelného
odpadu ze zahrad a domacnosti, kalu ze sladovny (20 %obj.) se zemédélskym bioodpadem,
lihovarskych vypalkd spolu se slamou (50:50) a matoliny. U vSech vermikompostovacich
zakladek byla stanovovana celéd fada agrochemickych a biologickych parametrti. Cilem prace
bylo porovnat hodnoty poctu a biomasy zizal v jednotlivych vermikompostovacich zakladkach,
vyhodnotit jednotlivé vlastnosti vrstev odlisného stafi a zralych vermikompostil, stanovit
a porovnat hodnoty celkového a pristupného obsahu prvki v jednotlivych vrstvach
vermikompostovacich zakladek, zjistit, které enzymy a v jakém rozsahu jsou
pti vermikompostovani produkovany.

Prvni hypotéza, Ze se bude pocet a biomasa ZiZal v prib&hu procesu lisit dle pouzitého
bioodpadu, byla potvrzena. Hodnoty poctu i biomasy ZiZal se znacné liSily dle zvoleného druhu
bioodpadu. Nejvyssi pocet i biomasa ZiZal byl u varianty s matolinou, naopak nejniz8i hodnoty
byly u varianty s lihovarskymi vypalky.

Druha hypotéza, Ze se s rostouci dobou vermikompostovini bude zvySovat stabilita
a zralost vermikompostu, se taktéZ potvrdila. Jednim z hlavnich ukazatell stability a zralosti
vermikompostu je pomér C:N, ktery se u vSech sledovanych vermikompostovacich zakladek
sniZzoval spolu s délkou vermikompostovani.

Treti hypotéza, Ze bude nalezen statisticky vyznamny rozdil v celkovém a pfistupném
obsahu prvkii mezi vrstvami jednotlivjch vermikompostovacich zakladek, se z vétsi Casti
potvrdila. Statisticky vyznamné rozdily mezi jednotlivymi vrstvami byly u celkového
i pristupného obsahu prvki nalezeny téméf u vSech vermikompostovacich zakladek.
Nebyly nalezeny pouze u celkového obsahu drasliku u zaklddky s matolinou a u pfistupného
obsahu fosforu u zakladky s lihovarskymi vypalky.

Posledni hypotéza, Ze bude naméfena nejvyssi enzymatickd aktivita v hornich vrstvach
vermikompostovacich zaklddek, se z vétSi Casti nepotvrdila. Nejvyssi aktivita témét u vSech

enzymd byla v horni vrstvé naméfena pouze u vermikompostovaci zakladky s lihovarskymi
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vypalky. U vSech vermikompostovacich zaklddek byla nejvysSi hodnota v horni vrstvé
naméfena pouze u aktivity kyselé fosfatazy, arylsulfatizy a lipazy.

Ackoli se od sebe jednotlivé vermikompostovaci zakladky liSily, tak proces
vermikompostovani probihal ve vSech vermikompostovacich zakladkach spravné a podle
predpokladii. U vSech vermikompostovacich zakladek se ve spodnich vrstvach vytvofil kvalitni
vermikompost, ktery mize byt dale pouzit jako hnojivo.

Nejlepsi hodnoty findlniho produktu, tedy vermikompostu, vykazoval z hlediska
celkového obsahu prvki vermikompost z procesu vermikompostovani matoliny. Jednalo se
o zraly vermikompost, o ¢emz svéd¢i nejen hodnota C:N, ale i hodnota N-NH4*, DOC, ¢i velmi
nizka aktivita mikroorganismi. Z hlediska pristupného obsahu prvkl vsak nelze urcit idealni
bioodpad pro vermikompostovani, nebot’ kazdy ze sledovanych ptistupnych prvki pro rostliny

dosahoval nejvyssich hodnot v jiné vermikompostovaci zakladce.
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