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Uvod
., Narod, ktery nici piidu, nici sam sebe.

(Franklin Delano Roosevelt)

Pida patii zcela jisté mezi nejcennéjsi bohatstvi kazdého statu. Bohuzel v minulosti,
zejména v prub&hu 20. stoleti, se vyznamnost a diilezitost pidy v ceské spolecnosti
pomalu vytracela. To vedlo ke stavu, kdy zemédé€lské pozemky s urodnou piidou byly
obhospodarovany intenzivnim zemédélstvim, které neodpovida zdkladnim principiim
trvale udrzitelného rozvoje. Vysledky intenzivniho zeméd¢lstvi se postupné projevily
ve snizené urodnosti a degradaci mnoha pozemk, znecisténim fek i1 dalSich slozek
zivotniho prostfedi. Pfitom samotnd obnova centimetru kvalitni pidy trva fadu let
(v zavislosti na podminkéch a stupni degradace).

Ve druhé poloving 20. stoleti se u nds zacaly objevovat ndzory na potiebu ochrany
pudy pted jeji degradaci a urcitou racionalizaci pti hospodaieni. Tyto nazory postupné
s ur¢itymi vykyvy sili az do dnes$ni doby. V soucasnosti si jiz dle mého nazoru dokaze
znacnd Cast spolecnosti uvédomit, Ze budouci rozvoj nelze provadét pouze za ucelem
maximalizace zisku. Kromé¢ toho je nezbytné zohlednovat dalsi parametry, mezi které
patii i ochrana jednotlivych slozek Zivotniho prostiedi.

Znalosti v oblasti zemé&d¢lstvi se velice dynamicky prohlubuji. Diky tomu je
k dispozici cela fada odbornych materiali dokazujicich, Ze je mozné efektivné
vyuzivat pii péstovani zemédélskych plodin jiné nez klasické konvencéni agrotechnické
postupy. Za urcitych podminek mohou byt alternativni postupy ekonomicky
vyhodnéjsi nez konvenéni (niz§i pocet pojezdii po pozemku, cilena a variabilni
aplikace hnojiv apod.). V souvislosti s problematikou vodni eroze se takové
agrotechnické postupy oznacuji jako pidoochranné technologie. A pravé
pudoochranné technologie u erozné nachylnych plodin jsou hlavnim pfedmétem této
habilitacni prace. Ta je poskladdna z jednotlivych odbornych publikaci zaméfenych na
problematiku degradace plidy a efektivitu pidoochrannych technologii z pohledu
vodni eroze a mnoZzstvi povrchového odtoku.

Pfi nésledném doporuCovani fadn€¢ ovérené pldoochranné technologie jsme
s kolegy vZdy kladli diraz na tfi zdkladni aspekty, které by mél ptidoochranny

agrotechnicky zptsob hospodatfeni spliiovat: 1) zajisténi dostatecnych vynost pro




obzivu, 2) ochrana piidy pted degradaci, 3) hospodateni za ekonomicky udrzitelnych
podminek. Pouze pfi splnéni téchto aspektl lze agrotechnicky postup povazovat za
trvale udrzitelny s realnou Sanci na zavedeni do bézné praxe.

Provadéni zemédé€lské Cinnosti v dnesni dobé neni jednoduché, nebot’ je pro
splnéni vSech pravnich piedpisti nezbytné dodrzovat celou fadu ménicich se opatieni.
Opatfeni  souvisejici s problematikou vodni eroze se c¢asto vadZou na
vyuzivani ptiidoochrannych technologii. Hlavnim cilem této habilita¢ni prace je proto

poskytnuti hlub$ich znalosti pravé o ptidoochrannych zptsobech hospodareni.




1 Pidni prostredi

Piida ma v ramci ekosystému velmi dilezitou roli (Haygarth a Ritz, 2009; Maes et al.,
2016; McBratney et al., 2014). Vznik& na rozhrani mezi atmosférou, hydrosférou,
litosférou a biosférou a tvoti svrchni obal Zemé (Bouma, 2010; Dominati et al., 2014).
Jeji existence je jednim ze zakladnich predpokladi veskerého pozemského zivota
(Blanco a Lal, 2008). Pravé na pudé je mozné poukazat na slozitost a komplexnost
prirodnich systémil. Véda zabyvajici se pidou znamena studium komplikovanych,
vzajemn¢ provazanych procest tykajicich se fyzikalnich, chemickych a biologickych
slozek piidy (Shainberg, 2000). Tradi¢né je puda v zemédélstvi povaZzovana za
zakladni vyrobni prostifedek (Morgan, 2009), kdy utvafi prostiedi pro rust
zemédelskych plodin (Larson a Pierce, 1991; Blanco a Lal, 2008). Pida ma radu
dalSich neméné vyznamnych tzv. ,,mimoprodukénich® funkei. Jejich ¢astecny
piehled je uveden v knize ,,Piida a jeji hodnoceni v CR — Dil I. “ (Vopravil et al., 2010).
V publikaci jsou uvedeny nasledujici funkce:

filtra¢ni funkce piidy — umoziiuje vsak (infiltraci) vody do pady. Pii tomto
procesu se voda obohacuje o latky obsazené v ptidnim prostfedi a mé schopnost je
piipadné neutralizovat (napt. kyselé srazky). Filtratni funkce pidy zasadnim
zpisobem ovlivituje dotaci, slozeni a kvalitu podzemnich vod, pramenti, vodnich tokt
a nadrzi.

reten¢ni a akumulac¢ni funkce pudy — je chipana jako retence vody v plidé, ale
zadrzovany jsou rovnéz dalsi latky. Mohou to byt rostlinné Ziviny v organické hmoté
nebo v mineralnim sorpénim komplexu. Pida mtize také vazat rizné znecistujici latky,
polutanty ¢1 kontaminanty. Reten¢ni potenciél plidy je obrovsky.

pufracni schopnost pudy — tlumi dynamiku nékterych pldnich vlastnosti.
Pufra¢ni funkce tlumi zmény piidni reakce (okyselovani, acidifikace), rychlé teplotni
zmény apod. Pii vyrazném poklesu pudni reakce vyvolané zvenci se pufracni
schopnost pudy sniZuje.

transformacni funkce pudy — zabezpecuje preménu latek v jejich cyklu,
umoznuje procesy rozkladu, mineralizace a syntézy. Poruseni této funkce mulze
zpusobovat zneciSténi pidy a pldni vody nebo problémy s vyzivou rostlin. Na

transformacni funkci navazuje funkce asanacni.




asanacni funkce — je soucasti transformacni funkce a ¢asto s ni byva spojovana.
Svym vyznamem zahrnuje procesy rozkladu a mineralizace zivociSnych (i lidskych)
organismu.

transportni funkce — umoznuje migraci latek v piadnim prostfedi a vzajemny
prenos latek mezi pedosférou, hydrosférou a atmosférou. Transport latek probiha
vertikdln¢ (nahoru do atmosféry, doli do geologického podlozi a podzemnich vod)
1 paraleln¢ s povrchem ptdy (smyvem po povrchu, vnitropadnimi toky v zavislosti na
reliéfu a klimatu). NejcastéjSim transportnim médiem je v pad¢ voda.

funkce pidy jako genové rezervy a prostredi pro Zivo¢ichy — ptida je zivotnim
prostorem a zadkladem zivota vSech suchozemskych organismii. Pro dosazeni
optimalnich piidnich podminek je nezbytné pfitomnost organismii a mikroorganismui
v pudnim prostiedi.

kulturni funkce pidy — diky pid¢ mizeme lépe porozumét historickému vyvoji
prirody a lidské Cinnosti. Piida ma tu schopnost, Ze ve svych znacich archivuje
a uchovava zmény klimatu, vegetace. Do této oblasti rovnéz spadaji paleontologické
a archeologické nélezy.

Vsechny pudni funkce (produkéni i mimoprodukéni) jsou v tzkych vzajemnych
vztazich a jsou zranitelné degrada¢nimi procesy. K tomu, aby ptida mohla plnit své
funkce, nesmi byt zdsadnim zplsobem tyto vzajemné vztahy naruseny. Podle odhada
muze jeden gram pudy obsahovat az miliardu bakteridlnich bunék skladajicich se
z tisict taxontt (Fierer, 2017). Pravé¢ stav padni bioty je povazovan za jeden
z nejvyznamngjSich ukazatell kvality pidy diky vysoké citlivosti na zmény podminek
prostfedi (Bastida et al., 2008; Kibblewhite et al., 2008; Bone et al., 2010).

Je nesporné, Ze pidni prostiedi ma zcela zasadni roli ve stabilité ekosystémil
(Blanco a Lal, 2008). Na zeméd¢lskych pidach v ptfipadé nevhodné nastaveného
osevniho postupu a pfi vyuzivani intenzivnich agrotechnickych postupti byvaji slozité
pudni vztahy negativné ovlivnény. Vysledkem jsou zhorSené fyzikalni, chemické
a biologické vlastnosti pidy (Sheoran et al., 2019; Bedolla-Rivera et al., 2023). Puda
na pfipadné zmény ve zplsobu hospodateni, at’ uz pozitivni nebo negativni, reaguje
obvykle pomalu. To je pfi¢ina, pro¢ je nékdy obtizné urcit zmeény v pidnim prostiedi
predtim, nez dojde k vyraznéjsi degradaci (Nortcliff, 2002). Z tohoto divodu je pii
hospodareni s pidou nezbytné uplatiiovat dlouhodoby piistup zaméteny na zachovani
¢1 postupné zvySovani piidni rodnosti (Velten et al., 2015), nebot’ na degradované

pudé je obtizné dosahnout pozadované produkce (Aleminev, 2024; Gao et al., 2025).




2 Degradace pudy

Celkovy stav ptidy a rozsah jeji degradace siln¢ zavisi na zptisobu hospodateni (Blaikie
a Brookfield, 1987; Bronnick a Lal, 2005). Pfipadné naruSeni postihuje cely ekosystém
(Robinson et al., 2013) vcetn¢ lidské spolecnosti a jejiho zdravi (Oliver, 1997).
Samotna degradace pudy obvykle znamend naruSeni ¢i zménu pudnich vlastnosti
(fyzikélnich, fyzikalné-chemickych, chemickych a biologickych), coz se projevuje
v poklesu kvality pidy (Johnson et al., 1997; Lal, 2009). Degradaci ptdy ovliviiuje
mnoho ¢initeld. Mezi nejdiilezitéjsi fadime trvale neudrzitelné zptisoby hospodateni
(Dudka a Adriano, 1997). Zemédé¢lstvi od svého vzniku v Neolitu proslo fadou zmén
po celém svéte. Vysledkem lidské ¢innosti byly postupné zmény krajiny a Zivotniho
prostfedi (Bouma et al., 1998; Huntley et al., 2002; Kaplan et al., 2009). Ty se projevily
v oblasti hydrologie, biologie, pidy apod. (Benito et al., 2010; Macklin et al., 2010).
Dlouhodobé degradace ptdy spociva v postupném poklesu produkce a schopnosti
pudy vyrovnavat se s pfipadnymi negativnimi vlivy (Lal, 2001; Oldeman, 1988).

Za hlavni pidni degradacni procesy jsou povaZovany: eroze pudy zpisobena
vodou ¢i vétrem, extrémni pidni reakce (okyselovani pud ¢i jejich zasolovani),
degradace struktury pudy, nadmérné zhutnéni a zamokieni, ptidni sucho, soliflukce,
desertifikace, ztrata organické hmoty, biologicka degradace, nepiiznivé zmény
v obsahu a kolob&hu Zivin, pokles pufracni schopnosti pidy nebo kontaminace
pfirodnimi a antropogennimi zdroji (Blum, 1997; Virallya, 1989). Jednotlivé typy
degradace spolu vzajemné¢ souvisi. Pfevazujici typ degradace podminuje vznik dalSich
typl a dochazi tak k fetézové reakcei, kterou je obtizné zastavit (MZe-a, 2018). Tato
skutecnost je dobfe zachycena na zjednoduseném schématu na obrazku 1.

Celosvétove je degradaci ohroZeno zna¢né mnozstvi zemédélské plidy. Obecné se
predpoklada, ze je zasazeno nékterym z typl degradace pfiblizné 30 % zemského
povrchu (Nkonya et al., 2016; Smith et al., 2024). Bai et al. (2008) uvadi ve své studii
odhad podilu degradac¢nich procesii na celkové degradaci pudy: vodni a vétrna eroze
az 83 %, nedostatek zivin cca 4 %, nadmérné zasoleni mén¢ nez 4 %, kontaminace
pudy cca 1 %, Spatnd struktura piidy 4 %. Podobna ¢isla uvadi Lal (1994): vodni eroze

56 %, vétrna eroze 28 %.




Vodni
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Zrychleny — Ztrata

povrchovy organické
odtok hmoty
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schopnost struktura
Zhutnéni
pldy

Obrazek 1: Provazanost jednotlivych degradaénich procesi probihajicich v pudé.

Ve ,,Zpravé o Zivotnim prostiedi CR* (MZP-a, 2024), kterou pravidelné vydava
Ministerstvo zivotniho prostiedi Ceské republiky, je uvedeno, Ze vodni eroze je
nejzavaznéj$im degradaénim procesem v Ceské republice. Potencialni ohrozeni vodni
erozi dosahuje 52,9 % celkové rozlohy zemédélského pidniho fondu, pficemz
v 18,2 % je ohrozeno velmi silné. Z hlediska dalSich degradacnich procesti je ve zprave
uvedeno potencialni ohroZeni vétrnou erozi na 29,4 % uzemi. Zhutnénim pidy je
ohroZeno pfiblizn¢ 40 % tzemi (z toho 70 % zplsobeno intenzivnim zemé&délstvim,
30 % genetickymi vlastnostmi ptidy). Obsah organické hmoty v ptidé ma nizky ¢i nizsi
az stfedni celkem 55,8 % zemé&d&lskych ploch Ceské republiky.

RovnéZ je vsituacni zpravé uvedeno, Ze problémem je plosné zneciSténi
pochazejici zejména ze zemédelského hospodareni, nebot’ méa vyznamny vliv na jakost
povrchovych a podzemnich vod (erozni splachy obsahujici pesticidy, dusi¢nany a dalsi
latky). Zprava dale obsahuje informaci, ze celkova ztrata pudy zptisobena vodni erozi
vzhledem ke zmén¢ klimatu vzroste do roku 2050 o 13-22,5 % ve srovnani s rokem
2016.

Aktudlné platny koncepcni dokument Evropské komise ,,EU Soil Strategy for
2030 (EU-a, 2021) vytycuje stfednédobé (do roku 2030) a dlouhodobé cile (do roku
2050) tykajici se ochrany a dobrého ,,zdravi ptidy. Konkrétné je uvedeno, Ze zékladni
vizi je, aby vSechny ptidni ekosystémy EU byly do roku 2050 ve ,,zdravém* stavu. Do




té doby by meéla byt ochrana a udrzitelné vyuzivani pudy standardni normou.
Dokument uvadi, ze ptdu lze oznacit za ,,zdravou®, kdyz je v dobrém chemickém,
biologickém a fyzikalnim stavu a pokud je schopna nepietrzité¢ poskytovat co nejvice
ekosystémovych sluzeb. Jednim ze strednédobych cili vyse uvedené¢ho dokumentu je
obnova degradované pudy. Z hlediska dlouhodobého cile je pak uvedena snaha
o dosazeni klimaticky neutralni Evropy, kde znecisténi ptidy bude na urovni, ktera neni
Skodlivéa pro lidské zdravi.

Ptedpisem vychézejicim z vyse uvedené¢ho koncepcniho dokumentu je smérnice
»0il Monitoring Law® (EU-b, 2025). Zékladem tohoto pfedpisu je vytvofeni
jednotného systému pro monitorovani a zlepSovani zdravi pudy v EU. Dilezitym
nastrojem je rovnéz ,,EU Soil Strategy Actions Tracker* (Broothaerts et al., 2025), kde
je cilem sledovani postupu realizace jednotlivych kroki ,,EU Soil Strategy for 2030
(EU-a, 2021). Jeho obsahem je 90 aktivit, u nichz je vzdy uveden aktualni stav
(dokonceno, probiha, stazeno). Ke konci roku 2025 je dle néstroje podil dokonc¢enych
aktivit na arovni 70 %.

Vsechna vySe uvedena Cisla a vize je potieba brat s ur¢itym nadhledem, nebot’
presné vycisleni rozsahu degradacnich procesi je obtizné (Gomiero, 2016), stejné tak
jako dosazeni vyty¢enych cilti (Gao a Bryan, 2017). Piesto je spravné, ze podobné vize
a dokumenty existuji, nebot’ nefeSenéd degradace ptudy postupné vede k dlouhodobému
poskozeni pidniho fondu (Morgan, 2009).

NaStésti ve vyspélém svété je snaha o vyrazny posunu smérem k ochrané ptdy
a podpofte udrzitelného hospodateni. Hlavni pfiiny je mozné shleddvat v rozSifovani
legislativnich nafizeni a pfedpisi zahrnujicich ochranu plidy, optimalizaci
managementu hospodateni, posuzovani vlivii zemédélské ¢innosti na zivotni prostiedi
a jejich nasledné kvantifikaci (Fleming et al., 2000; Glasson et al., 2005; Nathanail
a Bardos, 2005; Urusevskaya, 2007). Opatieni tykajici se ochrany plidy nicméné stéle

nejsou dostatecna (viz vyse uvedené informace o stavu pudy z oficidlnich dokumentt).

2.1 Vodni eroze jako jeden z degradacnich procest

wewvr

Novara et al., 2011). JiZ ve druhé poloving€ 19. stoleti byla eroze ptidy povaZovéana za

jeden z nejvyznamnéjSich environmentdlnich problémt (Bakker et al., 2007).




V souvislosti s erozi je potieba si uvédomit, Ze jeden centimetr pudy se tvofi velmi
dlouhou dobu. Nésledna obnova degradované pudy je proto obtiznym a casto
nakladnym procesem (Randolph, 2004). Erozi lze oznacit za pfirodni proces, pii
kterém dochazi k rozruSovani povrchu ptdy, transportu pudnich castic a jejich
nasledné sedimentaci v nizsich polohach svahu. Smyté ptdni Castice jsou piipadné
dale transportovany v hydrografické siti (Blanco a Lal, 2008; Piccarreta et al., 2012).
Ackoliv je vyskyt vodni eroze staly a ptfirozeny jev, jeji rozsah je siln€ ovliviiovan
lidskou ¢innosti, obzvlasté pak neudrzitelnym zpiisobem hospodaieni (Boardman et
al., 1990; Cerda, 1994; Martinez-Casasnovas et al., 2016; Montgomery, 2007). Vodni
eroze podpotend lidskou ¢innosti odnasi pidni ¢astice v takovém rozsahu, Ze nestaci
byt nahrazeny pfirozenym ptidotvornym procesem (Vopravil et al., 2010).
topografické podminky (Cerdan et al., 2010; Koulouri a Giourga, 2007; Musgrave,
1947), kde rozhodujici je velikost sklonu svahu a jeho délka (McCool, 1982; Koulouri
a Giourga, 2007; Zachar, 2011); zpiisob hospodareni (Mondal et al., 2015); vegetacni
pokryv pudy (Paroissien et al., 2015); nachylnost piidy k erozi (Blanco a Lal, 2008);
intenzita desté (Bouraoui et al.,, 2004; Tang et al., 2015; Zhang, 2012); ¢asové
rozdéleni srazek v pribéhu roku (Maeda et al., 2010). Pokud ptivalové desté
zasahnou nechranénou zemédé€lskou pudu, maji silné erozivni Uc¢inky. V takovém
ptipadé miZe dojit k vyraznému sniZeni orni¢ni vrstvy béhem relativné kratké doby.
Diky vysoké intenzité srazek dochazi k ptekroceni infiltra¢ni kapacity pidy (Poesen
et al., 2003), je snizovana jeji saturacni schopnost (Kirkbride a Reeves, 1993; Zachar,
2011), postupné je zvySovana pidni vlhkost (Imeson a Lavee, 1998; Nearing et al.,
2004) a nastava povrchovy odtok. V ném se vlivem kinetické energie srazek
dopadajicich na pidu akumuluji oddélené ptidni castice (Poesen et al., 2003). Tyto
procesy nasledné vyvoléavaji vodni erozi pidy (Janecek, 2008; Mohamadi a Kavian,
2015).

Mnozstvi sedimentu v povrchovém odtoku je zavislé nejen na uvolnéni ¢astic
pudy srazkou, ale rovnéz na rychlosti povrchového odtoku a vznikajicim te¢ném napéti
na povrchu pidy (Morgan, 2009). V misté¢ smyvu vznikd fada problémi v podobé
zhorSenych fyzikalnich, chemickych a biologickych pidnich vlastnosti (Lal et al.,
2000). Eroze zpiisobuje fadu problémil také mimo zasazeny pozemek. Piikladem je
ukladani sedimentti v ficnich korytech ¢i zanaSeni vodnich nédrzi (Mullan, 2013). Do

vodnich tokl se touto cestou dostavaji tézké kovy, ziviny z hnojiv ¢i pesticidy.




To miiZze vaznym zpiisobem ovlivnit kvalitu vodnich zdroji (Vanmaercke et al., 2010),
byt pfi¢inou vodni eutrofizace nebo negativnim zptisobem ovlivnit kolob&éh uhliku,
dusiku a fosforu (Chen et al., 2010; Quinton a Catt, 2007).

Pti hodnoceni rozsahu vodni eroze a jejiho vlivu na puadni vlastnosti je potieba
poditat s velkou rozmanitosti ptidniho prostiedi (Simek et al., 2019). To, co plati pro
jednu oblast, nemusi platit v oblasti jiné. Kazdé misto na na$i planeté je svym
zpusobem jedine¢né, a to samé plati pro ptidu (Rejsek a Vacha, 2018). Zmény ptdnich
vlastnosti v disledku eroze jsou dlouhodobym procesem (Duan et al., 2011)
a zpravidla je nelze hodnotit v kratkych casovych usecich. Tato skutecnost nutné vede
k urcité nejistoté pii méfeni pudnich vlastnosti. Piesto je mozné stanovit obecny vliv
vodni eroze na nékteré piidni vlastnosti: 1) v misté smyvu je sniZovina mocnost
svrchni vrstvy pudy (Lowery et al., 1995; Fullen a Brandsma, 1995; Arriaga et al.,
2003). Je to jeden ze zakladnich ukazateli vodni eroze (Ebeid et al., 1995); 2) obsah
organické hmoty v piidé se piisobenim eroze méni (Papiernik et al., 2009; Sarapatka
et al., 2018). Organick4d hmota je vyplavovana a erodovany pozemek se stava méné
urodnym; 3) ma vliv na zastoupeni zrnitostnich frakei v ptidé (Litaor, 1992; Fullen
a Brandsma, 1995). Obecnym piedpokladem je, Ze nejprve jsou odnaseny jemnéjsi
castice. Az nasledné s rostoucim povrchovym odtokem a jeho transportnimi silami
jsou postupné odndSeny téz§i ptidni Castice (Pasdk et al., 1984). Vysledkem muze byt
vyssi Stérkovitost pozemku; 4) svym piisobenim ovliviiuje vodni eroze rozmisténi
i mnoZstvi mikroorganismi v pudé (Garcia a Hernandéz, 1997). Rozmisténi
mikroorganismii do jist¢ miry odpovidd rozmisténi organické hmoty, nebot’
mikroorganismy jsou jeji sou¢asti. Cast organické hmoty je navic pro mikroorganismy
potravou, a tudiz jejich Cetnost vzrista s riistem organické hmoty v ptidé (Moreno-de
las Heras, 2009; Mabuhay et al., 2006; Hou et al., 2014); 5) vodni eroze ma vliv na
pudni reakci (Gachene et al., 1997); 6) béhem procesu eroze je ménéna struktura
pudy (Packer et al., 1992; Bronick a Lal, 2005). Vliv vodni eroze na strukturu ptdy je
vSak tézko méfitelny, jelikoz se tyka prostorového uspotadani ¢astic; 7) vodni eroze
ovliviiuje porovitost pidy (Abdullahi, 2018; Jankauskas et al., 2008; Ebeid et al.,
1995); 8) na erodovaném misté dochazi k nadmérnému vyplavovani chemickych
latek pritomnych ve svrchni vrstvé pidy. Zejména je vyplavovan dusik a fosfor, ale
1 dalsi chemické latky (Papiernik et al., 2009; Fullen a Brandsma, 1995); 9) vodni
eroze pusobi na reten¢ni kapacitu pad (Lowery et al., 1995). Spitz et al. (2000)

uvadi zavislost retencni kapacity pidy na hloubce pldy, zrnitostnim sloZeni, obsahu




skeletu a humusu ¢i na pidni struktufe. V disledku toho je ovlivnéna také retencni
kapacita pady.

Vodni eroze se d€li z hlediska rozsahu do nékolika forem. Podle metodiky
,,Ochrana zemédélské piidy pied erozi* (MZP-b, 2024) mize byt vodni eroze plo§na,
ryzkova, brazdova, ryhova, vymolna a strzova. McCool a Williams (2008) uvadi, ze
zakladem vodni eroze je plosna a ryhova eroze. Za prvni fazi vodni eroze pudy je
povazovana eroze ploSna. Angulo-Martinez et al. (2012) ji definuje jako komplexni
proces, ktery zpusobuje oddé¢lovani ptidnich Castic vlivem dopadajicich destovych
kapek na povrch pidy a jejich nasledny pfesun na kratkou vzdalenost (Jomaa et al.,
2012; Hudson, 2006; Kinnell, 2005; Morgan, 2009; Ryzak et al., 2015; Sempere-
Torres et al., 1994). Ryhova eroze nastava pii soustiedéném povrchovém odtoku
(Poesen et al., 2003) a Valentin et al. (2005) ji oznacuje za hlavni formu eroze po
celém svété. Pudy jsou takto nendvratné ochuzovéany o orni¢ni vrstvu (nejirodnéjsi
¢ast), coz ma negativni ekonomicky dopad na uzivatele pidy. Ten musi zvySovat
vnéjsi vstupy do pldy s cilem udrzet pozadovanou urodnost a zisk (Morgan, 2009).
ZvySovat vngj$i vstupy v podob& hnojiv a agrochemikalii nejde donekonecna.
Pochopeni procesii spojenych s vodni erozi je klicovym faktorem pro uplatiovani
spravného protierozniho hospodaifského managementu (Garcia-Diaz et al., 2017,

Keesstra et al., 2016).
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3 Pidoochranné technologie

Pidoochranna technologie piedstavuje legislativné ukotveny pojem obsahujici
zeméde€lské postupy a opatieni, jejichz zakladem je U¢innd ochrana pidy pred
degradacnimi procesy, respektive vodni erozi. Historicky nejsou pudoochranné
technologie nijak zv1ast nové, nebot’ jejich cilené zavadéni do systémul hospodareni je
ve svété znamé jiz od konce 40. let 20. stoleti (Morgan, 2009; Montgomery, 2007,
Cerda et al., 2009). Padoochranné zpusoby hospodafeni maji fadu piinost, kdy
hlavnim cilem by méla byt ochrana ptidy pted degrada¢nimi procesy (Ghimirey et al.,
2024; Sadiq et al., 2025). Obecné spliuji principy trvale udrzitelného hospodareni,
které ma tfi hlavni pilife: zodpovédny pfistup k pide, zajisténi ekologickych funkci
krajiny a ekonomicky konkurenceschopnd produkce (Smutny et al., 2015). Jako
protiklad k pidoochrannym technologiim je €asto ddvano konvenéni zemédélstvi,
nebot’ chape piidu zejména jako vyrobni slozku a je ¢asto spojovano s negativnimi
dopady na fyzikalni, chemické a biologické vlastnosti ptidy (Uri, 2000; Nail et al.,
2007; Moussa-Machraoui et al., 2010).

Charakteristickym znakem plidoochrannych technologii je ponechani zbytki
predplodin nebo biomasy meziplodin na povrchu pady, pfipadné jejich mélké
zapraveni (Alberts a Niebling, 1994; Blanco a Lal, 2008). Rostlinné zbytky na
povrchu pidy prinasi nékolik pozitivnich efekti: 1) chrani pidu pred
dopadajicimi kapkami (Blavet et al., 2009; Jordan et al., 2010; Sadeghi et al., 2015),
¢imz dochazi ke sniZzeni povrchového odtoku a ztraty pidy (Cook et al., 2006; Garcia-
Orenes et al., 2012; Keesstra et al., 2016; Prosdocimi et al., 2016). Pravé ztrata pady
a omezeni povrchového odtoku patfi mezi vyznamné benefity rostlinnych zbytka
(Cerda, 2001; Groen a Woods, 2008; Prats et al., 2014); 2) zvySuji drsnost povrchu
(Cerda, 2001; Jordan et al., 2010). Zdrsnély povrch zpomaluje povrchovy odtok
a umoziuje zachytavani piidy a odnasenych zivin (Cerda, 1998; Gholami et al., 2013);
3) zvySuji infiltraéni kapacitu (Jordan et al., 2010; Wang et al., 2016) a zasobu vody
v pudé (Cook et al., 2006; Mulumba a Lal, 2008); 4) podporuji biologickou aktivitu
edafonu, napf. mikroorganismii, ale i samotnych plodin (Fonte et al., 2010;
Thierfelder et al., 2013); 5) pozitivné ovliviiuji celkovy kolobéh Zivin (Campiglia et
al., 2014); 6) zlepSuji stav ptidni struktury a obsah organické hmoty v pidé (De

Silva a Cook, 2003; Karami et al., 2012); 7) sniZuji objemovou hmotnost a zvySuji
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odolnost vii¢i zhutnéni (Shahgholi a Janatkhah, 2018; Tang et al., 2024; Yan a Arthur,
2025); 8) reguluji svou pritomnosti teplotu svrchni vrstvy pidy, coz ma pozitivni
vliv na kliceni rostlin a rozvoj jejich kofenového systému (Dahiya et al., 2007; Riddle
etal., 1996); 9) snizuji evaporaci (Qin et al., 2006; Vanlauwe et al., 2015). Obecné¢ je
dal$im benefitem ptidoochrannych technologii zlepSend ptidni tirodnost a produktivita
pudy (Kagabo et al., 2013). V neposledni fadé piidoochranné technologie udavaji
esteticky raz krajiny (Peng a Han, 2018).

Pti ptidoochranném zptisobu hospodafeni je ¢asto vyuzivano seti (sazeni) do
mulce a strniSté. Terminem mul¢ je myslen materidl na povrchu pidy, ktery chrani
pudu a piispiva k ristu plodin (Jordan et al., 2011). Zpravidla se jedn4 o organicky
material tvofeny poskliziovymi zbytky ptfedplodiny nebo o vymrzlou, ptipadné
chemicky umrtvenou meziplodinu. Pfi dlouhodobé&j$im vyuzivani meziplodin
v osevnich postupech se ocekava piiznivy vliv na vynosy hlavnich plodin a celkovou
kvalitu pady (Javarek a Vach, 2009). Mul¢ mohou rovnéz tvoftit biologické textilie,
Stérk a kameny (Blavet et al., 2009; Jiménez et al., 2016; Jordén et al., 2010; Keizer et
al., 2015).

V dnes$ni dobé existuji vhodné ptidoochranné technologie pro vétSinu erozné
nachylnych plodin pé&stovanych v Ceské republice. Plidoochranné technologie jako
takové spadaji mezi agrotechnickd protierozni opatfeni (Hila et al., 2003) a jsou
ureny pro plodiny, které svym vzristem a zapojenim nedostate¢né kryji piidu
(kukufice, cirok, brambory, cukrova fepa, slunecnice apod.). Pifed uznanim
pudoochranného zpisobu hospodateni je dulezité, aby dostate¢né chranil padu pred
degradaci a byl trvale ekonomicky udrZzitelny. To vyzaduje ovéteni plidoochrannych
systémi komplexnim zplisobem zaloZzenym na dlouhodobéjsim sledovani (Schwilch
etal., 2011).

Utinnost jednotlivych ptidoochrannych opatieni je rozdilna, do znaéné miry
zavisla na pidné-klimatickych podminkéch, kvalité zapojeni porostu v daném roce
a samoziejme i na intenzit€ a cetnosti vyskytu konkrétnich srazek (Vacha et al., 2019).
Mezi dostatecné ovétrené a velmi ucinné ptidoochranné technologie patfi:

1. pfimé seti do nezpracované pudy (no-till) — je urCeno pro pozemky, kde byly
pestovany plodiny zanechéavajici strnist€. Puadoochrannou ucCinnost Ize zvysit
rozdrcenim slamy pfi sklizni a jejim rovnomérnym rozptylenim po pozemku (Hula et

al., 2003). Hlavnimi pfednostmi piimého seti do nezpracované piidy jsou vysoce
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ucinna protierozni ochrana, zvySena schopnost ptidy zadrzovat vodu, snizené naklady
pohonnych hmot a Gspora ¢asu potiebna na piipravu pady (Blanco a Lal, 2008).

2. seti s vyuzitim mélké podmitky (reduced-till) — zakladem je mclké
zpracovani pudy po sklizni s ponechanim maximalniho mnozstvi rostlinnych zbytkt
na povrchu piidy (Hila et al., 2003). Pro podmitku jsou vhodné kypftice s potlacenym
misicim u¢inkem (nedochézi k promiseni rostlinnych zbytkii a zeminy). Pfedpokladem
uspésného vyuzivani technologie je kvalitni regulace plevelli a vzeslého vydrolu
z predplodiny (Kovaricek et al., 2016).

3. seti s vyuzitim meziplodiny (reduced-till, i no-till) — pro zkraceni obdobi bez
vegetatniho pokryvu pudy se vyuziva agrotechnicky postup zalozeny na seti
meziplodin po sklizni hlavni plodiny (Hila et al., 2003). Vznikld biomasa
z meziplodin je pak zdrojem rostlinnych zbytk, které maji silny protierozni efekt.
Zalozeni porostu meziplodiny by se mélo uskutecnit s minimalni ¢asovou prodlevou.
Resenim miiZe byt sou¢asné zaseti meziplodiny béhem piipadné podmitky (Vacha et
al., 2019). V takovém piipad¢ lze technologii fadit mezi reduced-till. Vysev
meziplodin je vSak mozZzny i bez podmitky. Pokud je seti meziplodin provedeno do
nezpracované pudy, jedna se o no-till. Zde je obzvlast’ dulezité kvalitni ukonceni
porostu meziplodin (Wayman et al., 2015).

4. pasové zpracovani pudy (,,strip-till) — obecnym principem technologie je
pasové zpracovand puda v misté¢ budouciho seti (Brant et al., 2016). Zpracovany
a nakypfeny pas pudy poskytuje optimalni podminky pro vyvoj zaseté¢ plodiny,
zatimco nezpracované pasy zustavaji pokryté rostlinnymi zbytky (Mensik et al., 2018).
Urcitou nevyhodu pfedstavuje nutnost umrtveni porostu na nezpracovaném pasu. To
lze provést rliznymi zpisoby (Willmott et al., 2025), nejcastéji desikaci porostu
(Alonso-Ayuso et al., 2020). Z hlediska protierozni Uc¢innosti patii technologie
pasového zpracovani pady mezi vysoce ufinné pudoochranné opatieni vyuzitelné
u celé fady zeméd¢€lskych plodin (Morris et al., 2010). Nejvice se u nas uplatiiuje pii
péstovani kukufice seté (Srbek et al., 2015). Mezi dalsi plodiny péstované timto
zpusobem patii ¢irok, fepka, cukrova fepa, slunec¢nice, mak apod. (Brant et al., 2016).

5. dal$i vhodné pudoochranné agrotechnické postupy — ptdoochranné
technologie nemusi byt vzdy zaloZeny na rostlinnych zbytcich na povrchu ptidy (Rietra
et al., 2022; Singh et al., 2025). Existuji i dal$i moznosti obhospodatovani ptdy, které
jsou ftazeny mezi pudoochranné technologie. Dle ,Metodické prirucky pro

podminénost* (MZe-b, 2025) jsou za pudoochranné technologie povaZovany
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nasledujici postupy: vrstevnicové obdelavani pozemku; hloubkové kypteni pldy
s cilem rozru$it zhutnélou vrstvu a umoznit leps$i vsak vody do pudy (nejcastéji
podryvani u fepky ozimé a cukrové fepy); dilkovani a hrazkovani hritbkii u brambor;
ochranné pasy tvofené travnim porostem, picninami ¢i obilninami; obseti hlavni
plodiny ochrannymi pasy; péstovani plodin s pomocnou plodinou; vyuzivani
podsevovych plodin; pasové stifidani plodin; a dalsi (Novotny et al., 2017).

Pti uplatiovani pidoochrannych technologii je nutné pocitat s tim, ze nemusi
ochranit piidu pfed vznikem eroze za kazdé situace. Vyznamnym zpusobem ale
omezuji rozsah néaslednych degradacnich procesti (Pimentel et al., 1995) a pomahaji
snizovat vysoké finan¢ni naklady spojené s obnovou degradované pudy (Blanco a Lal,

2008).
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4 Komentovany soubor praci

Cilem nasledujicich kapitol je pfedstaveni dilezitych poznatkli o pidoochrannych
technologiich a jejich pfinosech ve vztahu k degradaci pidy vodni erozi. Kazda
z kapitol vzdy obsahuje uvodni komentar, ktery nasledné odkazuje na publikace
vydané v odbornych ¢asopisech (Jimp, Jsc).

Soubor praci tvoii celkem 14 odbornych publikaci. Cast znich se vénuje
jednotlivym erozné nachylnym plodinam. Mezi feSené plodiny uvedené v této
habilitacni praci patii: kukufice seta, Cirok, chmel otacivy, brambory a cukrova fepa.
Doplnéna je i kapitola feSici povrchovy odtok, nebot’ se jednd o nedilnou soucést
procesu vodni eroze. Kazda publikace je uvedena v plném znéni a je vytvorena dle
pozadavkl daného Casopisu. Zpravidla obsahuje ivodni ¢ast, metodicky postup fesent,
vysledky, diskuzi, zaver a seznam pouzité literatury.

V zavérecné casti habilitatni prace jsou uvedeny informace o vysledcich
z aplikovaného vyzkumu. Pravé aplikované vysledky jsou dilezitou soucasti
vyzkumné Cinnosti. Diky nim je mozné S§ifit informace mezi odbornou vetejnost

a podpofit nasledny pienos poznatkli do zemédélské praxe.
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4.1 Kukufice seta (Zea Mays L.)

Kukufice setd patii mezi nejvyznamnéjsi zemédélské plodiny péstované po celém
svété. Také v podminkach Ceské republiky zaujima mezi zemé&dé&lskymi plodinami
dalezité misto. Z pohledu péstitelskych naroki 1ze kukutici povazovat za teplomilnou
plodinu vyZzadujici dostatek slune¢niho zareni a tepla, obzvlast’ v pocatecnich fazich
rustu. Nejvhodnéjsi jsou pro ni hluboké a urodné pidy s dobrou zasobou zivin
a vododrznosti.

Kukutice méa diky vysokému vynosovému potencidlu Siroké moznosti vyuziti:
potravinaistvi, krmivo pro hospodaiska zvirata, biopalivo ¢i primysl. Kromé¢ Sirokého
vyuziti nabizi i Siroké moznosti v technologickém zplsobu péstovani: konvencni
(sitka tadku 75 cm), uzky fadek (Sitka fadku 37,5 cm) ¢i dvojiadek. Pro kukufici
existuje nékolik pudoochrannych technologii, které poméhaji snizovat mnozstvi
povrchového odtoku a rozsah vodni eroze. Mezi G¢inné piidoochranné technologie
patfi: no-till, no-till (izky tadek), strip-till ¢i vyuziti podsevovych plodin.

Konvenéni péstovani kukufice probiha standardné ve vzdalenosti jednotlivych
radkl 75 cm od sebe a je spojeno s nedostatecnym pokryvem povrchu ptidy, obzvlast
v obdobi kratce po seti, nebot rostliny jest¢ nevytvaieji souvisly porost. Tato
skute€nost vyrazné zvySuje moznost vzniku vodni eroze na svazitych pozemcich pfi
vyskytu ptivalovych dest'i. Riziko vzniku silné erozni udalosti vSak pretrvava po celou
dobu vegetace. To potvrzuji data v zavéreCné zprave ,,Monitoring eroze zemédélské
pudy” (Kapicka et al., 2024), kde je shrnuta situace tykajici se eroznich udalosti
v Ceské republice. Vie je podpofeno aktualng probihajici klimatickou zménou. Ta
s sebou piinasi Castejsi vyskyt extrémnich srazek a obdobi sucha. Z téchto divoda by
na svazitych pozemcich mély byt uplatiiovany pidoochranné technologie s cilem
zajistit udrzitelné péstovani.

Vysledky z vyzkumu zaméteného na protierozni ucinnost jednotlivych zpisobt
péstovani kukufice seté jsou uvedeny v Publikaci 1, kterd srovnavd konvencni
technologicky postup s technologii no-till a strip-till. V Publikaci 2 je pak dale
podrobnéji feSena technologie strip-till pfedevS§im z pohledu vlhkosti svrchni vrstvy
pidy v pribéhu vegetaéni sezony kukutice. Cast vysledktl spojenych s kukufici je
uvedena v Publikaci 9 vénujici se odtoku vody z krajiny, respektive metodé¢ CN

kiivek.
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Abstract: Maize (Zea mays L.) belongs among the most important agriculture crops all over the world. The conventio-
nal way of cultivating maize with wide row spacing does not have a soil conservation effect and significantly contributes
to water erosion and surface run-off. In our research, we tested the soil conservation technology (strip-till into grass
cover) which took place in 2016 and 2017 in the location of Central Bohemia. The impact of a strip-till system of maize
into grass cover on reducing the soil loss due to erosion was verified on the area of 21 m? using a rainfall simulator. Du-
ring the research, 70 measurements were realised. The strip-till was compared to fallow land, conventional cultivation
and no-till methods. Profound differences were found in the soil loss between the treatments. There was a decrease in
the soil loss of about 98% in the strip-till compared to the conventional cultivation. Moreover, the surface run-off was
reduced by 79%. The ANCOVA (analysis of covariance) models of the log-transformed soil loss on the surface run-off
and treatment were highly significant (P < 107'). The measurement results clearly demonstrate the positive effect of
the strip-till into the grass on the surface run-off and soil loss. This positive soil conservation effect was observed even
in springtime, as well as the rest of the season. Using a grass cover for establishing the maize significantly contributes
to the soil conservation on the land threatened by erosion and offers farmers a suitable way of farming when growing
maize. Strip-tilling is a technology that has great potential in sustainable farming.

Keywords: erosion control measures; rainfall simulator; soil conservation; strip-till; surface run-off

Water erosion is a global problem (Novara et al.  land blocks, but also due to the agrotechnology used.
2011) and causes destruction or damage to enormous  More than half of the agricultural land is threatened
areas of agricultural land every year (Morgan 2005). by water erosion in the Czech Republic (Janecek
Agricultural land in the Czech Republic is largely =~ 2005; Sarapatka & Bednat 2015). Soil degradation
exposed to the risk of water erosion due to the large  caused by water erosion is a complex process which

Supported by the Ministry of Agriculture of the Czech Republic, Projects No. QK1910334, No. QK1710242 and
No. MZE-RO0218.
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depends on many factors (Cerdan et al. 2002), and is
also very site dependent, mainly due to the differences
in the soil climatic conditions (Davidova et al. 2015).
Over the past seventy years, large land degrada-
tion has taken place due to intensive farming, which
is continuing presently. Agricultural subsidies have
led to a significant increase in maize cultivation for
the generation of energy from biomass in the Czech
Republic. The expansion of maize acreage has resulted
in the increased risk of water erosion due to the low
vegetative soil cover after the sowing of the maize
and the linear structure (Vogel et al. 2016). Brant et
al. (2017) adds that the next major factor affecting
arable soil erosion is large distance of the maize rows.
Within optimising cultivation systems of wide-strip
crops (especially maize), new technological methods
and procedures are being researched worldwide,
which would ensure an increase in their energy and
economic efficiency. In these technologies, under
the conditions of European agriculture, a significant
emphasis is put on eliminating the degradation of
the soil processes, especially erosion, on increasing
the infiltration abilities of the soils, on mitigating
the technogenic soil compaction and on supporting
the soil structure. One of the ways on how to fulfil
the above-mentioned requirements is using a strip-
till technology (Brant et al. 2016). Strip-tilling is a
method of seedbed preparation in which confined
strips of soil are tilled prior to planting. Seeds are
then planted directly into the tilled strips, leaving
inter-row areas protected by residue while avoiding
residue contact with the seeds and seedling plants.
Interest in strip-tilling has increased in recent years
due to evidence that it combines many of the best
aspects of the no-till and conventional cultivation
systems (Randal & Hill 2000).
The main advantages of strip-tilling are obtaining
a positive soil conservation effect as a result of the
remaining crop residues in the inter-rows (Vyn &
Raimbult 1993), improving the soil conditions for
the crops’ development in the rows and depositing
fertilisers close to the roots (basic fertilisation and
the application of nitrogen) enabling a reduction in
their required amount. Another advantage is the more
favourable conditions for sowing based on an earlier
term for sowing compared to the no-till technology.
Also, the strip-till technology has lower requirements
in terms of the initial dosages of fertilisers compared
to other technologies (Sundermeier et al. 2006).
Compared to conventional technologies, the ap-
plication of a strip-till definitely leads to the overall

decrease in the fuel consumption per area unit and,
thus, to a reduction in the energy and economical
inputs (Sundermeier et al. 2006; Brant et al. 2016).
Various experiments with sowing maize into the cover
crops (grass cover and fodder) with minimum soil
treatment as protection of the slope areas against
erosion and against washing-out the agrochemicals
have been carried out in Switzerland (Riittimann et
al. 1995).

MATERIAL AND METHODS

The evaluation of soil conservation technologies
for maize (Zea mays L.) in terms of soil conserva-
tion was carried out using a field rainfall simulator
and also based on a soil survey and taking samples.
The individual plots (established on an experimental
areas) were compared with a control plot fallow.
The magnitude of the surface run-off and soil loss
due to the erosion were observed in the individual
experiments. The verification of the technologies by
the rainfall simulator took place in 2016 and 2017.
The soil conservation technologies for the cultivat-
ing maize were established in cooperation with the
cooperative farm Krasnd Hora nad Vltavou, a joint-
stock company in the Central Bohemian region. This
cooperative is focused on animal production and it
owns two bio-gas stations. The more frequent sowing
of maize into the cropping system also follows from
these activities (other crops in the crop rotation:
canola, wheat, rye, sorghum, legumes).

Experimental areas. The study area is located in
Central Bohemia (Czech Republic) at the experi-
mental station of Skoupy (520 m a.s.l.). The climate
is moderately warm with an average annual tem-
perature of 7.5 °C and an annual precipitation of
550 mm (516 mm in 2016; 548 mm in 2017). The
geographical coordinate system is 49°34'36.456"N,
14°20'44.084"'E (Figure 1).

The soil type Cambisol was classified on all the
experimental areas — the Main Soil Unit MSU 31.
Based on the soil survey, it can be stated that the basic
physical-chemical properties are similar in terms of
the soils for the individual tested plots and, thus, the
tested plots are comparable. The upper horizon of
all the compared sites shows a texture type structure
typical of sand-loamy soils. The basic soil properties:
1.27% total oxidizable carbon (C_ ); humus 2.19%;
total nitrogen (N, ) 0.156; C/N ratio 8.1. The topsoil
layer is up to 30 cm (the soil texture: < 0.002 mm,
7.8%; < 0.01 mm, 15.5%; < 0.05 mm, 28.6%; < 0.1 mm,
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37.0%). The plots for the tested technologies were
selected particularly for their uniform slope of 15%.

Field rainfall simulator. A rainfall simulator is
a device which has been increasingly used to study
soil erosion processes, and the use of rainfall simula-
tors is widely accepted (Kovar et al. 2012; Ma et al.
2014; Lassu et al. 2015; Prosdocimi et al. 2017). The
principle of measuring by a field rainfall simulator
is based on the water spraying on a clearly defined
and delimited area of 21 m?2, when the water jets,
in a selected mode, spray water on the area for the
whole measurement time. The rainfall simulator
was situated down the slope just like the main crop
with the strips of grass. The water spraying mode
lasts for 30 min during the first rainfall simulation,
then there is a 15-min technological break, after
which the second rainfall simulation lasting 15 min
follows. The intensity of the rainfall simulation was
chosen based on the recommendation by the Czech
Hydrometeorological Institute, based on the average
intensity of torrential rainfalls in the Czech Republic.
This intensity is considered to be 60 mm/h, and,
during the mode construction, the condition (for
the course of 15 min at least 6.25 mm) stated in the
Guideline “Erosion Control in the Czech Republic —
handbook” by Janecek et al. (2012) and Wischmeier
and Smith (1978) was also taken into account.

The surface run-off and suspended solids in each
variant were measured. The surface run-off was
collected in a tipping bucket, which is a machine
enabling one to measure the surface run-off. At
constant time intervals of 3 minutes, the samples
were taken into a calibrated container of 319 mL
in size. The amount of the suspended solids for the
particular variant was determined from the samples
adjusted in this way.
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Figure 1. The geographic location of the study area
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Selection of the dates for the field experiment.
The uniform and standard conditions on all the
experimental plots were selected to verify the ef-
ficiency of the erosion control measures. The terms
of the individual trials of the rainfall simulator are
based on the terms of the growing periods given for
the determining factor, the protective impact of the
vegetation cover and the tillage method. The growing
periods are defined in the Prediction Rainfall Erosion
Losses from Cropland East of the Rocky Mountains:
A Guide for Selection of Practices for Soil and Water
Conservation (Wischmeier & Smith 1965).

I. the term of the rainfall simulation — in the pe-
riod from the plot preparation for sowing up to one
month after sowing

II. the term of the rainfall simulation — in the period
for the course of the second month from the spring
or summer sowing

III. the term of the rainfall simulation — in the pe-
riod from the end of the second term of the rainfall
simulation up to harvest.

Verified variants (no-till, strip-till, conven-
tional cultivation, fallow land). The first selected
variant in order to verify the soil conservation effect
was the no-till technology. It was prepared into the
cover of desiccated rye with 75 cm wide rows. The
next technology was the strip-till (sowing maize into
the tilled strip grass cover) with the row spacing
of 75 cm. Both variants were compared with the
conventional way of maize cultivation — classical
tillage and also fallow land (maintained without
vegetation). The sowing of maize took place on the
20" of April 2016 and the 4" of May 2017. A more
detailed description of the agrotechnical operations
is stated below:

The no-till sowing of the maize into the rye cover

(width of row: 75 cm)

— in autumn, the crushing and shallow ploughing-
in of the intercrop by a disc harrow takes place;

— followed by the vertical aeration to a depth of 20 cm;

— soil preparation before sowing by a compactor 1x;

— rye sowing by the no-till sowing machine until the
end of September;

—in spring, the cover desiccation by a total herbicide;

— maize sowing by the no-till sowing machine into
rows of 75 cm.

The maize sowing into treated grass strips — strip-till

— the areal desiccation of the grass cover by a total
herbicide takes place in autumn;

— until the end of October, strip-tilling to a depth
of 25 c¢m is made in the grass cover;
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— the plot is kept in this condition until spring;

— in spring, with the appropriate moisture, strip-tilling
to a depth of 25 cm can be repeated if necessary;

— maize sowing by the no-till sowing machine into
rows of 75 cm;

— the whole area with the grass is treated by the
selective herbicide.

Conventional way of cultivating maize

— in autumn, the crushing and shallow ploughing-
in of the intercrop by a disc harrow takes place;

— followed by the deep tillage of approx. 25-30 cm
until the middle of November, without surface
levelling;

— the tillage remains in a rough furrow until spring;

— in spring, soil treating by a compactor 2x;

— sowing maize into wide strips (75 cm) from the
middle to the end of April.

Statistical analysis. Linear models were used to as-
sess how the soil loss as well as its relationship with the
infiltration differ in the different treatments. Since the
preliminary analysis revealed a considerable heterosce-
dasticity and normality violation in all the models, the
logarithmic transformation of the soil loss values was
used as a response, after which both problems were
eliminated. To avoid the problem with zeros, a small
constant (0.001) was added to the soil loss values be-
fore the transformation. This constant was chosen by a
trial-error inspection of the diagnostic plots checking
for homoscedasticity and normality. ANOVA (analysis
of variance) was used to test for the differences in the
log soil loss means in the different treatments, followed
by Tukey’s multiple comparison. Then, we modelled
the exponential relationship between the soil loss
and the surface run-off in the different treatments
by a linear ANCOVA (analysis of covariance) of the
log-transformed soil loss on the run-off interacting
with the treatment. The significance of the individual
predictors was tested using ANOVA Type-II tests. The
separate models were fitted for the first and the second
rainfall in all the analyses. To test for the difference in

the soil loss between the first and the second rainfall,
we used the paired Wilcoxon test, using the original
(i.e., untransformed) soil loss values. All the analyses
and data manipulations were performed in the R statis-
tical program (R Core Team 2017), with the use of the
packages car (ANOVA Type II tests; Fox & Weisberg
2011) and agricolae (Tukey tests; de Mendiburu 2017).

RESULTS AND DISCUSSION

The results and evaluation of the terrain observation
are based on the field experiments with the rainfall
simulator and the laboratory measurements of the
taken soil samples and the sediment. The following
were evaluated for each variant: the magnitude of the
surface run-off and the soil loss caused by the water
erosion. Values of the surface run-off and the soil
loss gradually decreased in the course of the maize
growth. This was especially influenced by the crop
engaging and also by the natural soil compaction.
The data were evaluated separately in the first and
the second rainfall simulation.

Profound differences were found in the soil loss
between the treatments, both in the first and the
second rainfall (see Table 1 and Figure 2).In the first
rainfall, the highest and the lowest mean soil loss
was recorded in the fallow land and the strip-till,
respectively, and they differed by a factor of 46. In
the second rainfall, the treatments with the highest
and the lowest mean soil loss were the conventional
cultivation and the strip-till, respectively, the former
being 11 times higher than the latter. Interestingly,
there were also similar differences in the soil loss
variability, the standard deviations being always of
the same order of magnitude as the means (Figure 2).
Both in the first and the second rainfall, the treat-
ment had a significant effect on the log-transformed
soil loss (P < 1077), and it explained roughly 40% of
its variability (multiple R? = 0.428 and 0.421 for the
first and the second rainfall, respectively). Multiple

Table 1. The summary statistics of the soil loss under the different treatments and multiple comparisons of the results

First rainfall

Second rainfall

Treatment n

mean SD mean log hg mean SD mean log hg
Fallow land 19 6.673 6.922 1.114 a 0.484 0.650 1.114 a
Conventional cultivation 17 1.965 2.400 -0.479 a 1.727 1.948 -0.479 a
No till 16 0.836 1.390 -2.459 b 0.194 0.356 —2.459 b
Strip-till grass 18 0.144 0.235 -3.169 b 0.160 0.213 -3.169 b

n — the sample size (same for both rainfalls); SD — the standard deviation; mean log — the mean of the log-transformed soil loss;

hg — the homogeneous groups based on Tukey’s multiple comparison of the means of the log-transformed soil loss
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Figure 2. The quartile-based boxplots summarising the soil
loss for the different treatments and the first (grey boxes)
and the second (white boxes) rainfall

comparisons identified two homogeneous groups,
identical in both rainfalls, with the fallow land and
the conventional cultivation in one group and the
strip-till grass together with the no-till in another
group (Table 1). There was no significant overall
difference (evaluated across all the treatments) in
the soil loss between the first and the second rainfall
(Wilcoxon statistic = 2 409.5, P = 0.866).
Generally, there is only little research in the strip-
till technology into the grass cover. Our results are
the first ones to provide information about the soil
loss of the strip-till into the grass in the conditions of
the Czech Republic. In the two-year measurements,
a 98% decrease in the soil loss was achieved in the
strip-till compared to the conventional cultivation.
The soil loss was, in both research years, very similar
without significant differences. Ryken et al. (2018) state
areduction of the soil loss in the strip-till technology
(99%). Other results related to this technology were

https://doi.org/10.17221/25/2019-SWR

published by Wischmeier and Smith (1978). They
determined the efficiency of the strip-till into the
grass cover of between 95-97%. These results are not
different from our values. Another research effort was
recorded by Prasuhn (2012). In this case, a strong soil
conservation effect was measured on the experimental
plots in Switzerland. The soil loss achieved the value
of 0.12 t/ha/year in the no-till (strip-till), while, in
the plough tilled land, the soil loss was 1.24 t/ha/year.
For the soil conservation technologies which include
the strip-till, Wendt and Burwell (1985) recorded a
reduction in the erosion higher than 90% compared
to the conventional cultivation. Likewise, McGregor
and Mutchler (1992) state a lower soil loss by 97% in
the soil conservation technology.

The ANCOVA models of the log-transformed soil
loss on the surface run-off and the treatment for the
first and the second rainfall were both highly signifi-
cant (P < 107°) and both explained 79% of the soil loss
variability. The significance of the individual predic-
tors and their interaction is summarised in Table 2,
the regression lines back-transformed to the original
scale are displayed in Figure 3. As expected, the sur-
face run-off had a significant effect on the log soil
loss (Table 2), all the slopes being positive (Figure 4).
The surface run-off was reduced by 79% compared to
the conventional tillage. In a similar way, Bosch et al.
(2005) state that the surface run-off losses from the
conventionally tilled plots exceeded those from the
strip tilled plots by 81%. In both rainfalls, the regres-
sion slopes significantly varied between the treatments
(see the significant interaction terms in Table 2), the
fallow land having the lowest slope and the strip-till
having the largest (Figure 4).

The presented results of the rainfall simulation
show that the technology of the strip-till offers
strong protection against water erosion. There is
an increase in the surface water infiltration into the
soil compared to the conventional cultivation. If a

Table 2. The analysis of variance tables for the ANCOVA (analysis of covariance) models of the log-transformed soil loss

on the surface run-off interacting with the treatment

First rainfall

Second rainfall

Source of variability

sum of squares df F statistic? sum of squares daf F statistic®
Run-off 149.70 1 91.09%** 130.64 1 94.36***
Treatment 21.73 3 4.41%* 10.68 3 2.57
Run-off : treatment 22.93 3 4.65"" 16.92 3 4.07*
Residual 101.90 62 - 85.84 62 -

df — the degrees of freedom; °F tests are of type II, following the principle of marginality; ***P < 0.001; **0.001 < P < 0.01;

*0.01 < P<0.05

162



Soil and Water Research, 15, 2020 (3): 158—165

Original Paper

https://doi.org/10.17221/25/2019-SWR

Fallow land

Soil loss (t/ha)

Conventional tillage
10.0- .

7.5+

5.0~

2.5

0.0~

Strip till grass

[e]

0 5 10 15 20 25

Surface runoff (mm)

Figure 3. The relationships between the soil loss and the surface run-off for the different treatments, for the first (full

circles and solid lines) and the second (open circles and dotted lines) rainfall

The lines represent the exponential regressions coming from the ANCOVA (analysis of covariance) models fitted separately

for the first and the second rainfall data, with the log-transformed soil loss as a response and the surface run-off interacting

with the treatment as the predictors

surface run-off occurs, the soil particles are released
due to the strip-till from a significantly smaller area
compared to the tillage.

The strip-till of the grass cover shows, in most
cases of measuring zero soil loss values, when only
clean water without sediments flowed from the soil
surface. The fluctuations in the values in some meas-
urements were influenced by the tractor tire track
or by damaging the surface due to black game. All
the experimental variants were prepared in the di-
rection of the water flow line (down the slope). In
practice, the leading grass strips in the direction of
the contour line is expected, thus, achieving even
better soil protection against erosion and surface
run-off. Simultaneously, this technology supports the
soil structure, reduces the evaporation from the soil,
there is a better use of the nutrients from the applied
fertilisers, which, in the final effect, contributes to a
higher yield stability and production quality (Mor-
rison 2002; Ferndndez et al. 2015).

Relatively favourable results were detected in the
variant of the no-till into the rye cover. However,
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Figure 4. The estimates of the regression slopes and their
standard errors from the linear regression of the log-trans-
formed soil loss on the surface run-off for the different
treatments

Data from the first (full circles and solid error bars) and the second
(open circles and dotted error bars) rainfall experiments were
analysed by separate ANCOVA (analysis of covariance) models
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it cannot be applied on all soil types. For example,
in heavy loam soils there was a problem with the
closure of the groove after sowing.

CONCLUSION

Maize is one of the most frequently grown agricultural
crops in the Czech Republic. From the two years-worth
of measurements it is apparent that the technologies
for establishing maize into the grass strips provide a
very strong soil conservation effect compared to the
conventional technology. The soil loss was reduced
to a minimum in the strip-till technology in all the
realised measurements by the rainfall simulator. Also,
the surface run-off was significantly reduced. On the
other hand, the results of the conventional cultiva-
tion on the soil threatened by erosion show that the
soil conservation effect is insufficient. When growing
maize, the most prone period is the time after seeding.
There is no soil conservation effect in the conventional
technology because the plant cover is low. This is the
main difference between the conventional technol-
ogy and the strip-till into the grass. The strip-till
technology has a positive conservation effect even in
the springtime before sowing. The main aim of this
paper was to introduce the results from the rainfall
simulator measuring, as well as a new technological
method on how to use grass covers for establishing
maize and, thus, to contribute to the soil conservation
on soils threatened by erosion. Due to the fact that the
soil loss and surface run-off were lower throughout
the season, it can be concluded that the strip-till is a
suitable soil conservation technology for maize.
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ABSTRACT

Soil moisture is an important factor that affects not only crop growth but also a wide range of soil parameters.
Nowadays, most crops can be grown in different ways: for example, conventional and conservation techniques. Dif-
ferent cultivation systems also affect soil moisture. For this reason, the main focus of this paper is to compare conven-
tional and strip-till techniques for growing maize (Zea Mays L.) in terms of their effect on topsoil moisture. These tech-
niques were chosen primarily because of the significant difference in surface coverage by plant residues. The research
was conducted between 2023 and 2024 at two locations in the Czech Republic. Soil moisture at a depth of 15 cm was
monitored using moisture sensors with automatic recording throughout the maize growing season. Temperature was
also measured in the same way. Due to the changing soil surface cover, the maize growing season was divided into
three parts: the initial growth period, the period up to two months after sowing, and the period of full growth. The
results show the different effects of the tested techniques on soil moisture, especially in the period shortly after sow-
ing. The strip-till had statistically higher (P=0.05) soil moisture in both years compared to the conventional technique.
This confirmed the positive effect on soil water content during the initial growth period of maize. In the remaining two
periods, due to the gradual growth of maize and the decomposition of plant residues, the differences between the
both techniques decreased. In the case of soil temperature, this is a more stable soil parameter which did not differ
statistically between the techniques considered.

Keywords: conservation techniques, soil, soil cover, crop residues, corn, moisture sensor

ABSTRAKT

VlIhkost pUdy je dilezitym faktorem, ktery ovliviiuje nejen rlist plodin, ale i celou fadu padnich parametrd. V dnesni
dobé je mozZné vétsinu zemédélskych plodin péstovat riiznymi zplsoby: naptiklad konvenéni a pidoochranny. Rozdilny
technologicky zplsob péstovani ovliviiuje mimo jiné i pldni vlhkost. Z tohoto ddvodu je hlavnim predmétem clanku
porovnani konvencéni technologie a technologie strip-till pfi péstovani kukufice seté (Zea Mays L.) z hlediska jejich
vlivu na pldni vlhkost ve svrchni vrstvé pldy. Tyto technologie byly vybrany kvdli vyrazné odliSnosti v pokryvnosti
povrchu rostlinnymi zbytky. Vyzkum probihal v letech 2023-2024 na dvou lokalitach v Ceské Republice. VIhkost pady
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v hloubce 15 cm byla sledovdana pomoci vihkostnich ¢idel s automatickym zaznamem po celé vegetacni obdobi kukufice

seté. Stejnym zplsobem byla mérena i teplota. Vzhledem k ménici se pokryvnosti povrchu ptdy bylo vegetacni obdobi

kukufrice rozdéleno na tfi ¢asti: obdobi pocatecniho ristu, obdobi do dvou mésicl od seti, obdobi pIného vzristu. Z vysled-

kd je patrny rozdilny vliv technologii na padni vihkost v obdobi kratce po seti. Technologie strip-till méla v obou letech

statisticky vyssi (P=0.05) vlhkost ve srovnani s konvencni technologii. Potvrdil se tak pozitivni efekt na obsah vody v pidé v

pocatecnim rustu kukufrice. Ve zbylych dvou obdobich se vlivem postupného riistu rostlin a rozkladem posklizinovych zbyt-

ki rozdily mezi technologiemi sniZovaly. V pripadé teploty pudy Ize konstatovat, Ze se jedna o stalejsi pldni parametr, ktery

se u posuzovanych technologii statisticky nelisil.

Kli¢ova slova: idoochranné technologie, plida, pokryvnost pldy, rostlinné zbytky, kukurice, vihkostni senzor

INTRODUCTION

Soil moisture and soil temperature are very important
parameters in terms of crop germination and growth, in-
cluding yield. Of course, soil water content is influenced
by the occurrence and amount of atmospheric precip-
itation (e.g. Kovacevic et al., 2007; Maitah et al., 2021;
Mohammed et al., 2022; Singh et al., 2024). Atmospheric
precipitation reaches the crop, where it is further redis-
tributed. The total amount that reaches the soil can vary
considerably depending on the crop. For example, in the
case of rainfall in maize (Zea mays L.), which is the sub-
ject of this paper, Nazari et al. (2020) report values for
direct raindrop plus leaf runoff ranging from 31%-83%,
stem runoff ranging from 15-25%, and interception rang-
ing from 10-20%. Values of rainfall water reaching the
soil are, of course, influenced by total volume, rainfall in-
tensity, row spacing, number of plants per unit area, as
well as growth stage and leaf orientation, etc. (Zabran-
sky et al,, 2013; Brant et al., 2017; Sun et al., 2017). All
of the above aspects affect the resulting soil moisture.
In addition to soil moisture, soil temperature is also the
subject of the paper, which also affects several parame-
ters (Heinze et al., 2017; Onwuka et al., 2018). In plants,
for example, it affects germination, emergence time and
the onset of other growth stages (Blacklow, 1972). Its in-
crease can lead to higher total leaf area index (Bollero
et al., 1996). For some climatic regions and depending
on the time of sowing, an increase in soil temperature is
associated with higher maize grain yield and total plant
biomass (Vatca et al., 2021). Some authors also report on
a higher effect of temperature than soil water content on
maize emergence (Kurtyka et al., 2011; Gaile 2012; San-

tos et al., 2018). The layer of organic matter on the soil
surface then influences the amount of solar radiation,
protects the soil from water loss by evaporation and
from erosion, and leads to a reduction in surface runoff
or soil temperatures, etc. (Ny¢ et al., 2015; Hdla et al.,
2019; Jaskulski 2019; Kabelka et al., 2021).

The use of different tillage techniques (conventional,
strip-till, no-till, etc.) can affect soil water content and
soil temperature (and other soil characteristics - physical,
chemical and biological), and thus on crop germination
and growth (Matus et al., 1997; Torabian et al., 2019; Sti-
pesevi¢ and Kladivko 2005; Leskovsek 2021; Faligows-
ka et al., 2022). It has been found that deeper soil loos-
ening can lead to drying and temperature changes (e.g.
Gatezewski et al., 2023). According to various authors,
the observed differences in terms of soil water content
when comparing conventional tillage and soil conserva-
tion techniques may also be influenced by the methods
of soil water determination (e.g. Gatezewski et al., 2023).

In this paper, two basic methods of maize cultiva-
tion (conventional cultivation, strip-till) are evaluated. In
conventional tillage, the soil surface is usually without
post-harvest crop residues (Mhlanga et al., 2016) as they
are incorporated into the soil (Kdmpf et al., 2016). Strip-
till is considered a soil conservation technique (Prochaz-
kova et al., 2020; Rézewicz, M., 2022) and combines the
advantages of no-till and conventional tillage, where
only part of the soil is tilled, and part remains covered
with crop residues. This paper aimed to test the follow-
ing hypotheses:



1. strip-till will have higher soil moisture at 15 cm soil
depth due to higher surface residue coverage;

2. the difference
techniques will be evident throughout the maize

in soil moisture between the
growing season;

3. soil temperature, similar to moisture in strip-till,
will be statistically different from conventional
cultivation.

MATERIAL AND METHODS

The research was conducted in the Czech Republicin
2023 and 2024 (Figure 1). In 2023, the selected location
was in Central Bohemia, and in 2024, the location was in
South Bohemia. A more detailed description of the soil
parameters at both locations is shown in Table 1.

- Location Central Bohemia - the experimental
area is in Central Bohemia. The average annual
temperature is 7-8 °C, and the average annual
rainfall is approximately 550-650 mm. The altitude
of the field is 480-520 meters, and the average
slope is 11.6°. Soil type according to WRB (2022)

is cambisols.

- Location South Bohemia - the experimental
area is in South Bohemia. The average annual
temperature is 7-8 °C, and the average annual

rainfall is approximately 550-650 mm. The altitude

of the field is 440-450 meters, and the average
slope is 3.1°. Soil type according to WRB (2022)
is stagnosols.

Table 1. Soil conditions at experimental locations

Soil parameter Central Bohemia South Bohemia

Texture (USDA*) Loam Sandy Loam
pH (KCI) 5.4 5.8
SOC* (%) 0.98 1.16
Bulk density (g/cm?) 1.44 1.46

*USDA- U.S. Department of Agriculture: texture triangle; SOC-soil or-
ganic carbon

In each year, the experimental plots were marked
with different variants of maize. All tested variants were
located next to each other to ensure the same soil condi-
tions. In total, three sown maize variants were tested in
each year and are described below:
this method is the
classical way of cultivating the soil for growing

- Conventional cultivation:
maize. The standard plant spacing for each row is
75 cm. As a rule, tillage is carried out in autumn,
Plant

residues are basically absent from the soil surface

supplemented by organic fertilisation.

at the time of sowing.

The Czech Republic
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Figure 1. Map of experimental locations in the Czech Republic



- Strip-till: the basic principle is to strip-till the soil
in dead plant residues. Only a space of about 25
cm wide is loosened, into which maize is then
sown precisely (plant spacing 75 cm). The rest of
the surface is not cultivated and is covered with
plant residues of different crop species. In both
years, two different strip-till variants were tested.
In 2023, 1) Lolium perenne L., 2) Trifolium pratense
L. were used for strip-till. In 2024, strip-till was
applied to crops of: 1) Vicia L. + Triticosecale (Witt.)
Miintzing, 2) Secale cereale L. + Vicia L. The strip-
till technique is characterized by high surface
coverage of plant residues in the spring season.

After marking the experimental plots, the TMS-4 sen-
sors (TOMST, Czech Republic) were set up and checked
to avoid possible problems with discharge or lack of
memory. This sensor has already been used in a number
of papers (Wild et al., 2019; Kopecky et al., 2024; Vo-
pravil et al., 2021; etc.). The TMS-4 dataloggers measure
both soil moisture and soil temperature through one
moisture sensor and three temperature sensors. Mea-
surements are taken at regular intervals throughout the
day. The interval for recording the soil moisture readings
was set to every 15 minutes. This was followed by the
placement of the sensors in the soil immediately after
sowing the maize. The sensors were applied on all three
variants in two repetitions to a soil depth of 15 cm. The
distance between the two sensors on one variant was
2 meters. In a set interval (15 minutes), the sensors re-
corded moisture and temperature throughout the maize

growing season.

Before the harvest, the TMS-4 sensors were removed
from the soil and the data downloaded to the computer,
followed by further data processing. There were two
TMS-4 sensors per variant. The results from both sen-
sors were averaged so that only one value was worked
with. Due to the large number of sensor records, a 3-day
interval was chosen for data processing, with the result-
ing value representing the average moisture content in
% (volumetric) for each of the 3 days. Soil temperature,

expressed in °C, was processed in the same way.

For data evaluation, the maize growing season was di-
vided into three periods. This step was taken because of
the changing parameters on each variant during the sea-
son (e.g. residue decomposition in strip-till and the grad-
ual growth of maize plants). The first period represents
the period from sowing to approximately one month
after sowing. During this period, the maize crops are in
the early stages of growth, and the strip-till variants have
a significant amount of plant residues on the surface.
The second period falls in the growing season from one
month after sowing to approximately two months after
sowing. The maize has a higher leaf area index, and the
plant residues gradually decrease in the strip-till variant.
The third period was chosen as two months from sowing
to harvest. The maize is fully grown in this period.

The data, divided into three periods, were further
statistically evaluated in order to find out the differences
between the individual variants. Both soil moisture (%)
and temperature (°C) were evaluated. In the case of tem-
perature, the two years (2023, 2024) were additionally
compared with each other. For statistical evaluation, the
One-Way ANOVA test and Tukey HSD test were chosen
at a significance level of P=0.05. This made it possible
to determine whether the parameters considered were
statistically identical or not.

RESULTS
Soil moisture measured with TMS-4 sensors
Maize: 1+t period (from sowing to one month after sowing)

The character of moisture evolution was different in
the two evaluated years, as can be clearly seen in Fig-
ure 2. The main reason for this is the different climatic
conditions due to the air temperature and especially the
occurrence of precipitation events in a given year. Pre-
cipitation has a major influence on soil moisture. In 2023,
precipitation events at the Central Bohemia location
were more frequent, which had an impact on soil mois-
ture fluctuations. In 2024 at the South Bohemia location,
rainfall was not as frequent and intense. Nevertheless,
the same trend was observed at both locations for each

technique as described below.



In the first observation period, the average soil mois-
ture values at 15 cm were lowest in the conventional
cultivation (see Table 2), which is characterised by low

surface cover.

In contrast, the strip-till showed statistically high-
er moisture content in both years. The main reason for
this can be attributed to the surface coverage of plant
residues, as these are the basis of this technique. The
strip-till was always monitored in two variants (different
cover crops). In 2023, there was no statistically signif-
icant difference between strip-till (Trifolium pratense L.)
and strip-till (Lolium perenne L.). In 2024, in addition to
the statistical difference from the conventional cultiva-
tion, there was also a difference between the strip-till
variants. The strip-till (Secale cereale L. + Vicia L.) showed
statistically higher moisture content than strip-till (Vicia

L. + Triticosecale (Witt.) Mlintzing). The main reason for
this was the better quality of the crop residues and the
higher surface cover, which was visually evident in the
strip-till (vetch+pigeonpea). Hypothesis 1 (higher soil
moisture in strip-till) was confirmed in the first period.

Figure 2 also shows that when comparing the differ-
ences between conventional cultivation and strip-till, the
differences are greatest at the beginning of the period.
All lines tend to converge as time progresses. This trend
is also clearly visible in Table 2. Throughout the first pe-
riod, strip-till had a positive effect on soil moisture. Plant
residues, by their presence on the surface, prevented
evaporation and, at the same time, slowed down sur-
face runoff and promoted water infiltration into the soil
when rainfall occurred. This resulted in higher average
soil moisture at both locations.

Table 2. Moisture conditions on the tested variants in the first period

Central Bohemia - 2023

South Bohemia - 2024

Soil moisture (%) - volumetric

Conventional Strip-till: Strip-till: Conventional Strip-till: Strip-till:

cultivation Trifolium pratense  Lolium perenne cultivation Vicia + Triticosecale  Secale + Vicia
Date o & & Date . & e

o [a) o [a) o a o [a) o Q o [a)

< < < < < <
27.5 3.69 0.56 15.76 0.49 13.35 054 6.6 16.48 0.26 18.15 0.27 20.74  0.29
30.5 3.28 0.51 14.78 0.48 12.38 049 9.6 16.68 0.12 18.63 0.17 20.98 0.21
2.6 291 0.52 13.80 0.39 11.73 046 126 16.48 0.17 18.27 0.16 20.37 0.17
5.6 10.73 8.95 18.19 4.76 17.38 622 156 16.45 0.26 18.08 0.24 19.79 0.23
8.6 16.60 2.86 21.14 0.58 24.35 049 1846 16.61 0.81 18.09 1.08 19.32 041
11.6 20.00 4.96 22.46 1.64 25.22 1.07 216 17.08 0.11 18.71 0.18 18.96 0.20
14.6 16.24 1.47 20.36 0.66 24.01 0.54 246 17.48 0.15 18.90 0.18 19.03 0.20
17.6 18.67 1.44 20.29 0.98 24.22 0.77 27.6 17.20 0.21 18.37 0.19 18.66 0.24
20.6 19.03 3.04 19.81 1.48 23.74 0.99 30.6 16.83 0.11 17.97 0.13 18.33 0.15
23.6 21.31 1.68 24.10 0.78 2477 049 3.7 16.34 0.20 17.49 0.23 17.76 0.30
26.6 18.43 0.77 22.87 1.08 22.53 1.04 6.7 16.18 0.19 17.11 0.16 17.46 0.22
29.6 16.95 0.36 20.10 0.65 19.12 1.03 x X X X X X X
Average 13.99 2.26 19.47 1.17 20.23 1.18 Average 16.71 0.24 18.16 0.27 19.22 0.24

* SD - standard deviation
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Figure 2. Trend of soil moisture in the experimental plots in the first period (polynomial trend line, fourth degree)

Maize: 2™ period (from the end of the 1° period to two
months after sowing)

The beginning of the second period directly follows
the end of the first. Again, the lines in the two years un-
der evaluation have a different evolution, which is due,
as in the previous case, to the different occurrence and
frequency of rainfall. The trend seen in the first peri-
od, when the average moisture values were gradually
approaching, continued. During the second period, the
moisture content of the strip-till was lower than that of
the conventional cultivation in a number of cases (Fig-
ure 3). This was particularly true for the strip-till (Lolium
perene L.), where this was also reflected in the statistical
evaluation, as this variant is statistically different from
the strip-till (Trifolium pratense L.). However, the pattern
of the trend is the same for both strip-till techniques, as
can be clearly seen in Figure 3.

There was no statistical difference between the con-
ventional cultivation and strip-till variants, and therefore,
they can be considered identical in the second period
(Table 3). One reason for this is the gradual decompo-
sition of the crop residues in strip-till. As a result, the
surface cover decreases, and the techniques evaluated
gradually become more similar. In addition, conventional
cultivation usually leads to partial weeding, which fur-
ther makes the two farming techniques closer (in terms
of surface cover). Another reason is the gradual growth
of maize plants. This has the impact of reducing the sur-
face cover effect. While surface cover is a key factor in
the period shortly after sowing, once the maize plants
are more mature, they are able to intercept any rainfall
with their leaves and limit the impact of sunlight. This
reduces the effect of remaining crop residues in strip-till

techniques.



Table 3. Moisture conditions on the tested variants in the second period

Central Bohemia - 2023

South Bohemia - 2024

Soil moisture (%) - volumetric

Conventional Strip-till: Strip-till: Conventional Strip-till: Strip-till:

cultivation Trifolium pratense  Lolium perenne cultivation Vicia + Triticosecale  Secale + Vicia
Date s & & Date & & &

o [a) o [a) o ) o [a) o [a) o [a)

< < < < < <
2.7 16.37 0.35 18.55 0.65 16.91 1.05 9.7 16.39 0.82 17.13 0.90 17.47 1.21
57 15.69 0.17 16.88 0.50 1450 050 127 16.27 0.58 17.19 1.98 17.55 2.22
8.7 15.12 041 15.16 0.73 1240 1.01 157 19.21  0.18 22.52 0.18 23.01 0.26
11.7 16.15 4.69 14.62 3.35 10.27 0.66 18.7 18.37 0.76 20.48 0.48 20.04 0.47
14.7 1843 2.85 20.96 0.71 20.11 497 217 17.83 0.66 19.71 0.20 19.02 0.92
17.7 18.57 3.52 21.59 2.05 20.82 248 247 18.14 0.22 19.85 0.19 18.63 043
20.7 15.08 0.73 18.87 0.93 17.08 134 27.7 17.13  0.25 19.22 0.34 1711 0.39
23.7 13.57 042 16.34 0.79 13.62 1.03 307 16.47 0.16 18.41 0.22 16.21 0.18
26.7 1292 0.14 15.29 0.10 1253 039 28 1560 0.11 17.22 0.07 15.07 0.14
29.7 15.36 2.06 16.19 0.61 12.71 033 58 15.60 0.14 17.00 0.11 14.97 0.18
1.8 16.30 0.89 16.89 0.23 12.81 042 838 1553 0.15 16.82 0.15 14.81 0.18
4.8 1541 047 16.78 0.50 1241 045 x X X X X X X
Average 15.75 1.39 17.34 0.93 14.68 1.22 Average 1696 0.37 18.69 0.44 17.63  0.60

* SD - standard deviation

Figure 3 shows that when heavier rainfall occurs,
strip-till can still slow surface runoff more effectively and
promote infiltration of water into the soil. Higher water
infiltration results in higher soil moisture. In 2023, this
condition is well evident around the time of July 12t
when a higher rainfall event occurred. Shortly after this
precipitation event, a significant increase in soil moisture
occurred specifically for strip-till, while this increase was
less noticeable for conventional cultivation.

A similar situation occurred in 2024, also in the first
half of July. The main reason can again be observed in
the plant residues on the surface. Although there is a
gradual loss of these due to decomposition, they were
still present on the soil surface during this period. By the
end of the second period, this statement may no longer

be true, as there are not many plant residues on the sur-
face. This was confirmed on 26 July 2023, when a more
significant rainfall event occurred, and soil moisture in
conventional cultivation was higher than strip-till (Lolium
perenne L.) but lower than strip-till (Trifolium pratense L.).

At the end of the second period, in both years, one
strip-till technology showed higher average values than
conventional cultivation, and the other strip-till tech-
nique showed lower values. This is due to the above find-
ings, where both techniques (conventional cultivation,
strip-till) become more and more similar as time passes,
and different results may occur compared to the first pe-
riod evaluated. On the basis of the results, hypothesis 2
cannot be confirmed as statistical significance was not
confirmed in the second period.
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Figure 3. Trend of soil moisture in the experimental plots in the second period (polynomial trend line, fourth degree)

Maize - 3" season (from the end of the 2" season to har-
vest)

The Central Bohemia location received more signif-
icant precipitation in 2023 than the South Bohemia lo-
cation in 2024, where soil moisture trends were down-
ward (Table 4). There were some significant differences
in the statistical evaluation (Table 5). In both years, the
situation was essentially the same. Conventional culti-
vation was statistically identical with one strip-till tech-
nigue each time (Trifolium pratense L. 2023; Secale cereale
L. + Vicia L. 2024). A statistically significant difference
was found for the other strip-till variant (Lolium perenne
L. 2023; Vicia L. + Triticosecale (Witt.) Mintzing 2024).
Generalizing the results only to conventional cultivation
and strip-till (regardless of cover crop type), it can be
concluded that these two techniques are identical during
the full growth period of maize. A very important aspect

of strip-till in this evaluation is the rate of decomposition

of plant residues depending on the type of crop used.
Similarly, the effect of weeding must be considered for
both conventional cultivation and strip-till. These as-
pects must be considered individually as they can sig-
nificantly affect the results in a given year. It may be the
case that conventional cultivation achieves better results
than strip-till in this period (Figure 4).

Soil temperature from TMS-4 sensors

Soil temperature is generally a more stable parame-
ter. Therefore, one of the aims was to compare whether
the soil temperature at 15 cm was statistically the same
in both years. The results presented in Figure 5 show the
temperature evolution over the growing seasons. Figure
5 shows the temperature changes over the growing sea-
sons. From the results in Table 6, it is clear that the soil
temperature trends are statistically significantly differ-
entin 2023 and 2024 (P=2.51E-09).



Table 4. Moisture conditions on the tested variants in the third period

Central Bohemia - 2023 South Bohemia - 2024
Soil moisture (%) - volumetric
Conventional Strip-till: Strip-till: Conventional Strip-till: Strip-till:

cultivation Trifolium pratense  Lolium perenne cultivation Vicia + Triticosecale  Secale + Vicia
Date s & & Date & & &

o [a) o [a) o Q o [a) o [a) o [a)

< < < < < <
7.8 22.23 2.69 21.46 1.61 15.11 0.70 118 15.54 0.21 16.73 0.30 14.85 0.23

10.8 2424 204 23.40 0.88 16.14 043 148 1512 0.14 15.96 0.11 1445 0.14

13.8 18.44  1.30 22.10 0.43 1420 075 17.8 1461 0.16 15.21 0.12 14.04 0.15
16.8 14.88 0.61 19.60 0.92 12.08 0.58 20.8 1470 0.13 15.28 0.11 1412 0.18
19.8 13.09 0.52 17.06 0.73 1040 054 238 1478 0.16 15.34 0.08 1429 0.14
22.8 11.87 0.36 15.04 0.57 8.92 0.51 268 1459  0.20 15.11 0.15 1401 0.26
25.8 1111 0.26 13.53 0.36 7.62 035 298 1474 0.16 15.18 0.11 1422 0.16
28.8 18.46  6.83 16.84 2.95 9.22 1.68 1.9 14.44  0.17 14.87 0.11 13.94 0.19
31.8 2513 0.35 21.16 0.26 11.77 023 49 1420 0.14 14.68 0.10 13.83 0.17
3.9 23.19 0.73 20.81 0.52 11.30 039 7.9 13.86 0.15 14.44 0.06 13.67 0.28
6.9 21.64 042 19.61 0.24 10.52 041 109 1373 0.16 14.39 0.10 13.83 0.12

Average 1857 1.46 19.15 0.86 11.57 0.60 Average 14.57 0.16 15.20 0.12 1411 0.8

* SD - standard deviation
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Figure 4. Trend of soil moisture in the experimental plots in the third period (polynomial trend line, fourth degree)



Table 5. Statistical evaluation of soil moisture in each period using One-Way ANOVA and Tukey HSD test (P=0.05)

Central Bohemia - 2023

South Bohemia - 2024

Period Variants One Way Anova HSD Tukey Test Variants One Way Anova HSD Tukey Test
First x1-x2 1.43E-02 4.45E-02 x1-x4 8.61E-08 3.46E-04
x1-x3 1.97E-02 x1-x5 4.84E-08
x2-x3 9.36E-01 x4-x5 8.45E-03
Second x1-x2 4.30E-02 2.74E-01 x1-x4 1.23E-01 1.06E-01
x1-x3 5.53E-01 x1-x5 6.98E-01
x2-x3 3.47E-02 x4-x5 4.12E-01
Third x1-x2 6.30E-05 9.33E-01 x1-x4 1.70E-04 2.46E-02
x1-x3 4.50E-04 x1-x5 1.19E-01
x2-x3 1.70E-04 x4-x5 1.10E-04

* x1 - conventional cultivation; x2 strip-till (Trifolium pratense); x3 strip-till (Lolium perenne); x4 - strip-till (Vicia + Triticosecale); x5 - strip-till (Secale

+ Vicia)
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Figure 5. Evolution of soil temperature in the experimental plots in 2023 and 2024

The average soil temperature, regardless of the vari-
ant, was 19.19 °C in 2023 and 20.96 °C in 2024. This
information is important for the interpretation of the
soil moisture results, as two temperature-different years
are being compared. Although the soil temperature was
statistically different, the trend in soil moisture on the
tested variants was essentially maintained in both years.
This indicates that soil temperature did not affect the
moisture trend.

In addition to the comparison of the two years, the
soil temperature was further divided into three periods,
as well as the moisture, in order to compare the tem-
perature evolution of conventional cultivation and strip-
till. The average results for each variant for the two years
evaluated are shown in Table 7, and the statistical evalu-
ation in Table 8. Potentially, the largest difference in soil
temperature between the variants should have been in
the first period, as was the case for soil moisture.



Table 6. Statistical evaluation of temperature in 2023 and 2024 using One-Way ANOVA and Tukey HSD test (P=0.05)

Parameter 2023 2024 One-Way ANOVA (Tukey HSD)

P=0.05
Average temperature (°C) 20.96 19.19
2.51E-09
Standard deviation (°C) 1.63 2.21
Table 7. Average temperature values for each variant in 2023 and 2024
Central Bohemia - 2023 South Bohemia - 2024
Temperature in °C
Conventional Strip-till: Strip-till: Conventional Strip-till: Strip-till:
cultivation Trifolium pratense  Lolium perenne cultivation Vicia + Triticosecale Secale + Vicia
Period g % % % % %
o [a) o [a) o [a) o Q o Q o [a)
< < < < < <
First 19.5 0.7 18.8 0.6 18.1 0.6 21.0 1.1 21.3 1.0 21.0 0.9
Second 20.3 0.7 19.3 0.6 19.2 0.6 20.9 0.7 20.9 0.6 21.3 0.6
Third 18.5 0.7 18.0 0.7 18.2 0.7 204 0.6 20.1 0.6 211 0.7

* SD - standard deviation

Table 8. Statistical evaluation of temperature at 3-day intervals in each period using One-Way ANOVA and Tukey HSD test
(P=0.05)

Central Bohemia - 2023 South Bohemia - 2024
Period
Variants One Way Anova HSD Tukey Test Variants One Way Anova HSD Tukey Test
First x1-x2 2.81E-01 6.74E-01 x1-x4 8.96E-01 9.15E-01
x1-x3 2.50E-01 x1-x5 1.00E+00
x2-x3 7.23E-01 x4-x5 9.11E-01
Second x1-x2 2.65E-01 3.78E-01 x1-x4 5.71E-01 9.90E-01
x1-x3 2.96E-01 x1-x5 6.76E-01
x2-x3 9.85E-01 x4-x5 5.91E-01
Third x1-x2 2.65E-01 3.78E-01 x1-x4 5.71E-01 9.90E-01
x1-x3 2.96E-01 x1-x5 6.76E-01
x2-x3 9.85E-01 x4-x5 5.91E-01

* x1 - conventional cultivation; x2 strip-till (Trifolium pratense); x3 strip-till (Lolium perenne); x4 - strip-till (Vicia + Triticosecale); x5 - strip-till (Secale
+ Vicia)



This was partially fulfilled in 2023, when the average
temperature was higher in the first period for conven-
tional cultivation (Table 7). However, the differences be-
tween the variants were very small and, when the stan-
dard deviation was considered, there was an overlap of
values, which had a major impact on the statistical evalu-
ation, in which no statistical difference was confirmed. In
2024, the results for all variants show very similar values
in all three periods. It is important to mention here again
that this is the temperature at a depth of 15 cm, as some
differences could be expected in the case of surface
measurements due to the presence of plant residues.
However, at 15 cm depth, their effect was not apparent,
which means that hypothesis 3 was not confirmed

DISCUSSION

Copec et al. (2015) studied the effect of different till-
age methods (conventional cultivation, conservation till-
age, no-till) on soil water content and yields in maize and
wheat cultivation in Croatia. For example, the authors
report the highest soil water content during maize culti-
vation in the no-till variant at a depth of up to 20 cm (in-
creased infiltration and reduced evaporation); the least
soil water was found in conventional cultivation. The
absence of tillage can lead to lower or higher crop yields
(or no effect on yields) compared to conventional culti-
vation. For maize, Copec et al. (2015) report lower yields
for the no-till compared to conventional cultivation, but
only in some years. In contrast, Sun et al. (2024) report
in an extensive review that yields can be comparable in
some cases for conventional cultivation and soil conser-
vation techniques. Wang et al. (2024) studied the effect
of different strip-till strip widths when it is used in maize
cultivation on the water content (and temperature) of
the soil layer up to 20 cm soil depth (and other soil prop-
erties). The authors report the differences in water con-
tent (and changes in soil water content during and after
rainfall) between the variants with different strip-tilled
strip widths. Licht and Al-Kaisi (2005) studied the effect
of tillage methods, namely conventional, strip-till and no-
till, on the soil temperature pattern during selected days
characterized by different weather conditions and soil

volumetric moisture content. These authors reported
that soil volumetric moisture at depths up to 120 cm was
maximum for no-till and strip-till, but that the differences
between the technologies studied were small.

Gatezewski et al. (2023) also studied soil water con-
tent and soil temperature (at a depth of 5 to 15 cm) un-
der conventional cultivation versus strip-till in winter
barley. The authors reported higher soil water content
for the strip-till only during part of the growing season
(BBCH 87 versus BBCH 77); for both variants, soil water
content was higher between rows compared to with-
in rows. Jaskulski (2019) studied changes in soil water
content when winter wheat, winter canola, and maize
were grown using strip-till. The authors reported that
during wheat cultivation, soil water content was higher
between rows than in rows in the absence of rain for at
least 14 days or at least 5 days after rain; in contrast, just
after rain, soil water content was higher in rows.

For soil temperature monitoring, Wang et al. (2024), in
their study on different strip widths for strip-till (maize),
report differences between the variants with different
strip widths treated to a depth of 20 cm (including the
amplitude of daily soil temperature fluctuations and the
time of occurrence of maximum and minimum tempera-
tures) determined directly in and outside the cultivated
strips. For soil temperature, they report the maximum
differences between the variants during the first weeks
after sowing, whereas before harvest, these differences

were small.

However, Wang et al. (2024) assume that given soil
temperature (or soil water content) results may not be
evident under other climatic conditions. Gatezewski et
al. (2023) state lower temperatures (and amplitude of
temperature fluctuations) in the case of strip-till in win-
ter barley cultivation by an average of 0.64 °C (for both
row and inter-row) for almost the entire growing season.
Compared to conventional cultivation, strip-till heated
and cooled the soil more slowly due to its higher water
content. For conventional cultivation, soil temperature
was slightly higher in the rows compared to between
rows (and for strip-till, soil temperature was slightly



higher between rows). Licht and Al-Kaisi (2005) report-
ed the highest soil temperatures in the top 5 cm of soil
for the conventional cultivation and the lowest for the
no-till (comparing conventional cultivation, strip-till, and
no-till - for maize); however, there were noticeable dif-
ferences between techniques as the day progressed (and
as weather conditions changed - clear sky, cloudy, rain).

CONCLUSION

Sufficient water in the soil is essential for plant growth.
The results show that the strip-till technique contributes
to a higher infiltration of water into the soil shortly af-
ter sowing of maize due to the higher surface roughness,
and therefore to a higher moisture content. This is one of
the reasons why strip-till is considered a highly effective
soil conservation technique. In this context, the quality
and type of crop residues in strip-till are very import-
ant, as this tends to influence the results considerably.
Nevertheless, in all cases, a significantly higher soil mois-
ture was confirmed in the first period (from sowing to
one month after sowing), regardless of the quality of
the crop in strip-till. The effect of plant residues on the
soil surface decreases with time in strip-till. More than
one month after sowing, the higher soil moisture may no
longer be noticeable with this technique, as confirmed
by the measured results. Due to the decomposition of
crop residues and the growth of maize, the differences
between the evaluated variants decreased. From the
second period between the conventional cultivation and
the strip-till, there was no longer a statistically significant
difference in soil moisture at a depth of 15 cm.

In terms of temperature, the years evaluated were
statistically different, but the effect of plant residues
on soil moisture was maintained in the first period. No
statistically significant differences were detected in the
evaluation of temperature for the individual variants,
which confirmed the fact that it is a more stable soil pa-
rameter than soil moisture, where more significant fluc-

tuations were observed.
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4.2 Chmel otacivy (Humulus lupulus L.)

Chmel otacivy je viceletd (vytrvald) rostlina s dulezitym hospodatskym vyznamem
pro pivovarnictvi, ale i pro dalsi potravinaiské a jiné sektory. V Ceské republice méa
péstovani chmele dlouholetou tradici. Ceské chmelové odriidy (Zatecky polorany
Cervenak, sladek aj.) jsou celosvétové uzndvany pro svou vysokou kvalitu Sistic.
Z hlediska péstitelskych naroka vyzaduje chmel urodné a hluboké ptidy s dostatkem
organické hmoty a pfiznivym vodnim rezimem.

Ve chmelnicich a obecné ve vytrvalych kulturdch neni v soucasné dob¢ kladen
prilisny diiraz na ochranu piidy pied jeji degradace vodni erozi. Pfitom fada pozemki
se nachazi ve svazitém terénu. Vytrvalé kultury se navic vyznacuji vysoce intenzivnim
obdélavanim, beéhem kterého pida podléha dal§im degrada¢nim procestim (zhutnéni
pudy v prostoru kolejovych stop, ztrata organické hmoty apod.).

V piipadé chmelnic je pii klasickém zpiisobu obhospodatfovani snaha udrzovat
mezifadi v prabéhu roku bez rostlinného pokryvu. Nékolikrat do roka se provadi mélké
kypfteni s cilem omezit plevele, podpofit infiltraci vody ¢i pfipravit padu pro pfioravku
chmelovych tadli. Tento zplisob hospodafeni se v dobé¢ klimatické zmény jevi
z pohledu ochrany piidy pted vodni erozi jako nedostate¢ny. Pii piekroceni infiltracni
schopnosti pidy miiZze mit navic mélké kypteni negativni efekt a zpisobit tak vyrazny
smyv pudy v disledku nakyptené svrchni vrstvy.

Cilem by proto m¢l byt technologicky zptisob hospodaieni, ktery jednak zajisti
dostate¢nou ochranu pidy svazitych pozemki a zaroven nebude mit negativni dopady
na vyslednou produkci chmele. RovnéZ by feSeni nemélo nadmérné zasahovat do
zab&hnutych zplsobil hospodafeni. Moznosti protierozni ochrany ve chmelnicich jsou
proto zna¢né omezené. Pokud se odpoutame od skutecnosti, Ze nové chmelnice se
nedoporucuje zakladat na erozné ohrozenych plochach, je potfeba mit k dispozici
vhodnou ochranu pro chmelnice stavajici. Vzhledem k tomu, Ze je na pozemku
pfitomna chmelova konstrukce, neni mozné aplikovat organiza¢ni ani technicka
protierozni opatieni. Zbyvajici moznosti je Uprava agrotechnickych postupi. Jako
vhodné feSeni se ukazuje ozelenéné mezifadi pomoci vhodnych druhi meziplodin.
Mezipolodiny zvySuji pokryvnost povrchu pidy a tim sniZuji rozsah vodni eroze.
Kromé protierozni G€innosti ma ozelenéné meziradi celou fadu dalSich pozitivnich

aspektu.
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Protierozni ti¢innost u ozelenéné¢ho mezitadi je podrobné popsana v nasledujicich
ttech publikacich (3, 4 a 5). Publikace 3 je zaméfena na porovnani protierozni
ucinnosti  konven¢niho zptisobu hospodafeni s technologii osetého meziradi.
Posuzovana je doba kratce po seti, az do plného zapojeni zasetych meziplodin. Na
Publikaci 3 navazuje Publikace 4 vénujici se vyplavovani organické hmoty z pudy
vlivem vodni eroze. Celou problematiku doplituje Publikace 5. Ta je zaméiena na tzv.
soil loss ratio (SLT) udavajici primérnou ztratu piady v piesn¢ definovanych obdobich
u daného technologického postupu. Z SLT je v Publikaci 5 dale spocitan ochranny
vliv vegetace (C-faktor). C-faktor ptredstavuje parametr, ktery je soucasti rovnice

USLE (Universal Soil Loss Equation) vyuzivané pro vypocet dlouhodobé ztraty ptdy.
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Abstract: Soil degradation caused by water erosion in sloping hop gardens is definitely a serious issue because the
space in inter-rows is without plant residues for most of the year in traditional cultivation. Cover crops in inter-
rows of hop gardens and their efficiency in soil conservation are assessed in this article. There is only little research
available in this area, and our data bring unique information on water erosion in hop gardens. Technologies with
different types of cover crops were always compared with the conventional cultivation. The research was conducted
within the years 2016-2020. A field rainfall simulator was used to determine the soil conservation effectiveness of
selected technologies. The simulated rainfall was performed in two stages of cover crops growth with the main aim
to measure the overall soil loss. The outcomes from the measurements confirmed that cover crops in inter-rows of
hop gardens protect the soil surface from falling raindrops and significantly (P-value < 0.05) reduce soil loss. It can
be concluded that this technology had a soil conservation effect already one month after sowing, and it is a basis for

sustainable agricultural management on sloping hop gardens.

Keywords: extreme precipitation; sloping land; Humulus lupulus L.; permanent crops

On sloping lands, water erosion is the main factor
of soil degradation and causes irreversible changes
(Gao et al. 2011). Unfortunately, the problem of
soil water erosion on agricultural land has been
an inseparable part of the environmental threats in
the last decades (Lal 1994). It negatively influences
food production, drinking water quality, ecosystem
services, eutrophication, mud floods, biodiversity or
carbon stock in soil (Boardman and Poesen 2006).
Moreover, under climate change, the frequency of
extreme rainfall is expected to increase (Groisman
et al. 2005, Eekhout et al. 2018), which is likely to
exacerbate the problem of water erosion. It means
that more agricultural lands located in a slope will
require erosion control measures (Li and Fang 2016).
One of the most problematic agricultural crops from
the soil erosion point of view is hop (Humulus lu-
pulus L.). Hop gardens are highly prone to water

erosion in the traditional way of cultivation (Kabelka
et al. 2019). The plants have a well-developed root
system (Brant et al. 2020), but they are planted in
construction with wide rows and the inter-rows of the
hop garden are not protected against water erosion
(Auerswald et al. 2009). In the case of sloping land,
there is strong soil loss in every heavy rain (Bagio
et al. 2017). Finding some information in the scien-
tific literature about an effective soil conservation
technology for hop gardens is quite problematic;
however, it is possible to look at the research of other
permanent crops where the situation is better. For
example, several studies (Marques et al. 2010, Palese
et al. 2014, Biddoccu et al. 2017) report that cover
crops (or grass cover) in the inter-rows are suitable as
a soil management practice adopted to reduce surface
runoff and soil erosion in vineyards or orchards. Cover
crops are meant to be suitable for plant species (e.g.,
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Secale cereale L., Phacelia tanacetifolia Benth., Vicia
sativa L., Sinapis alba L., etc.) that are cultivated in
the inter-rows (Krofta et al. 2012). It supposes that
the cover crops growing in inter-rows of sloping hop
gardens reduce soil loss and surface runoff. However,
the information on effectiveness is lacking. The main
aim of this article is, therefore, to quantify the soil
loss in conventional cultivation (CC) technology and
in soil conservation technology (SCT) with different
types of cover crops in inter-rows of hop gardens.

MATERIAL AND METHODS

The research took place in hop gardens near the
Solopysky village and was conducted within the
years 2016—-2020. This is a typical hop-growing area
in the Czech Republic with a slightly warm to dry
climate. The mean annual temperature is 7-8.5 °C,
and rainfall is 450-550 mm. Soils in experimental
plots were determined as Luvic Cambisols. The basic
properties of soils are listed in Table 1. Experimental
plots had the length of at least 16 meters (two-column
fields) and the slope was 17% (year 2016-2018, GPS:
50.2592208N, 13.7413078E) and 9% (year 2019-2020,
GPS: 50.2553675N, 13.7355892E).

In total, 4 technologies were selected to verify and
check the soil loss. CC was selected as the control
technology, and the three remaining SCT variants
were always established in early April. All verified
technologies are mentioned in the following text:

(a) conventional cultivation (CC);

(b) Phacelia tanacetifolia Benth. (SCT);

(c) grass-legume mixture (SCT);

(d) Sinapis alba L. (SCT).

A rainfall simulator with four nozzles was used to
measure water erosion. It is a widespread device in
the research of soil erosion processes (Chmelovéd and
Sarapatka 2002, Lassu et al. 2015, Kabelka et al. 2020).
A total of 76 rainfall simulations were performed. The
principle of measuring by rainfall simulator is based
on spraying water on a clearly defined area. In our
case, the size of the rainfall simulation area is 21 m?.

Table 1. The basic properties of soils in experimental

plots
Soil texture (% C N
( 0) ox tot C/N
<0.002 <0.01 <005 <O0.1 (%)
23.8 36.5 66.7 84.4 1.53 0.184 8.3

C__ - oxidisable carbon; N, — total nitrogen
ox tot

Table 2. The average distribution of R factor into months
in the Czech Republic (Janeéek et al. 2012)

IV V VI VI VI IX X
FactorR(%) 1 11 22 30 26 8 2

At the bottom part of the defined area, there is
a water-collecting flume through which the surface
runoff flows together with the eroded soil particles.
Rainfall simulator allows monitoring soil loss, the
amount of precipitation, water infiltration or the
beginning and the end of surface runoff. Therefore,
the outcomes from the rainfall simulator offer

a complex set of information on verified technologies

and their soil conservation effectiveness during the

simulations. It is important to ensure soil and slope
conditions of individual experimental plots to be as
similar as possible.

Rainfall simulations on the designated area were
always done twice consecutively. The length of the
first rainfall simulation was 30-min. This was followed
by a 15-min technological break. After that, there
was the second rainfall simulation with a duration
of 15 min. Two rainfall simulations were performed
in order to verify the conditions of the soil with
natural moisture and subsequently the conditions
of the soil already saturated. Verification of selected
technologies took place in two development stages
of cover crops in growing terms stated in the guide-
lines "Predicting rainfall erosion losses — a guide
to conservation planning" (Wischmeier and Smith
1978). The description of individual growing terms
is stated below:

— First-term of rainfall simulations (second grow-
ing period) — the period from plot preparation to
sowing up to one month after sowing or planting.

— The second term of rainfall simulations (third
growing period) — the period of the second month
from spring or summer sowing.

These terms correspond to the end of April
(I’ term) and the end of June (II"? term). In this
period, torrential rains already occur in the Czech
Republic. Their distribution within individual months
is shown in Table 2.

The rainfall intensity was set to be 1 mm/min. To
determine the rate of soil loss, the samples of surface
runoff with eroded sediments were taken every three
minutes from the water-collecting flume on the place
of outflow surface runoff from the simulated area.
After rainfall simulation, each sample was dried in
the oven for 12 h at 105 °C in the laboratory. This
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determined the weight of eroded particles (mg) for
each sample. Based on the amount of eroded particles
and the amount of surface runoff, the total soil loss
in individual technologies was calculated. Each term
of measurement and each technology (CC, SCT) was
examined for normal distribution using the Shapiro-
Wilk test (P-value < 0.05). In some cases, the values
did not have a normal distribution, so it was decided
to demonstrate the difference between technologies
using the non-parametric Mann-Whitney U-test
(P-value < 0.05).

RESULTS AND DISCUSSION

Results of the five-year research show that the worst
technology is CC, as supposed, which was chosen
as the control technology, and the SCT results were
related to it. The information on soil conservation
efficiency is quite unique because a considerable
part of studies devoted to hop gardens is focused on
hop breeding (Patzak et al. 2010), protection against
harmful organisms (Bedini et al. 2015) or qualitative
parameters of hops (Almaguer et al. 2014). However,
there are very few research studies evaluating the soil
degradation caused by water erosion in hop gardens
in case they are located on slope areas. The results of
CC confirm insufficient soil conservation efficiency
of traditional hop gardens cultivation. On the other
hand, the importance of cover crops is apparent.

The most prone period is the time shortly after cover
crops sowing (Nunes et al. 2011). Nevertheless, the
results in Figure 1 show a positive soil conservation

https://doi.org/10.17221/24/2021-PSE

effect even in their first growing stage. The highest
soil losses were mostly measured in technology with
Sinapis alba, but the positive trend is still apparent
in this technology. In this article, cover crops are
evaluated regardless of the crop type.

In the first term of measurement (the month after
sowing), the significant (P-value < 0.05) soil con-
servation efficiency of cover crops was determined
in rainfall simulation on naturally moist soils. The
soil loss in SCT was lower by 54.9% (Figure 2) com-
pared to CC. The initial soil moisture varied slightly
from year to year. However, the most important fac-
tor is that the rainfall simulations between verified
technologies in individual terms were performed in
a minimum time span (usually within a day). The
aim was to ensure equivalent conditions during the
simulations. After the first simulation, the soil mois-
ture conditions in the verified technologies can be
considered as unified. In the second rainfall simula-
tions on saturated soils, the differences in the soil
loss decreased in all the verified SCT technologies
compared to rainfall simulations on naturally moist
soils. The main reasons are soil saturation from the
previous rainfall simulation and the small height of
plants in the first month after sowing. This meant
that the soil conservation effect was not statistically
confirmed.

Cover crops’ soil conservation efficiency increased
during the season up to their full growth (Figure 2).
The maximum soil conservation effect was measured
during the second term of measurement (two months
after sowing), which corresponds to the end of May

The measured values from rainfall simulator in hop gardens between 2016 -2020
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Figure 1. The average efficiency of the individual cover crops in inter-rows of hop gardens
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Summary of rainfall simulations — naturally
moist soil (30-min simulation)
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Figure 2. Overall results from all rainfall simulations in 2016-2020

when the cover crops were fully grown. A considerable
influence of SCT on reducing soil loss was clearly
apparent in rainfall simulations on naturally moist
soils (lower soil loss by 81.4%). Due to the fact that
the plants were already fully grown, a significant
soil conservation effect was also measured in the
rainfall simulation on saturated soils (lower soil loss
by 71.6%). The outcomes from both rainfall simula-
tions were confirmed by statistical tests (P-value
< 0.05). The statistical indicators from our research
are depicted in Table 3.

Based on our data measured in the SCT, a prediction
model was determined, which shows the effectiveness
of soil conservation (space between the lines) from
the time of sowing for two months (Figure 3). The

results indicate that if the cover crops are sown in
early April, they can prevent hop gardens from the
soil loss during the periods of the frequent occurrence
of torrential rains. After the phase of full growth,
the cover crops begin gradually dry up and generally,
their leaf area index is decreasing (Reichenau et al.
2016). However, due to the fact that they are still
present in inter-rows until the hops harvest, their soil
conservation effect in this period is also assumed.
Of course, using cover crops is not without flaws.
Track trajectories cause the biggest issues. In these
places, there are traces of soil compaction, and sur-
face runoff usually starts in these places. However,
as reported by Smirnov et al. (2019), the problem of
soil compaction in the track trajectories also occurs

Table 3. The statistical evaluation of soil loss from rainfall simulations 2016—2020

5t term 11" term
CcC SCT CC SCT
The soil loss — naturally moist soil
Mean (t/ha) 15.34 6.8605 11.832 2.206
Median (t/ha) 15.27 8.11 7.73 2.245
Counts 5 5 5 5
Mann-Whitney U test hypotheses H1 group 1 > group 2
P-value 0.048 >0.01
The soil loss — saturated soil
Mean (t/ha) 6.912 5.862 6.384 1.813
Median (t/ha) 6.57 5.495 6.48 1.14
Counts 5 5 5 5
Mann-Whitney U test hypotheses H1 group 1 > group 2
P-value 0.345 > 0.01

CC - conventional cultivation; SCT — technology with cover crops; CC was measured once a year for five years. Hence 5
is the number of counts; in 2016 there were 4 SCT measurements in each term, in 2017-2020 there were 2 SCT meas-
urements in each term. The mean in both terms (I*t and 11" term) was calculated from the measured data every year.

Therefore, the number of counts is also 5
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Soil conservation effeciency of cover crops in inter-rows of hop gardens

T 100

Eoe o~

= 90 \\\ )

g ~ ¥ =-0.0398x> + 1.2729x + 98.767
2 80 ~

S

I 70

TE 60 -

[2+]

SE 50

25 40 .

T8 30 ]

= 20 | ¥ =0.0162x2 — 2.3618x + 102.35

5 @ saturated soil

S 10 4

g 0 © naturally moisture soil

< T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
é 1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61

Sowing Days after sowing
cover Ist term of 11" term of
crops measurement measurement

Figure 3. Prediction of soil loss in two months after sowing. The value of saturated soil in the I*' term of meas-

urement is 100% because the results of soil conservation technology were not statistically different from the

results of conventional cultivation

in CC. It is, unfortunately, an inseparable part of hop
gardens cultivating due to frequent traffic of agricul-
tural machinery. Another problem can be weeds, which
are often considered a serious threat in agriculture
(Clark et al. 1998). On the other hand, some authors
(Yagioka et al. 2015, Hashimi et al. 2019) state that
weeds can have a similar function as cover crops.
Weeds also cover the soil, so it might be possible to
reduce water erosion in this way, but it is necessary to
perform mulching before their reproduction in inter-
rows for weeds control (Gupta 1991). Plant residues
from mulching then further protect the soil from water
erosion (Meyer et al. 1970).

Some comparisons of our results can be made with
the research conducted in other permanent crops
(vineyards, orchards), where it is possible to find
out more information on water erosion. Novara et
al. (2011) measured lower soil loss for SCT by up to
76% compared to CC in vineyards. In a similar way,
Marques et al. (2010) state 84.6% lower soil loss in
SCT. Biddocu et al. (2017) also do not differ much
in the results for vineyards (lower soil loss by 72% to
89%). In orchards, Gémez et al. (2009) determined
lower soil loss in SCT by 79% compared to CC. All
these studies are in line with our results measured
for hop gardens. Blanco and Lal (2010) state that
the main cause of water erosion on sloping plots is
insufficient soil cover. The conclusion of this article
is the same. When the cover crops are in inter-rows,
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the consequences of water erosion are much lower
compared to CC without vegetation. Due to the positive
results in SCT, it can be concluded that cover crops
in inter-rows of sloping hop gardens significantly
reduce soil loss.
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Abstract: Currently, when cultivating Humulus lupulus, there is no systematic farming reducing soil erosion in the
Czech Republic. As a result, annual irreversible soil and organic matter losses due to intensive rains occur on soils
of hop gardens threatened by erosion. One of the possibilities how to reduce water erosion in hop gardens and
thereby to decrease the amount of washed away organic matter is using the conservation effect of suitably selected
catch crops in inter-rows. Two catch crops were selected to test: Phacelia tanacetifolia and a grass-legume mixture.
Organic matter in soil is a key factor to maintain the stable soil environment and our results show that the amount
of washed away organic matter was reduced by more than half compared to conventional farming (60% — naturally
moist soil, 54.5% — soil already saturated). The research was conducted between the years 2016 and 2017 close to
the village of Solopysky. Soil loss was investigated using a rainfall simulator from which the organic matter washing
away was consequently determined. The rainfall simulator is a device enabling to measure not only the soil loss due
to water erosion but also the volume of surface runoff, infiltration etc. From the outcomes of measurements carried
out with rainfall simulator it is apparent that these technologies have a significant soil conservation potential in
hop gardens.

Keywords: catch crops; permanent crops; soil conservation technologies; soil degradation

Soil water erosion is the process by which soil ma-  to realize that one centimetre of soil takes decades

terial (either organic or inorganic) is removed from
its initial place by a combined action of raindrop
energy and runoff (GOEBEL et al. 2005). It is one
of the principal mechanisms of land degradation
(LAL 2003; BATIONO et al. 2007) and very serious
worldwide issues. In the Czech Republic more than
51% of agricultural land is threatened by soil deg-
radation (SARAPATKA & BEDNAR 2015). It is vital

up to hundred years to form and the consequent
renewal of degraded soil is a very lengthy and expen-
sive process and in many cases the remedy-renewal
process is not even possible (RANDOLPH 2004). If
the soil is to fulfil all its functions, its fundamen-
tal properties cannot be principally affected. For
more than a century, soil organic matter has been
recognized as a key determinant of soil fertility and
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agricultural production (HILGARD 1906; TIESSEN et
al. 1994; BORDONAL et al. 2017). Due to an optimum
amount of good-quality organic matter in soils, the
soil is able to fulfil a range of irreplaceable processes
which have a significant influence on physical and
chemical soil properties (REIcosKky 2003) and play a
critical role in sustaining soil quality and sustainable
agricultural productivity (AMUNDSON et al. 2015).
Organic matter undergoes transformations in soil,
such as mineralization, humification, assimilation
or stabilisation (GUGGENBERGER 2005). Humifica-
tion has the most significant effect on soil fertility
(PETTIT 2004). Humus also contains substances which
can affect plants as hormonal stimulators. Even a
small amount of humus can significantly improve
the soil ability instrumental in plant growth (BRADY
& WEIL 2002).

Organic matter loss in soils is generally regarded
as the most significant factor of soil degradation
process. Numerous studies have demonstrated that
soil erosion has significant negative impacts on the
organic matter and nutrients in soils and sediments
(GREGORICH et al. 1998; Fu et al. 2009; KIRKELS
et al. 2014). The loss is caused predominantly by
wind and water erosion and by insufficient supply
of organic fertilisers into soils (RITTER & ENG 2012).
Soil particles are taken by erosion along with the fine
humified part of soils, which is the most precious
part of soil profile and its lack significantly influ-
ences the scope and speed of degradation processes.
These processes have strong impacts on soil organic
carbon dynamics in soil (LAL 2005; X140 et al. 2017)

Water erosion is particularly manifested on slop-
ing plots of land in crops insufficiently covering the
soil surface. One of the crops which significantly
contribute to water erosion and consequently to
organic matter loss is hop. The hop is a permanent
crop remaining on one plot for 20 to 25 years, some-
times even longer (STRANC et al. 2012). All over
the world the hop is cultivated in row spacing from
2.7 to 4.2 m and if the hop garden is located on a
hillslope and the soil conservation in inter-rows is
not sufficient, it is easily prone to water erosion.
These hop gardens lose their most fertile part when
torrential rains occur.

One solution could be using catch crops intended
for green manure (DURAN-ZUAZO & RODRIGUEZ-
PLEQUEZUELO 2008; MARQUES et al. 2016). Catch
crops are thought to be suitable underplanted crops
cultivated in inter-rows of hop gardens (KROFTA et
al.2012). Catch crops have long been valued for their

soil conservation benefits (KASPAR & SINGER 2011;
CHATTERJEE 2013) including reduction in runoff
and soil erosion (GOMEZ et al. 2009; JAHANZAD et
al.2017; ETEMADI et al. 2018), improvement of soil
structure (PALESE et al. 2014) and increase in infiltra-
tion and soil organic carbon content (VANDERLINDEN
et al. 1998; MARQUEZ-GARCIA et al. 2013). Catch
crops can also be a promising option to accelerate
carbon sequestration (PAUSTIAN et al. 2016; PARDO
et al. 2017). A suitable combination of catch crops
has a positive effect on soil structures also due to
underground biomass. Underground biomass is un-
derstood as the root system of crops. Roots are one
of the main sources of carbon and nitrogen in soils
(ZpruULl et al. 2004; RASSE et al. 2005); their labile
carbon compounds and root exudates contribute
to the stabilization of soil in the upper 5-cm layer
(JacksoN et al. 2017).

MATERIAL AND METHODS

The research was conducted near the village of
Solopysky, which is located 12 km south-west of the
town of Louny. Typical climate is slightly warm and
dry. Mean annual rainfall is 450-550 mm and tem-
perature 7—-8.5°C. The terrain of wider surroundings
is significantly rugged. Soils are luvic Cambisols due
to texture differentiation. In irregular locations there
are fluvic characters (IUSS Working Group 2015).
The main soil-forming process is weathering perma-
carbon with neutral or weak alkaline reaction. The
basic soil properties: 1.53% total oxidizable carbon
(Cox); humus 2.64%; total nitrogen (Ntot) 0.184;
C/N ratio 8.3. The topsoil layer up to 50 cm (the
soil texture: < 0.002 mm — 23.8%; < 0.01 mm 36.5%;
< 0.05 mm - 66.7%; < 0.1 mm — 84.4%). There are
mentions of soil compaction in wheel tracks. These
tracks are unfortunately an inseparable part of hop
gardens due to the frequent traffic of agricultural
machinery.

Plots for tested technologies were selected par-
ticularly for their height and uniform slope, which
exceeded 17% in some parts. Soil conservation effec-
tiveness of tested technologies was better manifested
due to the great slope of parcels. Experimental plots
had a length of 16 metres.

In total 4 technologies were selected to test and
check the amount of organic matter washing away.
Two technologies were selected as the control ones
(WiscHMEIER & SMITH 1978) and the two remain-
ing technologies were soil conservation technologies
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with catch crops. In 2016 the experimental plots with

catch crops were established always twice. For this

reason, it was possible to carry out two rain simula-
tions for each type of catch crop during one term.

A more detailed description of tested technologies

can be found in the following text:

(a) bare soil (control plot) — experimental plot is
completely without plant cover,

(b) conventional farming (control plot) — the clas-
sical way of hop farming,

(c) conventional farming with sowing of Phacelia
tanacetifolia — no-tillage sowing of Phacelia tana-
cetifolia in the amount of 10 kg/ha was carried out,

(d) chisel ploughing with the sowing of grass-legume
mixture — no-tillage sowing of grass-legume mix-
ture was carried out (Pisum sativum 20%, Vicia
sativa 20%, Avena sativa 30%, Triticum aestivum
30%) in the amount of 120 kg/ha.

Rainfall simulator was used to measure soil erosion
and consequent organic matter loss. It is a device
which is used to a larger extent to study soil ero-
sion processes, and the use of rainfall simulators is
widely accepted (CHMELOVA & SARAPATKA 2002;
ISERLOH et al. 2013; MARTINEZ-MURILLO et al. 2013;
Lassu et al. 2015). The principle of measuring with
rainfall simulator is based on rainfall simulation on
a clearly defined and designated area. The size of
the rainfall simulation area is 21 m?, from which
subsequently surface water along with eroded soil
particles runs off. The rainfall simulator allows for
monitoring not only the erosion effect, but also
the rainfall and infiltration capacity of soil or the
beginning and the end of surface runoff. Therefore,
results and outcomes from a rainfall simulator offer
a comprehensive set of information about selected
technologies and their soil conservation effectiveness
in the course of torrential rainfalls. When testing, it
is necessary to ensure that soil and slope conditions
of individual options are as similar as possible. For
this reason the technologies were established and
tested on the same plot.

Rainfall simulation on the designated area was
done twice consecutively. The duration of the first
rainfall simulation was 30 min, after which a tech-
nological 15-min break followed. After the allocated
time elapsed, the second (repeated) rainfall simula-
tion with duration of 15 min was performed. Two
rounds of rainfall simulation were selected in order
to simulate rainfalls on the soil with natural moisture
and subsequently on the already saturated soil. Tests
and checks of selected technologies were done in
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three developmental stages of the catch crop cover

on growing dates defined in the guidelines Erosion

Control in the Czech Republic — Handbook (JANECEK

et al. 2012). The description of individual growth

dates is below:

(I) — date of measurement (second growth period)
— period from plot preparation to sowing up
to one month after sowing or planting

(II) — date of measurement (third growth period) —
period to the end of second month from spring
or summer sowing

(III) — date of measurement (fourth growth period)
— from the end of the third period up to harvest

As for the rainfall simulator, the rainfall inten-
sity is set to be 60 mm/h. Conditions described by
JANECEK et al. (2012) were taken into account when
constructing the rainfall simulation regime. This
intensity was chosen based on the recommendation
of the Czech Hydrometeorological Institute and it
reflects the average intensity of torrential rainfalls
in the Czech Republic.

In order to determine the amount of organic matter
washed away, it is necessary to know the total soil
loss during simulation and the amount of organic
matter in the eroded material. Firstly, the final soil
loss for individually tested technologies has to be
determined. Samples of surface runoff were always
taken from the water-collecting flume at the place
of outflow during the measurement using a rainfall
simulator. Samples were taken every three minutes
with the aim to find out the total amount of eroded
undissolved particles. A calibrated container of 319 ml
in volume was used with the sample taken to ensure
the same volume of the taken sample every time.
When the simulation finished, each sample was dried
in a Memmert UFB 400 oven (Memmert, Germany)
for 12 h at a temperature of 105°C in laboratory
conditions. After drying, the weight of undissolved
particles (mg) in each sample with the volume of
319 ml was determined. The number of samples
varied in individual technologies depending on the
beginning of surface runoff. The average amount
of washed undissolved particles for the particular
technology was determined from the samples treated
in this way.

Due to the fact that the rainfall simulator detects
the course and volume of surface runoff, it is pos-
sible to determine how much water ran off from the
rainfall simulation area during the particular time.
Total amount of eroded sediment from the checked
area can be calculated by multiplying the average
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amount of undissolved particles in one sample by
the volume of surface runoff.

Consequently, dried sediment from all samples for the
particular technology was put together and the percent-
age amount of organic matter in the taken sediment was
determined using the right method. In the laboratories
of Research Institute of Soil and Water Conservation,
the method I1SO 14235 (1998), ONORM L 1081, was
selected as the method determining the total amount
of organic matter. If the percentage of organic carbon
in the total amount of eroded undissolved particles
is known, then the amount of washed organic matter
during simulation can be determined as well.

RESULTS

The amount of washed away organic matter is
related to bare soil, which is regarded as control tech-
nology along with conventional farming. Although
the same method was observed during simulation, it
is not possible to compare results for individual dates
and years without converting them to percentage.
This is so because the soil can have different moisture
and temperature parameters when testing technolo-
gies. For this reason, the final values are expressed in
percentage, when bare soil is considered the basis. In
this way, the possibility to compare individual dates
within one year and also across years is ensured. The
average amount of undissolved particles converted to
mg/l from all tested technologies is shown in Table 1.

For the first rainfall simulation the second growth
period was chosen. Catch crops of the grass-legume
mixture reached the height of 12—13 cm. The plants
of Phacelia tanacetifolia were 5-6 cm high at the

time of rainfall simulation. The problem seemed to
be the effect on experimental plot caused by wheel
tracks from agricultural machinery. Surface runoff
occurred just in the wheel tracks.

The second date chosen for simulation correspond-
ed to the third growth period. During the second
measurement, the vegetation cover of catch crops
was fully grown in both soil conservation technolo-
gies. The grass-legume mixture reached the height of
60 cm, whereas Phacelia tanacetifolia only 30 cm. The
wheel tracks were the problem on both experimental
plots again. However, plants started lodging due to
rainfall simulation, among others also in the direc-
tion of the wheel tracks, thus better soil protection
from direct fall of raindrops. The best protection of
wheel tracks was manifested in cover crops of the
grass-legume mixture which was more resistant to
the traffic of agricultural machinery.

The third testing of chosen technologies was done
in the fourth growth period. In the soil conserva-
tion technology with grass-legume mixture some
crops were wilted (Vicia sativa, Avena sativa) but
others (Pisum sativum, Triticum aestivum) still veg-
etated and reached the height of about 60 cm. A
similar situation occurred also with the conventional
farming of Phacelia tanacetifolia. In this period and
individual plants started to wither. The height of
Phacelia tanacetifolia was approx. 20 cm. The basic
values from measuring with a rainfall simulator are
shown in Table 2.

Rainfall simulation on soils with natural moisture
— measured values during rain simulations on natu-
rally moist soils are shown in Figure 1. A polynomial
curve of 3™ degree (cubic polynomial) was chosen

Table 1. Rainfall simulation — average amount of undissolved soil particles in samples taken in tested technologies

Undissolved soil particles (mg/l per one sample)

Type of technology L. term IL. term III. term
2016 (a) 2016 (b) 2017 2016 (a) 2016 (b) 2017 2016 (a) 2016 (b) 2017

. ; 30min 162117 NA 168860 51049 NA 115676 99555 NA 107 738

are sot 15min 119625 NA 81663 73096 NA 74860 66900 NA 54419
Conventional 30 min 142953 NA 137410 55450 NA 136598 102967 NA 131134
farming 15min 96897 NA 63764 50097 NA 81486 75183 NA 64939
C.f + Phacelia 30min 98237 96897 72432 10992 16556 67848 16618 38687 7426
tanacetifolia 15min 88461 95531 39034 8444 1298 36359 9653 37909 4107
Cp. + grass-legume 30 min 142412 156962 104212 5913 14363 28985 33689 54356 20246
mixture 15min 113143 100266 67575 5739 13295 13485 24659 25035 9733

C.f. - conventional farming; C.p. - chisel ploughing; NA — not available — there was only one measurement for technologies

of bare soil and conventional farming in 2016
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as a connecting line of the trend between the dates
of rainfall simulation. As early as on the first date, a
positive effect concerning the conservation of organic
matter against washing away caused by water ero-
sion was observed in soil conservation technologies.
The washed amount of organic matter was similar
in both treatments with catch crops and it ranged
from 16% to 37% compared to bare soil. A significant
influence of soil conservation technologies on re-
ducing the organic matter loss was clearly apparent
on the second date of simulation. With catch crops,
the washing away of organic matter due to water
erosion was reduced nearly by 75% (in 2017 nearly
by 94% in the grass-legume mixture) in comparison
with bare soil. During the third rain simulation, the
tested soil conservation technologies retained strong
conservation efficiency in relation to organic matter

Table 2. Measured values during the rainfall simulation

https://doi.org/10.17221/135/2018-SWR

loss. This efficiency was around 75% in comparison
with bare soil. Results of conventional farming point
out to the insufficient protection of hop garden
inter-rows against organic matter washing away. The
extent of organic matter washing away was usually
significantly higher than the values obtained when
using catch crops.

Rainfall simulation on already saturated soils — the
washed away amount of organic matter during rain
simulations on already saturated soils is depicted
in Figure 2. The cubic polynomial was used again
for the curve of development concerning technol-
ogy conservation efficiency between the dates of
rainfall simulations. The highest organic matter loss
on the first date of rainfall simulation occurred on
plots with control treatments (2016 — conventional
farming, 2017 — bare soil). Differences in the total

) No. of samples
Type of verified technology

Surface runoff Organic matter in sediment

U] (%)

2016 (a) 2016 (b) 2017 2016 (a) 2016(b) 2017 2016 (a) 2016 (b) 2017

5 | 30 min 10 NA 9 360 NA 490 1.16 NA 1.24
are sot 15min 6 NA 6 225 NA 206 1.09 NA 1.25
Conventional ~ 30min 9 NA 10 290 NA 323 1.18 NA 1.11

E farming 15min 6 NA 6 263 NA 228 1.17 NA 1.12

(o)

. Cf + Phacelia  30min 7 5 9 209 102 242 1.17 1.26 1.32
tanacetifolia 15min 6 6 6 212 174 240 1.31 1.30 1.51
C.p. + grass- 30 min 8 8 9 130 137 145 1.33 0.90 1.13
legume mixture 15 min 6 6 6 212 219 167 1 0.88 1.19
B | 30 min 10 NA 10 286 NA 420 1.20 NA 1.11

are sot 15min 6 NA 5 225 NA 249 1.07 NA 1
Conventional 30 min 10 NA 9 280 NA 304 0.96 NA 0.89

é farming 15 min 6 NA 5 205 NA 202 0.97 NA 0.90

[0}

= C.f. + Phacelia  30min 10 10 9 261 254 142 1.67 1.42 1.28
tanacetifolia 15 min 6 6 6 149 171 107 1.86 1.22 1.28
C.p. + grass- 30 min 10 10 9 261 251 74 2.11 1.35 1.48
legume mixture  15min 6 6 5 152 155 58 1.82 1.21 1.66
B " 30 min 10 NA 11 385 NA 503 1.19 NA 1.42

are sot 15min 6 NA 6 265 NA 272 0.87 NA 1.12
Conventional 30 min 10 NA 11 352 NA 294 1.01 NA 1.21

g farming 15min 6 NA 6 271 NA 157 0.96 NA 1.35

= Cf +Phacelia  30min 11 11 11 419 423 353 1.21 1.15 1.92
tanacetifolia 15min 6 6 6 232 152 232 1.53 1.12 1.94
C.p. + grass- 30 min 11 10 11 422 323 279 1.04 1.09 1.58
legume mixture 15min 6 6 6 238 240 168 1.08 1.05 1.66

C.f. - conventional farming; C.p. - chisel ploughing; NA — not available — there was only one measurement for technologies

of bare soil and conventional farming in 2016
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amount of washed away organic matter decreased
in all tested technologies compared to rainfall simu-
lation on naturally moist soils. The main reason is
soil saturation from the previous rainfall simulation
and low growth of catch crops. Even still, the soil
conservation technologies showed lower values than
bare soil and conventional farming. Both treatments
with catch crops were already fully engaged when
rainfall simulation on saturated soils was performed
on the second date. This was demonstrated also in
high soil conservation resistance to organic matter
loss. Organic matter washing away in the case of us-
ing catch crops was lower by approx. 85% compared
to bare soil. On the third date, soil conservation
technologies showed high conservation efficiency.
Both treatments with catch crops reached similar

100 €= = == mimmimimim s

results during measuring. Washing away in inter-
rows with catch crops was lower on average by 29%
compared to bare soil. Technologies of conventional
farming had again weak soil conservation effects on
all dates of measurement. On the third date in 2016,
organic matter washing away was even higher by 26%
compared to bare soil.

Evaluation of the two-year research — based on
the two-year research, bare soil is considered the
worst treatment; it was chosen as the control plot
and results of other technologies were related to it.
Results of conventional farming are not significantly
different compared to bare soil. This fact points
out to the insufficient soil conservation efficiency
of traditional farming. During the second rainfall
simulation on already saturated soil, conventional

R A Conventional farming

@ Chisel ploughing +
grass-legume mixture

O Conventional farming +
Phacelia tanacetifolia

& Bare soil

100

y=-8.8241x2+39.29x + 41.791

¥ =-3.0962x2 + 25.236x — 4.0049

y=6.2936x>—21.16x +43.453

The amount of washed away OM (%)
[}
(=)

y=-14.213x2+ 63.153x - 0.923

»y=28.2338x2—35.458x + 43.866
y=-8.3217x>+25.281x + 5.5916

Term of measurement

Figure 1. The amount of organic matter (OM) washed away during rain simulations on naturally moist soil (first simu-

lation — 30 min)
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A Conventional farming

»=59.68x> - 228.2x +274.29 ® Chisel ploughing +
y=100 grass-legume mixture

O Conventional farming +
Phacelia tanacetifolia

y = 54.068x2— 238.27x + 269.29 < Bare soil

y=41.384x2—198x +243.77

140
120

»=759.681x2—228.2x +274.29

100
80
60
40
20

y=100

y=39.707x>—167.88x + 192.33

»=39.626x2—174.12x + 203.04

The amount of washed away OM (%)

100

y=100

»=10.7556x2—0.2268x + 76.908

y=33.153x? - 156.36x + 187.07

y=12.497x?—78.048x + 132.82

Term of measurement

Figure 2. The amount of organic matter (OM) washed away during rain simulations on already saturated soil (second

simulation — 15 min)

farming was worse in two cases compared to bare
soil. Compared to the treatments with catch crops,
this is a technology whose soil conservation effi-
ciency is very low. The average amount of washed
away organic matter from the two-year research is
depicted in Figure 3 including an error line segment
describing the deviation between the measurements.

It follows from acquired data that by using catch
crops it is possible to reduce the organic matter loss
from soil in the course of the entire season by more
than half compared to conventional farming; both
in the case of rain on naturally moist soils (66.2%),
and also in the case of repeated rain on already satu-
rated soils (59%). In all measured cases the amount
of washed away organic matter was lower compared
to control plots (bare soil, conventional farming).
Catch crops fulfil their soil conservation function
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even shortly after sowing. Their efficiency increases
in the course of the season up to full growth. The
technologies with catch crops still maintain a high
degree of soil conservation efficiency even after the
end of vegetation season. One of the most important
indicators of this research is depicted in Figure 4.
There exists conservation efficiency of catch crops
on individual dates of measurements in relation to
conventional farming. The conservation effect con-
cerning organic matter washing away due to water
erosion was generally very high in the treatments
with catch crops. An exception is the first date with
rainfall simulation on already saturated soil. On this
date the plants of catch crops do not yet reach neces-
sary height and the soil conservation effect is not so
significant as in the following measurements due to
soil saturation from the previous rainfall simulation.
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Figure 3. Average amount of washed away organic matter (OM) during simulations in 2016 (a, b) and 2017: naturally

moist soil — 30 min simulation (A) and saturated soil — 15 min simulation (B)

C.f. — conventional farming; C.p. — chisel ploughing

DISCUSSION

A characteristic feature of soil conservation tech-
nologies during soil cultivation is leaving the residues
of preceding crops or biomass of catch crops on the
soil surface or only a shallow ploughing of these plant
residues into the soil (ALBERTS & NIEBLING 1994).
The same was claimed by BLANco and LAL (2010),
who dealt with principles and management of soil
conservation. The most important outcome of this
research is the finding of a difference in the amount
of washed away organic matter due to water erosion
between conventional farming and technologies with
catch crops. A direct correlation between erosion and

soil management has been found by many authors.
The lower the extent of erosion, the lower is the
organic matter loss from soil. Some authors have
found that soil conservation technologies reduce the
erosion risk by up to 63% compared to conventional
farming (ZHANG et al. 2009). NOVARA et al. (2011)
reported a reduction of erosion with catch crops
from 40% to 76% in comparison with conventional
technology. These results are in line with MARQUES
et al. (2010). In a two-year study at the plot scale
Ruiz-COLMENERO et al. (2011) observed that inter-
rows with a cover crop lost between 50% and 75%
less soil than inter-rows without cover crops. Bip-
poccu etal. (2017) stated that the annual sediment

Figure 4. Conservation efficiency of catch
crops compared to conventional farming:
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yield in cover crops was lower by 72% to 89% than in
conventional farming. Also, MORVAN et al. (2014)
measured low erosion rates for vegetation covered
plots and pointed out the importance of grass cover
density in the wheel tracks of agricultural machinery
to prevent water runoff and erosion.

Conclusions of this study are similar. When there
are catch crops in inter-rows, erosion and washed
away organic matter are much lower compared to
conventional farming which is without vegetation
cover. The values of other authors do not differ very
much from our results when the difference in or-
ganic matter washing away between soil conservation
treatments and conventional farming was on average
lower by 60% on naturally moist soils, and by 54.5%
on soils already saturated. Some authors like WENDT
and BURWELL (1985) recorded a reduction of erosion
higher than 90%. In this way GARCIA-ORENES et al.
(2005) stated that catch crops, by their very presence,
are able to protect the soil surface against the effect of
rain drops. Moreover, catch crops reduce the amount
of surface runoff and they support the formation and
stability of soil aggregates. As it was mentioned by
FULLEN et al. (2006), the organic matter content in
soil under 2% already significantly increases the risk
of erosion. In the longer-term use of catch crops, a
favourable influence on yields of main crops and on
soil structure can be expected (JAVOREK & VACH 2009).

CONCLUSION

The issue of organic matter loss from erosion threat-
ened plots of hop gardens is a significant one. Because
the amount of washed away organic matter was lower
in soil conservation technologies in all realized meas-
urements compared to conventional farming, it can
be concluded that catch crops significantly reduce
the organic matter loss in hop gardens vulnerable
to erosion. On the contrary, measured values in
conventional farming point out the need of using
a different farming method for hop gardens if they
are located on hillside plots. During the season, the
amount of washed away organic matter in plots with
catch crops was reduced by more than half compared
to conventional farming. The soil conservation effect
of technologies gradually increased in the course
of the catch crop growth. The most vulnerable pe-
riod is the time until the catch crop cover is at least
partially closed. Nevertheless, catch crops show a
significant soil conservation effect even in the first
stage. Maximum soil conservation effects were found
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on the second date of measurement, which was done
by the end of June. Thus, during the periods of the
most frequent occurrence of torrential rains, catch
crops prevented organic matter loss from the plot
threatened by erosion.
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Abstract: The research presented in the article was focused
on determining the C-factor for hops for conventional culti-
vation (CT) and soil conservation technique, which is based
on the presence of cover crops (CC) in the inter-rows. The
values of the soil loss ratio, which are the basis for the
calculation of the C-factor, are also presented. The research
activities were carried out between 2016 and 2023 and a field
rainfall simulator was used for the measurements. Rainfall
simulations were conducted at three developmental stages
of CC. The results show a high C-factor value for CT (0.73),
which indicates insufficient erosion control efficiency. In
contrast, a C-factor of 0.16 was determined for the cover
crop technique. This means that cover crops in the inter-
rows of hop gardens can effectively reduce the risk of water
erosion. The values reported in the article can be used as
input parameters in various erosion models and equations
to refine the subsequent calculation.
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1 Introduction

Water erosion is one of the most common and serious
degradation processes occurring on agricultural land world-
wide [1,2]. Nowadays, there are efforts to reduce the extent
of water erosion through soil conservation techniques (SCTs)
[3,4]. SCTs are very often based on a high surface cover of
plants or plant residues [5]. When calculating the erosion
control efficiency of a particular technique, the conservation
effect of vegetation (so-called C-factor) is one of the impor-
tant parameters [6-11]. This is an indicator that is part of the
most widely used erosion models, which are mainly the Uni-
versal Soil Loss Equation [9] and the Revised Universal Soil
Loss Equation derived from it [11].

C-factor is defined as a dimensionless number that
varies between the values of 0 and 1, which is influenced
by several parameters: prior land use, canopy cover, sur-
face cover, surface roughness, and soil moisture [12]. A
bare soil (BS) without vegetation with the parameters spe-
cified in Yoder et al. [12] represents number 1 and means
high soil loss (SL). It is also taken as a control technique.
Other farming methods are related to BS according to pre-
determined conditions [7]. The closer the number is to 0,
the lower the extent of water erosion. The determination of
the resulting C-factor always takes place in different crop-
stage periods. The numbers soil loss ratio (SLR) obtained
from the cropstage periods is further corrected by the per-
centage distribution of the R-factor (rain erosivity) during
the year [13].

In this article, the erosion control efficiency in hop
gardens is evaluated in terms of the conservation effect
of vegetation. Hops are typically grown in rows [14]. The
width of the inter-rows is most often between 2.7 and 4.2 m
[15]. This space is kept free of vegetation cover by shallow
cultivation, which is carried out several times a year
[14,16]. There are also specific agrotechnical operations
that are typical only of hop gardens (hop pruning in spring
or ploughing the soil to the plants) [17]. All these agrotech-
nical operations cause that in conventional cultivation

8 Open Access. © 2024 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.
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Figure 1: Location of experimental plots within the Czech Republic. Source: CUZK, 2023.

(CT), the soil surface is not sufficiently protected against
water erosion [18]. Hop is therefore one of the most ero-
sion-prone agriculture crops ever. If the hop garden is
sloping, the soil is carried away with every torrential
rain. Unfortunately, the number of SCTs that can be used
in hop gardens or other permanent crops is limited due to
the way they are grown (in rows) and the presence of a hop
construction.

Cover crops (CC) sown in between the rows are proving
to be a solution. These have a number of positive aspects in
addition to their soil conservation effect [19]. The aim of this
article is to present the following information: (1) determine
the C-factor for CT; (2) determine the C-factor for the SCT
using CC; and (3) monitor how much the C-factor and SLR
values change over the season in different cropstage periods.

2 Methods

The research was conducted between 2016 and 2023 near the
village of Solopysky (50.2591939N, 13.7421664E; 50.2560111N,
13.7337981E), which is located in Central Bohemia in the
Czech Republic (Figure 1). The average annual temperature
in the region is 7-8.5 °C, and the annual precipitation is
450-550 mm. Soils in the experimental plots were luvic
Cambisols [20]. The topsoil layer is up to 50 cm. The basic
soil properties were as follows: the soil texture: <0.002 mm
23.8%, <0.01mm 36.5%, <0.05mm 66.7%, <0.1mm 84.4%;
total oxidizable carbon (C,y) 1.53%; and humus 2.64%. The
research took place on two uniform slopes that had a slope
of 17 and 9%. In each year, experimental plots were estab-
lished in the spring (late March to early April). During

establishment, CC were sown (standard amount for each
species) at the same time, always in three replications due
to three rainfall simulation (RS) terms. Thus, RS were always
performed on an unsimulated surface. Hop plants and CC
were only affected by natural rainfall. The length of each
experimental plot was 16 m (slope 17%) and 32 m (slope 9%).
During the year, all necessary agrotechnical operations
were carried out on the experimental plots. The different
management methods can be seen in Figure 2.

In total, three techniques were selected to test soil
conservation efficiency. The first was BS, which was a con-
trol technique [9]. The other two remaining techniques
were CT and SCT with different kinds of CC. During the
research, six plant species were tested. The following text
contains a more detailed description of the tested methods:
(@) BS (control plot) — the experimental plot is flat and

completely without plant cover. Before each simula-

tion on naturally moisture soil was performed loos-
ening the top layer of soil up to 5cm and then rolling
it with a roller weighing 50 kg. This procedure was
chosen based on methodologies Wischmeier and Smith

[9] and Janecek et al. [13].

(b) CT - the classical way of hop farming, inter-rows
without plant cover, loosening the soil several times

a year. The hops are pruned in spring and the soil is

ploughed to the plants in the second half of May. The

harvest is usually at the end of August. Compared to BS,
the soil surface of CT has a coarser structure and con-
tains compacted soil at the places of the traffic wheels.
() SCT with CC — no-tillage sowing of selected plants

(Phacelia tanacetifolia Benth.; Sinapsis alba L.; Secale

cereale L., Trifolium incarnatum L., grass—legume mix-

ture 1: Avena sativa L., Vicia sativa L., Pisum sativum L.,
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Figure 3: Rainfall simulator in hop garden (end of cropstage period 1). Source: Photo taken by the authors.

Triticum aestivum L.; grass-legume mixture 2: Avena
sativa L., Vicia sativa L.) in inter-rows of hop-gardens
at the beginning of spring. There is no loosening the soil
during the year. Mulching of the plants is also possible if
necessary. At the end of the season (after harvest), the
CC are shallowly plowed back into the soil.

A field rainfall simulator was used as the main research
method (Figure 3). From the measuring, it is possible to
calculate the SL, on the basis of which it is possible to further
calculate the resulting value of the C-factor. The rainfall
simulator is a suitable device that is used to study soil ero-
sion processes on sloping land [21,22]. This device allows
monitoring of the erosion effect, infiltration capacity of
soil, or the beginning and the end of surface runoff. The
amount of surface runoff was determined in a tipping

bucket. The basic principle of measuring with a rainfall
simulator is the spraying of water on a clearly defined
area. The size of the simulating area was 21m* (9.0 x
2.33m), and the intensity of the rainfall was always set at
about 1mm/min. The rainfall simulator used for research
had four nozzles (fulljet type) at the height of 2.0 m. All
nozzles covered an area up to an angle of 104° at a pressure
of 34.5kPa. The average raindrop diameter was 1.5 mm to
2.0 mm, and the average kinetic energy of the raindrops
accounted for 8.78 Jm 2 mm™.

When measuring, it was necessary to ensure that the
soil, slope, and climatic conditions of individual techniques
were as similar as possible. For this reason, all experi-
mental plots were established side by side, tested on the
same slope and on the same day. Two repeated RS were
performed. The duration of the first RS was 30 min on
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naturally moisture soil. Then, there was a 15-min techno-
logical break. After this time, a second (repeated) RS was
performed on soil with higher moisture for a duration of 15
min. Two RS at different soil moistures were performed
due to comprehensive verification of the soil conservation
effectiveness of the measured technique.

Monitoring of erosion control effectiveness must be
spread over the entire year, as it varies with crop growth.
The method of determining the C-factor is therefore divided
into five cropstage periods, which are defined in the guide-
lines “Predicting rainfall-erosion losses from cropland east
of the Rocky Mountains: Guide for selection of practices for
soil and water conservation” [7]. The description of indivi-
dual cropstage periods is defined as follows:
¢ Period F (rough fallow): turn plowing to seeding.
¢ Period I (seedling): seedbed preparation to 1 month after
planting.

Period II (establishment): from 1 to 2 months after spring
or summer seeding.

Period III (growing and maturing crop): end of period 2
to crop harvest.

Period IV (residue or stubble): crop harvest to plowing or
new seeding.

RS were performed for periods I, II, and III. Periods F
and IV (periods outside hop and CC vegetation) were taken
from Wischmeier and Smith [7]. To determine the amount
of SL, samples of surface runoff with soil particles were
taken from the water-collecting flume at the place of out-
flow in the lower part of the experimental area. Samples
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were taken every 3 min into the calibrated container of
319 ml in volume after surface runoff started. Subsequently,
each sample was dried in a Memmert UFB 400 oven (Mem-
mert, Germany) for 12h at a temperature of 105°C in a soil
laboratory.

After drying, the weight of soil particles (mg) in each
sample with a volume of 319 ml was determined. The
resulting SL for each interval was calculated by multi-
plying the soil particles’ values by the amount of surface
runoff. From these values, the SL was calculated for each
technique. For the SCT, we did a statistical calculation
to see if there was a difference between individual spe-
cies. No statistical significance was found, so the article
continues to calculate with CC regardless of species
(Figure 4).

If the SL and other important parameters are known, it
is possible to calculate the C-factor. SL values as the sum of
two RS (first plus second simulation) were used to calculate
the SLR (Table 5). The resulting SLR value was further
corrected by the canopy cover (hop plants) subfactor pre-
sented in Reinard et al. [11]:

CC' = 1-Fc x exp(-0.1 x H),

where CC is the canopy cover, Fc is the fraction of the land
surface covered by a canopy, and H is the distance that
raindrops fall after striking the canopy. The main reason
for this correction is that hop plants were not included in
the inter-row space during the simulations. The correction
took into account the changing Fc and H parameters as the
hops grew.

Soil Loss variations between verifed cover crops
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Figure 4: Measured variations in SL between individual CC at cropstage periods (I, II, and III) from all measurements from 2016 to 2023; *SL - Soil
Loss; there was no statistically significant difference (P-value < 0.05, Mann-Whitney U test) in erosion control efficiency between plant species
(Phacelia tanacetifolia Benth.; Sinapsis alba L.; Secale cereale L., Trifolium incarnatum L., grass-legume mixture 1; grass-legume mixture 2); Average -

average variation from all measurements.
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Table 1: Number of rainfall simulator measurements for the verified techniques

Type of technique Year Total
2016 2017 2018 2019 2020 2021 2022 2023

BS 6 6 6 18
cT 6 6 6 4 6 6 6 6 46
cC 36 36 36 8 12 12 12 12 164
Phacelia tanacetifolia Benth. 12 12 12 36
Sinapsis alba L. 4 6 6 6 6 28
Grass-legume mixture 1 12 12 12 36
Grass-legume mixture 2 4 6 6 6 6 28
Secale cereale L. 6 6 6 18
Trifolium incarnatum L. 6 6 6 18

The SLR for all cropstage periods (F, L, II, III, and IV)
was multiplied by the percentage distribution of the R-
factor (rain erosivity) in the evaluated period to obtain
the partial C-factor. The percentage distribution of R-factor
for the conditions of the Czech Republic determined
according to Janecek et al. [13] is shown in Table 2 and is
based on the long-term monitoring of the Czech Hydrome-
teorological Institute.

In this way, the C-factor was determined for both CT
and SCT in inter-rows of hop gardens. For CT, the resulting

Table 2: Percentage distribution of the R-factor by month in the Czech
Republic according to Janecek et al. [13]

Month v ' VI VII VIII IX X

R-factor (%) 1 1 22 30 26 8 2

Table 3: Soil loss in individual cropstage periods

C-factor was determined after the first 3 years of research
(2016-2018), and for SCT from eight measured years
(2016-2023). Since 2019, BS was no longer verified, but
only CT and SCT are verified (Table 1). Thus, the measured
SL results for the SCT were always percentage recalculated
based on the SL for CT and BS. The aim was to relate the
measured numbers to the value of 1 (BS) and not to the
value for CT. This process was carried out for all RS carried
out after 2019.

SL data from CT and SCT were analyzed to test for
statistically significant differences between cultivation
methods. First, the Shapiro-Wilk test for normality of the
data was performed. Because some of the data sets did not
have a normal distribution, the Mann-Whitney U test at
the significance level P < 0.05 was chosen. The same pro-
cess was performed to verify the difference between CC
species.

Cropstage period First RS Second RS First plus second RS
CcT SCT CcT SCT CcT SCT

SL* SD* SL* SD* SL* SD* SL* SD* SL* SD* SL* SD*
F — — — — — — — — — — — —
I 0.62a 0.08 0.30b 0.13 0.81a 0.08 0.63a 0.20 0.71a 0.02 0.47b 0.14
II 0.83a 0.12 0.19b 0.18 0.86a 0.09 0.21b 0.24 0.84a 0.10 0.20b 0.21
III 0.87a 0.13 0.21b 0.22 0.91a 0.19 0.17b 0.17 0.89a 0.16 0.19b 0.20
v — — — — — — — — — — — —
Average 0.77 0N 0.23 0.18 0.86 0.12 0.34 0.20 0.81 0.09 0.29 0.18

*SL - soil loss, SD - standard deviation; Statistical evaluation was performed for the rainfall simulator data. First, the Shapiro-Wilk test for normality.
Then, the Mann-Whitney U test was performed to determine statistical significance (both statistical tests at the P < 0.05 significance level). CT and
SCTs were always compared at the individual cropstage period. Cropstage periods F and IV were not measured with the rainfall simulator. The values
of the sum of two RS were used to calculate the SLR. The values in the table are related to BS, which represents the number 1.
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Table 4: Basic statistical tests for rainfall simulator data

Cropstage period I I III

Type of cultivation technique T SCT CcT SCT cT SCT
First RS

Shapiro-Wilk test 0.23 0.33 0.04 >0.01 0.06 >0.01
Mann-Whitney U test 0.0M >0.001 0.006

Second RS

Shapiro-Wilk test 0.26 0.09 0.26 >0.01 0.06 >0.01
Mann-Whitney U test 0.180 >0.001 0.003

First plus second RS

Shapiro-Wilk test 0.54 0.1 0.76 >0.01 0.07 >0.01
Mann-Whitney U test 0.029 >0.001 0.005

Mann-Whitney U test - Hq: Group; > Group, (P-value < 0.05). Shapiro-Wilk test (P-value < 0.05).

3 Results and discussion

3.1 SL and partial C-factor in individual
cropstage periods

Period F (rough fallow): in this period (approximately the
end of March to the first half of April), the surface in the
inter-rows is completely without plant cover. The soil is
being prepared for the new hop growing season: the sur-
face is being smoothed with ridge harrows, the hops are
being proned or wiring is done. As soon as suitable climatic
conditions appear, it is necessary to sow the CC. It is impor-
tant to sow them when there is still enough moisture in the
soil after the winter. This will then affect the quality of the
CC for the rest of the season. As there are no crop residues
in the inter-row at this time, we calculated with the value
taken from Wischmeier and Smith [7] for the rough fallow
of 0.7 for both verified techniques. A value of 0.7 is given in
the publication for conventional tillage in maize cultiva-
tion (residue of prior crop removed, cropstage period F).
The surface character of the soil in the inter-row of hop
gardens can therefore be considered similar. According to
Table 2, there is no torrential rainfall yet in this period.
Thus, period F does not affect the resulting C-factor. It is
valid for the conditions of the Czech Republic, as in other
climatic conditions there can be the occurrence of torren-
tial rainfall even in this period.

Period I (seedling): According to Janecek et al. [13] and
Wischmeier and Smith [7], this cropstage period starts on
the day of sowing and ends on the day that closes 1 month
after sowing. CC are in early growth (for hop gardens in the
Czech Republic, it is mainly April). This corresponds to
their soil conservation efficiency (Table 3), which increases
with progressive growth. In this cropstage period, there
were the largest differences (not statistically significant)

between CC species (Figure 4). This is mainly due to differ-
ences in growth dynamics.

Already 1 month after sowing, CC have a significant
soil conservation effect if the RS is carried out on soil
with natural moisture. For the second RS, the soil conser-
vation effect is not statistically significant enough. This is
mainly because the soil had a higher initial moisture con-
tent, and CC were still in their early growth. However, the
value of the sum of the two RS is used to calculate the SLR,
and in this case, the statistical difference was also confirmed
(Tables 3 and 4). In this cropstage period, it is necessary to
start correcting the resulting SL in the SLR calculation due to
the gradual growth of the hop plants. Hop plants cover
approximately 10% of the surface and reach a height of
1m. These values may vary in part depending on the cli-
matic conditions in a given year. In the Czech Republic
(central Europe), torrential rainfall starts to occur in April,
but the probability of occurrence is low. As a result, the
C-factor for both CT and SCT is also low (Table 5).

Period II (establishment): during the second crop-
stage period, the CC gradually reach full growth, and their
soil conservation effect reaches its maximum effect [23].
Significant SL reduction then occurs in the first, second,
and also in the sum of RS. The average SL is 0.2 at the
end of this period, so it can be concluded that SCT effec-
tively protect the soil from water erosion. In contrast, the
SL for the CT remains high and is even slightly higher than
in the previous period (mainly due to the lower amount of
moisture in the soil). Hop plants continue to grow, reaching
a height of approximately 3m and covering 20% of the
surface. In this period, other benefits of CC start to become
apparent, for example, flowering species (Phacelia tanace-
tifolia Benth) attract large numbers of pollinators. The
probability of erosive rainfall increases to 11% in May.
This is reflected in an increase in the C-factor for the CT
for this period. For the SCT, the C-factor is still very low due
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to the high surface cover. This is especially important for
the following III cropstage period.

Period III (growing and maturing crop): this crop-
stage period is considerably longer in terms of time than
the previous periods and has the most significant impact
on the resulting C-factor. This is most often the end of May
or the beginning of June until the harvest, which is usually
toward the end of August (for the Czech Republic). The
length of the growth of the CC is influenced by the choice
of the species and varies. However, even wilting plants
remain in the inter-row and fulfil their soil conservation
function, which is still very high compared to CT. From this
point of view, the grass-legume mixtures looked better.
The SL is still low at around 0.19. For CT, the SL continues
to increase to a very high value of 0.89 in the sum of RS.
Hop plants at this period usually reach the top of the hop
construction (they can be bent over), which is often 6 m
high. They also increase their surface coverage, which is
around 30%. These values are taken into account in the
correction of the SLR calculation. Some studies [24-26]
have focused on the effect of large drops dripping from
plant leaves on SL due to larger kinetic energy and falling
height. This fact may be relevant in the case of hop, as the
mature plant has large leaves and reaches great heights.
These parameters are included in this study as part of the
correction made by the formula [11], which is presented in
Section 2.

Period IV (residue or stubble): after the harvest comes
the final cropstage period, which is also long (September,
October). The hop plants are no longer in the hop gardens,
and the soil surface is cleaned after harvest. The CC should
be ploughed shallowly into the soil after harvest to return
the organic matter and nutrients. Thus, a kind of stubble is
present in the inter-row. Wischmeier and Smith [7] give the
SLR 0.24 for a similar type of soil cultivation (minimum
tillage — residue crop left, cropstage period IV). We there-
fore also use this value when calculating the C-factor. In CT,
the inter-row remains bare without cover. For this reason,
the SLR value 0.62 was chosen. This value means (as well as
in period F) conventional tillage in maize cultivation (residue
of prior crop removed, cropstage period IV). The frequency
of torrential rainfall decreases to 8% in September and 2% in
October in the Czech Republic.

3.1.1 C-factor value

The C-factor for CT was determined in the first 3 years.
When compared to BS, CT is not significantly different in
terms of cover in the inter-rows. As the inter-rows are
loosened several times during the season, there were
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also no plant residues in this area. Some weeds may be
present, especially in the time before the loosening. Despite
the similar character of the inter-rows, the SLR measured
for the CT was lower than for the BS (Table 3). This is
mainly due to the different soil structure. In BS, the simu-
lated area is levelled, loosened, and then rolled over with a
roller weighing 50 kg. With CT, the soil in the inter-rows
has a coarser structure and there may be larger soil aggre-
gates (Figure 2). This affects the resulting amount of surface
runoff and SL. There is also a difference in the presence of
hop plants compared to BS. The resulting value of the
C-factor for CT was determined to be 0.73. This value was
determined based on a total of 18 measurements in
2016-2018 (Table 1). The value is less than 1, but still
very high. This fact confirms that water erosion in hop
gardens is a serious problem and that CT is insufficient in
terms of soil conservation. The value that we have deter-
mined is in general agreement with other authors who
have tried to determine the C-factor in hop gardens.
Janecek et al. [13] state, in their methodology, the C-factor
value for hop gardens of 0.8. Similarly, Auerswald et al.
[27] set the C-factor in hop gardens at 0.78, and MaliSek
[28] set the value at 0.73. Our value is similar to these
numbers and provides a validation framework to confirm
the accuracy of the measurements.

After the C-factor for the CT was determined, we con-
tinued to verify the SCT in order to determine the C-factor
for this technique as well. The resulting C-factor for the SCT
in the hop gardens was determined by 0.16. There is cur-
rently a lack of information on similar research in the
scientific literature, and therefore, the results can be con-
sidered unique. Some studies about water erosion in hop
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gardens can be found, especially in Germany, but they are
very rare. For example, Schwertmann and Schmidt [29] or
Schauder and Auerswald [30] who used copper as a tracer
in deposition.

In this study, the C-factor for the SCT was determined
based on 164 measurements with the rainfall simulator for
six types of CC in inter-rows between 2016 and 2023. The
measured SL values from the individual RS, given in units
of t/ha, are shown in Figure 5.

Some comparison can be made via SL with other per-
manent crops that are similar in their character of inter-
rows cultivation (vineyards, orchards). The total SL in CT
as a sum from RF is 81% (Table 3). Capello et al. [31] mea-
sured an 83% lower SL in vineyards with grass-covered
plots in vineyards. Similarly, Biddocu et al. [32] report
lower SL ranging from 72 to 89%. Napoli et al. [33] reported
a reduction of 68.5% in SL, and also Bagagiolo et al. [34] did
not differ much in their results (lower SL at the two experi-
mental sites of 78 and 80%, respectively). In almond orch-
ards, Martinez-Mena et al. [35] measured a reduction of
85% in SL for techniques with green manure in inter-
rows. Espejo-Peréz et al. [36] report that CC decreased SL
in the olive orchard by an average of 76% in all experi-
mental plots. The fact that all of these values are similar to
our value points to the validity of our measurements. Sig-
nificant reductions in total SL due to CC in inter-rows of
permanent crops (but not in hop gardens) have also been
previously reported by other authors [37-40]. However,
some authors report considerable variability in SL. For
example, Morvan et al. [41] report that if CC are degraded,
the SL can be higher than in BS. Morvan et al. [41] also state
that this was related to soil compaction and poor quality of
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CC in the space of wheel tracks in the inter-row of vine-
yards. This is also the biggest limitation of SCT in hop
gardens, because there is the degradation of the soil struc-
ture due to excessive soil compaction in the space of the
wheel tracks, which is associated with frequent agrotech-
nical operations [42-44] and leads to increased bulk den-
sity [45]. The vegetation is damaged in this place, and in the
event of torrential rainfall, surface runoff and water ero-
sion begin there. This was also clearly visible in the RS. The
solution could be local loosening of only compacted space,
which increases the infiltration capacity of the soil and at
the same time allows to use of CC in inter-rows of hop
gardens [46]. However, the local loosening needs to be
repeated during the season as the soil in this area will
compact again over time.

4 Conclusion

The aim of the article was to determine the SL in hop
gardens based on the measurements by the field rainfall
simulator and then to calculate the C-factor, which is one of
the factors of the Universal Soil Loss Equation. The SL is a
variable value throughout the year, and therefore, several
cropstage periods were verified. The mean SL for three
cropstage periods (I, II, and III) from RS for CT was set at
0.81. The resulting C-factor is then 0.73. These values are
very high and indicate an insufficient soil conservation of
hop gardens when there is CT. The results also confirm that
if the hop garden is located on a slope, severe water ero-
sion can occur during torrential rainfall. In the case of SCT,
the average SL from the RS (0.29) and C-factor (0.16) were
significantly lower. CC in the inter-row thus appears as a
potential solution for erosion-prone hop gardens. The stated
results extend the area of research on water erosion and soil
degradation in hop gardens, where there is currently a lack
of information in the scientific literature.
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4.3 Cirok (Sorghum bicolor (L.) MOENCH)

Cirok patii mezi obilniny péstované predeviim v teplejiich oblastech svéta.
V poslednich letech vSak ziskaval stale vétsi pozornost i v podminkach stfedni Evropy.
Rostlina je cenéna zejména pro svou dobrou odolnost viici suchu a schopnosti
efektivné hospodatit s vodou. Vysledkem je stabilnéjsi produkce biomasy v mén¢
piiznivych klimatickych podminkach. Cirok je vyuZivan jako plodina potravinaiska,
krmna i energetickd. Svym vzhledem a agrotechnickym zplisobem péstovani se
podoba kukufici seté.

Z pohledu péstitelskych narokii se Ciroku nejlépe daii na lehéich az stfedné
tézkych pidach s dobrym provzdusnénim a dostatecnou zasobou zivin. Ve srovnani
s kukufici mé ¢irok nizsi naroky na vlahu vzhledem k hlub§imu kofenovému systému
a schopnosti omezovat transpiraci v obdobi stresu. Diky témto vlastnostem byl
v minulosti ¢asto oznacovan jako plodina s velkym potencidlem, respektive jako
plodina budoucnosti. Své vyuziti nachdzi i pti ekologickém zplisobu hospodateni. Za
nevyhodu ve srovnéni s kukufici lze povazovat obecné nizsi celkové vynosy a horsi
stravitelnost v ptipad¢, ze je ¢irok vyuzit jako krmivo pro hospodaiska zvirata.

Podobné jako u kukufice seté je mozné cirok péstovat pomoci celé tady
agrotechnickych postupti. Konvenc¢ni technologie spociva v péstovani ciroku
v fadcich, jejichz vzdalenost je 75 cm. Vyuzit lze také technologii uzkého tadku
(37,5 cm) nebo rizné piidoochranné technologie. Z tohoto pohledu predstavuje ¢irok
v podminkach Ceské republiky perspektivni plodinu vhodnou pro udrzitelny zptisob
hospodateni.

V Publikaci 6 je konkrétné¢ popsana prozierozni U¢innost u plidoochranné
technologie zaloZené na bezorebném seti (no-till) Ciroku do porostu predplodiny. Dale
bylo ovéfeno konvencni zpracovani pidy s klasickou rozte¢i fadkti 75 cm spole¢né
s variantou tizkého Fadku 37,5 cm. Siroky a tzky fadek byl zalozen i u

pudoochranného bezorebného seti ¢iroku.
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Soil degradation and water erosion are undoubtedly serious global problems. Moreover, excessive surface runoff and the lack
of water in landscape are problems encountered not only in the Czech agricultural land. This condition is unsustainable in the
long-term and it is necessary to find, verify and quantify suitable agricultural methods for reducing soil degradation. In this
study, we tested two soil conservation technologies for sorghum (Sorghum bicolor) cultivation. Our results show that erosion
was reduced by more than 78% (no-till) and 89% (no-till: narrow row) in rainfall simulation on naturally moist soil compared
to conventional cultivation. Also, the use of conservation technologies reduced surface runoff (52% no-till, 68% no-till: nar-
row row). Sorghum has similar agronomic requirements as maize but it has the advantage of a good dryness tolerance and a
high water use efficiency. The two-year research (2014, 2017) took place in the Central Bohemian Region. Soil degradation
was verified using a rainfall simulator. The results have shown that both no-till technologies have a significant (P < 0.05) soil
conservation effect.
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several reasons: conventional plowing, removal of the
original vegetation, use of pesticides and herbicides
that damage biological activity in soils (Pelosi etal.,
2013), low overall vegetation cover, soil compaction
due to machinery traffic (Taro 111 etal., 2014), organic
matter loss (Kabelka etal. 2019), and absence of
soil erosion control measures (Arnaez etal., 2015).
Therefore, there is a need to find soil conservation
technologies that will make agriculture sustainable.

INTRODUCTION

Soil loss and insufficient water infiltration in
agriculture are one of major worldwide problems
(Boardman etal, 1990; Novara et al., 2011).
In the Czech Republic more than 51% of agricultural
land is threatened by soil degradation (Sarapatka,
Bednar, 2015). Rainfall-induced soil erosion risk

is especially high during summer storms or the early
wet season, when plant coveris low (Taguas etal.,
2015). As a result, there is excessive surface runoff,
soil erosion and smaller fertility. Soil loss and surface
runoff are increased especially due to soil manage-
ment and tillage practices (Blavet et al., 2009;
Vanwalleghem et al., 2011). Indeed, there are

The crop which significantly contributes to water
erosion and surface runoff is sorghum (Sorghum bi-
color). Sorghum is globally the fifth most important
cereal in terms of acreage and production (Beta,
Corke, 2004). The main reason for sorghum high
erodibility is insufficient soil conservation during the
entire year. The bare surface is affected by intense

* Supported by the Ministry of Agriculture of the Czech Republic, Project No. QJ1520026.

SCIENTIA AGRICULTURAE BOHEMICA, 51, 2020 (1): 31-39 31



storms that induce severe water erosion and runoff
processes (Borga etal.,2011). Sorghum has a great
drought tolerance and requires minimum fertilization
on agriculture lands (Dicko et al., 2006). In the
Czech Republic, maize is the most cultivated agricul-
tural crop, but the advantage of sorghum compared
to maize is a significantly lower need for water. The
weather is becoming more extreme and there is a po-
tential for sorghum cultivation in the conditions of the
Czech Republic. Currently there are several kinds of
soil conservation technologies for sorghum, but their
evaluation needs further research.

The beneficial effects of soil conservation tech-
nology can be summarized as follows: (1) higher
water retention in landscape (Cook et al., 2006;
Mulumba, Lal,2008),(2) protection of soil against
raindrop impact, reducing erosion rates (Sadeghi
et al., 2015), (3) decreased sediment and nutrient
concentrations in runoff (Gholami et al., 2013),
(4) decreased runoff generation rates and surface flow
velocity by increasing roughness (Cerda, 2001),
(5) improved infiltration capacity (Wan g etal., 2014),
(6) increased activity of some species of earthworms
and microorganisms (Wooldridge, Harris,
1991), (7) enhanced soil physical conditions such as
soil structure and organic content (Jordan et al.,
2011; Karami et al., 2012), (8) reduced topsoil
temperature for more optimum germination and root
development (Dahiya et al., 2007) and decreased
evaporation (Uson, Cook, 1995).

One kind of conservation technologies is the no-till
technology which we tested in our research. The basic
principles of no-till agriculture include the follow-
ing: growing crops without using traditional tillage,
retaining surface residue that reduces erosion, sowing
directly into the soil covered by residue mulch. In
addition to erosion control, no-till also saves energy
(Javurek et al. 2007; Vach et al. 2016). Other
types of soil conservation technologies are e.g. strip-
till or cover crops (Brant et al., 2017). In some
cases, afforestation can be a possible way to improve
degraded soil. Afforestation of agricultural lands con-
stitutes a serious change in soil dynamics (Holubik
etal., 2014; Podrazsky etal., 2016) and it has a
positive influence on physical characteristics of soil
(Podrazsky etal., 2015).

MATERIAL AND METHODS

The two-year research took place close to the vil-
lages Krasna Hora nad Vltavou (in 2014) and Petrovice
(in 2017) located in the Central Bohemian Region.
Typical climate is slightly warm and dry. The terrain
of wider surroundings is rugged. Soils were classified
as Haplic Cambisols (Nemecek etal., 2011).

In our research focused on water erosion, surface
runoff and infiltration we tested five soil conserva-

tion technologies: (1) control — bare soil, when the
experimental plot was left completely without plant
cover(Wischmeier, Smith, 1978); two technolo-
gies of conventional cultivation: (2) growing crops in
0.75 m wide rows (like in maize) and (3) narrow-row
cultivation in just 0.375 m wide rows; and two tech-
nologies of no-till cultivation (growing crops without
using traditional tillage and sowing directly into the
soil covered with a residue mulch): (4) with a seeder
specifically designed to cut through the residue and
sow seed in 0.75 m wide furrows and (5) narrow-row
cultivation in 0.375 m wide rows. By the no-till cul-
tivation, the pre-crops were Phacelia tanacetifolia in
2014 and Secale cereal in 2017.

The plots suitable for the technologies verification
were selected particularly for their slope uniform-
ity — around 12% (Petrovice) and 8% (Krasna Hora
nad Vltavou). The verification and check of selected
technologies took place at three developmental stag-
es of the crop cover. The plots were 20 m long and
7 m wide. The experimental plots with sorghum were
established in three replications because of three terms.
For this reason, unique rainfall simulations for each
technology type in each term could be carried out.
Overall, for each technology, there were six simula-
tions of rainfall within the two years. The terms were
determined according to the guidelines Erosion control
in the Czech Republic — A handbook (Janecek et
al., 2012). The individual measurement terms are
defined below.

Term I (the second growing period). The period
from plot preparation for sowing up to one month
after sowing or planting. At the end of the second
growing period the plant height was the following:
conventional cultivation — 30 cm; conventional cul-
tivation: narrow-row — 30 cm; no-till cultivation —
14 cm; no-till cultivation: narrow-row — 14 cm.

Term II (the third growing period). The period
for the duration of the second month from spring or
summer sowing. Before rainfall simulation the plants
of sorghum had the following height: conventional
cultivation — 210 cm; conventional cultivation: narrow-
row — 215 cm; no-till cultivation — 110 ¢m; no-till
cultivation: narrow-row — 100 cm.

Term III (the fourth growing period). The period
from the end of the third period up to harvest. The
plants under the used technologies had the following
height: conventional cultivation — 240 cm; conventional
cultivation: narrow-row — 240 cm; no-till cultivation
— 200 cm; no-till cultivation: narrow-row — 200 cm.

The soil erosion and runoff processes were measured
using a rainfall simulator. The measuring principle
is based on rainfall simulation on a clearly defined
and designated area. The size of the rainfall simula-
tion area was 21 m?2, from which the surface water
subsequently flowed along with eroded soil particles.
During the rainfall simulation the surface runoff sam-
ples were always taken at the place of outflow into
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a calibrated container (319 ml volume). Sampling
took place every three minutes with the aim to gather
the total amount of eroded particles. After the simu-
lation, each sample was oven-dried (Memmert UFB
400; Memmert, Germany) for 12 h at 105 °C under
laboratory conditions. The amount of eroded undis-
solved particles for the particular technology was
determined from the samples adjusted in this way. The
total amount of eroded sediment from the verified area
can be calculated by multiplying the average amount
of undissolved particles in one sample and the size of
surface runoff. Soil loss was assessed based on sum-
mary statistics for the used technologies. To test for
difference in soil loss, the F-test and consequently 7-test
(P <0.05) were used. The rainfall simulator allows for
monitoring the erosion effect, but also the beginning
and the end of surface runoff or the soil infiltration
ability. The infiltration was determined based on the
total amount of water and surface runoff captured
during the simulation. The measured values included
an error line segment describing the deviation in the
measurements during the season.

The rainfall simulation provided a comprehensive
set of information on the selected technologies and
their soil conservation effectiveness during the time
of torrential rainfalls. During the verification process
the soil and slope conditions of the individual options
must be as much similar as possible. Therefore the
technologies were used and verified in the same place.

The rainfall simulation was carried out in two
consecutive repetitions. The first rainfall simulation
took 30-minute followed by a 15-minute technological
break. Then the second (repeated) 15-minute rainfall
simulation took place. The two rounds of rainfall
simulation were selected in order to simulate rainfall
on naturally moist soil and subsequently on already
water-saturated soil. As for the rain simulator, the
rainfall intensity was set at 60 mm/h. The conditions
stated by Janecek et al. (2012) were taken into
account when setting the rainfall simulation regime.
This intensity was chosen based on the recommenda-
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Fig. 1: The average relative values of soil loss and surface runoff from

all rainfall simulations in the first term (30-minute-simulation)

tion of the Czech Hydrometeorological Institute and
it reflects the average intensity of torrential rainfalls
in the Czech Republic.

RESULTS

Soil loss and surface runoff are related to bare
soil, which was regarded as the control technology.
Although the same method was applied during the
simulation, it is not possible to compare the results
for individual terms without converting them into
a percentage expression. This is caused by the fact
that during the technologies verification the soil
moisture and temperature parameters may differ.
For this reason the presented graphs are expressed
in percentage, where the bare soil is considered the
basis. In this way the individual terms during one
year could be compared.

Rainfall simulation outcomes

Term I. The values measured during the rainfall
simulations on naturally moist soils and already satu-
rated soil are shown in Figs. 1 and 2. The worst results
of soil loss were measured by the conventional culti-
vation (naturally moist soil 66.1%; already saturated
soil 57.2%). As early as during the first term, a posi-
tive effect on soil conservation was observed in both
no-till technologies. Soil loss was lower more than
one-third compared to conventional cultivation. The
surface runoff was reduced as well. The best values
were achieved by the technology no-till: narrow row.
The surface runoff was lower on naturally moist soil by
61.2% compared to conventional cultivation. Equally,
the technology conventional cultivation: narrow-row
achieved positive results but the difference was not
so significant.

Term II. The influence of no-till technologies
on reducing soil loss was clearly apparent also in
the second term of simulation. The measured values
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were similar in character to those in term I but the
differences in the total soil loss between bare soil and
other technologies were higher. For example, no till:
narrow row technology showed the soil loss only 0.8%
related to bare soil. Excessive surface runoff showed
the technology of conventional cultivation (naturally
moist soil 94.3%; already saturated soil 93.3%). No-
till technologies (no-till, no-till: narrow row) reduced
surface runoff compared to conventional cultivation in
both simulations. No-till: narrow row showed by 81.3%
lower surface runoff during the simulation on naturally
moist soil compared to conventional cultivation. The
amount of soil loss and surface runoff during rainfall
simulations is depicted in Figs. 3 and 4.

Term III. There was a still lower soil loss by both
no-till technologies in the third term. The character of
soil loss was again very similar to that in the previous
two terms. The exception was no-till technology in the
second simulation on already saturated soil where there
was a low difference between conventional cultivation
and no-till technology (10.4%). The values of surface
runoff were positive in no-till technologies. The best
value was measured in no-till technology on naturally
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moist soil (surface runoff by 96% lower compared
to conventional cultivation). By the remaining two
technologies there was an excessive surface runoff
(conventional cultivation, conventional cultivation:
narrow row). The results from rainfall simulations
are presented in Figs. 5 and 6.

Research results evaluation

A characteristic feature of soil conservation tech-
nologies (including no-till technologies) during cul-
tivation is retaining the residues of biomass on the
soil surface (Alberts, Neibling, 1994). Bare
soil, being considered the worst option, was chosen
as the control plot to which the outcomes of the other
used technologies were related. Surface runoff results
of conventional cultivation do not differ much from
those in bare soil. This fact points out to insufficient
soil conservation efficiency of the traditional way of
farming. Likewise, soil loss is high by the technology
of conventional cultivation. Both no-till technologies
(no-till and no-till: narrow row) provide much better
results in all measuring characteristics compared to
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Table 1. Average values from three terms of rainfall simulation measurements in the seasons 2014 and 2017

Surface runoff Soil loss
Type of technology
(mm) (%) (tha™) (%)
bare soil 18.13 100 11.13 100
conventional cultivation 16.48 90.92 3.52 31.6
Naturall ist soil
. uré y4m01s .SOI conventional cultivation: narrow-row 14.74 81.3 2.77 24.9
(30-min simulation)
no-till 7.82 43.15 0.75 6.69
no-till: narrow-row 5.14 28.35 0.38 3.4
bare soil 10.7 100 4.54 100
conventional cultivation 9.98 93.27 1.46 32.09
Already saturated soil
rea 'y S? ura e. SOt conventional cultivation (narrow-row) 8.64 80.78 0.88 19.27
(15-min simulation)
no-till 6.37 59.5 0.57 12.44
no-till: narrow-row 5.36 50.11 0.26 5.69
Table 2. Basic statistical parameters of soil loss
Basic parameters Conventional cultivation Conventional cultivation: narrow row No-till No-till: narrow row
Mean 2.487 1.823 0.655 0.318
Variance 7.549 4.58 0.711 0.229
Observations 12 12 12 12
Table 3. F-test for soil loss values
Conventional | Conventional cultivation: . L. . Conventional No-till:
Technology L. Conventional cultivation | No-till ..
cultivation narrow row cultivation narrow row
Degree of freedom 11 11 11
F-test value 1.648 10.622 32.988
P-Value' 0.05 021 2.37E-04 8.13E-07
(one-tail)
F-test c.rmcal value 2818 2818 2818
(one-tail)

conventional cultivation. Erosion was reduced by more
than 78% (no-till) and 89% (no-till: narrow row) in the
rainfall simulation on naturally moist soil compared to
conventional cultivation. In the case of rainfall simu-
lation on already saturated soil erosion was reduced
by 61% (no-till) and 82% (no-till: narrow row). The
surface runoff in conservation technologies compared
to conventional cultivation was reduced as follows:
naturally moist soil — 52% (no-till) and 68% (no-till:
narrow row); already saturated soil — 36% (no-till) and
46% (no-till: narrow row). Conventional cultivation:
narrow row also showed in most cases better results,
but the soil conservation effect was not so high. The
average values from all measurements are summarized
in Table 1. For soil loss results we determined basic
statistic parameters, F’-test and #-test (Tables 2—4). The
outcomes show that the values for no-till technologies
are statistically different (P < 0.05) from those for
conventional cultivation.
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In this study, we further evaluated the infiltration
process during rainfall simulation. A lower surface
runoff from plots means a higher infiltration. The
measured values are given in Figs. 7 and 8. In the
rainfall simulation on naturally moist soil, the infil-
tration was higher by 8.68 mm in no-till technology
and by 11.37 mm in no-till: narrow row technology
compared to conventional cultivation. Also, infiltra-
tion was the highest in no-till technologies on already
saturated soil.

DISCUSSION

The study results are among the first to provide
information on the soil conservation efficiency of no-
till technologies during sorghum cultivation under the
conditions of the Czech Republic. The most important
outcomes of this research concern the rate of water
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Table 4. ¢-Test for soil loss values

Conventional | Conventional cultivation:
cultivation narrow row
Technology
two-sample assuming equal variances

Pooled variance 6.065

Hypothesized 0

mean difference

Degree of freedom 22

t-Test value 0.66
P-value 0.05 (one-tail) 0.258

-Test critical val

t-Tes c-rl ical value 1717

(one-tail)
P-value 0.05 (two-tail) 0.516

-T itical val

t-Test crltlca value 2 074

(two-tail)

Conventional . Conventional No-till:
. No-till ..
cultivation cultivation narrow row
two-sample assuming two-sample assuming
unequal variances unequal variances
X X
0 0
13 12
2.208 2.693
0.023 0.01
1.771 1.782
0.046 0.02
2.16 2.179

erosion, surface runoff and infiltration when applying
the conventional cultivation and no-till technologies.
Based on our evaluation, it is apparent that no-till has
a significant (P < 0.05) impact on soil conservation.
On the contrary, the values measured in conventional
cultivation show insufficient soil conservation before
degradation. Blanco, Lal (2010) stated that the
main cause of erosion and excessive surface runoff
on the plots is a low soil cover. In this study we have
arrived to the same conclusion. Erosion and surface
runoff are much higher by conventional cultivation
where there is no vegetation cover.

A direct correlation between erosion and soil man-
agement has been found by many authors (Shipitalo,
Edwards, 1998;Javurek etal., 2008). Soil con-
servation technologies have been recognized as ef-
fective methods for controlling soil erosion (Lal et
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Fig. 7: Infiltration during the season from years 2014 and 2017
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al., 2007). Accordingto Wendt, Burwell (1985)
erosion was reduced by more than 90% in the case of
soil conservation technologies leading to a significant
reduction of soil degradation processes. Strauss et
al. (2003) analyzed 68 studies with 160 comparable
results where soil erosion and surface runoff were
determined under different soil tillage practices. On
the average, soil conservation technologies have re-
duced soil erosion by 60% (arithmetic mean) and 76%
(median). For the no-till technology Prashun (2012)
stated a 90.3% reduction in erosion. Nyakatawa
et al. (2001) estimated that the no-till technology
reduces soil erosion by water by 75% compared to
conventional tillage. Basically, our results are similar
to those given by other researchers. A comparable
research with sorghum was carried out by Gilley
et al. (1986). From this research it is obvious that the

The amount of infiltration - already saturated soil
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Fig. 8: Infiltration during the season from years 2014 and 2017
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higher the amount of residuals on the surface, the lower
the soil loss and the surface runoff. In a similar way
McGregor, Mutchler (1992) associated the
degradation processes with the conservation tillage and
no-till technology for sorghum. In no-till technology
for sorghum the soil loss was reduced by 97% and
the surface runoff was reduced by 44% compared to
conventional cultivation. The values stemming from
our rainfall simulation are from a two-year research
and a certain dispersion cannot be excluded, however,
there is only a little presumption of significant changes
in the measured results.

CONCLUSION

The issue of soil loss and excessive surface runoff
accompanying the conventional cultivation of sorghum
is highly important. The results obtained in our study
indicate that growing sorghum in erosion prone areas
requires application of a different agricultural method.
The rainfall simulation results show that the final
soil loss caused by water erosion and surface runoff
can be quite effectively reduced by using the no-till
technology. During the season, the amount of soil
loss in plots with no-till technologies was reduced
to a minimum compared to conventional cultivation
(by more than three-quarters in naturally moist soil).
Similarly, the amount of surface runoff was reduced in
plots with no-till technologies. The most prone period
is the time after seeding because the plant cover is
low. Nevertheless, the no-till technology shows a soil
conservation effect even in the first stage. Thus, in
the period of most frequent torrential rains the no-till
technology prevented soil erosion. Due to the fact that
soil erosion and surface runoff were lower by the soil
conservation technologies compared to the conven-
tional cultivation in all realized measurements, it can
be concluded that the no-till technology significantly
(P <0.05) reduced soil loss and surface runoff.
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4.4 Brambory (Solanum tuberosum L.)

Brambory jsou fazeny mezi nejvyznamnéjsi zemédélské plodiny mirného pasma.
V Ceské republice maji dlouholetou péstebni tradici. Jsou cenény pro sviij vysoky
vynos a Siroké vyuziti: potravinaistvi, krmivatstvi ¢i primysl. Hlizy brambor diky
obsahu Skrobu, vitaminu C a dalSich mineralnich latek piedstavuji dilezity zdroj
energie a zivin. Z hlediska péstitelskych narokti vyzaduji brambory kvalitni a dobie
provzdusnénou pudu pro spravny vyvoj hliz. Z hlediska zrnitosti pidy jsou pro né
optimalni lehké az stfedné té¢zké pudy s dostatkem organické hmoty. Brambory dobie
reaguji na hnojeni pomoci organickych hnojiv. Vyznamnym faktorem je dale vladhovy
rezim pudy, protoze jsou nachylné na vyraznéjsi sucho, ale i na pfemokieni (tvorba
plisni).

Péstovani brambor je spojeno s tvorbou brazd a hrubkl. Diky tomuto
technologickému postupu jsou brambory ftazeny mezi Sirokofddkové plodiny.
U konvenc¢niho technologického zptisobu péstovani (pravidelné hriibky, ptipadné tzv.
dvojhribky) je riziko vzniku erozni udélosti vysoké. Proto je v piipad¢ brambor snaha
uplatiiovat ptidoochranné technologie. Nejcastéji se jednd u riizné Gipravy v prostoru
hriibkt a brazd. Za tyto upravy lze povazovat dilkovani a hrazkovani hriibkt, ukladani
kament do kolejové brazdy (odkamenovani) ¢i riizné kypteni ptidy. V rdmci téchto
uprav vSak neni zvySovana pokryvnost povrchu plidy rostlinnymi zbytky. S tim
souvisi vysledna protierozni G€innost. Pfi srovnani s technologiemi no-till €1 strip-till,
které jsou urCeny naptiklad pro péstovani kukufice, je protierozni ucinnost u vyse
zminénych uprav hribki a brazd vyrazné niZsi.

Urcitym feSenim by mohlo byt péstovani brambor s pomocnou plodinou zasetou
v prostoru brazd. Diky pfitomnosti pomocné plodiny je piida v tomto prostoru vice
chranéna v disledku pfitomnosti kofentl a stejné tak je zvysena celkova pokryvnost
povrchu. Technologie péstovani brambor s pomocnou plodinou neni prozatim v Ceské
republice pfili§ rozsifena, piestoze je protierozni uc¢innost u této technologie vyraznéji
vys$$i nez v ptipad¢€ pouhé upravy tvaru hribkl a brazd. Podrobnéjsi vysledky jsou

uvedeny v Publikaci 7.
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Abstract: Surface runoff and soil losses in the case of potato cultivation using de-stoning technology on gentle slo-
pes (Haplic Cambisol) were studied in 2020-2022. Different ridges shapes were compared: control (smooth shaped
ridges), pits, pits plus loosening, pits plus loosening plus cover crop (Triticum aestivum L.) sowing in trail furrows.
Runoff and soil losses were studied approximately 1 and 2 months after planting potatoes. The obtained results
showed the highest reduction of surface runoff and soil losses in the treatment with cover crop sowing. In this va-
riant, soil losses were reduced by 65-81% (1 month after planting) and 54—85% (2 months after planting) in case of
simulated rainfall on the soil with natural moisture (or these losses were reduced by 51-93% and 50-76% in case of
15-min rainfall). On average, tuber yields reached 29.4 t/ha (pits + loosening) to 30.6 t/ha (pits) in 2020-2022. The
different abilities of the tested shapes of ridges and furrows to retain water did not significantly affect the achieved
yields of tubers, as rainfall was not a limiting factor in the monitored period. The yield differences among all tested
treatments reached units of tons per hectare if the entire dose of nitrogen was applied at planting. Splitting the total
nitrogen dose (50% at planting, 50% at loosening) gave significantly (P < 0.05) higher yields (34.2 t/ha) than a single
application at planting. The treatment pits plus loosening with fertilisation provided a 19-26% higher tuber yield
than pits plus loosening with a total N dose applied at planting.

Keywords: crop canopy; erodibility; fertiliser; water retention; wheat

More than 50% of agricultural land is threatened
by water erosion (and approximately 10% by wind
erosion) in the Czech Republic; also, 5-10% of forest
soils are damaged by water erosion etc. For example,
healthy forests usually protect soils from erosion;
the network of forest roads, including skid trails,

was shown to alter hydrological processes and cause
soil erosion by water (Zemke 2016). Concerning soil
erosion, the cultivation of potatoes is problematic.
Potato cultivation may lead to water and wind (and
tillage and harvest) erosion (e.g., Chow and Ress
1994, Sharratt and Colins 2018, Nyawade et al. 2019,
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Lemann et al. 2019, Edwards et al. 2020). For example,
Chow and Ress (1994) studied the effect of hilling
(Solanum tuberosum L.) on surface runoff, infiltra-
tion and soil erosion using a rainfall simulator (hilled
versus unhilled plots). The authors state that the use
of hilling caused higher runoff (mean runoff rate was
20% higher), lower infiltration (30% lower) and ap-
proximately four times higher soil losses compared
with unhilled plots. Nyawade et al. (2018) studied
sediment particle size distribution and soil organic
matter losses (including soil organic matter fractions)
in the case of potatoes intercropping with different
legumes. Concerning potato intercropping, see Ren
et al. (2019), Zhang et al. (2020), etc. To reduce soil
erosion during potatoes cultivation (slow emergence),
Jemison (2019) tested nurse crops, including seeding
rates, duration and the use of herbicides before incor-
poration into the soil. Partitioning of rainfall by crop
canopies (interception, throughfall and stem flow) may
influence erosional processes (Ma et al. 2013, 2015).
Janeau et al. (2015) studied stem flow in the case of
different plants, including Solanum tuberosum L. (the
stage of potatoes growth = maturity). Concerning
potatoes, the authors found that stem flow formed
30% of total simulated rain at an intensity of 27 mm/h
(and 15% of rain at an intensity of 70 mm/h). Saffigna
et al. (1976) used a tracer (Rhodamine WT) to study
infiltration in the case of Solanum tuberosum L.,
cv. Russet Burbank; for example, the authors state
that stem flow increased water content around the
stems. Albedo of potato fields was found to be 9-21%;
for example, the values 13-25% (wheat) and 14-36%
(barley) were reported in different publications (e.g.,
Tajchman 1971, Piggin and Schwerdtfeger 1973).
Also, Aksic et al. (2014) showed the effect of matric
potential (or water consumption for evapotranspira-
tion) on potato yields etc. (Kang et al. 2004).
Concerning potatoes cultivation, increasing po-
tatoes yields per hectare and decreasing the area
of potatoes cultivation in the Slovak Republic (the
period from 1950 to 2017) are described in Koco et
al. (2020). The authors also state different soils on
which potatoes are cultivated (Cambisols — 28% of
the potato cultivation areas, Chernozems — 20%,
Fluvisols — 18%, Dystric Planosols — 11%), includ-
ing texture, the content of gravel, depth, slopiness.
According to Koco et al. (2020), 26% of the areas are
in the Slovak Republic’s very warm, very dry climatic
region (and 14% in a very cold, wet climatic region).
Potatoes are grown almost exclusively in technology
with de-stoning in the traditional potato-growing

region of the Czech Republic. Furrowing and namely
stone and clod separation causes intensive soil aera-
tion and mineralisation of organic matter; therefore,
this technology highly demands returning organic
matter to the soil. Cattle manure is usually ploughed
in autumn, mineral fertilisers (P, K) are continuously
applied in the spring before de-stoning, and nitro-
gen fertilisers when planting directly into ridges.
Placement of fertiliser N in the ridges has a positive
effect of N recovery in comparison with broadcast
fertilisation, especially when the total amount of ni-
trogen is applied at planting (Maidl et al. 2002). The
seed tuber is the primary nutrient and energy source
for developing shoots during the first 30 days after
planting, and soil N uptake is minimal. Between 30
and 55 days, roots begin to provide nutrients. Only
about 20% of the crop N uptake occurs by the end
of this period, and therefore high rates of fertiliser
N applied prior to this stage may increase the risk of
nitrate leaching and nitrous oxide emissions (Zebarth
and Rosen 2007). Potatoes require large amounts
of nitrogen over a relatively short period of rapid
growth (lasting 30 to 50 days with a view to cultivar).
As published by Kelling et al. (2015), the efficiency
of applied nitrogen can be increased by splitting the
in-season N applications and different ridge shapes.
Modification of the ridge shape affects water infil-
tration into the ridge and soil moisture. Improving
fertiliser nitrogen use efficiency is an opportunity,
especially on sandy soil (Jordan et al. 2013).

In this study, we attempted to determine runoff
and soil losses in the case of potato cultivation on
gentle slopes with the use of different technologies,
which are described below. We hypothesised that
using technologies with treatment in both trail
and non-trail furrows would lead to the highest
reduction of runoff and soil losses (e.g., Vejchar
et al. 2017). We also hypothesised a reduction of
runoff (rather than soil losses), especially when
the technologies with the restoration of pits in the
non-trail furrow (at the beginning of emergence)
will be used. The second question was whether
the different shapes of ridges and more water re-
tention affect the tuber yields achieved. There
was a risk that the plants under the pits would be
less profitable (than below the dams) due to the
shallower planting of the tubers. The impact of
cover crops in the trail furrow on the yield in the
adjacent ridges was also studied. And finally, the
effect of the different timing of nitrogen applica-
tion on potato yield was observed.
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MATERIAL AND METHODS

The experiments were performed near Véz in
Havli¢ktv Brod district (the Bohemian-Moravian
Highlands) in the Czech Republic (the years 2020—
2022) — gentle slopes (Haplic Cambisol — IUSS Working
Group WRB (2015), an average altitude = 605 m
a.s.l.). This area is characterised by a mean annual
air temperature of 5—6 °C and by a mean annual pre-
cipitation of 700-800 mm, and a sum of temperatures
above 10 °C between 2 000 and 2 200 (mildly cold,
wet climatic region of the Czech Republic) — from
data obtained in the period 1950-2021.

The field experiments were established using de-
stoning technology on sloping areas (4.51°, 3.94° and
4.86° in 2020, 2021 and 2022, respectively) with the
orientation of the ridges following the fall line in all
years. Mineral nitrogen, possibly phosphorus and
potassium fertilisers were applied before grooving in
April in the following way: NPK 15-15-15 300 kg/ha
and ammonium sulphate 300 kg/ha (2020), UAN
(urea and ammonium nitrate) 150 L/ha (2021), NP
20-20 200 kg/ha + ammonium sulphate 250 kg/ha
(2022). Fertiliser doses were determined by the N_. ,
P and K content in the soil. The total nitrogen doses
reached 105, 60 and 90 kg N/ha in 2020, 2021 and
2022, respectively. Planting (cv. Antonia) was realised
using innovated planter Grimme GB 230 on May 6,
2020, May 12, 2021, and May 10, 2022. Four treat-
ments were established (the size of individual plots
= 900 m?): (1) control (smooth shaped ridges); (2)
pits (large pits and transversal dams on the top of
ridge, transversal dams in non-trail furrow formed
at planting); (3) pits plus loosening (the same as
2 plus loosening of ridges top and restoration of pits in
non-trail furrow at the beginning of plants emergence
with the possibility of in-season fertilisation); (4) pits
plus loosening plus sowing (the same as 3 plus sowing
of cover crop, Triticum aestivum L., and damming in
the trail furrow). Fertiliser UREA __, . (80 kg N/ha)
was applied on both tubers’ sides in all planting
treatments. Treatment 3 was established in two treat-
ments: (3a) 80 kg N/ha at planting and (3b) 40 kg N/ha
at planting plus 40 kg N/ha at loosening. Liquid fer-
tiliser UAN was applied from the non-trail furrow
to the ridge in the root zone of plants. Loosening of
ridges top with the restoration of pits in the non-
trail furrow (3a), possibly with in-season fertilisation
(3b), and cover crop sowing and damming in the
trail furrow (4) was carried out on May 27, 2020,
June 7, 2021, and June 6, 2022. The pre-emergence
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herbicide (Planteen 41.5 WG) was always applied 1-2
days after planting. Applications of other herbicides
(Arcade 880 EC, Agil) and fungicides against late
blight were carried out regarding current needs and
the prognosis of late blight occurrence in individual
experimental years. Nine applications of fungicides
in the sequence Ridomil Gold MZ Pepite (active
substance: Mancozeb, Metalaxyl-M) 2x, Revus Top
(a. s. Difenoconazole, Mandipropamid) 2x, Infinito
(a. s. (Fluopicolide, Propamocarb hydrochloride)
2x, Vendetta (a. s. Azoxystrobin, Fluazinam) 1x,
Ranman Top (a.s. Cyazofamid) 2x were carried out
under conditions of strong fungal infection pressure
in 2020 and 2021. Only seven applications (Revus Top
3x, Infinito 2x, Vendetta 2x) were needed in 2022.
The insecticides Biscaya (Thiacloprid) (2020 only),
Coragen (Chlorantraniliprole) and Spintor (Spinosad)
were used against the potato beetle. Potato harvest
(four plots per treatment) with a small plot harvester
occurred on September 17,2020, September 27, 2021,
and October 10, 2022. The influence of different
planting depths (under a pit or a dam) on tuber yield
was determined by manually harvesting individual
plants. Yield results were statistically evaluated by
one-way analysis of variance and Tukey’s HSD (hon-
estly significant difference) test at the significance
level (P < 0.05). Statistically, significantly different
values are marked with different letters (a, b).

In 2020-2022, the rainfall simulations were real-
ised approximately 1 month after planting (the first
term) and 2 months after planting (the second term).
The used field rainfall simulator (a size of rainfall
simulation area = 21 m?, the intensity of rainfall
1.2 mm/min) plus measurement principles are de-
scribed in different publications (e.g., Kabelka et al.
2019, 2021, Kincl et al. 2021). All rainfall simulations
were done twice consecutively (the first measurement =
30 min of simulated rainfall on the soil with natural
moisture; after 15 min of technological break, the
second 15-min rainfall simulation on the same and
saturated soil). Statistical testing was realised with
the use of a ¢-test.

RESULTS AND DISCUSSION

Rain simulations. In 2020 (approximately 1 month
after planting), the soil losses were the lowest in
the treatment with pits plus loosening plus sowing,
pits or pits plus loosening (Figure 1). These losses
were 65, 31 or 22% lower than the control treatment
(the first rainfall simulation = the soil with natural
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Figure 1. The values of soil loss in individual treatments of potato (Solanum tuberosum L.) cultivation in 2020

moisture, 30 min of simulated rainfall). Runoff values
decreased by 31% (pits plus loosening plus sowing),
22% (pits plus loosening) or 4% (pits) compared with
the control. Two months after planting (= the second
term), the loss of soil was lower in the case of the treat-
ment with pits plus loosening plus sowing (by 85%)
compared with the control; in the other treatments
(pits, pits plus loosening), soil losses were higher
than those in the control treatment — the first rainfall
simulation (30 min). The values of runoff decreased
by 29% (pits plus loosening plus sowing), 18% (pits
plus loosening), and 13% (pits). In the case of the
second simulation (15 min), decreased losses of soil
(by 50%) were in the treatment with pits plus loosen-
ing plus sowing; in the other treatments, soil losses
were higher compared with the control (Figure 1).
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The runoff values decreased by 2% in the treatment
with pits plus loosening plus sowing. In the treatment
with pits plus loosening, the runoff values were the
same as in the case of the control treatment; higher
runoff values were found in the treatment with pits
(15-min rainfall simulation).

In the year 2021 (1 month after planting), the soil
loss was 19% (pits + loosening + sowing), 57% (pits)
or 97% (pits + loosening) of the control (30 min of
simulated rainfall) — Figure 2. The runoff decreased
in all treatments by 18—35% (the lowest runoff = pits
plus loosening). In the case of the second rainfall
simulation (15 min), the soil loss was 49% (pits +
loosening + sowing), 65% (pits) or 100% (pits + loosen-
ing) of the control (Figure 3). The runoff values also
decreased in all treatments by 36-42% (the lowest

Control Pits

| 1 month after planting (2021)

m 1 month after planting (2022)

Pits + loosening Pits + loosening +

sowing

2 month after planting (2021)

2 month after planting (2022)

Figure 2. The values of soil loss in individual treatments of potato (Solanum tuberosum L.) cultivation in 2021

and 2022 (the first simulation = 30 min)
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Figure 3. The values of soil loss in individual treatments of potato (Solanum tuberosum L.) cultivation in 2021

and 2022 (the second simulation = 15 min)

runoff = pits plus loosening). Two months after plant-
ing, soil losses decreased only in the case of pits plus
loosening plus sowing (by 78%) or pits plus loosening
(by 38%) — 30-min simulation; in the case of 15-min
simulation, soil losses were 41% (pits plus loosening
plus sowing), 107% (pits plus loosening) and 195%
(pits) of the control treatment. Runoff decreased in
all treatments (both 30-min and 15-min simulation)
by 18-36% (the most efficient treatments = pits +
loosening + sowing, pits + loosening).

In 2022 (1 month after planting), the value of soil
loss was the lowest in the treatment pits + loosen-
ing + sowing (22% of the control); soil losses were
similar in the control and treatment with pits (30-min
simulation) — Figure 2. Soil losses decreased in all
treatments and were the lowest in the case of pits +
loosening + sowing (29% of the control) and pits +
loosening (49%) (15-min simulation). The runoff
values decreased by 22-27% (both 30-min and 15-min
simulations). Two months after planting, the highest
reduction of soil losses was found in the treatments
pits + loosening + sowing (by 58%) and pits (by 35%) —
30-min simulation. Concerning the second rainfall
simulation, the reduction was found in all treatments

and was the highest in the case of pits + loosening +
sowing (76%). The runoff values decreased by 10-24%
(30 min of simulated rainfall), and the treatment
pits were the most efficient. Concerning 15 min
of simulated rainfall, the highest reduction was also
found in the case of pits. Concerning the losses of
soil (in the period 2020-2022), their significant
(P < 0.05) reduction was found only in the case of
the treatments with cover crop sowing (30-min and
15-min simulation); the values of runoff were signifi-
cantly (P < 0.05) reduced in all treatments (30-min
and 15-min simulation) — Table 1.

From all variants tested in 2020-2022, the highest
reduction of surface runoff and soil losses was found
in the variants with treatment in non-trail and trail
furrows. In this variant, soil losses were reduced
by 65-81% (1 month after planting) and 54—85%
(2 months after planting) in case of simulated rainfall
on the soil with natural moisture (or these losses of
soil were reduced by 51-93% and 50-76% in case of
15-min rainfall). In the study by Vejchar et al. (2017,
2019), trail furrows formed larger areas in potato
cultivation compared with non-trail furrows; higher
runoff and soil erosion were in trail compared with

Table 1. P-values from statistical testing with the use of a ¢-test

Soil losses Runoff
30 min 15 min 30 min 15 min
Control versus pits 0.2503 0.3416 0.0008 0.0146
Control versus pits + loosening 0.0822 0.3882 0.0003 0.0282
Control versus pits + loosening + cover crop sowing 0.0076 0.0085 0.0017 0.0314
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non-trail furrows (the variants with and without
tight ridging in trail plus non-trail furrows). Vejchar
et al. (2017) compared variants with and without
tight ridging (de-stoned soil, a 5% slope); renewal
of dams in the tight ridged furrows (10 cm width,
basins between them 40 x 25 cm) was performed
14 days after potatoes emergence. As stated by the
authors, surface runoff (and soil erosion) were 78%
(and 88%) lower in variants with tight ridging; sur-
face runoff or soil erosion from trail furrows formed
58% of total runoff or soil erosion from the variants
without tight ridging.

In this study, the treatments with the sowing of
wheat (and damming) in trail furrows were the most
effective; according to different authors, the use of
wheat seems to be more effective in reducing soil
losses rather than runoff (Lin et al. 2019, Kincl et
al. 2022, etc.). Nyawade et al. (2019) realised a study
(Kenya, Nitisols according to FAO) to find the ef-
fects of potatoes intercropping with different grain
legumes on soil surface roughness, soil losses (and
nutrient losses), runoff etc. For example, the authors
state that the highest soil losses (and runoff) were
found in the case of bare soil; the losses of soil (and
runoff) were also higher in the case of pure potato
stands (all stages of potato growth — emergence,
vegetative, tuber initiation, postharvest) compared
with the treatments with legumes. The authors also
described higher soil organic carbon (and phospho-
rus, potassium etc.) export rate in the case of pure
potato stands compared with the treatments with
intercropping. For example, the use of intercropping
improved the dissipative effect of the canopy on the
kinetic energy of raindrops. The authors describe
a decrease of surface roughness at potato emergence
etc.; according to the authors, changes in surface
roughness may be given by canopy development,
rainfall intensity etc.

Vejchar et al. (2019) studied the effect of tight ridg-
ing on surface runoff (de-stoned soil, an 8.8% slope)
and potato yields (reservoirs at 50-cm intervals,
2-L volume). The authors state that the use of tight
ridging led to a reduction of surface runoff by 43-78%
compared with the control. For example, Vejchar et al.
(2019) mentioned that the filling of reservoirs (sedi-
ment) was more pronounced before the development of
foliage; the authors recommended that the reservoirs
can be restored before foliage development. It was
stated by Vejchar et al. (2019) that the efficiency of
tight ridging in trail furrows was lower compared with
that in non-trail furrows; according to the authors, it

was because of the same dimensions of reservoirs (trail
and non-trail furrows) and larger areas of trail furrows
in potato cultivation. Also, Vacek and Vejchar (2017)
reported that soil losses in furrows or trail furrows
were lower in the case of pits (with or without their
renewal) compared with the control. Concerning this
study, it is worth mentioning runoff reduction in the
case of pits plus loosening. It is reduced by 22-35%
(1 month after planting) and by 11-34% (2 months after
planting) in case of 30-min rainfall; in case of 15-min
rainfall, the runoff was reduced by 6-42% (1 month
after planting) and 0-29% (2 months after planting).

Tuber yields. The potato tuber yields achieved
were low (25.3-27.2 t/ha) due to the short vegetation
season in 2020. The slow and long emergence of the
crop during the cold and wet month of May and the
early termination of the vegetation season due to
the strong attack of the late blight were the causes.
The ridges shape, cover crop in furrow, or nitro-
gen doses splitting did not significantly affect tuber
yields. The smooth control ridge yielded 26.5 t/ha.
The other treatments were at the level of 95-103%
of the control (Figure 4A). The results achieved in
2021 and 2022 were similar (Figures 4B and 4C). No
significant differences in tuber yields were found be-
tween the treatments with applying the total nitrogen
dose at planting. They reached 32.2-32.8 t/ha and
30.2-32.1 t/ha for these treatments and were at the
level of 100-102% and 98—-104% of control in 2021
and 2022, respectively. The highest yields of tubers
(39.0 and 38.1 t/ha in 2021 and 2022, respectively)
were found in the treatment with pitting and ferti-
lisation during loosening at the beginning of stand
emergence (treatment 3b). They achieved 121% and
124% of control, respectively, and were statistically
significantly higher from all treatments with nitrogen
application at planting only.

The high amount of precipitation (86-98 mm)
between planting and fertilising at the beginning
of plant emergence (3—4 weeks) was probably the
cause. Nitrogen applied at planting may have been
washed away from the plant roots before the plants
took it up. This is also confirmed by the results of
field experiments with fertilisers labelled with the 1°N
isotope carried out at the same time at a site 10 km
away, where statistically significantly higher tuber
yields and nitrogen utilisation from fertilisers were
found in the treatment with pitting and fertilisation
atloosening compared to a total N dose fertiliser ap-
plication at planting (Kusé et al. 2021). The positive
effect of divided doses of nitrogen on the yield of
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potato tubers, N utilisation and limitation of nitrate
leaching, especially on sandy soils, was also confirmed
by other authors (e.g. Shrestha et al. 2010, Kelling
et al. 2015). The seed tuber is the primary source
of nutrients and energy during sprout development,
lasting approximately 30 days (Zebarth and Rosen
2007). This period is risky regarding nitrate leach-
ing. Furthermore, high N supply at the first growth
stages suppresses or delays tuber bulking (Biemond
and Vos 1992).

The tested modifications of ridges and furrows
reduced surface runoff and increased soil water
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Figure 4. Yields of potato tubers in (A) 2020, (B) 2021
and (C) 2022. The lines represent the standard devia-
tion. Different letters indicate a significant difference
at P < 0.05

content in the ridges compared to the control. The
highest volumetric soil moisture in the ridges found
in the tuber initiation phase was always the highest
in the "pits" treatment and the lowest in control.
The differences in individual years ranged from
a few tenths of a percent to 2.2% VWC (volumetric
water content). It was assumed that higher wetting
of modified ridges and better water availability for
plants would contribute to higher yields of potato
tubers. The experiments described in this study
did not unequivocally disprove the assumption, as
rainfall was not a yield-limiting factor in 2020-2022.

Figure 5. The relative yield of tubers on the control treatment (C) and treatment 2 under dams (D) and pits (P).
Control = 100%. The lines represent the standard deviation
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Jordan et al. (2013) confirmed that more blocky
ridges could significantly improve potato yield,
quality, and N-use efficiency than pointed ridges
on sandy soil. No modification of the top of the
blocky ridges gave conclusively the best results —
in two years out of three, ridges with a standard
plateau were more profitable, and in the third with
a shaped plateau with the groove on the top.

Allridge and furrow treatments tested were beneficial
in reducing water erosion compared to the control.
There was a risk of lower yields due to some treatments.
The tubers planted under the pits were placed more
shallowly than in the ridge with a smooth surface, and
therefore the deployment of a smaller number of tubers
and a lower total yield on the treatments with pits could
have occurred. Tuber number per plant under the pit
was always lower than under the dam (by 1-1.4 tuber/
plant), but only in one year out of three, it was lower
than in control smooth ridge as was found by manual
harvesting of individual plants. Figure 5 documents
the yields of tubers under the dam and pit at the level
0of 101-117% and 98-110% of the control. Shallower
planting of tubers under the pits did not negatively
affect the yield.

The cover crop in the trail furrow competed with
potatoes for water and nutrients. Choosing a crop
that does not reduce the yield of the main crop is
important. Winter wheat in this study was chosen
appropriately, as can be seen in Figure 4: potato tuber
yields on treatment 3a, "pits + loosening + sowing,"
were the same or slightly higher than on treatment
4, "pit + loosening". Nyiraneza et al. (2020) also
achieved favourable results with cereals. Cover crops
spring barley or winter rye improved marketable
tuber yields by 9-24%. On the contrary, Gitari et
al. (2018) obtained significantly lower tuber yield in
intercropping systems with garden peas or climbing
beans. These legumes also reduced potato N uptake.
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4.5 Cukrova repa (Beta vulgaris L. var. altissima)

Cukrova ftepa patii podobn¢ jako brambory mezi vyznamné plodiny péstované
v mirném pasmu. Proto ma v fepaiskych oblastech Ceské republiky dlouhou tradici.
Z hlediska hospodaiského vyznamu je dilezitym zdrojem cukru a zaroven je dilezitou
surovinou v krmivafstvi a zpracovatelském primyslu. Vedle samotné produkce
sachardzy poskytuje cukrova fepa dalsi vedlejsi produkty, jako jsou fepné fizky
a melasa.

Z pohledu péstitelskych narokd mé cukrova fepa vysoké naroky na pidu a ziviny.
Nejvhodnéjsi jsou pro ni hluboké ptdy s dobrou strukturou, vyrovnanym vlahovym
rezimem a dostatkem organické hmoty. Cukrova fepa negativné reaguje na zhutnéni
pudy, nebot’ nasledné dohazi k horSimu rstu kotfentl, snizuje se vynos bulvy a obsah
cukru. Proto je dulezité pfi jejim péstovani dodrzet spravny agrotechnicky postup
zaloZeny na kvalitnim zpracovani pady.

Technologickym zpisobem péstovani je fazena mezi Sirokofadkové plodiny
(standardni rozte¢ fadku je 45 cm). Pfi konvenénim zpiisobu se v podzimnim obdobi
provadi hlubokd orba s cilem vytvofit dostatecny prostor pro rust cukrové fepy. Kromé
orby je mozné vyuzit dalsi zplsoby zpracovani pudy, jako jsou hluboké kypteni
(podryvani) a mélké kypteni. Tyto postupy mohou ovlivnit vyslednou protierozni
ucinnost. Proto jsou v Publikaci 8 zminéné agrotechnické zptisoby péstovani cukrové
fepy porovnavany z pohledu ztraty ptdy a celkového mnozstvi povrchového odtoku.

Z hlediska dalsich agrotechnickych zptisobti péstovani cukrové fepy jsou v dnesni

dobé k dispozici nasledujici technologie: no-till, strip-till ¢i péstovani v hriibeich.
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Vliv podzimniho zpracovani pudy u cukrové fepy
na projevy vodni eroze

EFFECT OF AUTUMN TILLAGE IN SUGAR BEET FIELDS ON WATER EROSION

David Kincl'?, David Kabelka'®, Jan Vopravil'?
'Vyzkumny Ustav monitoringu a ochrany pudy, v.v.i., oddéleni Pedologie a ochrana pudy
2 Ceska zemé&déliska univerzita v Praze, Fakulta Zivotniho prostredi, Katedra planovani krajiny a sidel
3 Jihogeska univerzita v Ceskych Budgjovicich, Fakulta zemédé&lska a technologicka, Katedra agroekosystémdi

Cukrovi fepa je jednou z nejndroc¢néjsich zemédélskych
plodin s pfisné vyhranénymi pozadavky na péstitelskd opatieni
(D). Zakladem Gspésného péstovani je irodna puda s dostatkem
zivin (2). Mezi dalsi rozhoduijici faktory patii dikladné zpracovani
pudy (3). To zpravidla zacina jiz na podzim, kdy je cilem pfipravit
a urovnat povrch pudy pro jarni pfedsetovou piipravu (4).

V Evropé patii cukrova fepa mezi dilezité zemédélské plo-
diny (5). Z technologického hlediska péstovani se jednd o Siro-
kofadkovou plodinu se standardni mezifadkou vzdalenosti 45 cm
(3). To ji umoznuje dosahovat odpovidajicich vynosu, zaroven ji
v8ak fadi mezi rizikové plodiny z pohledu vodni eroze (6). Jako u
vétsiny plodin je i v piipadé fepy nejrizikovejsi obdobi kritce po

Obr. 1. Ukédzka z méreni simuldtorem desté

seti, kdy neni povrch pady dostatecné chranén pied dopadajicimi
destovymi kapkami (7). V piipadé vyskytu piivalovych desta
pak muze dochazet k eroznim udalostem (8). V disledku vodni
eroze nastiva celd fada problému jak na zasazeném pozemku,
tak i mimo n&j (9). V mist¢ pusobeni vodni eroze postupné ubyva
svrchni vistva pudy (10), dochazi k vyplavovani zivin a poze-
mek se stivd méné urodnym (11). Pokud se smyty sediment
dostane az do vodnich tokd, maze snizovat pratocny profil (12)
¢i zpasobovat nadmérnou eutrofizaci (13), coz nasledné zvysuje
finan¢ni ndklady na odstranéni zpusobenych skod (14).
Za zaklad trvale udrzitelného hospodareni jsou dnes po-
vazovany pudoochranné technologie (15). Ty jsou vétSinou
zalozeny na dostate¢né pokryvnosti povrchu rostlin-
nymi zbytky ¢i Zivymi rostlinami. Jejich pfitomnost
nasledné snizuje rozsah degradacnich procest, mezi
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které patii i vodni eroze (16). Na toto téma jiz byla
vyddna fada publikaci (17, 18 atd.), kde je vyznam
pudoochrannych technologii z pohledu vodni eroze
i dalsich aspektt podrobné popsan.

Ne vsechny ptdoochranné technologické postupy
vsak musi byt nutné zaloZeny na vyssi pokryvnosti
pudy. Jednou z takovych technologii je napfiklad
podryvani, resp. hloubkové kypfeni pudy (19, 20).
Tato agrotechnickd operace umoznuje rozruSeni
zhutnélych podornicnich vrstev, podporuje infiltraci
vody do pudy (2D a je vhodné ji vyuZivat pii péstovani
cukrové fepy. Hloubkové kypfeni je proto spolecné
s dalsimi dvéma agrotechnickymi zpusoby piipravy
pudy pfedmétem tohoto ¢lanku. Jeho hlavnim cilem
bylo ovéfit, ma-li rozdilné podzimni zpracovani pudy
vliv na rozsah vodni eroze v jarnim obdobi kritce po
seti cukrové fepy. Kromé smyvu pudy bylo dalsim
cilem stanovit mnoZstvi povrchového odtoku.

Material a metody

Hodnoceni podzimniho zpracovani pady u cuk-
rové fepy z hlediska omezeni vodni eroze bylo pro-
vadéno v okrese Ji¢in, ktery jako tUzemné-spravni
jednotka spada do Kralovéhradeckého kraje. Ové-
fovani bylo provddéno pomoci polniho simuldtoru
desté (obr. 1.) vyvinutého ve Vyzkumném ustavu
monitoringu a ochrany ptidy (VOMOP). Pro ucel

LCaR 141, & 9—10, z&fi - fijen 2025
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tohoto hodnoceni byly zakladany jednotlivé experimentdlni
pozemky s pozadovanym zpusobem zpracovani pudy. Pokusy
byly provadény po dobu Ctyf let, pficemz pokusné plochy
byly orientovdny po spadnici, coZ je nejméné piiznivy zpusob
z hlediska omezeni vodni eroze. Konkrétné byly provéfovany
tyto varianty:

— hluboka orba s hloubkou zpracovani 25 cm,

— hluboké kypieni s hloubkou zpracovani 25 cm,

— m¢élké kypieni s hloubkou zpracovani 13 cm.

Podzimnimu zpracovani pady predchizela aplikace chlév-
ského hnoje v davce 50 tha™ s ndslednou podmitkou talifovym
podmitacem. V jarnim obdobi rovnéz u vsech variant probéhla
predsefova piiprava realizovana kompaktorem s hloubkou zpra-
covani 3 cm. Do této hloubky se ndsledné i zaselo pfesnym
secim strojem.

Klimatické a pudni poméry

Méfeni byla provedena v klimatickém regionu T3, ktery je
charakterizovan primérnou teplotou 8—9 °C, sumou teplot nad
10 °C v rozmezi 2 500—2 800 °C, pramérnym Ghrnem srazek
550—650 mm a pravdépodobnosti suchych vegetacnich obdobi
mezi 10—-20 %. PfestoZe se pokusné plochy v jednotlivych letech
ménily, sklonitost dosahovala minimalné 6 %. Zaroven bylo
dbino, aby se na pokusnych plochich nachizel stejny pudni
typ — hnédozemé s relativné podobnymi pidnimi parametry.
Jako indikator charakteru ptdnich podminek uvadime jeden
z pudnich rozbort. Zrnitostni slozeni odpovidalo pudnimu
druhu — hlinitd pada. Podil jednotlivych frakei byl <0,002 mm —
23,6 %, <0,01 mm — 35,7 %, <0,05 mm — 84,9 %, <0,1 mm — 94,2 %.
Obsah humusu byl 1,98 %, tedy ptda byla slabé humoézni, coz
odpovidi obsahu oxidovatelného uhliku (C,0) 1,15 %. Vyménna
pudni reakce pHyq dosdhla hodnoty 5,7. Padni reakce byla tedy
mirné kysela. Rychlost infiltrace po nasyceni odpovidala rozmezi
0,1-0,2 mm'min™". To znamend, Ze puda je schopna stfedné
rychle vsakovat vodu i pfi plném nasyceni pudniho prostredi.

Postup méreni polnim simuldtorem desté

Princip méfeni pomoci polniho simuldtoru desté spociva
v rozstfiku vody na presné definovanou ohrani¢enou plochu
21 m?% kdy se zaznamendva pribéh a mnoZstvi povrchového
odtoku. Zaroven se v pravidelnych intervalech (3 min) odebiraji
vzorky odtékajici vody, ze kterych se nasledné laboratorné
stanovuje obsah nerozpusténych litek. Tyto hodnoty se po
zpracovani dopliiuji do softwaru simulatoru, ktery ze zazname-
naného prubéhu odtoku vypocte celkovou ztratu pudy vodni
erozi pro feSenou variantu. Schéma oveéiovani bylo pro kazdou
variantu (pokusnou parcelu) totozné, pfiCemz prvni zadesténi
probihalo po dobu 20 minut. Ndsledovala technologicka pauza
z divodu sjednoceni vlhkostnich pomeéru a nacerpini nové
vody. A poté se provedla druhd simulace na jiz vlhkou pudu,
jejiz délka byla stejnd jako u prvniho zadesténi, tedy rovnéz
trvala 20 minut. Jednotlivé terminy méfeni vychazeji z péstebnich
obdobi stanovenych pro urceni faktoru ochranného vlivu vege-
ta¢niho pokryvu (22):
— prvni termin zadesténi — v obdobi od piipravy pozemku k seti

do jednoho mésice po zaseti,

LCaR 141, &.9—10, z4# - fijen 2025

—druhy termin zadesténi — v obdobi od druhého mésice po
jarnim nebo letnim seti,

— tieti termin zade$téni — v obdobi od konce druhého terminu
zadesténi do sklizné.

Vysledky

Podzimni piiprava pudy pro cukrovou fepu ma klicovy
vyznam v prevenci vodni eroze. Jednim z dualezitych faktort
je hloubka zpracovani pady, pfi niZ pracovni orginy stroje
narusuji utuZenou vrstvu. Tato vrstva se na pudich vhodnych
pro péstovani cukrové fepy obvykle nachdzi v hloubce od
22 cm. I pfi hlub$im zpracovani vsak existuji vyznamné rozdily
mezi jednotlivymi technologiemi, které ukazuji na vyssi G¢innost
nékterych postupt. Hloubka zpracoviani tedy neni jedinym
faktorem, ktery ovliviiuje miru vodni eroze. Zna¢ny vliv md i zpu-
sob, pomoci kterého je puda v podzimnim obdobi pfipravena
(orba, hluboké nebo mélké kypfeni). Tuto skutecnost nejlépe
potvrzuji vysledky méfeni simuldtorem desté, které stanovuji
prumérnou ztritu pudy a primérnou vysku povrchového odtoku.

Ztrdta pldy

Vysledky ztraty pudy hodnoti miru odlu¢nosti pudnich
¢astic vlivem vodni eroze. Samoziejmé do urcité miry je vysledna
ztrata pudy v korelaci s mnoZzstvim povrchového odtoku, ale
rovnéz se do vysledku promitaji i dalsi faktory. Proto si nejprve
predstavme samotné vysledky ztraty pudy (obr. 2.) a ndsledné
piepoctené na jednotku povrchového odtoku. Nejvyssi ztrita
pudy byla zaznamendna u varianty mélkého kypreni, kde dosdhla
hodnoty 4,36 tha™. Tento vysledek pfisuzujeme ptredevsim
hloubce zpracovani, kterd byla vyznamné nizsi nez u zbyvajicich
ovéfovanych variant. U hluboké orby dosahla prumérna
ztrata pudy 1,44 tha™. Efekt hlubsiho zpracovani pudy oproti
pfedchozi varianté je zde tedy pomérné zietelny. NejniZzsi ztritu
pudy, pouze 0,49 t-ha™, prokazala varianta hlubokého kypieni.
Tento vysledek je pravdépodobné dan kvalitnéjsim zpracovanim

Obr. 2. Primérna ztrata pldy vodni erozi stanovend na podkladé
méreni simulatorem desté
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Obr. 3. Primérna vyska povrchového odtoku u ovéfovanych
variant podzimniho zpracovani pidy
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a rozrusenim utuzené vrstvy pudy. Do vysledku se vsak pozi-
tivné promitaji i dalsi faktory jako drsnost povrchu pudy jed-
notlivych variant, struktura ¢i stabilita pudnich agregita. To je
zietelné, prepocteme-li si vysledky ztrity pudy na jednotku
odtoku. U mélkého kypfeni odpovidd ztrita pidy hodnoté
0,54 tha”-mm™, u hluboké orby 0,46 t-ha™-mm™a u hlubokého
kypfeni pouze 0,19 tha™”-mm™. Zatimco se tedy u hluboké orby
a mélkého kyprfeni se na jednotku odtoku ztricely padni ¢astice
podobné, u hlubokého kypfeni je hodnota méné neZz polovicni.

Prikaznost vysledk praimérné ztraty pudy byla provéfoviana
pomoci testu One Way ANOVA. Mezi variantami byl na hladiné
vyznamnosti «=0,05 prokazan rozdil. Nasledné byly vysledky
proveéfovany i Tukey HSD testem, ktery ovéroval rozdily mezi
jednotlivymi variantami. S vysokou pravdépodobnosti 0,009 byl
potvrzen rozdil mezi variantou hlubokého a mélkého kypfreni.
Pouze o neceld dvé procenta se nepodafilo prokazat rozdil
mezi variantami hluboka orba a mélké kypreni, kde vysledné
p-value dosdhlo hodnoty 0,057. U vysledk variant hluboké orby
a hlubokého kypieni p-value dosihlo hodnoty 0,732. Vysledky
obou testu jsou uvedeny v tab. 1.

Vyska povrchového odtoku

Pramérna vyska povrchového odtoku stanovuje mnoZstvi
vody, kterd povrchové odtekla za dany Casovy interval, tj. dobu
simulace 40 minut. VySka povrchového odtoku je vyjadfena

svislou vyskou vodniho sloupce rovhomérné rozlozeného na
plose, ktera se vztahuje k rozméru zadestované plochy 21 m?®.
Vysledky pramérmné vysky povrchového odtoku (obr. 3.) uka-
zuji, jak razné zpusoby zpracovani pudy ovliviiuji mnozstvi
povrchového odtoku, ale ekvivalentné i to, jak jsou schopny
zadrzet srazkovou vodu. Shodné jako v pfipadé kritéria ztrity
pudy byla nejvyssi hodnota odtoku zjisténa u mélkého kypreni,
a to 8,09 mm. Tato hodnota byla 2,5—3,2X vyssi neZ u zbylych
dvou zpusobu podzimniho zpracovani pudy. Mélké kypieni
mi vyrazny vliv na mensi infiltraci vody do pudy, coz vede
k vétsimu mnozstvi povrchového odtoku. Naopak, hluboka
orba s pramérnou hodnotou odtoku 3,15 mm vykazuje lepsi
schopnost zadrzet vodu. Nejnizsi hodnotu odtoku vykazala
varianta hluboké kypfeni s hodnotou 2,52 mm, coZ naznacuje,
Ze tento zpusob zpracovani nejvice podporuje infiltraci vody
a snizuje povrchovy odtok.

Prukaznost vysledkt pramérné vysky povrchového odtoku
byla opét provéfovana dvojici statistickych testi — One Way
ANOVA s nislednou aplikaci Tukeyho HSD testu. One Way
ANOVA test na hladiné vyznamnosti o =0,05 prokdzal mezi
vSemi variantami statisticky vyznamny rozdil. Nasledny Tukeyho
test potvrdil vyznamny rozdil mezi variantami mélkého kypreni
a hluboké orby, pficemZz p-value zde dosidhlo hodnoty 0,004.
S velkou spolehlivosti byl potvrzen statisticky vyznamny rozdil
i mezi mélkym a hlubokym kypfenim, kde p-value bylo pouze
0,001. Naopak mezi hlubokou orbou a hlubokym kypfenim
statisticky prikazny rozdil prokdzian nebyl, protoze p-value
dosahlo hodnoty 0,904. Vysledky testu potvrzuji, Ze rozdily
mezi variantami mélkého a hlubokého kypfeni a mezi mélkym
kyprenim a hlubokou orbou jsou statisticky vyznamné, zatimco
rozdil mezi hlubokou orbou a hlubokym kypienim neni potvrzen.
Vysledky obou testl jsou uvedeny v tab. II.

Diskuse

Péstovani cukrové fepy predstavuje vyzvu nejen z hlediska
dosazeni vysokych vynostu a snizovani nakladt diky pouziti
vhodnych agrotechnickych postupu, ale rovnéz z pohledu
udrzitelného hospodafeni s pudou a vodou. Tento pozadavek
zahrnuje ochranu proti vodni erozi i efektivni zadrzovani vody
v pudnim profilu.

Vzhledem k témto pozadavkium se v poslednich letech stile
Castéji zkoumaji rizné technologické postupy, jejichz cilem je
zajistit dlouhodobé udrzitelné zpusoby hospodafeni. Klicovou
roli v tomto sméru hraji postupy zpracovani ptdy majici vyrazny
vliv na miru povrchového odtoku a ztratu pudy vodni erozi.
Jak doklada tato studie, pfi celoplosném zpracovani pudy je
vyznamnym faktorem praveé hloubka zpracovani pudniho profilu.

Pomérné odlisné vysledky ovSem publi-
kovali JoHNsON A MOLDENHAUER (23). Jejich

Tab. I. Vysledky statistickych testu u kritéria ztrata pldy experiment porovnaval vliv podzimniho
zpracovani pluhem do hloubky 20 ¢m, pod-

Pocet Prlimérna ANOVA Tukey HSD test ST Sleé At 14 ¢ _

Varianta méfeni ztréta pady (p-value) (p-value) f_lfnmho mélkého zpracovani Fllatovym kyp j

(t-ha) ficem do hloubky 15 c¢m (varianta podobna

naSemu mélkému kypfeni) a variantu jarnitho

VA — hiubokd orba 18 144 V1vs. V2 = 0,732 povrchového kypreni disky. Stejné jako v nasi
o studii byly vysledky odtoku a ztrity pudy

V2= hluboks kypfeni i 0.49 0,009 Vilvs. V3=0,057 stanoveny na zakladé simulovanych srazek.
V3 — mélké kypieni 18 4,36 V2 vs. V3 = 0,009 Prvni simulace srazky trvala 60 min, po
24 h byla aplikovana druha simulace srazky

294 LCaR 141, & 9—10, zafi— fjen 2025



KINCL, KABELKA, VOPRAVIL: Vliv podzimniho zpracovani ptdy u cukrové fepy na projevy vodni eroze

po dobu 30 min a po 15min prestavce

Tab. Il. Vysledky statistickych testd u kritéria vyska povrchového odtoku

byla spusténa i tfeti simulace s délkou
30 min. Intenzita simulované srazky byla
6,35 cm za hodinu.

— Pfi prvni simulaci byla nejvy3si ztrita
pudy zaznamendna u varianty orby plu-
hem, a to 11,70 tha™h™. Vyrazné nizsi
ztrata byla zjisténa u mélkého zpraco-
vani dlatovym kypfi¢em (2,67 tha™-h™,
coz predstavuje snizeni o 77 %) a po-

Pocet Priimérny ANOVA Tukey HSD test
Varianta méreni povrchovy (p-value) (p-value)
odtok (mm)
V1 - hluboké orba 18 3,15 V1 vs. V2 = 0,904
V2 — hluboké kypreni 17 2,52 0,001 V1 vs. V3 = 0,004
V3 — mélké kypFeni 18 8,09 V2 vs. V3 =0,001

dobné i u povrchového kypfeni disky
(2,69 tha™-h™).

— Pfi druhé simulaci na nasycené pudé byla opét nejvyssi ztrata
pudy zaznamenidna u orby pluhem (21,94 t-ha™-h™). Ztrata
u varianty povrchového kypreni disky vsak vyrazné vzrostla
na 17,85 tha™h™ (sniZeni pouze o 19 %). Podzimni mélké
zpracovani dlatovym kypfi¢em meélo nejnizsi hodnotu ztraty
pudy 5,57 tha™h™ (sniZeni o 75 %).

— Ve tfetim terminu simulace byly predchozi vysledky pouze
potvrzeny. U orby pluhem dosahla ztrata 22,94 tha™-h™. U po-
vrchového kypfeni disky byla ztrita pudy 18,82 t-ha™h™
(snizeni o 18 %) a u varianty mélkého dlitového kypieni
7,48 tha™-h™ (sniZeni o 67 %).

Pomérné velké rozdily mezi vysledky této studie a nami
zjisténymi jsou prekvapivé, protoze puidni a sklonové podminky
pokusu byly podobné (zrnitost pudy prachovitd hlina, sklon
pozemku 5 %). Urcity rozdil je mozno zaznamenat v hloubce
zpracovdni, u orby (o 5 cm) a u mélkého kypfeni (o 2 cm), ale
nedomnivime se, ze by mél mit tak vyrazny vliv. Dalsim rozdi-
lem je, ze vysledky v nasi studii byly méfeny prabézné béhem
celé vegetacni doby cukrové fepy, zatimco studie Jornsona A Mor-
DENHAUERA (23) provadéla méfeni v kratkém obdobi béhem konce
kvétna a zacitku cervna na pudeé bez vegetace. A pravé tato
skute¢nost by mohla byt hlavni pfi¢inou rozdilnych vysledk.
Hnédozemé, na kterych jsme ovéfovali, mély béhem vegetacni
sezony schopnost se vlivem klimatickych pomér samy pfirozené
utuzovat. Rozdilny zplsob podzimniho zpracovani pak mohl
mit zisadni vliv na strukturu orni¢ni vrstvy. Efekt genetického
(pfirozeného) utuzovani popisuje i metodika JAVUREK A VacH (24)
a je obvykla u tézsich typu pud.

Naopak podobné zavéry o vlivu hloubky zpracovani pii pés-
tovani cukrové fepy pfinesla studie JaBro et AL. (25). Ta zkoumala
melké zpracovani pomoci diskového kypfice a sttedné hluboké
zpracovani dlatovym kypficem, pfi¢emz vychdzela z rozdilu
v nasycené hydraulické vodivosti. Hloubka zpracovani vsak
opét nebyla zcela totoznd — u diskového kypfice byla hloubka
0 3 cm mensi a u dlatového kypfice o 5 cm nizsi. Pfesto pramérnd
hodnota nasycené vodivosti u stfedné hlubokého zpracovani
dosdhla 41,5 mm-h™, zatimco u mélkého zpracovini to bylo
30,4 mm-h™. Varianta hlubsiho zpracovani tak infiltrovala o 37 %
vice vody. Autofi tento vysledek pfisuzuji zejména niz$imu
utuzeni pudy. Dal3imi efekty hlubsiho zpracovini byly mirné
vyssi vlhkost pudy a zvySena porovitost.

Dalsi porovnani vysledku s jinymi studiemi jiz neni pfimé,
protoze kromé hloubky zpracovani a pouzité agrotechniky se do
vysledka promitaji i rostlinné zbytky. Obecné jejich piiznivy vliv
na omezeni vodni eroze popisuji MCCARTHY ET AL. (26), DA SiLva
ET AL. (27) a JANECEK (28). V souvislosti s péstovanim cukrové fepy
takovou studii uvadi i Scrorrz et aL. (6). Prace hodnotila ¢tyfi
zpusoby zpracovani pudy, konkrétné konvenc¢ni zpracovani pudy
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s opakovanym pouzitim pluhu, redukované zpracovani s jedno-
rdzovym pouzitim pluhu a vysevem meziplodiny, ptdoochranné
zpracovani zaloZené na podryvani a vysevu meziplodiny a po-
sledni variantou byl no-till, rovnéZ s podryvanim a vysevem
meziplodiny. U vSech variant kromé no-tillové byla provedena
predsefova piiprava rota¢nimi branami v jarnim obdobi. Nejvyssi
hodnoty ztraty pudy byly zaznameniny u konven¢ni varianty.
Redukované zpracovani mélo ztratu niZ$i o 69 % a pudoochranné
0 93 %. Nejlepsi vysledek v3ak byl zaznamenan u varianty no-till,
kde byla ztrata ptidy snizena o 98 %. Dosazené hodnoty jsou jesté
vyznamng&jsi nez u nami hodnocenych variant. Tedy kombinace
hlubsiho zpracovani pudy s dostate¢nym mnozstvim rostlinnych
zbytktl se jevi z hlediska omezeni eroze jako nejpfiznivéjsi.
Rostlinné zbytky pusobi jako drobné piekizky odtoku vody
po povrchu, omezuji pfimy kontakt s pudou a zvysuji infiltraci
srazkové vody. Zaroven v dlouhodobém méfitku tato kombinace
také zlepSuje strukturu pady, ktera ma pfiznivy dopad na celou
fadu fyzikilnich a chemickych vlastnosti pudy.

Ur¢ity kompromis mezi konvenénim zpracovanim pudy
a postupy s velkym mnozstvim rostlinnych zbytkd na povrchu
nabizi technologie pasového zpracovani pudy (strip-till). Ta se
obvykle vyuzivd pfi protieroznim péstovani kukufice (29),
slunecnice (30) nebo fepky (31). Nicméné, jak popisuje price
Lavurer ET AL. (32), i timto postupem lze uspésné péstovat
cukrovou fepu s minimalnimi dopady na pidu. Hodnoceny
byly tii zptisoby zpracovani pady: intenzivni orba s hloubkou
20-30 cm, redukované zpracovani kultivitorem do hloubky
17-22 cm a pasové zpracovani pudy (strip-till) rovnéz s hloub-
kou zpracovanych pasu 17-22 c¢cm. Redukované zpracovani
bylo provedeno do porostu ozimé meziplodiny hoicice bilé
a pasové zpracovini do rostlinnych zbytkt obiloviny, kterd se
zde nachdzela v roce pfedchozim. I v tomto pokusu byly nejhorsi
vysledky zjistény u varianty orby. V pfipadé povrchového odtoku
tato varianta dosdhla pramérné hodnoty 7,8 I'm™, a u kritéria
ztraty pudy dosdhla 468 g-m™. Nepomérné lepsi vysledky byly
zjistény u varianty redukovaného zpracovani s rostlinnymi zbytky
na povrchu, kde povrchovy odtok dosihl hodnoty 3,5 1'm™
(sniZeni 0 55 %) a ztrata pudy 70 g'm™ (snizeni o 85 %). Jesté
lepsi hodnoty byly zjistény u pasového zpracovani pudy, kde
povrchovy odtok &inil pouze 0,6 I'm™ (sniZeni o 92 %) a ztrata
pady 9 g'm™ (sniZeni o 98 %). Tato price tedy opét potvrzuje
pozitivni vliv kombinace hlubsiho zpracovani pudy s rostlinnymi
zbytky na povrchu.

Vysledky odtoku a ztrity pudy jsou silné ovlivnény celou
fadou faktoru, které mohou mit razny vliv v zdvislosti na
konkrétnich podminkach. Kromé hloubky zpracovani pudy
a pouzitych agrotechnickych metod hraji vyznamnou roli také
klimatické podminky, intenzita a distribuce srizek, stav ptdni
struktury a vegetacni pokryti. Napfiklad v suchych obdobich
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muze mit i mirné zpracovani pudy vyrazné odlisné vysledky nez
v obdobich s vysokymi srazkami, kdy je pida vice nasycena
vodou. Je tedy ziejmé, Ze kazdd zména v jedné z téchto pro-
ménnych muze vést k odlisSnym vysledkiim, coZz ¢ini vyhod-
nocovani ucinnosti agrotechnickych opatfeni slozitym. Pfesto
u vétsiny studii miZeme pozorovat pozitivni trend vlivu hloubky
zpracovani ve vztahu k projeviim vodni eroze.

Zaver

Péstovani cukrové fepy je zemédélskou cinnosti, kterd
vyzaduje precizni péci o pudni podminky, zejména vzhledem
k riziku vodni eroze, kterd muze vést k ztraitim drodné pudy
a znedisténi vodnich toku. Tato studie se zaméfila na vliv riznych
technologii podzimniho zpracovani pudy na miru vodni eroze
ve vegetacnim obdobi rustu cukrové fepy.

Nejnizsi ztratu pudy vykazovala varianta hlubokého kypfenti,
ktera zajistuje nejlepsi podminky pro infiltraci vody do pudy,
¢imZ se snizuje povrchovy odtok. Naopak, mélké kypreni mélo
nejvetsi vliv na zvySeni povrchového odtoku a ztraitu pudy.
I u hluboké orby se stejnou hloubkou zpracovini jako u hlu-
bokého kypreni byly projevy vodni eroze horsi. Tento vysledek
potvrzuje, Ze kromé hloubky zpracovani hraje roli i struktura
pudy a jeji schopnost absorbovat vodu, coz vede k lepsi ochrané
pred vodni erozi.

Vysledky této studie potvrzuji, Ze spravné zvolené tech-
nologické postupy mohou vyznamné pfispét k udrzitelnému
hospodafteni, zlepSeni zadrzovani vody v pudé a ochrané proti
vodni erozi. Duraz na hluboké kypfeni a podobné pudoochranné
technologie muZe vést k minimalizaci negativnich dopadu eroze,
coZ je klicové pro dlouhodobou produktivitu pidy a ochranu
zivotniho prostfedi.

Clanek byl zpracovdn v rdmci Instituciondini podpory MZe
RO0223 a z vysledkit fesent projektii TACR SS07020469 a NAZV
QL25020027.

Souhrn

Piispévek je zaméren na ovéfeni vlivu podzimniho zpracovani pudy
z hlediska omezeni vodni eroze v porostech cukrové fepy. Celkové
byly z hlediska vlivu na ztratu pudy a mnozstvi povrchového odtoku
hodnoceny 3 varianty: hluboka orba, mélké a hluboké kypfeni. Tato
dv¢ kritéria byla po dobu 4 let méfena polnim simuldtorem desté,
ktery se jiz standardné v Ceské republice pouZiva pro stanoveni
protierozniho ucinku plodin a jednotlivych pudoochrannych
technologii. Jednozna¢né nejhorsi vysledky byly zaznamenany u mél-
kého kypfeni. Tato varianta vykdzala vysokou hodnotu ztraty pudy
4,36 tha™ a vysku povrchového odtoku 8,09 mm. Nepomérné lepsi
vysledky byly zjistény u hluboké orby, kde pramérnd ztrita pudy
dosdhla 1,44 tha™ a povrchovy odtok 3,15 mm. PouZity statisticky
test ovSem potvrdil prikaznost rozdilu mezi mélkym kypfenim
a hlubokou orbou pouze v piipadé vysky odtoku (ztrita puady
p-value 0,057, vyska povrchového odtoku p-value 0,004). Nejlepsi
vysledky byly zaznamendny u hlubokého kypfeni, kde ztrata pudy
dosdhla pouze 0,49 t-ha™ a vyska povrchového odtoku 2,52 mm.
Statistické zpracovani dat jednozna¢né prokazalo rozdil mezi mélkym
a hlubokym kypfenim u obou sledovanych kritérii (ztrita pady
p-value 0,009, vyska povrchového odtoku p-value 0,001). Mezi
variantami hlubokého kypfeni a orby se rozdil nepodafilo zjistit
(ztrata pudy p-value 0,732, vyska povrchového odtoku p-value
0,904). Z vysledku plyne, Ze hloubka zpracovani ma vliv na projevy
eroze. Pfestoze statisticky test neprokazal prukazny vliv hlubokého
kypteni oproti hluboké orb¢, dosazené primérné hodnoty odtoku
a ztraty pudy naznacuji, Ze tato varianta by pfi stejné hloubce
zpracovani mohla byt optimalnéjsi z hlediska omezeni vodni eroze.

Kliéova slova: vodni eroze, zpracovani pldy, cukrova fepa, povrchovy
odtok, ztrata pldy.

Obr. 4. Podzimni hluboké kypreni mize pfispét k lepsimu zadrZzovéani vody v pldé a ochrané proti vodni erozi
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Kincl D., Kabelka D., Vopravil J.: Effect of Autumn Tillage
in Sugar Beet Fields on Water Erosion

TThis paper aims at verifying the effect of autumn tillage in terms of
reducing water erosion in sugar beet crops. The following 3 options
were evaluated in terms of their effect on soil loss and the amount
of surface runoff; they were deep ploughing, shallow loosening
and deep loosening. The two criteria above were measured over
the period of 4 years using a field rain simulator, which has been
commonly used in the Czech Republic to determine the anti-erosion
effect of crops and individual soil conservation technologies.
The worst results were recorded for shallow loosening. This method
showed a high soil loss value of 4.36 tha™ and a surface runoff
height of 8.09 mm. Comparatively better results were recorded in
deep ploughing, with the average soil loss 1.44 t-ha™ and surface
runoff 3.15 mm. However, the statistical test used confirmed the
significance of the difference between shallow loosening and deep
ploughing only in the case of runoft height (soil loss p-value 0.057,
surface runoff p-value 0.004). The best results were recorded for deep
loosening, where the soil loss was only 0.49 tha™ and the height of
surface runoff was 2.52 mm. Statistical processing of the data clearly
showed a difference between shallow and deep loosening for both
criteria studied (soil loss p-value 0.009, height of surface runoff
p-value 0.001). No difference was found between deep loosening
and deep ploughing (soil loss p-value 0.732, height of surface runoff
p-value 0.904). The results show that the depth of cultivation has an
effect on erosion symptoms. Although the statistical test did not show
a conclusive effect of deep loosening compared to deep ploughing,
the average values obtained for runoft and soil loss suggest that this
method could be more optimal in terms of reducing water erosion
at the same depth of cultivation.

Key words: water erosion, tillage, sugar beet, surface runoff, soil loss.
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4.6 Povrchovy odtok jako soucast vodni eroze

Jak jiz bylo zminéno v uvodni casti, vodni eroze je jednim znejCastéjSich
degradac¢nich procest vyskytujicich se na zeméd¢€lské pide. Vznika na sklonitych
pozemcich plsobenim ptivalovych srazek. Ty uvoliuji a prenédseji ptdni Castice do
niz§ich ¢asti na rizné velké vzdalenosti. Pii tomto procesu hraje kliCovou roli
povrchovy odtok, respektive jeho mnozstvi a kinetickd energie urcujici schopnost
undSet a odluCovat pudni castice. Informace o mnozstvi povrchového odtoku
u jednotlivych zplsobl hospodateni jsou uvedeny v piedchozich publikacich
(Publikace 1, 3,4, 5, 6,7, 8).

Ke vzniku povrchového odtoku dochdzi v momenté, kdy intenzita srazek piekroci
infiltra¢ni kapacitu pidy. Infiltra¢ni kapacita pidy je ovlivnéna fadou faktort: ptidni
druh, mnozstvi organické hmoty, drsnost povrchu, aktualni vlhkost apod. Timto
tématem se zabyva Publikace 9. Jejim obsahem je hodnoceni vlivu jednotlivych
zrnitostnich frakci pidy a aktualni vlhkosti na rychlost infiltrace.

Povrchovy odtok je pfirozenou soucasti hydrologického cyklu, nicméné celkové
mnozstvi odtékajici vody ze zemédélské pudy je mozné pomérné vyrazné ovlivnit
zpisobem hospodateni. V zasadé¢ lze tvrdit, ze povrchovy odtok je hlavnim faktorem,
ktery mém vliv na rozsah vodni eroze. Pokud dojde k omezeni mnozstvi povrchového
odtoku, je omezeno mnozstvi smytych Castic. Mezi povrchovym odtokem a vodni
erozi vSak neni pfima imeéra, coz potvrzuje Publikace 9. Vysledny rozsah vodni eroze
je dan celou tadou dalsich faktorti (ptidni druh, mnozstvi organické hmoty v ptdeé,
pokryvnost povrchu rostlinnymi zbytky, stabilita plidnich agregat apod.). Rovnéz je
potieba dodat, Ze kromé& povrchového odtoku zplsobuje vodni erozi pidy také
samotny dopad destovych kapek (tzv. kapkovd eroze) nebo eroze pulsobena
hypodermickym (podpovrchovym) odtokem.

Pfi vyuzivani konvenc¢nich technologii na svaZitych pozemcich (kde to legislativa
dovoli) mohou mit disledky vodni eroze negativni dopady na Zivotni prostiedi (viz
kapitola 2.1). Publikace 10 se proto zabyvd moznostmi, pomoci kterych by bylo
mozné zachytdvat smyty sediment pfimo na pozemku. Jedna se o riizna mobilni
technicka protierozni opatfeni, jejichz problematika neni doposud v Ceské republice
pfili§ prozkoumana.

Celkové mnozstvi povrchového odtoku je mozné piedpovidat na zéklad¢ celé fady

modeld. Jednim z celosvétové nejpouzivangjSich modelit je metoda CN kiivek.
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Publikace 11 je cilené zaméfena pravé na problematiku ptedpovédi povrchového

odtoku pomoci CN ktivek u vybranych plodin a jejich agrotechnickych postupii.
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Abstract: Knowledge of the issue of water movement in the soil is the basis for agricultural activity, but also for many
other sectors. One of the basic indicators that is evaluated in soil science is the rate of water infiltration into the soil.
The article specifically states how soil texture and soil moisture affect the rate of water infiltration. The results show
that changes in water infiltration can be significant and certain trends can be traced. The rate of water infiltration into
the soil is most affected by the sand fraction (soil particles 0.05-2 mm). The higher the percentage of these soil particles
in the soil, the lower the changes in infiltration rate depending on the degree of saturation. The article further evaluates
soil moisture in relation to texture. The results were obtained at several research locations within the period 2014-2021
in the territory of the Czech Republic. The above findings are primarily applicable to the region of Central Europe or can
be used as comparative values for regions in the rest of the world.

Keywords: soil erodibility; soil moisture; soil texture; surface runoff; water infiltration rate

The water infiltration rate into soils is one of the
critical factors that influence the soil water regime
(Novak & Hlavacikova 2019). It indicates how much
precipitation will be in the form of surface runoff
and how much will infiltrate into the soil (Rawls et al.
1992). The higher the infiltration capacity of the
topsoil, the more water can infiltrate (Suttisong &
Rattanadecho 2011). Knowledge of soil water flow
and its variations is needed in many environmental
fields, such as runoff modelling (Chandler et al.

2018), soil conservation (Heard et al. 1988), irriga-
tion systems (Bhardwaj et al. 2007), slope stability
(Vardon et al. 2016), land drainage (Youngs 1976),
earth dam design (Ferdos et al. 2015) or flood man-
agement (Simpson & Meixner 2012).

The process of water infiltration is reported to be
affected by many factors such as soil properties,
underlying surface or rainfall characteristics (Ahuja
et al. 2007; Neris et al. 2012). Most soil physical
properties are highly variable throughout the year,

Supported by the Ministry of Agriculture of the Czech Republic, Projects No. QK21020069, No. QK22020053 and

No. MZE RO0223.

© The authors. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0).

128



Soil and Water Research, 18, 2023 (2): 128—137

Original Paper

https://doi.org/10.17221/132/2022-SWR

but soil texture is relatively stable. Therefore, this
article is primarily focused on verifying the relation-
ship between water infiltration and soil texture. The
problematics of water infiltration and surface runoff
is also important in relation to climate change. The
probability of extreme weather occurrence (tor-
rential rains or droughts) has increased in the last
decades (Kornhuber et al. 2019) and this trend is still
continuous (Min et al. 2011; Zwiers et al. 2011).
Extreme climatic conditions fundamentally affect
a number of important soil properties (Seneviratne
et al. 2010). One of these properties is soil moisture,
which is closely related to infiltration rate. For this
reason, this property of the soil is also evaluated in the
article. Of course, there are other factors that affect
the infiltration rate, such as the amount of organic
matter in the soil (Nemes et al. 2005), soil structure
(Kodesova et al. 2009), soil compaction (Zhang et al.
2006) etc., but these are not the focus of this paper.
The main goal of the article is to verify how much
initial moisture in soils with different textures affects
water infiltration. Three hypotheses are verified
in this article:
The relationship between water infiltration rate and
soil texture could be determined.
There is a relationship between initial soil moisture
and water infiltration rate.
Relationship between water infiltration rate and
soil loss.

MATERIAL AND METHODS

The research was carried out between 2014 and
2021. A rainfall simulator was used to measure water
infiltration in the soil. It is a research device used
worldwide to study soil erosion and hydrological
processes (Dunkerley 2008; Rodrigo-Comino et al.
2018). The rainfall simulator provides a compre-
hensive set of information from which infiltration
rate can be determined. The principle of measuring
using a rainfall simulator is based on the simula-
tion of precipitation in a defined area. The rainfall
simulator developed at Research Institute for Soil
and Water Conservation (RISWC) was used for the
research, where the size of defined area for simula-
tion is 21 m? (Kabelka et al. 2019; Hofbauer et al.
2023). The device has four nozzles (fulljet type)
at a height of 3.0 m, which are connected by a pipe
system. Each nozzle covers an area up to an angle
of 104° at a pressure of 34.5 kPa. The size of the
water drops is close to the size of natural raindrops

(Kovar et al. 2012). The intensity of the simulated
rainfall was set around 1 mm/min.

During each term of measuring, two rainfall simu-
lations were performed on the same area. The main
aim was to verify soil with initial moisture and subse-
quently the soil with higher moisture obtained from
the first rainfall simulation. Before each simulation,
soil samples were taken from the experimental plot
to determine soil moisture by the gravimetric method
as soil water content by mass in % according to the
formula:

Weight of wet soil (g) — Weight of dry soil (g)

: . x100
Weight of dry soil(g)

% Soil water =

Disturbed soil samples for moisture determination
were always taken in the upper part of the simulated
area in the space below the fourth nozzle. The up-
per layer of soil with a size of 50 cm?® was taken. The
total time of the first rainfall simulation was 30 min.
Then there was a technological 15-min break. During
the technological break, another disturbed sample
was taken at the moment when all the water had
already infiltrated and the surface runoff from the
first simulation had ended. A 15-min break was fol-
lowed by a second rainfall simulation with duration
of 15 min. During rainfall simulations, the amount
of infiltrated water and surface runoff were measured.
The surface runoff was collected in a water-collecting
flume in the lower part of the experimental area.
Its amount was determined using a tipping bucket.
From these measured data, the average infiltration
rate of the soil in mm/min was calculated as a dif-
ference between surface runoff and the water that
infiltrated the soil.

Infiltration rate was always monitored on the bare
soil. Bare soil means an experimental plot completely
without plant cover prepared according to the meth-
odology Wischmeier and Smith (1965) and Guideline
“Erosion Control in the Czech Republic — Handbook”
by Janecek et al. (2012). This methodology was the
same on all experimental plots. The research was
carried out at eight locations in the Czech Republic
(Figure 1). During the research, 8 to 20 measure-
ments were made at individual locations, always
on the same plot (Table 2). The altitude of the sites
varied between 300 and 545 m and the slope 5-10°.
A more detailed description, including coordinates,
is given below:

(1) Ttebsin (49.8542853N, 14.4639703E) — the
study area si located in Central Bohemia. The sum-
mer climate is slightly warm and humid. The mean
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annual rainfall is 550-650 mm and has a temperature
of 7-8 °C.

(2) Solopysky (50.2590500N; 13.7421208E) — the
study area is located in Usti Region. The typical
summer climate is slightly warm and dry. The mean
annual rainfall is 450-550 mm and the average tem-
perature 7-8.5 °C.

(3) Jevicko (49.6561078N; 16.7089289E) — the study
area is located in Moravia. The summer climate
is warm, dry to slightly dry with an average annual
temperature of 8.4 °C. Annual precipitation ranges
from 650 to 750 mm.

(4) Véz (49.5645353N; 15.4508692E) — the study
area is located in Vysocina (area of the Bohemian-
Moravian Highlands). The summer climate is mild
to slightly cold with an average annual temperature
of 7.2 °C and annual precipitation of 600—750 mm.

(5) Petrovice (49.5523536N, 14.3295014E) — the
study area is located in Central Bohemia, the summer
climate is slightly dry and humid. The mean annual
precipitation is 550—-650 mm and the temperature
is 7-8 °C.

(6) Skoupy (49.5763589N, 14.3567811E) — the study
area is located in Central Bohemia, the summer
climate is slightly dry and humid. The mean annual
rainfall is 550—650 mm and the temperature is 7-8 °C.

(7) Vale¢ov (49.6388550N, 15.4891042E) — the study
area is located in Vysocina, especially in the area
of the Bohemian-Moravian Highlands. The summer
climate is slightly dry and humid. The mean annual
rainfall is 650—750 mm and the temperature is 6-7 °C.

(8) Puclice (49.5864069N, 13.0128503E) — the study
area is located in Plzen Region in the area of the Pilsen

Solopysk:
P Pysky
Trebsin
[ J
.Puclice
Petrovice .SkOUPV Valecov
Véi..

e study areas

boundary of region
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Uplands. The summer climate is slightly warm and
dry. The mean annual rainfall is 450-550 mm and
the temperature is 7-8.5 °C.

All data from the experimental plots and measure-
ments were subjected to basic statistics. The statistic
was performed for data containing infiltration rate
in the first rainfall simulation and in the second simu-
lation. The main objective in this case was to verify
whether the change in soil water infiltration rate
between simulations is statistically significant. For
each location, the average infiltration rate in mm/
min and the standard deviation were determined.
Subsequently, the normality of the data was verified
by the Shapiro-Wilk test (significance level a 0.05).
Not all locations met the normality of the data (even
after performing a logarithmic transformation of the
data), therefore the Mann Whitney U test (significance
level « 0.05) was used, which is appropriate in these
cases. The same evaluation method was performed
for soil moisture information.

RESULTS AND DISCUSSION

Locations with different soil texture were included
among the experimental areas (Table 1). Soil texture
fractions were analyzed and possible dependen-
cies with infiltration rate and soil moisture were
searched for.

Infiltration rate and its changes in relation to soil
texture. The results show that the soil texture has
a significant influence on infiltration rate. This is in
agreement with the authors (Bloemen 1980; Wesseling
et al. 2009; Yao et al. 2013) who did similar research.

Jevicko
()

Figure 1. Map of the experimental areas
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Table 1. Basic soil characteristics of the experimental areas
Soil texture (%)
Location Soil cl?ssiﬁcation ' & e - Content
(USDA - soil texture triagle) Y of Cox (%)
(< 0.002 mm) (0.002-0.05 mm) (0.05-2 mm)
Ttebsin silt loam 9.16 53.98 36.86 1.21
Solopysky clay loam 24.79 41.77 33.44 1.02
Jevicko silty clay loam 28.39 60.8 10.81 1.19
Véz sandy loam 11.47 35.7 52.84 1.16
Petrovice sandy loam 7.33 24.07 68.6 1.01
Skoupy sandy loam 7.05 37.6 55.35 1.32
Valecov loamy sand 9.33 8.2 82.48 0.98
Puclice loam 11.03 44.0 44.97 1.49

USDA - The United States Department of Agriculture, Cox — carbon oxides

According to our data, the amount of sand particles
(0.05-2 mm) has the greatest effect on water infiltration
rate due to changing soil moisture. This fact is clearly
visible in Figure 2. The R* number for the trend line
reaches the value of 0.8535, so it is a relatively strong
dependence. For the other two soil texture fractions,
the R? number reached lower values.

With the exception of one locality (Puclice), the
results of the other localities are very close to the
established trend. One of the main reasons why Pu-
clice deviates the most from the established trend
may be the carbon oxides (Coy) content in the soil,
which was the highest there (Table 1). Soils with
higher organic matter content are able to infiltrate
and retain more water than soils with less organic
matter (Hudson 1994; Adamu & Aliyu 2012; Yao
et al. 2013).

The rate of infiltration between rainfall simulations
changed the most in the Jevi¢ko location, which has
10.81% sand particles. This is followed by the loca-
tions of Solopysky and Trebsin, where the content
of sand is around 35%. On the other hand, the rate
of infiltration changed the least at localities with
the highest sand content, namely at the Vale¢ov and
Petrovice locations. This is most apparent in the case
of Valecov, where there is loamy sand soil.

It is therefore evident from the results that due
to smaller changes in the rate of water infiltration
in sandy soils, a more constant surface runoff due
to changing soil moisture can be expected in these
soils. This is the case of the Valecov location, where
the infiltration rate changed between rainfall simula-
tions by only 15.64%. On the contrary, in soils with
alow percentage of sandy fraction, there was a more

100 y = —2.3897x + 109.53

s R* = 0.8535
= 80 | °
1 2
£ P R*=07231
£ 60 4 T
g o604 T
o
%} e e
< o404 &l o R*=0.5959
é 204 . ...::'.‘.u, ..........
< Q.ceeeeeer @..ceeeeeet .. P [ )
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0 5 10 15 20 25 30 35 40 45
Change in infiltration rate (%)
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Figure 2. Relationship between infiltration rate and soil texture
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Figure 3. Relationship between soil texture and soil moisture

significant decrease in the rate of water infiltration.
In the case of our results, the infiltration rate changed
by 39.16% at the Jevicko location (Table 2), which
is a relatively significant change for the subsequent
prediction of surface runoff.

As part of the research, various trends in initial soil
moisture were also monitored. Figure 3 shows that soil
moisture was on average higher in soils with a lower
percentage of sand (0.05-2 mm) than in soils with
a higher percentage of this fraction. Lighter soils with
a higher sand content do not hold water as tightly
and dry out faster (Gerard 1965; Oosterveld & Chang
1980; Cosby et al. 1984), which is also in line with

Table 2. Calculated results from rainfall simulator data

our measured results (R? = 0.6833). The soil moisture
results in Figure 3 may be affected by current weather
at the time of simulation, especially the occurrence
of the last natural rainfall (Pan et al. 2003) before
measuring by the rainfall simulator. However, due
to the relatively large number of measurements, this
fact should not have a major influence on the estab-
lished trend. The variation in initial moisture in the
individual experimental plots is captured to some
extent in the standard deviation of the average soil
moisture (Table 2).

After the first rainfall simulation, the differences
in soil moisture depending on soil texture (content

First rainfall simulation

Second rainfall simulation

Time Count Soil moisture Infiltration Soil moisture
Location period of ' befor.e rate aft.er the ‘ﬁrst Infiltration rate
measurement simulation simulation

(%) SD  (mm/min) SD (%) SD  (mm/min) SD
Tiebsin 2015-2021 20 16.64  3.64 0.087 0.028 28.8 3.98 0.064 0.03
Solopysky  2016-2021 20 16.74  3.79 0.069 0.014 30.2 2.53 0.045 0.012
Jevicko 2015-2021 19 16.98  4.14 0.081 0.017 29.3 3.87 0.051 0.018
Véz 2017-2021 13 13.41 2.82 0.065 0.012 24.47  2.75 0.049 0.012
Petrovice ~ 2015-2018 11 1243  3.75 0.072 0.016 21.4 291 0.06 0.01
Skoupy 2015-2017 14.56  2.75 0.083 0.016 2441  3.45 0.061 0.011
Valec¢ov 2014-2017 1247  3.21 0.063 0.01 26.11  4.28 0.053 0.009
Puclice 2015-2018 12 12.58  2.89 0.054 0.007 21.73  4.72 0.043 0.008

Soil moisture — soil water contents by mass; SD — standard deviation
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Table 3. Basic statistics from the measured date for infiltration rate and soil moisture

Infiltration rate - average change between rainfall simulations

Soil moisture

. Shaper—WIlk test Mann Whltney Shapiro-Wilk test Mann Whltney
Location . percentage
(P-value) U test (mm/min) SD (P-value) U test
change (%)
first RS second RS (P-value) first RS second RS (P-value)
Trebsin 1.10E-02  8.40E-02 1.54E-02 0.023  0.006 31.94 5.42E-01 4.29E-01 4.97E-08
Solopysky 8.80E-02  2.60E-02 2.88E-05 0.023  0.011 33.14 2.21E-01 2.47E-01 1.01E-07
Jevicko 3.51E-01 1.90E-01 2.66E-05 0.030  0.008 39.16 8.67E-01 8.16E-02 1.36E-09
Véz 2.77E-01  3.15E-01 1.60E-02 0.016  0.006 24.76 4.87E-01 2.52E-01 2.84E-06
Petrovice  1.16E-01 6.81E-02 3.85E-02 0.012  0.007 15.74 8.40E-02 1.38E-01 1.13E-05
Skoupy 4.99E-01 5.81E-01 3.66E-02 0.021 0.007 25.18 6.14E-01 6.90E-04 9.31E-04
Valecov 9.21E-01 2.95E-01 4.16E-02 0.010 0.003 15.64 6.74E-02 3.17E-01 2.17E-05
Puclice 2.85E-01 3.93E-01 3.49E-03 0.011 0.005 19.87 3.05E-01 1.46E-01 8.11E-05

Soil moisture — soil water contents by mass; RS — rainfall simulation; SD — standard deviation; statistics test was performed

for comparing data from the first and second rainfall simulation

of 0.05-2 mm soil particles) were less significant
(R? = 0.3538). A similar trend is confirmed in the
study of Vereecken et al. (2007).

The information from this sub-chapter can be used,
for example, in environmental modelling. When
modelling surface runoff without taking actual soil
moisture into account, less accurate results can be ex-
pected for heavier soils compared to lighter, sandy
soils due to larger fluctuations in water infiltration
rate (Table 3). It would therefore be advisable to make
some corrections (positive or negative) to the amount

0.14 4
0.12 4
0.10
0.08 4

0.06

0.04 -

Water infiltration rate (mm/min.)

0.02 4

0.00

of surface runoff based on the current soil moisture
for soils with a heavier texture. This recommendation
is especially suitable for short-term rainfall-runoff
models, where surface runoff from individual rainfall
events is modelled.

Infiltration rate during the first and second
rainfall simulation. In all experimental locations,
it was confirmed that lower initial soil moisture (state
before the first rainfall simulation) allows faster water
infiltration than if the soil has higher soil moisture
(state after the first rainfall simulation) (Figure 4).

Trebsin Solopysky Jevicko Véz

Petrovice Skoupy Valecov Puclice

[ Infiltration rate - the first rainfall simulation [7] Infiltration rate - the second rainfall simulation

Figure 4. Water infiltration into the soil in the first and second rainfall simulations
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Figure 5. Results from rainfall simulator — differences between first and second rainfall simulation (infiltration rate and soil loss)

This is in line with Houser (2003), Steward et al.
(2013), Matula et al. (2015) and others. Due to the
method of rainfall simulation and preparation of the
experimental area (Wischmeier & Smith 1978; Janecek
etal. 2012) before the first simulation (loosening the
top layer of soil up to 5 cm and then rolling it with
a roller weighing 50 kg), the occurrence of a solid
upper crust was prevented, which could affect the
measurement, especially on heavier soils. The em-
phasis was also placed on the fact that there were
no plant residues on the experimental plots, which
could also significantly affect the measurements.

Infiltration rate in relation to soil loss. It is obvi-
ous that changes in infiltration rate affect the amount
of surface runoff (Blanco-Canqui et al. 2002). This can
in turn affect the amount of soil eroded. Due to the
large amount of information obtained from the rainfall
simulator, it was possible to look for the relationship
between water infiltration and soil loss. Individual
measurements are shown in Figure 5, specifically
shows the average infiltration rate and soil loss from
the rainfall simulator in one minute. When evaluat-
ing each parameter separately, it is possible to find
certain dependencies between rainfall simulations,
but when comparing the rate of soil water infiltration
and soil loss, our data showed no significant relation-
ships (various combinations were tried). It has not
been confirmed that higher water infiltration means
lower soil loss, which is consistent with, for example,
Szabé et al. (2015).

134

This confirms the very well-known fact that soil
erodibility is a more complex process than water
infiltration. Infiltration rate is one of the parameters
affecting soil loss, but several other parameters must
be taken into account when modelling it, especially
the energy of raindrops, which significantly increases
the transport capacity of surface runoff (Vaezi et al.
2017). According to many studies (for example Kiani-
Harchegan et al. 2019; Zambon et al. 2021; ) soil loss
increases with rainfall intensity and slope steepness
(Sobol et at. 2017). In the case of water infiltration,
this fact does not apply. Some studies (Wischmeier
1966; Kinnell 2016) claim that a higher slope means
more surface runoff, others do not (Lal 1975; Liu et al.
2015; Jourgholami et al. 2020). The possible causes
of this phenomenon are explained by e.g. Roose (1973).
The relationship between slope and infiltration rate
has different conclusions in a number of studies (see
above). In our case, when the slope on the experimental
plots was in the little variance of 5-10°, no significant
influence on the infiltration rate is expected. This
is confirmed by the study of Arjmand Sajjadi and
Mahmoodabadi (2015) or Martinez-Murillo et al.
(2013), where this issue is well described.

CONCLUSION

Information on the rate of water infiltration and its
response to varying soil moisture is important and
useful, especially in modelling erosion and hydrological
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processes. The results confirm that the infiltration
rate changes due to changing soil moisture. This fact
is most influenced by sand particles (0.05-2 mm).
It is specifically stated that the more sand in the soil,
the smaller the changes in infiltration rate (15.64% —
location Valecov). On the contrary, in heavier soils,
the rate of water infiltration changes by up to 40%
(Jevic¢ko location). This means that more accurate
data can be expected in surface runoff predictions
in sandy soils if current soil moisture is not taken
into account. The results also show that in all ex-
amined cases, the infiltration rate between rainfall
simulations decreased. Therefore, it is obvious that
different initial soil moisture can change the water
regime of the soil. This fact subsequently affects
other downstream processes. The results presented
in the article are primarily applicable for the terri-
tory of the Czech Republic, possibly for the territory
of Central Europe, or they may serve as a comparison
for other areas.
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Abstract: Water erosion and the subsequent sediment deposits can cause a number of environmental problems. The
damage can be mitigated by means of sediment barriers. Their use is most often associated with the construction
or protection of transport infrastructure. In some cases, they can also be used in forestry and agriculture. However,
there is still a number of questions concerning sediment barriers regarding their proper function, efficiency and some
implementation parameters. For these reasons, we decided to verify three types of sediment barriers. They were tested
by simulated flooding at a flow of 5 and 10 L/s, always for a span of 25 min. All the tested barriers had a similar soil
particle trap efficiency of about 90%. We assume that this result was due to some of our modifications to the sediment
barriers and, above all, through the ensured run-off, where there were no structural failures within the barriers. Fur-
thermore, it was also found, during the simulations, that the required sediment process of the eroded soil was not signi-
ficantly affected by the size of the storage space. Therefore, it should be designed primarily with regard to the required
amount of sediment and not to retain a significantly large volume of water.

Keywords: full-scale testing; silt-fence; soil bund; soil erosion; straw bale; trap efficiency

Land disturbances caused by human activities, such
as construction, development, or agriculture, typi-
cally involve the removal of the vegetation cover and
topsoil and cause soil disturbances. (Vitousek et al.
1997). As aresult, the storm water run-off and erosion
rates are significantly increased (Prochazkovi et al.
2020). The subsequent erosion and sediment transport

have both onsite and offsite economic effects. The
erosion and soil loss, along with negative economic
impacts, cause uncontrolled water and sediment run-
off which degrades the surrounding environment. If
the sediment gets off the site, watercourses, water
ways and other objects can become clogged (Morgan
2009). The sediment-laden discharge can increase
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No. MZE-RO0218.
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the turbidity (Kirk 1985; Ryan 1991), decrease the
flow capacity, and provide a mode of transport for
other pollutants (Alekseevskiy et al. 2008), which
affects the amount of sunlight falling on aquatic
plants (Isobe & Matsuno 2008) and deteriorates the
living conditions of other aquatic animals (McDowell
& Wilcock 2008).

In order to prevent soil wash-out outside the af-
fected plot of land, sediment barriers have commonly
been used abroad, which have become the basic pro-
tection measure most commonly used on construc-
tion sites (Schussler et al. 2021). However, they are
also used in other sectors, such as protection in the
transport infrastructure, in forestry after fire damage
and in agriculture (Robichaud al. 2008; Donald et al.
2016). Sediment barriers have the character of a line
barrier, which can be created from different types
of materials: wheat straw, soil and stones, urethane
foam or woven and non-woven geotextiles (Donald
etal. 2013, Whitman et al. 2018). The main purpose
of sediment barriers is to trap the washed-out sedi-
ment released by torrential rain (Schussler et al. 2021;
Whitman et al. 2021) and to interrupt the surface
run-off (Boardman et al. 2019). Due to the interrup-
tion of the run-off line, the flow velocity is reduced
and the gravitational sedimentation is enhanced
in front of the formed barrier (Donald et al. 2016).

However, some questions about the operation
of sediment barriers still remain open. The issue

Figure 1. Tested sediment barriers

https://doi.org/10.17221/48/2022-SWR

of the efficiency and structural stability of barriers
in operating conditions is still being addressed in ex-
pert publications (Bugg et al. 2017a; Whitman et al.
2018). Various shape installation methods on a plot
have been designed and tested (Featherston et al.
2004; Zech et al. 2008). Moreover, the possibilities
of burdening and draining sediment barriers have
been determined, which should reduce the frequency
of their failures (Donald et al. 2016; Whitman et al.
2021). Therefore, we have also focused on some of these
issues, and the results and experience from our full-
scale plot experiments are described in this article.
The main objective of the study is to increase the
awareness of mobile sedimentation barriers and to en-
rich this area with new information and knowledge
gained during several years of research. The article
is mainly focused on the ability of various sedimenta-
tion barriers to trap washed-out sediment. The size
of the storage space has been modified over the years
in order to test whether its extent affects the amount
of sediment trapped. We do believe that the research
focused on sedimentation barriers has a considerable
potential and the information provided in the article
can contribute to their greater use in practice.

MATERIAL AND METHODS

Tested barriers and their parameters. The test-
ing of anti-erosion sediment barriers (Figure 1) was

1 — silt-fence; 2 — straw bale barrier; 3 — soil bund wit vegetation; 4 — trapped sediment
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Figure 2. Testing method of sedi-
ment barriers

1 — overflow flume, 2 — direction
of inflow onto the sediment barrier;
3 — storage space; 4 —sediment bar-
rier; 5 — lateral run-off over the edge;

6 — plastic barriers directing run-off;

carried out from 2017 to 2021. More information is
included in Electronic Supplementary Material (ESM).
The first of the tested measures was a soil bundle with
vegetation, which was created by building gradual
levels of soil bunds and soil compaction. Its height
reached 0.45 m and width in the foundations was
1.2 m. The soil bundle was made in a convex shape.
In order to stabilise it, the entire surface was sown
with a grass mixture, including a 1.5 m long space
in front of it. The grass mixture consisted of peren-
nial ryegrass (Lolium perenne), red fescue (Festuca
rubra rubra) and Italian ryegrass (Lolium multiflorum
Lam.) The second tested barrier was the silt-fence
sediment barrier. The excavation depth for laying
it was at least 0.15 m and the woven fabric was laid
in a U-shape. Thus, approximately 0.4 m of fabric’s
length was anchored in the ground after backfilling
and compaction of the soil. The remaining part of the
fabric, above the ground, was 0.65 m long. The sup-
port posts were chosen to be made of wood having
parameters 0.05 x 0.05 m and a length of 1.3 m. The
fabric was attached to them using a stapling gun.
The last of the verified measures was a straw bale
barrier. The individual packages had a size of 0.4 x
0.5 x 0.6 m and were tightly placed in a trench. Its
width corresponded to the size of the package and
was set 0.1 m deep. Stabilisation was again carried
out by means of a wooden post (0.05 x 0.05 m) with
a length of 0.8 m, and only 0.1 m protruded after
ploughing it into the package. To make the barrier
work properly, the upstream side of the barrier was
included up to the maximum height of the water
level swell. The barrier made of straw bales, thus,
became minimally permeable and no undercutting
occurred. All the above-mentioned sediment bar-
riers were built with a length of 15 m in the shape

7 — Parshall flume

of the letter J. The storage space was created by the
inclination of the barrier against the slope. The size
of the storage space was then subject to an elevation
between the centre and the edge of the sediment bar-
rier. In the individual years, the elevation in the range
0f 0.0-0.2 m was verified. The burdening of the barrier
by the water column itself was further increased by the
height of 0.05-0.1 m to overcome the edge of the barrier
by the run-off. Measurements took place twice a year
in spring and autumn to test the barriers before and
after the occurrence of erosion-prone precipitation.
The data from the individual years were subjected
to basic statistics — arithmetic mean, median, standard
deviation. Subsequently, based on the normality of the
data assessed by the Shapiro-Wilk test, the hypoth-
eses were tested using a one-way analysis of variance
(ANOVA) or a paired ¢-test. The significance level «
was set to 0.05 in all the tests.

Testing method of sediment barriers. The testing
of the mobile barriers (Figure 2) consisted in their
controlled flooding with surface run-off with an in-
tensity of 5 L/s and 10 L/s always for the time-span
of 25 min. The intensity and duration of the simula-
tion were chosen on the basis of the study by Garcia
et al. (2015), which, however, addressed other types
of sediment barriers. The surface run-off itself was de-
veloped using sludge pumps with a known flow, which
were drained into an irrigation trough with a volume
of 224 L and an overflow edge length of 1.4 m. Its
function was to direct the turbulent flow from the
pumps to such an extent that the water flowed onto
the soil surface. The distance of the irrigation trough
from the tested sediment barrier was 6.0 m. After
filling the defined storage space of the sediment
barrier, a lateral run-off occurred over the edge
of the barrier. This was guided into a Parshall flume
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by a system of plastic barriers with a slope of 1%, where
the current value of the flow was read and recorded
every fifteen seconds. The efficiency of the trapping
eroded material by the individual sediment barriers
was evaluated on the basis of a differential model
determining the volume of the erosion furrows and
deposited sediment. Surface measurements by 3D laser
scanning were the basis used to create the difference
model, which recorded the condition of the soil sur-
face (between the irrigation trough and the sediment
barrier) before flooding the sediment barriers, after
simulating the flow of 5 L/s and after simulating the
flow of 10 L/s. A Leica ScanStation P40 laser scan-
ner (Leica Geosystems, Switzerland) was used for
the scanning. It has a 360° x 270° field of view, whose
accuracy of measuring the distance is 2 mm + 10 ppm
and measuring angle is 8. Maximum scanning range
is up to 270 m (reflectance of 18%). The scanning
rate is up to 1 million points per second. The scanner
is equipped with a dual axis compensator with accuracy
1.5% The scanning was carried out at 12 mm per 10 m
resolution from one position.

Experimental area. The study area is located
in Central Bohemia (Czech Republic) at the experi-
mental station of Hovorcovice (226 m a.s.l.). The
climate is warm and moderately dry, with an average
annual temperature of 8.5 °C and annual precipitation
0of 500—600 mm. The geographical coordinate system
is 50°10'56.520"N, 14°31'54.914"E (Figure 3). The soil
type chernozem was classified on all the experimental
plots — with a Main Soil Unit of MSU 01. Based on the
soil survey, it can be stated that the basic physical-
chemical properties are similar in terms of the soils
for the individually tested plots and, therefore, the

Hovorc¢ovice location
50°10'56.520"N, 14°31'54.914"E

@ Experimental area
Boundary of region
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tested plots are comparable. The upper horizon of all
the compared sites shows a texture type, a structure
typical of silt loam soil. The basic soil properties:
1.72% total oxidisable carbon (Cyy); humus of 2.97%;
total nitrogen (Nior) of 0.21; C/N ratio of 8.4. The top
soil layer is up to 30 cm (the soil texture: < 0.001 mm,
22.0%; 0.01-0.05 mm, 50.1%; 0.05-0.25 mm, 8.0%;
0.25-2.0 mm, 1.3%). The plots for the tested sedi-
ment barriers were selected particularly for their
uniform slope of 8.5%.

RESULTS AND DISCUSSION

Despite the fact that sediment barriers have been
used abroad for decades, their operational efficiency,
proper function and other possible methods of instal-
lation and draining are still being addressed. Previ-
ously used laboratory and small-scale testing have
failed to adequately simulate the surface run-off and
to quantify the sediment retention efficiency in rela-
tion to structural stability of the barrier. Therefore,
more and more experiments are currently beginning
to appear that evaluate sediment barriers in opera-
tional and pilot conditions (Risse et al. 2008; Bugg
et al. 2017b). These conditions were also simulated
in our experiments. However, even this method had
its limits due to the complexity and possibilities
of the verification. Therefore, the results do not
take into account the positive effect of the cascade
installation of sediment barriers and the occurrence
of further erosion on the plots of land located below
the sediment barrier.

Sediment barrier efficiency in terms of trap-
ping eroded soil. Within the first hypothesis, the

Figure 3. Location of the experimental area
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aim was to verify whether the results show a differ-
ence between the efficiency of the individual types
of sediment barriers. That is, whether any barrier was
demonstrably more efficient and trapped a relatively
larger amount of soil particles. When running checks
according to the Shapiro-Wilk test, the data were
found to have a normal distribution. The arithmetic
mean and median of all the sediment barriers were
identical at around 90% efficient. The values of the
standard deviations, which did not exceed 0.05, were
also relatively low. The measured data were sub-
jected to a statistical one-way ANOVA test, when the
P-value reached 0.64. Therefore, no difference in ef-
ficiency was demonstrated between the individual
types of sediment barriers (Table 1).

Silt-fence efficiency. Similar research with silt-
fence sediment barrier was carried out by Bugg et
al. (2017a), who verified and tested three possible
installation methods. Our results it is possible to
compare only with the two excavation methods of
the silt-fence installation. The first type of installa-
tion, the ALDOT Trenched Silt Fence, trapped 86.6,
86.7 and 74.8% of the sediment in the individual
experiments. Within the second type of installation,
the AL-SWCC Trenched Silt Fence installation, the
efficiency was even higher at 90.5, 91.0 and 90.0%.
Another comparison is offered in the article by Ro-
bichaud and Braun (2002), who used a silt-fence
as an economical option of measuring hill slope
soil erosion. In the first year, the measures were
evaluated after each precipitation-run-off event.
The average efficiency value was found to be about
93%. In the second year, the individual precipitation-
run-off events were no longer checked, only the total
value for the season was checked. A 92% success
rate was established in this case. Likewise, Kouwen
(1990) states that a sediment trap efficiency of 90%
and higher can be achieved. Our silt-fence barrier

efficiency results, therefore, appear to be similar
to these authors. Some authors state slightly lower
values. Barrett et al. (1995) measured trap efficiencies
in a range of 68-90% and Wishowski et al. (1998)
measured trap efficiencies in a range of 69-81%.
However, all the above-mentioned values are very
favourable in terms of trapping wash-out sediment.

Straw bale barrier efficiency. On the other hand,
in the case of another barrier from straw bales, our
efficiency results were higher than for other authors.
Robichaud et al. (2019) established that the straw
bale barrier traps less than 50% of the total volume
of eroded material. However, even this value is not
considered stable either and its decline during the
season is described. Therefore, the sediment barrier
needs to be checked and repaired relatively more of-
ten. Poché and Sherwood (1976) also establish lower
efficiencies, whose study evaluated sediment barriers
in operating conditions, where a total of 9 barriers
spaced 30.5 m apart were monitored. The straw bale
barriers were efficient in a range of 28—98% within the
first rainfall. On average, it reached 57%. Within the
second rainfall, three measures were already damaged,
the others were found to be in the range of 19-50%.
Similarly, Johnson (2003) states that straw bales have
an average efficiency of trapping medium and coarse
sediment particles, and that they are generally not
very effective in terms of trapping fine mud or clay
particles in the run-off. The location of the barrier
is undoubtedly reflected in the efficiency of trapping
individual soil fractions. Therefore, the difference
between our results and the results of other authors
may arise due to the way the sediment barrier is im-
plemented and the location during testing on the
site, i.e., on the plot. During the installation, the
upstream side was filled with loose soil and then
subsequently compacted with a cylinder weighing
60 kg up to the maximum considered level in the

Table 1. Efficiency of the individual types of sediment barriers and the statistical evaluation

Arithmetic . Shapiro-Wilk One-way .
) ) Median Paired t-test
Type of sediment barrier mean SD test ANOVA test
(%) P value o = 0.05

Soil bund 5L/s 90.1 90.0 0.027 011 071
with vegetation 10L/s 90.3 90.5 0.028 ' ’

. 5L/s 91.2 90.5 0.030
Silt-fence 10L/s 90.9 90.0 0.025 0.16 0.64 0.63

5L/s 89.8 90.0 0.023

t bale barri 0.98 0.32

Straw bale barrier 'y /o 91.1 91.5 0.041

SD - standard deviation
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storage space. It is the mounding of excavated soils
of the upstream side that proves to be a key factor.
Without its implementation, there is significant flow
leakage and the barrier partially loses its function.
Undoubtedly, the different method of drainage also
affected the results. After filling the storage space,
the water did not flow over the barrier, but flowed out
freely at its edge. This area was stabilised to prevent
further erosion by the discharge from the sediment
barrier. The possibility of lateral drainage was based
on the different positioning of the sediment bar-
rier. This was verified on a straight slope and not
in a concentrated flow path as in the stated studies.

The efficiency of the soil bund with vegetation.
Comparing the result for the anti-erosion soil bund
with other studies is relatively complicated due to the
different construction and soil-climatic conditions.
Therefore, we consider the study of Amare et al.
(2014) to be most relevant, as it assessed a soil bund
with different types of vegetation cover. These were
implemented on experimental plots with an area
of 180 m? (6 x 30 m). They had a longitudinal slope
for draining excess water of 2% and a 10 m interval
was kept between the individual bunds. The highest
anti-erosion efficiency was found to be in the combina-
tion of a soil bundle with elephant grass (Pennisetum
purpureum), where the soil loss was reduced by 63.5%.
For the other two barriers with vegetation cover,
the soil loss was reported to be only slightly lower.
The soil bund in combination with Vogel’s tephrosia
(Tephrosia vogelii) reduced the soil loss by 58.0% and
jaragud grass (Hyparrhenia rufa) by 56.5%. The main
reason why our results are higher may be the different
realization of the sediment barrier on the plot (contour
versus with longitudinal slope). The question of how
big this difference can be is addressed in the study
by Wolka et al. (2018). It compared the efficiency
of different types of sediment barriers due to their
location on the plot of land. For a soil bund with a 1%
longitudinal slope, an average value of 46% in terms
of the reduction in the soil loss is stated, meanwhile,
in a soil bund with a contour orientation, it is 60%
on average. In another relatively similar sediment
barrier, Fanya juu terraces, this difference was found
to be even greater than 26%. In both cases, the soil
barriers were without vegetation cover. We, therefore,
assume that the combination of the contour location
and vegetation cover had a positive effect on the ef-
ficiency of the barriers that we set.

Impact of the simulated flow in terms of trap-
ping the eroded soil. Another hypothesis addressed
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whether the efficiency of the barriers would change
with the size of the surface run-off, with the individual
sediment barriers being flooded with flows of 5 and
10 L/s. A paired ¢-test was used for this purpose.
A P value of 0.71 was set for the soil bund, 0.63 for
the silt-fence and 0.32 for the straw bale barrier
(Table 1). Thus, it was not possible to prove that the
intensity of the surface run-off had a demonstrable
effect on the efficiency of soil particle trapping for
any of the sediment barriers (Table 1).

When compared to other studies, the flow rate
chosen in our study was comparable. Bugg et al.
(2017b) chose 6 L/s, Garcia et al. (2015) chose 5,
7.5 and 10 L/s, Whitmann et al. (2019) chose 6.2 L/s.
In some studies (Robichaud et al. 2008; Gogo-Abite
& Chopra 2013), the authors used various rain simu-
lators instead of pumps to create surface run-off,
which is another way to verify sedimentation barri-
ers. However, the disadvantage is usually a smaller
experimental area.

We assume that, in our case, the main influence
on this result is the position of the inflow on the
sediment barrier and the amount of eroded material
in the storage space. Within the measurement, the
overflow trough and, thus, the inflow was directed
to the centre of the sediment barrier. At this point,
during the collision with the barrier and through
the influence of the accumulated water, there was
a significant reduction in the drag speed, at which the
eroded soil sedimented. Even at an increased inflow
of 10 L/s, the deposited material was not carried
beyond the edge of the barrier to the discharge. This
could only happen under two conditions. Firstly, if
the storage space was significantly filled with eroded
material and secondly, if the inflow was located closer
to the edge where the discharge from the sediment
barrier occurs.

A similar result is described by Garcia et al. (2015),
only on the parameter of the total solids concentra-
tion. In the verified sediment barriers, this study did
not show a strong relationship between the flow and
the total solids concentration under the tank.

Impact of the storage space in relation to the
efficiency of the soil particle trapping. The third
hypothesis assessed the effect of the size and volume
of the storage space on the efficiency of the soil
particle trapping regardless of the type of sediment
barrier used. Whitmann et al. (2021) states that
there are very few studies on design modifications.
Therefore, we tried to verify different sizes of storage
spaces by adjusting the elevation between the centre
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and the edge of the sedimentation barrier. Certain
information and recommendations regarding the
construction solution can be found in the manuals
and publications of individual US states (TDEC 2012;
AL-SWCC 2014; NCDOT 2015; Lake 2016).

In our case, the size of the storage space increased
in the individual years in intervals of 5 cm. The deter-
mined values of the soil particle trapping efficiency
had relatively the same arithmetic mean, median
and standard deviation. Using the one-way ANOVA
statistical test, a P value of 0.75 was calculated, thus
no significant difference was found (Table 2).

The size and especially the volume of the storage
space has a direct effect on the resulting run-off from
the sediment barrier. Thus, the smaller the storage
space, the sooner the run-off occurs at the edge of the
sediment barrier. Surprisingly, in the case of the
trapping and eroded material, the same principle
was not confirmed during our measurements. The
amount of eroded material was constant of around
90% regardless of the size of the accumulation. Even
with a contour orientation (plane 0 cm), the sedimen-
tation occurred at the moment when the inflow with
the eroded material reached the barrier. We noticed
a certain difference in terms of distribution only
in the form of the sediment between the barrier
of the soil bund with the vegetation and the other
two barriers, i.e., silt-fence and straw bale barrier
without vegetation. In the soil bund, the 1.5 m long
storage space was covered with a grass mixture, where
the sedimented soil particles had a rather elongated
shape in the inflow direction. On the contrary, in the
case of the silt-fence and the straw bale barrier, the
sedimentation occurred only as a result of limiting
the inflow and, therefore, had a longitudinal shape
identical to the direction of the barrier. We therefore
assume that the importance of the size of the storage
space will only become apparent with a larger amount
of eroded material and the number of erosion-runoff

events. Even a relatively small storage space, on the
condition that the sediment is regularly removed,
can reliably fulfil the required anti-erosion function.
At the same time, a lower probability of structural
failures can be expected. However, we intentionally
avoided determining the exact size of the storage
space, this must depend on the conditions on the
plot of land, the source area size (Bugg et al. 2017b),
slope (Gogo-Abite & Chopra 2013), the requirement
for the amount of soil trapped, etc.

The size of the storage space in relation to the drain-
age of the sediment barrier was addressed by the work
of Donald et al. (2016) and Whitman et al. (2021).
They evenly placed the overflow to a height of 0.46 m,
which was to drain excess water and relieve the
burdening of the sediment barrier silt-fence. In both
studies, the sediment trap was more than 90%, i.e.,
approximately the same as in the case of the barrier
without a weir. In our measurements, the sediment
barriers were not burdened with such a high water
column. To determine the height of the column at the
lowest point of the barrier, it is necessary to add
an increase in the range of another 5-10 cm to the
basic height of the storage space (height between
the centre and the edge). The flowing water had
to overcome this height in order to flow freely from
the edge of the sediment barrier.

Influence of the measurement terms regarding
the soil particle trapping efficiency. The last hy-
pothesis asked whether there is any influence con-
cerning the verification term regardless of the type
of the barrier. The effectiveness of sedimentation
barriers is influenced by a number of indicators, such
as the water retention time, barrier length, but also
by the type of soil found in the given area or water
temperature (Fennessey & Jarrett 1994; Waters 1995).

After having arranged the measured data, it was
apparent that the values of the arithmetic mean and
median are higher within the autumn verification

Table 2. Efficiency of the sediment barriers in relation to the size of the storage space

Storage space Arithmetic Medi ShapirO-Wilk One—way
edian
Years of (elevation between the centre mean SD test ANOVA test
measurements . .
and edge of the sediment barrier) (%) P value a = 0.05
Y1 plane 0 cm 90.2 90.0 0.032 0.40
Y2 height elevation 5 cm 91.5 91.5 0.035 0.36
Y3 height elevation 10 cm 90.5 90.5 0.024 0.61 0.75
Y4 height elevation 15 cm 90.7 91.0 0.021 0.87
Y5 height elevation 20 cm 90.0 90.0 0.032 0.65

SD - standard deviation

207


https://www.agriculturejournals.cz/web/swr/

Original Paper

Soil and Water Research, 17, 2022 (4): 201-210

https://doi.org/10.17221/48/2022-SWR

Table 3. Sediment barriers efficiency in relation to the term of the measurements

Arithmetic mean Median Shapiro-Wilk test Paired ¢-test
Term of measurements SD
(%) P value o = 0.05
Spring measurement 88.7 89.0 0.019
0.05 2.79E-07
Autumn measurement 92.5 92.0 0.024

SD - standard deviation

date. This did not apply to the standard deviations,
which remained relatively low for both terms. The
normality of the data distribution assessed by the
Shapiro-Wilk test had a threshold value of 0.05.
Nevertheless, a parametric paired t-test was used
to assess the probability. The resulting value reached
a P value of 2.79E-07, thus, the difference between
the spring and autumn simulations was statistically
significant (Table 3). The results of the efficiency
of the individual terms are shown in Figure 4.

We assume that the main reason for the higher
efficiency of the autumn term is generally the better
tightness of the barriers. In the case of a silt-fence
sediment barrier, the individual textile pores are
clogged with eroded material during the season.
This effect is also described by Whitman et al. (2021)
and Buggetal. (2017a). At the straw bale barrier, the
higher tightness is due to the overall compaction
of the embankment, on which a protective and less
permeable soil crust is frequently formed. Moreover,
the principle of compaction undoubtedly also applies
in the case of soil bund, which is further supported

by the higher quality and density of the grass in the
autumn period. A favourable effect of grasses with
fast growth and high biomass production is also
confirmed by the study of Amare et al. (2014).

CONCLUSION

Sediment barriers have a specific position and use
within anti-erosion protection. On plots threatened
by erosion, they interrupt the surface run-off and trap
soil sediments. Their use and exploitation are most often
associated with construction sites, linear transport struc-
tures, but they are also beginning to find their application
in the agriculture and forestry sectors. In the past, it was
not recommended to place sediment barriers in places
with more concentrated flow, where they are significantly
burdened and there is a risk of damage. However, even
in this direction, some changes can be expected thanks
to new findings. Sediment barriers are beginning to be
equipped with various types of discharge devices that
regulate the amount of water retained. However, the
parameters of the storage spaces and their efficiency
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Figure 4. Soil particles trap efficiency in relation to the term of the simulation
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of trapping eroded soil particles are also closely related
to this. Therefore, our research focused on verifying the
anti-erosion efficiency of sediment barriers and their
basic installation parameters.

The sediment process itself, with a high efficiency
of about 90% was recorded for all types of barriers:
silt-fence, straw bale barrier, soil bund with vegeta-
tion even with a minimum size of the storage space.
On the contrary, the simulated inflow with a capac-
ity of 5 L/s and 10 L/s had no effect on the result-
ing efficiency. The correct function of the barrier
is therefore limited only at the moment when the
trapped sediment begins to reach the edge into the
run-off area. This can also speed up an inappropri-
ately oriented concentrated inflow to the side where
the sediment barrier is drained.

Surprisingly, the autumn simulation term was
slightly better than the spring one in terms of the
efficiency results. This is generally due to the lower
permeability of the sediment barriers. However, this
result would not be achieved without regular main-
tenance and repairs. The silt-fence barrier required
relatively little maintenance work, and this is, in our
opinion, one of the reasons why it is considered
by most authors to be the most effective. On the
contrary, barriers close to nature have a worse posi-
tion in this respect, lasting approximately 1-2 years
on the plot. The benefits of their use will only become
apparent upon removal, when the material from
which they are made usually remains on the place.
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Abstract: The aim of the article was to verify the curve number (CN) values given in the National Engineering Hand-
book (NEH) methodology, whether they really correspond to all wide-row crops. The tested crops were maize, hops
and potatoes grown using conventional and soil conservation technologies. All these crops are classified as wide-row
crops, but they are very different in terms of the cultivation process. The basis for the calculation of our CN values were
field measurements carried out using a rainfall simulator within the time span from 2014 to 2020 on the soil correspon-
ding to hydrological group B in two repetitions: naturally dry soil corresponding to an ARC II curve and saturated soil
corresponding to an ARC III curve. The results show that our calculated CN values for the conventional cultivation of
wide-row crops are, in principle, the same as the CN values given in the NEH methodology. On the contrary, a certain
difference was recorded in the soil conservation technologies with plant residues on the surface, in the case of naturally
dry soil. Lower CN values are clearly seen in the technologies of no-till maize, strip-till maize and hops with catch crops,
which was confirmed by the statistical tests, probably due to the interception and surface roughness.

Keywords: cover; row crops; soil degradation; surface runoff; residue tillage practice

Mathematical models (Amutha & Porchelvan 2009)
are usually used to evaluate the amount of surface
runoff. Some of the models are based on the curve
number method, which is currently one of the most
often used methods (Hawkins et al. 2009). Some
examples of these models include SWAT (Soil and
Water Assessment Tool) (Gassman et al. 2014), EPIC
(Environmental Policy Integrated Climate) (Williams
1990), SWIM (Soil and Water Integrated Model) (Kry-
sanova et al. 2000), AGNPS (AGricultural NonPoint
Source) (Young 1989), etc. The curve number (CN)
method is a procedure for estimating the streamflow
volume generated by large rain storms, which was

developed in the 1950s by the Soil Conservation
Service in the USA (Cronshey 1986). The method
is widely accepted because of its simplicity for sur-
face runoff prediction all over the world (Ponce &
Hawkins 1996), with the Czech Republic being no
exception, as this methodology was implemented by
Janecek et al. (2002). Basically, only two parameters
are required for the surface runoff prediction (Ponce
& Hawkins 1996), i.e., the initial abstraction coef-
ficient (\) and the potential maximum retention (S)
expressed in terms of the curve number. Of course,
the curve number includes the soil type, antecedent
runoff condition, land use and cover (Hawkins et al.

Supported by the Ministry of Agriculture of the Czech Republic, Projects No. QK1710242, No. QK1910170 and

No. QK1810463.
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2009). At first glance, the methodology often com-
bines relatively different technologies for establishing
agricultural crops. Under one group of crops and the
method of “treatment” (thus, also the CN number),
permanent crops with a width of inter-rows of up
to 3 m, crops grown in variously modified ridges
shapes, as well as classic wide-row crops which are
commonly grown are included. For this reason, we
wondered whether one CN number for all crops
was really reflective for all these crops. At the same
time, a further discrepancy may occur when crops
are combined with soil conservation technologies.
It is common knowledge that these technologies
reduce the surface runoff and erosion (Wischmeier
& Smith 1965; Vanmaercke et al. 2011). However,
is this method of treatment with crop residue for a
mulching technology on the land, the establishment
of crops with the catch crop and various other soil
shaping technologies really telling in the methodol-
ogy? The aim of this article was to verify the reported
CN values in the National Engineering Handbook
Hydrology (NEH) methodology part 630 Hydrology
(NRCS 2004), whether they correspond to our de-
termined values from measurements for individual
wide-row crops. Simultaneously, another objective
was to statistically verify whether the specified CN
values for conventional and soil protective technolo-
gies are demonstrably different.

MATERIAL AND METHODS

The research dealing with the curve number val-
ues for various crops was carried out between 2014

Solopysky location
50.2590500N; 13.7421208E
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and 2020. In total, three typical crops (maize, hops,
potatoes) were verified in the Czech Republic. We
have chosen hops for the maximum width of the
inter-row spacing of 2.7 m, potatoes for their cultiva-
tion in ridges and maize due to the fact that it is the
most frequently cultivated crop from the wide-row
crops. Locations that are typical for the crop due to
their soil-climatic conditions were selected for the
verification. The locations of the experimental plots
are shown in Figure 1 and their basic soil character-
istics are in Table 1.

The experimental areas: (1) Viska u Jevi¢ka (maize)
— the study area is located in Moravia. The summer
climate is warm, dry to slightly dry with an average
annual temperature of 8.4 °C and an annual pre-
cipitation of 650-750 mm. The average altitude is
360 m a.s.l.; (2) Solopysky (hops) — the study area
is located in Central Bohemia. The typical summer
climate is slightly warm and dry. The mean annual
rainfall is 450-550 mm and has a temperature of
7-8.5°C. The average altitude is 300 m a.s.l.; (3) Véz
(potatoes) — the study area is located in Vysocina
(i.e., the Highlands). The summer climate is mild
to slightly cold, slightly dry with an average annual
temperature of 7.2 °C and an annual precipitation
of 600—-750 mm. The average altitude is 547 m a.s.l.
The basic soil characteristics are listed in Table 1.

The verified technologies were:
(a) Maize conventional cultivation
(b) Maize strip tillage
(c) Maize no tillage
(d) Hops conventional cultivation
(e) Hops with catch crops

@  Experimental plots

[ ] Boundary of region

Jevicko location
49.6561078N; 16.7089289E

Veéz location
49.5645353N; 15.4508692E
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Figure 1. Map of the experimental areas
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(f) Potatoes conventional

j; § §D e (g) Potatoes aerated during vegetation

S EEL |® 6 % A rainfall simulator was used to measure the surface
3 s E runoff rates. A rainfall simulator is a device which has
N been increasingly used to study soil erosion processes,
= 0:1) o o o and the use of simulators is widely accepted (Vahabi
S g S 3 3 & Nikkami 2008; Kovaf et al. 2012, etc.). The rainfall
E simulator has been used a couple of times in the past
2 in several foreign studies to determine runoff curves
El 8|43 (Auerswald & Haider 1996; Elhakeem & Papanicolaou
T 2012). However, we have not encountered a study
= - that would comprehensively evaluate multiple wide-
g8 SR 38 row crops and treatment establishing technologies
g g i at the same time. The principle of measuring by a
© o . rainfall simulator is based on the water spraying on
& ] a clearly defined and experimental plot of 21 m?
g ED m mm The water spraying mode lasts for 30 min during
E‘ 3 the first rainfall simulation, then there is a 15-min
_ technological break, after which the second rainfall
f: ‘g < simulation lasting 15 min follows. The spraying
° g 75’ - N o intensity is about 1.0 mm/min. Due to the fact that
§‘ LA the rainfall simulator detects the course and volume
©» 3 of the surface runoff, it is possible to determine how
I much water runs off from the rainfall simulation
CTElg I8 area during a particular time-span. The subsurface
runoff was not included in the calculation due to

Belon the relatively small size of the experimental area.
< EIS & = The measurement of the selected crops and tech-

nologies was carried out in three developmental

Division of soil texture (%)

S gle v e stages on growing dates defined in the Prediction
¥ O o . .
T El® ® A Rainfall Erosion Losses from Cropland East of the
o Rocky Mountains: A Guide for Selection of Practices
8 g NXeo for Soil and Water Conservation (Wischmeier &
2 S B[ W Smith 1965).
s £ g (I) - date of measurement (second growth period) —
= <]
g =z E g 8= period from plot preparation to sowing up to
£ “E 2= one month after sowing or planting.
.y w wv)
g (II) — date of measurement (third growth period) —
v
5 . Z < el period to the end of second month from the
wv) —
2 2 2 3 2 spring or summer sowing.
= - ® 5 g E .
bS] 3 o 35 S (III) — date of measurement (fourth growth period) —
B S)
g 2 = 2 = from the end of the third period up to harvest.
g “ T 3 _E" Determination of runoff curve numbers from
S _ runoff data and statistical analysis. The basic ma-
;c?s g o ] terial for the evaluation of the CN curves numbers
< wv)
= = § S from the measured data is the NEH methodology.
i) = O £ < B . . . .
2 3 2. The first step was to determine the potential maxi-
z < mum retention (S) from the simulated events. Its
ﬁ g ;{ algebraic calculation is based on the knowledge of
= S . .. .
) = 5 5: the achieved precipitation P and runoff Q on the
0 Q 2= >N . . .
= S 33 experimental area. In this approach, the scatter in
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the S data is assumed to be described by a log normal
distribution around the median. The value of the
initial abstraction ratio for most of our measure-
ments ranged from 0.04 to 0.06. For this reason, we
decided to use the equation according to Woodward
et al. (2003) to calculate the potential maximum
retention (§) containing lambda 0.05. Hawkins et
al. (2009) identified A\ = 0.05 which would be more
appropriate to use in runoff calculations for various
parts of the world, as this value produced a greater
coefficient of determination and a standard error
smaller than 0.2.

Sp0s — 10 [(2P + 19Q) - V361Q* + 80PQ)]

The next step was to calculate the decimal loga-
rithm of the potential maximum retention for each
rainfall-runoff event and to determine its mean and
standard deviation. The last step was to calculate the
median value of the curve number and its boundary.
The following equation adapted to a metric system
was used to calculate the median curve number:

_ 25400

CN=22"—
254 + S

The curve numbers for 10% and 90% of the ex-
tremes correspond with the 1.282 percentiles of
the normal distribution. Descriptive statistics were
firstly performed for each dataset. This included
the determination of the arithmetic mean, standard
deviation and sample size. Each dataset (CN values)
was also examined for a normal distribution using
the Shapiro-Wilk test with a significance level of
a =0.05. As some datasets showed that the CN values
did not have a normal distribution, we decided to
demonstrate the difference between the soil-con-
servation technologies and conventional cultivation
using the non-parametric Mann-Whitney U test.
The test checks the continuous or ordinal data for
a significant difference between two independent
groups. Basically, the significance of a difference of
the location (value) of the medians of two groups is
tested. The level of significance was chosen at 0.05
with the right-tailed variant test.

RESULTS AND DISCUSSION

To calculate the runoff of the row crops, this method
distinguishes the technologies according to the ori-
entation method of the crop rows on the slope, the
presence of terraces on a plot, the presence of plant
residue on the surface or a combination of these condi-
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tions. At the same time, the hydrological conditions
related to the factors influencing the infiltration and
runoff are further specified. These are the density
and canopy of the vegetative areas, the amount of
the year-round cover, the amount of grass or close-
seeded legumes, the percent residue cover on the land
surface, and the degree of the surface toughness. In
addition to the already mentioned properties, the An-
tecedent Runoff Conditions (ARC) are also reflected
in the resulting CN value. These indicators include
the rainfall intensity and duration, total rainfall, soil
moisture conditions, cover density, stage of growth
and temperature. ARC is divided into three classes:
II for average conditions, I for dry conditions, and
III for wetter conditions. In our measurements, the
second simulation carried out on wet soil is associ-
ated with the ARC III curve, where this connection
corresponds to the original classification according to
AMC (Antecedent Moisture Condition criteria) and
its sum of the total precipitation within the previous
5 days. The first simulation carried out on naturally
dry soil then corresponded to the conditions for the
ARC I curve for most of the performed simulations.

In our research, we also dealt with and addressed
the question of the extent to which the CN values
were affected by neglecting the subsurface runoff.
We found the answer in the study of Mazur (2018),
who, on the soil of a haplic luvisol and a slope 0f 11%
(similar conditions to the locality Jevic¢ko) derived
the ratio between the rainfall and the rate of the
subsurface runoff. In our case, it is approximately 1%
of the subsurface runoff from the simulated rainfall.
Therefore, we believe that the non-inclusion of the
subsurface runoff in the calculation did not funda-
mentally affect the overall resulting value.

Results of CN values for conventional tech-
nologies of cultivating row crops. According to the
information from NEH, for a row crop with straight
rows cultivated on soil with hydrological group B,
the values are in the range of 90-92 are stated for
ARCIII In our case, in the second simulation carried
out on the saturated soil, CN values in the range of
93-94 were found for the monitored row crops. As
for ARCII, the methodology states that the CN values
are in the range of 78—81. This result would cor-
respond to the set value of 81 in maize. A similar
result for the conventional technology of growing
maize was obtained by Elhakeem and Papanicolaou
(2009), when they determined a CN value of 82 in
the Cass locality in the summer. This measurement
was also carried out using a rainfall simulator on
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Table 2. Comparison of the curve number (CN) values according to National Engineering Handbook (NEH) with simu-

lated rainfall for conventionally cultivated row crops

NEH row crops — straight row

Antecedent hydrologic soil group B Moisture Conventional tillage

runoff’ hydrologic condition condition

condition

good poor maize hops potatoes

ARCIII 90 92 saturatgd soil - 94 94 93
second simulation

ARC II 78 81 .
natura .m01st1}re - 81 33 36

ARC I 60 64 first simulation

the soil with hydrological group B/D and under
moisture conditions corresponding to ARC II. In
the conventional technology of hop and potatoes
cultivation, however, the resulting values were set
slightly higher, i.e., 83 and 86. The results comparison
is shown in Table 2. Furthermore, a chart (Figure 2)
of the resulting CN values for the first measurement,
based on ARC III for the saturated measurement
technology, was created. ARC III was chosen because
it represents the most uniform conditions, which
can be substantiated by the relatively low standard
deviations of the second simulation.

Results of CN values for soil conservation tech-
nologies of cultivating row crops. The soil con-
servation technologies of the selected row crops
were compared with the technology according to
the information from NEH, which considers straight
rows down the slope with plant residue on the surface
(crop residue cover). The assessment was carried out
again on a soil with hydrological group B, where the
CN values for ARC III are reported in the range of
88-91. Virtually the same values for the CN curves
were found in the assessed crops (Table 3). The lowest
values were found for the soil conservation technolo-
gies in maize and the highest values were found in
potatoes. The first simulation corresponding to the

conditions for ARC II had disproportionately lower
results for the CN curves for the soil conservation
technologies, having some exceptions compared to the
methodology (Figure 3). It states that the CN values
for ARCII are in the range of 75—80. The measure-
ments showed the lowest value for the strip-tillage
technology, where the CN value only reached 56.
Another technology significantly below the stated
range was the technology for cultivating no-till maize
with a value of 67.

In terms of the resulting CN value for maize culti-
vated by the no-till technology, our results also differ
slightly from the study by Elhakeem and Papanicolaou
(2009), which states that the summer CN value at the
Cass 77 site (hydrological soil group B/D) and at the
Pocahontas 75 site (hydrological soil group B and B/C)
Slightly lower compared to the NEH methodology was
also the technology for cultivating hops with catch
crop, where CN reached 72. The only exception was
the technology of potatoes aerated during the grow-
ing season. Although this technology is generally
considered to be a soil conservation method, it had a
slightly higher CN value which reached a value of 82.
This clearly showed the positive effect of the plant
residue or the effect of the whole plants in the inter-
rows, which have a significant role in reducing the

Table 3. Comparison of the curve number (CN) values according to National Engineering Handbook (NEH) with simu-

lated rainfall for the soil conservation technologies cultivated row crops

NEH row crops -straight row

; . Potatoes
A with crop residue cover
rul;ts;fedent hydrolo gpl ¢ soil group B Moisture Maize Maize Hops with aerated
condition hydrologic condition condition strip-tillage  no-tillage  catch crops during
vegetation
good poor
ARC III 88 91 saturated soil — 38 88 90 9
second simulation
ARCII 75 80 tural ist
natura ‘m01s l’lre - 56 67 72 82
ARC 1 57 63 first simulation
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Table 4. Statistical difference of the resulting curve number (CN) values during the first simulation

. . CN Shapiro-Wilk
Group Cr}? p ?nd S,a mple Arlthme_tlc CN median SD test P-value
technology size (n) mean (x) 10 % 90 % o= 0.05
1 maize conventional 44 80 81 69 89 7.7 0.088
tillage
maize strip-tillage 12 56 56 42 70 10.6 0.486
maize no-tillage 15 66 67 50 81 12.1 0.323
) hypothesis H1 group 1 > group 2 group 1 > group 3
Mann-Whitney U test Z value 4.86 3.96
one tails right
P-value a = 0.05 5.95E-07 3.68E-05
1 hops conventional 13 83 83 75 89 5.4 0.934
tillage
2 hops with catch 18 70 72 53 85 12.3 0.676
crops
hypothesis H1 group 1 > group 2
Mann-Whitney U test
. Z value 291
one tails right
P-value a = 0.05 1.83E-03
1 potatoes 13 86 86 81 91 3.9 0.672
conventional tillage
2 potatoes aerated 19 82 82 76 87 4.9 0.004

during vegetation

hypothesis H1
Mann-Whitney U test

one tails right Z value

P-value a = 0.05

group 1 > group 2
2.18
0.01

SD - standard deviation

surface runoff within the lower soil saturation. Cover
crops on the soil surface can have different efficiency
which depends on the cover quality and degree of
their decomposition. The cover crops’ quality in
soil conservation technologies changes throughout
the years. Thus, the standard deviation of the CN
values is higher in soil conservation technologies
with cover crops than the standard deviation of the

100 -

CN values in technologies without cover crops (all
conventional technologies and the technology of
potatoes aerated during vegetation).

Statistical difference between the measured
CN values conventional and soil conservation tech-
nologies. A significant statistical difference was proven
between the measured CN values and the conventional
and soil conservation technologies in all the evaluated

Maize conventional tillage
90 |
Hop conventional tillage A‘X‘
= 80 | AN/
G a Potatoes conventional tillage A"
& 70 | /
< 4
o 60 |
E ARCIII
550
%2 w0 | ARCII
= ARCI
S 30 |
Z
O 20 |
0 Figure 2. Curve number (CN) values cor-
o responding to the first simulation according
0 10 20 30 0 R 0 20 50 %0 100 to the ARC III curve for the conventional
CN for ARC III technologies of cultivating row crops
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100 4 4 Maize strip-tillage

90 4 X Maize no-tillage

g0 | © Hop with catch crops

U Potatoes careated during vegetation

70

60

50

40

30

CN for ARC I and ARC II

20

0 10 20 30 40 50 60 70 80 90
CN for ARC III

100

Figure 3. Curve number (CN) values corresponding to the
first simulation according to the ARC III curve for the soil
conservation technologies of cultivating row crops

crops during the first simulation (Table 4). The lowest
P-values were achieved in both soil conservation technolo-
gies of cultivating maize; however, very good results were

alsoachieved in hops with a catch crop. In the case of the tech-
nology of potatoes aerated during vegetation, the P-value
was found to be the highest of all the assessed soil conser-
vation technologies. Nevertheless, at a significance level
of a = 0.05, it was still demonstrably statistically different
from the CN value for the conventional technology. In
the case of the second simulation, a significant statistical
difference was proven between the technologies in the soil
conservation technologies of cultivating maize and hops
(Table 5). Likewise, the first simulation, the lowest P-values
were determined for maize with the strip-till and no-till
technologies. A slightly higher P-value was then found
in the technology of hops with a catch crop. However,
at a significance level of o = 0.05, this technology is
still significantly different from the conventional one.
In the last assessed technology for potatoes, it was not
possible to reject the hypothesis of conformity of the as-
sessed files of the resulting CN values, where the P-value
value only reached 0.16. Thus, the technology of potatoes
aerated during the growing season was not statistically
different from the conventional method of cultivating
potatoes.

Table 5. Statistical difference of the resulting curve number (CN) values during the second simulation

Crop and Sample size Arithmetic CN median CN Shapiro-Wilk
Group hnol () ) *) SD test P-value
techno ogy n mean (¥ X 10 % 90 % o =005
1 maize conventional 44 93 94 90 96 2.5 0.004
tillage
maize strip-tillage 12 87 88 82 92 4.4 0.017
maize no-tillage 15 87 88 80 93 5.4 0.207
M Whitney U test hypothesis H1 group 1 > group 2 group 1 > group 3
ann-Whitney U tes
one tails right Z value 4.38 4.19
P-value a = 0.05 5.95E-06 1.37E-05
1 hops conventional 13 94 94 88 97 3.5 0.180
tillage
2 hops with catch 18 88 90 80 95 6.4 0.030
crops
hypothesis H1 group 1 > group 2
Mann-Whitney U test
one tails right Z value 2.23
P-value a = 0.05 0.01
1 potatoes conventional 5 93 93 90 96 2.4 0.053
tillage
2 potatoes aerated 19 92 92 89 95 2.6 0.011

during vegetation

hypothesis H1
Mann-Whitney U test

one tails right Z value

P-value a = 0.05

group 1 > group 2
1.01
0.16

SD — standard deviation
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CONCLUSION

As the results of the CN values show, the conven-
tional row crop technology reported in the NEH
methodology for ARC II and III was only slightly
lower compared to the values found in this study,
however, it generally coincides with them. In the case
of the soil conservation technologies, the achieved
CN values for the second simulation were practically
the same as in the methodology corresponding to
ARCIII. A disproportionately larger difference was
found in the first simulation, in which the achieved
values for the soil conservation technologies were
closer to the values of ARC L. In this respect, there
was only one exception for the technology of aer-
ated potatoes during vegetation, with the CN value
corresponding more to ARC II. However, the reason
for this is the fact that this soil conservation technol-
ogy is based only on regular aeration without any
additional soil cover outside the main crop. Based
on our findings, we can state that the NEH meth-
odology and the reported CN values correspond
relatively well to the hydrologic soil group B in the
Czech Republic. Only for some soil conservation
technologies, which NEH does not distinguish for
the time being, the CN values can, under certain
conditions, be higher than stated.
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4.7 Puadoochranné technologie ve vztahu k organické hmoté

V piipadé trvale udrzitelného hospodafeni se cCasto mluvi o organické hmot¢.
Na zemédélskych padach byva obsah organické hmoty v pidé maly (jednotky
strukturu, celkovou stabilitu aj. Organickd hmota je tvofena Zzivymi pudnimi
organismy a jejich zbytky v riizném stupni rozkladu ¢i premeény.

Je obecné€ znamo, Ze plidy s dostate¢nym obsahem organické hmoty jsou odolnéjsi
viuci zhutnéni, 1épe zadrzuji vodu, maji vyssi sorpéni schopnost a vykazuji vyssi
produk¢ni potencial. Naopak jeji nadmérny ubytek je oznacovan za degradacni proces,
jehoz vysledkem je snizeni Urodnosti a zvySena nachylnost k vyskytu dalSich
degradac¢nich procest (véetné vodni eroze). Nize uvedené odborné publikace jsou
zaméteny na problematiku organické hmoty v ptade¢.

Vétsina silné protierozné ucinnych pidoochrannych technologii je zaloZzena na
rostlinnych zbytcich na povrchu piidy ¢i na vyuziti pomocnych plodin. V disledku
takového agrotechnického postupu hospodateni dochdzi ke zvySenému piisunu
organické hmoty do pudy ve srovnani s konven¢nimi technologiemi. S tim souvisi
nasledné riziko jejiho vyplavovani (viz Publikace 3). Z tohoto divodu byla snaha
problematiku dale védecky prohloubit. Publikace 12 je zaméfena na vyplavovani
organické hmoty z plidy plisobenim vodni eroze ve vztahu k zrnitostnim frakcim pady
a sklonitosti pozemku.

Pti hodnoceni pidni organické hmoty je mozné jeji obsah vyjadfovat pomoci
riznych parametri. Mezi tyto parametry patii: celkovy uhlik (TC — total carbon),
celkovy organicky uhlik (TOC — total organic carbon), celkovy anorganicky uhlik
(TIC — total inorganic carbon), oxidovatelny uhlik (Cox — oxidizable carbon), labilni
uhlik (labile carbon), stabilni uhlik (stable carbon), uhlik mikrobialni biomasy (MBC
— microbial biomass carbon), uhlik mikrobialni bazélni respirace (MBR — microbial
basal respiration), apod. Problematikou néckterych téchto forem ve vztahu
k udrzitelnému managementu hospodateni se zabyva Publikace 13. Publikace 14 pak
reSi aktivitu mikrobidlni ¢asti (MBC, MBR) organické hmoty v zavislosti na pidni
reakci (vysi pH), jakozto klicové slozky piidy podilejici se na rozkladu primarni

organické hmoty.
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Abstract: Soil erosion by water causes the loss of soil mineral particles and soil organic carbon (SOC).
For determining the effectiveness of soil conservation measures on arable land, rainfall simulations
are regularly carried out in field trials in the Czech Republic. The objective of this study was to
analyse a dataset from 82 rainfall simulations on bare fallow soils, containing information on slope
inclination, soil texture, soil bulk density, SOC, and soil loss with respect to the preferential erosion
of fine-grained soil particles and the enrichment of SOC in the eroded soil. Each rainfall simulation
comprised a first rainfall period of 30 min and a second one of 15 min in duration. The rainfall
intensity was 1 mm min~! and the kinetic energy of the raindrops accounted for 8.78 ] m~2 mm~1.
Runoff samples were taken to determine the soil loss and SOC enrichment in the eroded material.
Regression analyses revealed that on sites with <14% slope inclination, SOC mitigated soil loss in the
first rainfall period. On sites with >14% slope inclination, soil loss was driven by preferential erosion
of fine-grained particles in the first rainfall period. Low soil loss was generally coupled with high
SOC enrichment and vice versa, indicating that preferential erosion of SOC occurred mainly in soils
with low erosion susceptibility. In order to prevent erosion of SOC and maintain soil quality, soil
conservation measures are important in all soil types.

Keywords: soil organic carbon; soil erosion; preferential erosion; enrichment ratio; rainfall simulation

1. Introduction

Soil organic carbon (SOC) plays an important role in food security and climate change
mitigation by means of carbon sequestration [1]. Moreover, SOC is a key parameter for
the physical, chemical, and biological quality of soils [2]. Organic matter acts as a binding
agent in the formation of soil aggregates, which in turn protect the associated SOC from
decomposition [3,4]. Soil organic carbon stabilises soil aggregates against rainfall-induced
disruption [5] and increased SOC content reduces soil erosion [6-8].

Conversely, soil erosion causes a loss of SOC, as both mineral particles and organic
matter are exported from their original site. Soil erosion is a selective process with respect
to both particle size distribution and SOC content; fine soil particles and organic matter
are enriched in the eroded material as compared to the source material [7,9-11]. This
means that clay, silt, and SOC are preferentially relocated by soil erosion. This comparable
behaviour of fine soil particles and SOC is not random, as SOC content and the amount of
fine-grained particles of <63 um size are positively correlated [7]. It was also found that
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86% to 91% of the SOC is associated with soil mineral particles [10] and that 77% of the SOC
in cropland soils is stored in the fraction of particles < 20 um [12]. The enrichment ratio
(ER) is a measure for the selective erosional process, where ER > 1 indicates an enrichment
and ER < 1 indicates a depletion in the eroded material in relation to the source material [7].
Rainfall simulations revealed for soil particles of <20 um size an ER in between 1.5 and
2.0, for particles from 20 um to 63 um size an ER of approximately 1.0, and for particles of
>63 um size an ER of approximately 0.5 [7]. The organic fractions of <63 um size had an ER
in between 1.5 and 2.0 and the organic fractions of >63 um size had an ER of in between
1.0 and 1.2 [7]. In another experiment, the carbon ER of eroded sediments was found to
range between 1.3 and 4.0 [10] and a meta-analysis revealed an average carbon ER of 1.5 for
eroded sediments [13].

Soil erosion is predominantly an issue on agricultural land, where soil loss is about
40 times higher than on forestland and about 20 times higher than on other semi-natural
vegetation areas [14]. The estimated average soil loss rate due to erosion by water is
3.6 Mg ha™! yrf1 for arable land in the EU [15] and 4.2 Mg ha~! yrfl for agricultural land
on a global average, respectively [16]. Estimates of SOC loss due to soil erosion by water
showed a global average rate of 193 kg ha~! yr~! for cropland [16] and an EU average
rate of 68 kg ha™! yr’1 for agricultural land [17]. The reasons for the increased erosion
susceptibility of agricultural soils in comparison to forestland soils and semi-naturally
vegetated soils are the high quantity and intensity of cultivation activities. Therefore, the
soil is mechanically disturbed and often not or only sparsely covered by vegetation and
plant litter, exposing it to a high risk of soil erosion. Although some approaches such as
reduced tillage, no-tillage, organic farming and cover crop cultivation have been proven to
effectively mitigate soil erosion [6,18,19], they tend to have an increased risk of reduced
yields [20-22]. Therefore, the adoption of such erosion-mitigating technologies is currently
limited and soil erosion on arable land still remains a serious issue, leading additionally to
decreases in crop yields [23-25].

Rainfall simulations in the field are a method to experimentally determine organic
matter loss due to soil erosion by water [7,26]. In the Czech Republic, rainfall simulations are
regularly carried out in different field trials throughout the country [26-30]. A frequent aim
of these rainfall simulations is the evaluation of the erosion-mitigating potential of different
crop management approaches established on the experimental plots, e.g., cover crop and
catch crop cultivation, strip-tillage and no-tillage [26-29]. From such measurements, a
comprehensive dataset exists. To date, these data have not been analysed regarding the
preferential erosion and enrichment of fine-grained soil particles and SOC. However, such
information could provide a useful basis for assessing sediment and SOC dynamics in
terms of soil erosion. Preferential erosion and enrichment have an influence on sediment
and organic carbon transport processes throughout the landscape. Likewise, they influence
the ability to trace sediments and organic carbon in the landscape back to their sites of
origin. So-called fingerprinting techniques use a variety of physical and biochemical
parameters, i.e., fingerprints, for discriminating between sediment sources [31]. Such
parameters are often corrected for differences in particles size distribution and organic
carbon content between the source soil and the eroded sediment [32,33]. In order to assess
the validity of correction factors, however, a better understanding of erosional processes
and more attention to the enrichment and depletion effects of fine particles and SOC are
needed [32,33]. The present article has the potential to contribute to the comprehension and
consideration of such processes. Moreover, it is aimed at providing a basis for deducing
appropriate soil conservation measures on arable land.

The objective of this study was to analyse a dataset from the Czech Republic with
respect to both the preferential erosion of fine-grained soil particles and the enrichment of
SOC in the eroded material. The research questions were as follows: How do soil texture
and SOC content influence the soil loss rate? Is the eroded material enriched in SOC as
compared to the source material and if it does so, what influence on the enrichment do the
soil loss rate, soil texture, and SOC content have?
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In order to exclude vegetation impacts with varying influences on erosional processes,
only plots with bare fallow treatment were considered. This approach also allowed for
emulating the still widespread practice of leaving the soil uncovered for a certain amount
of time throughout the year, thereby exposing it to a high risk of soil erosion.

2. Materials and Methods
2.1. Sites and Rainfall Simulation

From 2014 to 2020, rainfall simulations were carried out from May to September on
19 inclined sites in the Czech Republic. The geographical location of the sites is presented
in Figure 1. For each site, the GPS location, total of rainfall simulations, slope gradient,
particles size distribution, texture class, SOC content, and soil bulk density are given in
Table 1. In order to exclude vegetation impacts and to emulate the practice of leaving
the soil uncovered for a certain amount of time, only rainfall simulations carried out on
vegetation-free bare fallow were considered in this study. A total of 82 rainfall simulations
was analysed.

[ ) .
Vés study site and name

region of Czech Republic
with its borders

Puclice
Petrovice ¢®
° <

Poresin

Figure 1. Location of the study sites within the Czech Republic. Note: This map is a modified version
of the blank vector map provided by mapsvg.com [34], which is distributed under the terms and
conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0) license [35].

Table 1. Site and soil characteristics of each rainfall simulation site: GPS location, total of rainfall
simulations from 2014 to 2020, slope gradient, mean clay (<2 um) content, mean silt (2 um to 50 um)
content, mean sand (50 pm to 2000 pum) content, soil texture class according to [36], mean soil organic
carbon (SOC) content, and mean soil bulk density.

) GPS Total of Slope Clay Silt Sand Texture SOC Bulk
Site Location Rainfall  Gradient  Content Content Content Class Content Density
Simul. (%) gkg™1) gkg™1) gkg™1) (gkg™h (gcm=3)
Jedouchov ?gizgggéfEN ’ 3 12.5 86 274 640 SL 13.0 1.65
Jevicko 1 fz'ggi’zgi’gEN’ 1 11.8 257 490 253 L 10.3 (n.d.) 3
Jevicko 2 %Z;’ggggi;EN ! 10 9.3 234 533 234 SiL 13.0 1.53
Jevitko 3 49.6239792N, 3 9.4 257 684 59 SiL 18.6 1.31

16.7285842E
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Table 1. Cont.

Site Locc;;ison Total of Gf";(c)lli):nt C(Sriitiz’nt CosnitIZnt Czirtl:nt Tgl(:slze Cgﬁgnt D]::lllll(t

Rainfall y

Simul. (%) gkg) (gkg ) (gkg D kg (gem3)
Petrovice 1 ﬁggg;ngEN ! 4 13.3 181 273 546 SL 10.5 1.55
Petrovice 2 ﬁgg;ggfig ! 8 11.7 73 254 674 SL 10.7 1.44
Petrovice 3 ﬁg%ﬂ ;ZEN ! 3 9.1 75 214 711 SL 8.1 1.45
Poresin ﬁgggggggEN ! 3 15.1 43 255 702 SL 10.7 1.41
Puclice ggf gggggEN ! 7 11.5 97 460 444 L 15.5 1.44
Skoupy 1 ﬁ;;gfgi;EN ! 3 124 61 365 574 SL 13.8 1.25
Skoupy 2 ﬁgggggz;lEN ! 3 134 61 365 574 SL 15.5 1.42
Skoupy 3 ﬁggg;gf?EN ! 2 15.6 85 186 729 SL 94 1.57
Solopysky 1 fgii?g;gsEN 713 17.0 256 444 300 L,CL1 14.2 1.49
Solopysky 2 fgggiégg;lEN ! 5 9.0 278 432 290 L,CL?2 10.7 1.38
Vale¢ov ;lgiggfgigEN ! 3 9.6 110 235 655 SL 9.7 1.39
Véz1l f;igéll;lgisEN ! 3 8.6 129 296 575 SL 9.5 1.41
Véz2 fgi;g(l)(z)ggEN ! 3 10.7 96 322 582 SL 12.1 1.28
Véz3 ;lgiggggngN ! 2 10.2 99 389 512 L 10.7 1.20
Véz 4 ?;ZZ;:;?SEN ! 3 94 101 410 489 L 12.8 1.42

Texture class abbreviations: CL—clay loam; L—loam; SiL—silt loam; SL—sandy loam. ! For the Solopysky 1 site,
the average clay, silt, and sand contents are in accordance with a loam texture. However, 3 out of the 13 samples
had a clay loam texture. 2 For the Solopysky 2 site, the average clay, silt, and sand contents are in accordance with
a clay loam texture. However, three out of the five samples had a loam texture. 3 (n.d.)—no data.

The rainfall simulator (Figure 2) had four sprinklers with an adjusted water pressure
of 50 kPa. The rainfall intensity was set to about 1 mm min~!, which corresponds to the
average heavy rainfall intensity in the Czech Republic [37]. The average raindrop diameter
accounted for 1.5 mm to 2.0 mm and the average kinetic energy of the raindrops accounted
for 8.78 ] m~2 mm!. The sprinklers were installed 2 m above the soil surface and an area
of 21 m? (9.0 m x 2.33 m) was irrigated (Figure 2). The long sides of this area were placed
parallel to the runoff direction. In order to prevent lateral runoff, steel sheets bordered the
long sides. On the bottom side, the surface runoff was concentrated by means of a flume
(Figure 2). A tipping bucket runoff gauge was placed downstream of the flume outlet
(Figure 2). The counts of the gauge were recorded by a computer, which allowed for the
continuous measurement of surface runoff.

Before each rainfall simulation, the soil was shallowly cultivated and subsequently
levelled with a water-filled roller. Each rainfall simulation comprised two rainfall periods.
The first rainfall had a duration of 30 min and was carried out at the present soil moisture
content in order to simulate a heavy rainfall event on unsaturated soil. After a 15 min break,
the second rainfall with a duration of 15 min was performed on the beforehand-irrigated
soil in order to simulate a heavy rainfall event on the nearly saturated soil. The break in
between both rainfall periods allowed for ponded water for infiltrating or running off until
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the start of the second period. For practical reasons, the rainfall simulator was fed with
process water used on the farms to which the sites belong, e.g., groundwater or rainwater.

2.33m

water
supply

i F— 0
sprinklers & 00 1

— ﬂ sampling
bottle

computer

tipping bucket
runoff gauge

Figure 2. Scheme of the rainfall simulator and the equipment setup.

2.2. Sampling, Laboratory Analyses, and Calculations

After the surface runoff flow reached the outlet of the flume, runoff samples for
collecting the eroded material were taken every three minutes into a sampling bottle with a
volume of 319 mL until full (Figure 2). Each runoff sample was decanted into a plastic bottle
for transport and stored at room temperature until the analyses. Disturbed soil samples
were taken by means of a garden trowel at three points 0.5 m uphill of the irrigation area
from 0 cm to 5 cm soil depth, mixed to one bulked sample, and stored in plastic bottles at
room temperature until the analyses. Before the start of the rainfall simulation, undisturbed
soil core samples (100 cm? volume) were collected within the irrigation area 0.5 m downbhill
of its upper boundary from 0 cm to 5 cm soil depth, transported in cooling boxes, and
stored in a refrigerator until the analyses.

The runoff samples were dewatered by means of evaporation. The organic carbon
content of the source soil (from the disturbed soil samples) and eroded soil (from the runoff
samples) was determined by means of sulfochromic oxidation [38]. All of the samples were
dried for 12 h at 105 °C in an oven. The particle size distribution of the source soil (from the
disturbed soil samples) was analysed by means of sieving and sedimentation [39], and the
following texture size classes were determined: clay (<2 pm), silt (2 pm to 50 pm), and sand
(50 pm to 2000 um). Soil bulk density was determined from the undisturbed samples by
means of the core method [40]. The weight of the dried eroded sediment (from the runoff
samples) was gravimetrically measured.

As runoff samples were taken every three minutes, the sediment concentration in the
runoff was calculated in 3 min steps at k times according to:

=12,k )

“~ RO/
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where ¢; is the sediment concentration in the runoff at time i, m; is the mass of the eroded
sediment at time i, and RO; is the surface runoff at time i. Each sediment concentration in
the runoff c; was set constant for three minutes, i.e., until the next runoff sampling time.
Runoff data were recorded in 1 s steps for n time intervals and the soil loss for each time
interval j was calculated according to:

m]-:ciROj;izl,Z,...,k;j:1,2,...,n;k<n, 2)

where m; is the mass of the eroded sediment for the jth time interval and RO, is the surface
runoff for the jth time interval. The soil loss rate of each rainfall period was calculated
according to:
Z;Z:1 m;

At 7
where A is the irrigated area, i.e., 21 m?2, and t is the duration of rainfall, i.e., 30 min for the
first period and 15 min for the second period.

The enrichment ratio of soil organic carbon (ERspc) was calculated according to:

soil loss rate =

®)

SOceroded

ER =
59C ™ 50Csource

4)
where SOCg;oded is the soil organic carbon content in the eroded material and SOCsource
is the soil organic carbon content in the source soil. Since the ERgoc of the second rain-
fall period showed a range of remarkably high values (Sections 3.2 and 4.2), these data
have been subjected to an outlier detection by means of Tukey’s fences (k = 1.5). Val-
ues with ERgpoc > 3.14 were recognised as outliers and excluded from the subsequent
regression analyses.

2.3. Statistical Analyses

Simple linear regression was carried out for modelling the relationships between soil
texture, SOC content, soil loss rate, and ERggc. The SOC content in the source soil was fitted
against clay (<2 um) content, silt (2 um to 50 um) content, and clay + silt (<50 um) content;
soil loss rate was fitted against clay content, silt content, clay + silt content, and SOC content;
and ERgoc was fitted against clay content, silt content, clay + silt content, SOC content, and
soil loss rate. To account for the influence of slope steepness on the SOC content, the data
were divided into two groups: one with sites with a slope inclination < 14% and one with
sites with a slope inclination > 14%, respectively. Simple linear regressions were carried
for each of these groups separately. The same procedure was applied for the regressions
including ERgoc. However, the group of sites with a slope inclination > 14% comprised
only eight scattered values, and this was considered as insufficient for drawing a reliable
conclusion. Therefore, the regressions for ERgoc are presented for all of the sites together
without differentiating according to slope steepness.

Each model was tested for normally distributed residuals by means of the Shapiro-Wilk
test. Whenever a linear model did not have normally distributed model residuals, a
generalised linear model assuming a Gamma distribution was applied instead. The Gamma
distribution was assumed, since the data tended to be right-skewed in these cases. For
each parameter fitting combination carried out in the simple linear regression, the Pearson
product-moment correlation coefficient (r) was calculated.

All of the statistical analyses were carried out by means of the software R, version 4.1.0
(The R Foundation for Statistical Computing, Wien, Austria). The same applied for the
creation of the graphs.
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3. Results
3.1. SOC Content in the Eroded Soil and the Soil Loss Rate

The soil organic carbon content in the eroded material had a higher mean and a higher
variation in the second rainfall period as compared to the first one (Table 2). The soil loss
rate in the second rainfall period was lower than in the first one (Table 2).

3.2. Enrichment Ratio of SOC

On average, there was an enrichment of SOC in the mobilised soil as compared to the
source soil (Table 2). In the first rainfall period, 68% of the rainfall simulations resulted
in an ERspoc > 1 and 32% in an ERgpoc < 1 (Table S1). In the second rainfall period, 67%
of the rainfall simulations resulted in an ERgoc > 1, 1% in an ERgpc = 1, and 32% in an
ERgpoc <1 (Table Sl).

Table 2. Mean values for each site and summary statistics across all of the sites for the soil organic
carbon (SOC) content in the eroded soil, for the soil loss rate, and for the soil organic carbon
enrichment ratio (ERgpc), determined in 82 rainfall simulations. The first rainfall period (1st) lasted
30 min and the second rainfall period (2nd) lasted 15 min. For ERgpc, the column 2nd (ERgoc < 3.14)
contains the mean values and summary statistics of ERgoc in the second rainfall period after removing
the data of those 17 rainfall simulations, which resulted in a noticeably high SOC enrichment of
ERgoc > 3.14 (see Sections 3.2 and 4.2).

SOC Content

Site in Eroded Soil Soil Loss Rate ERgoc
(gkg™1) (gm~—2 min—1) (gkglgkg1)
Rainfall Period Rainfall Period Rainfall Period
1st 2nd 1st 2nd 1st 2nd (ERSOZ(I;Ni 3.14)

Jedouchov 19.3 14.4 14.5 23.6 1.47 1.10 1.10
Jevitko 1 114 10.8 99 24.7 1.11 1.05 1.05
Jevicko 2 12.9 12.3 31.9 46.5 1.00 0.95 0.95
Jevitko 3 20.4 36.8 22.2 13.1 1.10 1.99 1.99
Petrovice 1 11.9 10.3 25.8 35.2 1.14 1.01 1.01
Petrovice 2 15.2 9.6 26.1 223 1.48 0.92 0.92
Petrovice 3 14.6 9.7 19.6 24.6 1.82 1.19 1.19
Poresin 10.0 8.9 37.8 33.1 0.94 0.85 0.85
Puclice 25.4 22.5 12.1 11.1 1.64 1.46 1.46
Skoupy 1 25.8 20.4 8.1 7.3 1.91 1.49 1.49
Skoupy 2 25.5 23.9 25 44 1.66 1.55 1.55
Skoupy 3 11.8 9.1 22.3 19.1 1.17 0.88 0.88
Solopysky 1 12.3 65.5 61.6 20.6 0.88 4.62 0.63
Solopysky 2 14.1 37.9 19.0 8.3 1.33 3.54 1.69
Valec¢ov 13.4 7.9 24.3 20.1 1.37 0.82 0.82
Véz 1 8.6 7.6 17.2 19.6 0.91 0.78 0.78
Véz 2 17.0 13.9 15.0 16.7 1.44 1.17 1.17

Véz 3 13.3 84.9 43.8 7.4 1.25 8.11 (n.a.) !
Véz 4 12.8 52.6 40.7 7.4 0.99 4.22 2.46
median 13.7 13.6 21.1 14.5 1.16 1.28 1.09
mean 15.5 27.2 28.8 21.5 1.25 2.11 1.15
std. error 0.6 3.1 2.6 2.2 0.05 0.23 0.06
min 4.6 24 1.0 2.7 0.58 0.30 0.30
max 29.0 131.4 111.7 118.8 2.35 9.48 2.80

n 82 82 82 82 82 82 65

1 (n.a.)—not applicable, i.e., at the Véz 3 site, the ERgoc in the second rainfall period was > 3.14 in all cases.

The second rainfall period showed a remarkably higher variation in ERgpc than the
first period (Table 2) and 24% of the values exceeded the maximum of the first period
(Table S1). The maximum of the second period was about four times higher than the one
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of the first period (Table 2). These observations were related to a range of considerably
high SOC contents of in between 40.5 g kg~ ! and 131.4 g kg~ ! in the eroded material
(Table S1). Such high organic carbon contents in the eroded soil were unlikely to be
representing typical SOC contents, since the SOC content of the source soil accounted
for 6.3 g kg~! to 19.9 g kg~! (Table S1). It was rather supposed that in some rainfall
simulations a high quantity of pure organic matter particles was washed out, affecting the
measurement of SOC content (Section 4.2). Therefore, Tukey’s fences method was carried
out and values of ERgoc > 3.14 have been detected as outliers, and this applied to 17 out of
82 rainfall simulations. After removing the data of these 17 rainfall simulations with an
ERgsoc > 3.14 for further statistical analyses, the ERgoc of the second rainfall period had a
similar variation and a similar range like the ERgoc of the first period (Table 2).

3.3. Correlations

The soil organic carbon content of the source soil had positive correlations with the
silt content, clay + silt content, and to a lesser extent with the clay content (Figure 3).

n - - —
N1 (@) (b) (c)
y = 11.268 + 0.008 x (*) y = 7.080 + 0.014 x (***) y = 8.443 + 0.007 X (***)
o |r=02481() R | r=0.6433 (" o | Jr=05283 ¢+ R
o o 8 o 8
2 o ° )
2 L % o) 050 & _ © E o 8 g
c o] O
S o | 8 @0 g © og © _| ) ‘%o
o <
o 00°0 § S oo e°
o o o
2 oo 0o
o 4 _ i
O — -
T T T T T T T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 0 100 200 300 400 500 600 700 0 200 400 600 800 1000

clay content (g kg’ﬂ)

silt content (g kg’1) clay + silt content (g kg’1)

Figure 3. Simple linear regression of soil organic carbon (SOC) content against (a) clay content, (b) silt
content, and (c) clay + silt content. The regression functions and Pearson product-moment correlation
coefficients (r) are given for each parameter fitting. The significance levels of the regression function
slopes and r, indicating a difference from zero, are as follows: (***) p < 0.001; (*) p < 0.05.

For sites with a slope inclination < 14%, the soil loss correlated negatively with the
SOC content in the first rainfall period (Figure 4c) and positively with the clay content in
the second rainfall period (Figure 5). For sites with a slope inclination > 14%, the soil loss
correlated positively with the silt content, clay + silt content, and SOC content in the first
rainfall period (Figure 4).

For the first rainfall period, the ERgoc had negative correlations with the soil loss rate,
clay content, clay + silt content, and silt content (Figure 6). For the second rainfall period, the
ERgsoc showed a negative correlation with the soil loss rate and positive correlations with
the SOC content, silt content, and to a lesser extent with the clay + silt content (Figure 7).

Generally, the correlations were not strong as indicated by relatively low Pearson
product-moment correlation coefficients , ranging between 0.2354 (ERgoc vs. clay + silt
content, Figure 7b) and 0.6433 (SOC content vs. silt content, Figure 3b) for the significant
correlations (Table S2).
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Figure 4. Simple linear regression of the soil loss rate in the first rainfall period (30 min) against (a) the
silt content, (b) clay + silt content, and (c) soil organic carbon (SOC) content. For the parameter fittings
of sites with < 14% slope inclination, generalised linear models assuming a Gamma distribution have
been applied. The regression functions and Pearson product-moment correlation coefficients (r) are
given for the significant parameter fittings. The significance levels of the regression function slopes
and r, indicating a difference from zero, are as follows: (*) p < 0.05; (n.s.) not significantly different
atp <0.05.

second rainfall period (15 min)
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Figure 5. Simple linear regression of the soil loss rate in the second rainfall period (15 min) against the
clay content. For each parameter fitting, generalised linear models assuming a Gamma distribution
have been applied. The regression function and Pearson product-moment correlation coefficient
(r) are given for the significant parameter fitting. The significance levels of the regression function
slope and r, indicating a difference from zero, are as follows: (***) p < 0.001; (**) p < 0.01; (n.s.) not
significantly different at p < 0.05.
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Figure 6. Simple linear regression of the soil organic carbon enrichment ratio (ERgpc) in the first
rainfall period (30 min) against (a) the clay content, (b) silt content, (c) clay + silt content, and (d) soil
loss rate. The regression functions and Pearson product-moment correlation coefficients (r) are given
for each parameter fitting. The significance levels of the regression function slopes and r, indicating a
difference from zero, are as follows: (***) p < 0.001; (*) p < 0.05.
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Figure 7. Simple linear regression of the soil organic carbon enrichment ratio (ERgpc) in the second
rainfall period (15 min) against (a) the silt content, (b) clay + silt content, (c) soil organic carbon
(SOC) content, and (d) soil loss rate. For each parameter fitting, generalised linear models assuming
a Gamma distribution have been applied. The regression functions and Pearson product-moment
correlation coefficients (r) are given for each parameter fitting. The significance levels of the regression
function slopes and r, indicating a difference from zero, are as follows: (***) p < 0.001; (**) p < 0.01;
*)p<0.05 ([*])p<0.1.

4. Discussion
4.1. Relationships between the Soil Loss Rate, Soil Texture, and SOC Content

On sites with a slope inclination of >14%, the soil loss rate in the first rainfall period
was mainly influenced by the silt content, clay + silt content, and SOC content (Figure 4).
On average, the higher the content of these particles, the higher the soil loss rate was. In
contrast, no correlation between the soil loss rate and the particle size distribution and
SOC content was found for the second rainfall period (Table S2). These observations can
be attributed to the preferential mobilisation and transport of fine-grained soil particles
and SOC especially at the beginning of the rainfall simulation, resulting in an initial flush
of small, easily erodible soil particles in the runoff [7,9,11]. Cheraghi et al. [9] showed
that the fine particle (<20 pm) concentration in the runoff quickly rose and reached its
peak within the first minutes of precipitation, whereas it started to decrease continuously
during the first 20 min of rainfall [9]. Similarly, Asadi et al. [11] found that the contribution
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of finer particles to sediment concentration in the runoff was major at the beginning of
simulated rainfall, whereas it decreased with ongoing rainfall [11]. Another study revealed
an enrichment of particles < 20 um in size in the eroded material and indicated that the
supply of easily erodible particles was limited, since their ER in the 20 min to 40 min rainfall
period was smaller than that within the first 20 min of rainfall [7]. Similarly, fine-grained
particles, especially silt, were preferentially exported during the first 30 min of rainfall in
our experiments, resulting in a depletion of fine particles in the source soil. The particle
size distribution has been changed in the course of the first rainfall period and only a
few easily erodible particles were present in the soil in the second rainfall period. The
original particle size distribution had therefore only little relevance for the soil loss during
the second rainfall period, a circumstance that was reflected in the absence of correlations.
Regarding the SOC content, a positive correlation with silt content, clay + silt content,
and clay content was found (Figure 3). This correlation conforms with other studies, and
this is due to the preferential association of SOC with fine mineral particles [7,10,12,41,42].
For this reason, SOC showed a similar behaviour to the fine soil particles, i.e., high SOC
content resulted in high soil loss in the first rainfall period, whereas no correlation was
found between SOC content and soil loss in the second rainfall period.

On sites with a slope inclination of <14%, the relationships between the soil loss rate,
soil texture, and SOC content were different than those on sites with higher slope inclina-
tions. The soil loss rate in the first rainfall period was influenced by the SOC content such
that higher SOC content caused lower soil loss (Figure 4). The soil loss rate in the second
rainfall period was influenced by the clay content such that the higher the clay content, the
higher the soil loss was (Figure 5). From these results it can be deduced that at the beginning
of the rainfall simulations, SOC obviously acted as an effective stabiliser against erosion.
Numerous other rainfall experiments have shown that higher SOC content reduces soil
loss [6-8], as SOC promotes aggregate formation and increases aggregate stability, thereby
decreasing the vulnerability of soil aggregates to rainfall-induced disruption [5,7,43]. The
results of our experiments suggest that soil aggregates remained quite stable during the first
rainfall period, thereby effectively lowering soil loss. With proceeding rainfall, however, the
aggregates became gradually instable to such an extent that the erosion-reducing effect of
higher SOC content was not effective anymore in the second rainfall period. This aggregate
breakdown was possibly related in the first instance to clayey aggregates, since increasing
clay content caused an increasing soil loss rate in the second rainfall period, but not in the
first one (Figure 5, Table 52). In soils with relatively high clay content, the clay was probably
well bound in aggregates and therefore not subject to preferential erosion in the first rainfall
period, i.e., there was no initial flush of fine particles which would have caused higher soil
loss. However, the wetted aggregates became unstable during the second rainfall period
and released clay particles, which were easily erodible and resulted therefore in higher
soil loss.

In summary, it seems that on sites with a slope inclination of <14%, soil organic carbon
was effective in decreasing soil erosion mainly in the first 30 min of rainfall, probably by
means of aggregate formation, which protected the fine soil particles from preferential
erosion. On sites with a slope inclination of >14%, soil organic carbon and fine soil particles
were preferentially eroded, indicating that SOC and aggregates could not diminish erosion.
The reason was probably the steep slope, as it is known that a higher slope inclination
causes higher soil loss [7,44].

4.2. Enrichment of SOC in the Eroded Material

For the first rainfall period, the enrichment of SOC in the eroded soil was mainly
observed when the clay content, silt content, and soil loss rate were low (Figure 6). These
results are in accordance with other pieces of literature [7,10,13] and indicate that prefer-
ential erosion of SOC was taking place predominantly in soils with relatively high sand
contents and relatively low erosion susceptibility. Such coarse-textured soils have a small
degree of aggregation and the organic matter in these soils is easily erodible [7,13,45]. This
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preferential erosion of SOC in sand-rich soils can be attributed to the shape and the small
density of organic particles, both of which require less energy for the mobilisation and
transportation of organic matter as compared to mineral particles [7].

In the second rainfall period, 17 considerably high ERsoc values of 3.14 < ERgpoc < 9.48
were found, which were related to the SOC contents in the eroded soil of between 40.5 g kg !
and 131.4 g kg~! (Table S1). With respect to the SOC contents in the original soil of only
6.3 g kg~! t019.9 g kg~! (Table S1), it seems unlikely that such a tremendous enrichment
of SOC, i.e., of both “free” particulate organic matter and mineral-associated organic matter,
occurred. This assumption is supported by other studies, which showed maximum ERgoc
values of approximately 2 [13], 3 [7], and 4 [10], respectively. Moreover, an enrichment
with ERgoc > 3.14 was found in four sites only (Solopysky 1, Solopysky 2, Véz 3, and
Véz 4; Table S1). Therefore, we assume that these high ERgoc values were affected by
the washout of a high quantity of coarse particulate organic matter, e.g., plant residues.
Such concentrations of organic matter were site-specific and were probably located within
the top centimetres of the soil. In the course of the first rainfall period, overlying mineral
soil particles were eroded, whereas the organic matter hotspots still remained on the site.
During the second rainfall period, this organic matter was exposed on the soil surface and
due to ongoing soil erosion, it was finally exported from the site. However, this suggestion
needs to be proofed in future research.

When excluding the high values of ERgoc > 3.14 from the regression and correlation
analyses, the second rainfall period resulted in an enrichment of SOC in the eroded soil
also mainly when soil loss rate was low (Figure 7d). This observation is similar to the one
in the first rainfall period and underpins the abovementioned finding that the enrichment
of SOC occurs especially in soils with low erodibility. Contrary to the first period, however,
for coarse-textured soils, there was more SOC depletion and less SOC enrichment in the
eroded material (Figure 7b). This circumstance led on average to a smaller ERgoc in the
second rainfall period than in the first one (Table 2). The reason for this observation was
presumably the preferential erosion of SOC in sandy soils discussed above. The easily
erodible fraction of SOC was already washed out during the first rainfall period and
the remaining quantity of SOC, which was probably less erodible, was not subjected to
preferential erosion in the second rainfall period.

Enrichment of SOC in the eroded soil had a non-significant tendency to decrease with
the increasing SOC content in the source soil for the first rainfall period (Table S2), whereas
it was positively correlated with the SOC content in the second rainfall period (Figure 7c).
In general, the relationship between ERgpoc and SOC content was similar to the relationship
between ERgpoc and fine particle content, especially silt content (Table S2, Figure 7a—c). Such
similarity was also found elsewhere [7] and coincides with the strong correlation between
SOC content and fine particle content, particularly silt content (Figure 3). Therefore, the
influence of SOC content on SOC enrichment seemed to be the result of an association of
SOC with fine particles, especially silt. For soils low in SOC, which are typically sandy
soils, SOC was mainly not bound to mineral particles and was already easily washed out
during the first rainfall period. For soils with higher SOC contents, which are usually
finer-textured soils, SOC was bound to mineral particles and eroded together with them,
instead of being preferentially washed out.

5. Conclusions

The analysis of 82 rainfall simulations on bare fallow soils revealed that on sites with a
slope inclination < 14%, soil organic carbon was apparently effective in reducing soil loss
in the first phase of rainfall. On sites with >14% slope inclination, however, any probable
erosion-mitigating effect of SOC was obviously outclassed by the effect of the steep slope
on soil loss. Here, soil loss was mainly driven by preferential erosion of fine-grained
particles in the first phase of rainfall. In general, a low soil loss rate was coupled with
relatively high enrichment of SOC in the eroded material as compared to the source soil,



Agronomy 2023, 13,217 14 of 16

indicating that preferential erosion of SOC took place predominantly in soils with low
erosion susceptibility.

The results suggest that SOC has some erosion-mitigating potential in bare fallow
soils, which is limited by slope steepness, however. Therefore, SOC can be considered
as only one element within a wider range of soil conservation measures. This study also
showed that enrichment of SOC in the eroded soil depends on soil texture. Lower SOC
enrichment in fine-textured eroded soils might be counterbalanced by the higher erosion
rates in these soils, thus suggesting similar SOC losses independent of textural class [13].
In order to minimise SOC losses due to soil erosion, the application of soil conservation
measures, including permanent soil cover and growing crops with long-term protection
against soil erosion [46,47], is therefore important in all soil types.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /agronomy13010217/s1, Table S1: Site characteristics and results for
each rainfall simulation; Table S2: Results of regression and correlation analyses.
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Abstract: The growing global population and increasing demand for agricultural products have
exerted significant pressure on agricultural systems. As a result, soil organic matter depletion and
degradation have become prevalent issues, including in regions such as South Bohemia, Czech
Republic, where conventional farming practices are predominant. Soil organic matter (SOM) plays
a critical role in soil health, crop productivity, and the sustainability of agricultural systems, with
changes occurring in both the total and labile fractions of the organic matter pools. However,
changes in the total soil organic matter carbon pool (TOC) resulting from agricultural practices
occur gradually and may become evident only after several years, posing challenges for timely
management adjustments. Therefore, the identification of early indicators of SOM dynamics is crucial
for implementing prompt corrective actions. The aim of this study was to evaluate the effects of
sustainable management practices, such as cultivated crops (Pisum sativum and Lupinus albus), selected
entomopathogenic and myco parasitic fungi (MEHA) (Trichoderma virens and Metarhizium brunneum),
and lactic acid bacteria (LAB) on the labile fraction of the SOM pool (Crsonm) and identify potential
early indicators. Our findings demonstrated that the type of crop and applied microorganisms
(treatments) significantly affected the Crgops in peas, and the crop growth stages affected the TOC
in both pea and lupin. Growth stages also showed an impact on the Cygop in lupin. Moreover,
in both crops, the change in Crgop correlated with changes in the SOM oxidation rate constant
(k), carbon lability index (LI), carbon management index (CMI), and carbon enrichment ratio (ER).
Conversely, changes in the TOC did not exhibit significant correlations, except for LI and CMI, which
showed a positive correlation with the TOC in peas (p < 0.05). Furthermore, the separate application
of MEHA and LAB on seeds or leaves resulted in increased SOM carbon pools compared with the
combined application. The application of these beneficial microorganisms in pea and lupin crops
showed potential in maintaining or increasing Cy sop, which can be assessed early through indicators
such as k, LI, CMI, and ER. Contributing to the development of sustainable soil management
strategies, future research should further investigate different crops and microorganisms—and the
mechanisms underlying their observed relationships—and explore additional early indicators to
refine and optimize sustainable agricultural practices.

Keywords: carbon lability index; carbon management index; entomopathogenic fungi; lactic acid
bacteria; oxidation rate constant; soil organic matter pool dynamics
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1. Introduction

Soil is the thin layer of the Earth’s crust, consisting of organic and mineral compo-
nents, which is influenced by bio-geophysical and chemical processes [1]. From a physical
standpoint, soil is a three-phase system, consisting of solid components (organic, inor-
ganic, and biota), liquid components (soil water and a nutrient solution), and gaseous
components (soil and air), providing support for plants [2]. On a human timescale, soil is a
vital, living, dynamic, nonrenewable natural resource that plays many critical functions in
terrestrial ecosystems [3,4]. Recent studies have demonstrated that land use management
practices have a significant impact on the soil quality and greenhouse gas emission into
the atmosphere. This is particularly evident in agricultural fields, where the soil nutrients
are utilized for crop growth [5,6]. Soil organic matter serves as the primary reservoir of
nutrients and plays a crucial role in maintaining soil quality and health [7]. It influences
the chemical, physical, and biological properties of the soil, which are essential for main-
taining soil structure, fertility, water flow, microorganisms, carbon storage, and overall
productivity [8]. The organic matter content of the soil is a balance between the addition
and decomposition rates (turnover rates) and, as such, changes in management, land use,
and land cover, can result in significant alterations in both turnover rates and the size of
the organic matter pool, affecting carbon, nutrients, and agricultural productivity [9-13].
Additionally, studies have shown that the size and management outcomes of the soil or-
ganic matter pool depend on the activities of the soil microorganisms [14,15]. Although
soil microorganisms differ in their cellular capabilities and metabolic requirements as de-
composers, bacteria and fungi heterotrophs dominate the rest in their ability to decompose
organic material in the soil [16-18]. During decomposition, fungi act as primary degraders
with high enzymatic capabilities and low metabolic nutrient requirements [19-22], while
bacteria have a short turnover and high metabolic activities and act as rapid recyclers
of simply structured molecules that are rich in organic matter compounds [23,24]. The
abundance of both microbial groups and soil physical-chemical properties significantly
impacts organic matter and the carbon pool, as well as ecosystem functioning [25,26]. Fur-
thermore, legume-based cropping systems, particularly rotations involving legumes, have
been found to have a significant impact on the SOM carbon levels over both short and long
durations. Legumes, characterized by their low carbon-to-nitrogen ratio, contribute easily
degradable residues that enhance the soil organic matter pools [27,28]. They also stimulate
soil biological activity, improve soil structure, enhance soil aeration, and increase the soil’s
water-holding capacity [29-31]. Among legumes, lupin (Lupinus albus) has demonstrated
remarkable capabilities in influencing soil organic matter and microbial activity [32-35].
Lupin is well suited for maintaining soil nitrogen and organic matter contents [36], es-
tablishing symbiotic relationships with important soil microorganisms, such as bacteria
and fungi, and exuding important phenolic compounds and organic acids [37]. Lupin
thrives in acidic soils where most crops have difficulties growing [33], performs well in
cold climates, and has a high protein content [38]. Lupin also exhibits resilience to various
stresses and aids in the recovery of degraded and polluted soils [34]. Pea (Pisum sativum),
another important legume, has shown the ability to establish beneficial relationships with
lactic acid bacteria and MEHA [39-42]. It contributes to increasing SOM and maintaining
yields, and it address the soil organic carbon dilemma [43].

In general, detecting small changes in the total soil organic matter carbon, especially in
the short term, is difficult. Therefore, it has been proposed that sub-pools of SOM (carbon)
should be used as more sensitive indicators of change [44,45]. SOM can be divided into
two main sub-pools or fractions according to their level and ability to decompose, i.e.,
the labile and the stable fractions, although the boundaries between them are not easy to
detect [46,47]. The labile fraction, also known as primary or readily oxidizable organic
matter, is composed of plant and soil organisms that are partly decomposed but have
not yet undergone humification. This fraction is particularly significant due to its high
turnover rate, high oxidation rate, positive impact on soil fertility, and susceptibility to
management practices [48]. The second sub-pool is a stable fraction, characterized by
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resistance to oxidation, high cation exchange capacity, and due to its recalcitrant nature, it
is not affected by land use and management as a labile fraction [49,50]. These sub-pools are
commonly used to study organic matter dynamics and cycling models, as decomposition
rates can vary greatly [51].

Although total SOM varies depending on the cultivated crop and management prac-
tices, it is not as sensitive as its fractions, particularly the labile fraction, and especially over
short durations [52-54]. Therefore, determining the most sensitive soil organic carbon pools
and their early indicators in regions such as South Bohemia where SOM keeps declining
due to management practices, would lead to better management choices, (re)building up
the soil health, fertility, and productivity. Hence, this study investigates early indicators
of changes in the soil organic matter stock using the approach of rotating crops involving
pea and lupin legumes, as well as microorganisms, such as lactic acid bacteria and ento-
mopathogenic and mycoparasitic fungi, to be able to make early management decisions
and take quick remedial or corrective actions whenever needed.

2. Materials and Methods
2.1. Site Description and Experimental Method

This study was conducted as part of an ongoing experiment at the Zvikov organic
certified field (according to EU law, regularly monitored by KEZ, o.p.s. controlling organi-
zation) in Ceské Bud&jovice, Czech Republic. The field is located at coordinates 48.974013 N,
14.609433 E at an altitude of 460 m above sea level. The climate in the area is characterized
by comfortably warm summers and cold windy winters. It is generally partly cloudy and
humid throughout the year. The temperature typically ranges from —4 °C to 24 °C, rarely
dropping below —12 °C or exceeding 31 °C (Figure 1). The average long-term total annual
rainfall is 623 mm, with the majority occurring during the summer months [55,56].
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Figure 1. Monthly average air temperature and precipitation for 2021, 2022, and 30 years at the
experimental location.

The soil at the experimental site is typical loamy soil (orthic Luvisol, a loamy soil with
a medium particle size texture) (Table 1). The field has been under organic farming practices
since 2015, spanning a period of seven years. During this time, it has been utilized for
cultivating wheat (Triticum spelta), oats, and barley cereals rotated with clover legume. Land
management and planting were carried out using conventional methods, while weeding
was performed using mechanical techniques. Minimum tillage and no fertilizer were used
once when only clover was planted. For this specific experiment, which took place from
September 2021 to July 2022, the field was initially covered with clover (bonus variety).
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During the experiment, we rotated it with pea (Pisum sativum) and lupin (Lupinus albus),
and these crops were treated with Trichoderma virens, Metarhizium brunneum, and lactic acid
bacteria microorganisms. Soil management practices involved methods such as mechanical
and minimum tillage, weeding, and the application of composted sheep manure. As it is
an organic farm, no synthetic inputs were used. The experiment followed a randomized
complete block design with three replications. The factors considered were the type of crop,
with two levels (peas and lupin), and the type of treatment, with nine levels (T1: control, T2:
seeds treated with bacteria, T3: seeds treated with fungi, T4: leaves treated with bacteria,
T5: leaves treated with fungi, T6: seeds and leaves treated with bacteria, T7: seeds and
leaves treated with fungi, T8: seeds treated with bacteria and leaves treated with fungi, and
T9: seeds treated with fungi and leaves treated with bacteria). This resulted in a total of
54 plots, each measuring 25 square meters.

Table 1. The Zvikov experimental site description.

Parameter Description

Soil type Orthic Luvisol

Soil texture Loamy soil

pH (H,O) 5.7

pH (CaCly) 5.1

Electrical conductivity 0.0932 dS/m

Bulk density 1.3 g/cm3

Soil management Conventional methods with minimum soil disturbance
Composted sheep manure, 4 T/ha (8.9 Kg N/t, 5.4 kg

Fertilization P,O5/t,17.7 kg K,O/t)
No synthetic inputs

Rotation Plan Wheat-Oat-Barley /Clover—Peas-Lupin

2.2. Fungi and Bacteria

Trichoderma virens and Metarhizium brunneum, obtained from the collection of the
Department of Crop Production of the Faculty of Agriculture and Technology at the
University of South Bohemia in Ceské Budéjovice [57], and a consortium of lactic acid
bacteria from the Culture Collection of Dairy Microorganisms of Dairy Research Institute
Ltd., Prague [58], were used in this experiment. All isolates were stored as live cultures on
agar slants and in cryopreservatives as frozen cultures. The seeds of selected crops were
coated with a suspension of these microorganisms. A suspension of Trichoderma virens,
Metarhizium brunneum, and lactic acid bacteria was prepared either from an experimental
batch of the preparation or from a pure culture of these microorganisms cultivated on
an artificial nutrient medium. The spores were washed into an adhesive solution with
which they were easily attached to the surface of the seeds. The suspension was adjusted
to a standard titer of 1 x 10° spores for T. virens and M. brunneum and 1 x 107 lactic acid
bacteria spores in 1 mL of suspension. The seeds were transferred to a container, and an
adequate amount of suspension was added so that each seed was thoroughly coated with
the prepared suspension.

2.3. Soil Sampling

Soil sampling was conducted at three different times: before sowing (after land
preparation, during sowing time), during the vegetative growth stage, and at the harvest
stage (before starting the harvesting activities). In each plot, soil samples were collected
using an auger from the center and near the four corners of the plot, at a depth of 20 cm. The
core samples from each plot (treatment) were mixed together thoroughly and combined
into one composite sample, weighing approximately 600 g. This resulted in a total of
54 composite samples. The composite samples were then dried at a constant temperature
of 60 °C until they reached a stable weight. The subsequent analyses were performed using
soil samples obtained from this process [59].
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2.4. Analyses
2.4.1. Total Organic Carbon

The total organic carbon (TOC) content of all samples was determined using the
Primacs®'C TOC analyser (SKALAR, Netherlands) with a dual oven design, allowing sepa-
rate analyses of total carbon (TC) and inorganic carbon (IC). Total carbon was determined
by catalytic oxidation of the sample at 1100 °C, converting the carbon present in the sample
to CO,, which was detected by the non-dispersive infrared detector. Inorganic carbon was
determined by acidification of the sample in the IC reactor, which converted inorganic
carbon to CO,. TC — IC = TOC [46].

2.4.2. Labile Organic Matter

The labile fraction of soil organic matter was determined by the kinetics of the oxida-
tion reaction of soil carbon [48,60]. Soil samples (5 flasks for 1 soil sample) were dispersed in
a solution of 0.07 mol/L of K;Cr,Oy in 12 M of H,SO4. Their organic compounds were oxi-
dized at a temperature of 60 °C in a water bath. During this time, four partial samples were
gradually removed from the water bath at 10 min, 20 min, 30 min, and 40 min. The amount
of oxidizable carbon (Cpx) was then determined in the samples (automatic DL 50 Mettler-
Toledo titrator, Greifensee, Switzerland). From the measured values, we calculated the
reaction speed (rate) constant of oxidation (it was a first-order reaction). The temperature
was then raised to 90 °C for 30 min, and then Cox was determined in the sample from the
last flask and designated as the labile fraction of soil organic matter (Crsom).

2.4.3. The Labile Fraction of the Soil Organic Matter Oxidation Reaction Rate (Speed)
Constant (k)

As described, each sample was divided into five subsamples and oxidized at intervals
of 10 min each, and the oxidizable carbon (Cpx), which can be designated as Cox1, Coxa,
Coxs, and Cox4, was determined. This oxidizable carbon was determined during oxidation
at 60 °C in a solution of 0.07 mol/L of K,Cr,O7 in 12 M of H,SOy. The labile fraction of
soil organic matter (Cysopm) value was also determined at the end of the process at 90 °C
(30 min). From the aspect of reaction kinetics, oxidation is a first-order reaction, and its rate
is proportionate to the concentration of not-yet-oxidized organic matter [51]:

dy _ _
i K(L—y)=K.Lz

L—total organic matter, y—oxidized portion of organic matter at time t, K—rate
constant, and Lz—not-yet-oxidized organic matter at time t.
Using the integration from 0 to t, it is possible to write this equation as:

Lz=Le ™
and after conversion to decadic logarithms, K will change to k:
Lz = L.10F

For the oxidizable portion of organic matter at time t, this equation can be written as:

y=1(1-10)

The values Cox1, Coxa, Coxz, and Coyg and the differences Cy sonm—Coxq, Crsom—Coxo,
Crsom—Coxs, and Cygsom—Coxy were calculated, and the logarithms of these differences
were determined. In an orthogonal coordinate system, these logarithms were plotted on
the y-axis against time f in minutes; on the x-axis, the rate constant “k” is the slope of the
plotted straight line and was calculated from the relation:

k=2303. tg «
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Because tgu is the ratio of the opposite to the adjacent legs of a triangle of right angles
whose hypotenuse is the plotted straight line, the calculation of the “k” is the 2.303 multiple
of this ratio, and its dimension is in min. The higher the value, not only the greater the
lability of Cysom and the better the quality in terms of functions in the soil (source of energy
and nutrients for crops) but also the more reduced carbon and organic matter stocks in
the soil.

2.4.4. Non-labile Organic Matter

A non-labile fraction of soil organic matter is composed of resistant organic compounds
that do not oxidize in the solution of K,Cr,O7 and H,SO4 mentioned above under the
given conditions. As the value Cysop is known and TOC is known, the difference between
them gives the non-labile organic matter fraction (Cn.rsom): TOC- Crsom = Cn-Lsom [48].

2.5. Carbon Management Index, Lability Index, and Enrichment Ratio

Based on the fact that a continuous carbon supply is a function of the total stock and
lability (turnover rate), these two should be taken into consideration when developing a
carbon management index. The carbon management index, lability index, and enrichment
ratio were determined according to Blair et al. and Sainepo et al. [45,54], and they were
formulated as follows:

Carbon management index (CMI) = CPI % LI 100

CPI is the carbon pool index, and LI is the soil carbon lability index under a particular
use (treatment).

Total carbon in the treatment
Carb l index (CPI) =
arbon pool index (CPT) Total carbon in the reference

It should be noted that the decline in carbon from a large carbon stock soil has no
serious consequences compared with the loss of the same amount of carbon in a soil already
depleted of carbon. The more soil that has been depleted of carbon, the more difficult it is
to rehabilitate.

e L in the treatment
Lability index (LT) = L in the reference

o . Content of labile carbon
Carbon lability of the soil (L) = Content of ’{m labile carbon

The loss of labile carbon is of greater consequence than the loss of stable carbon.
The enrichment ratio of the labile carbon was calculated by dividing it by the total
organic carbon of the same treatment (ER).

__labile fraction of soil organic matter carbon .

ER
Total organic carbon

100

In our experiment, CMI was used to monitor differences in soil carbon stock dynamics
between treatments and control (reference), and it should be noted that there is no “ideal”
value of CMI. The index provides a sensitive measure of the rate of change in the C
dynamics of soil systems relative to the reference.

The accuracy and precision of this analytical method was proven and defined by
Blair et al., Sainepo et al., and Kopecky et al. [46,54]. It also addresses the quality control
(QC), instrument accuracy, recovery rates, limit of detection (LOD), and limit of quantifica-
tion (LOQ) of the method.

2.6. Statistical Analyses

Analysis of variance (ANOVA) and post hoc Tukey’s honestly significant difference
test for multiple comparisons of means were performed using Statistica 14.0 software,
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TIBCO Inc., Palo Alto, CA, USA, 2021. Statistical significance was tested at p < 0.05. To
analyze the existing correlation between the change of organic matter carbon stock in soil
and selected indicators, a linear regression analysis was used as follows: (a) mean predicted
values and residuals, (b) normality of unstandardized residue values (p > 0.05) by the
Shapiro-Wilk test, (c) the existence of potential outliers by the Cook-Weisberg test, (d) the
presence of autocorrelation among regression variables by the Durbin—Watson test, and
(e) the significance of the regression model by the Fisher—Snedecor test.

3. Results
3.1. Fractions and Corresponding Carbon Content (%)

In general, the stages had statistically significant effects on the TOC (p < 0.05) (Figure 2)
in both crops. Overall, the TOC in pea appeared with an average of 1.52%, 1.49%, and 1.41°
for the pre-seeding, harvesting, and vegetation stages, respectively. The averages for lupin
were 1.542, 1.502, and 1.42° TOC for the pre-seeding, harvesting, and vegetation stages,
respectively. The treatment with the highest TOC during pre-seeding was T, TOC =1.58;
harvesting Ts, TOC = 1.55; and vegetation T5, TOC = 1.52. In addition, in lupin, the
treatments with the highest TOC during pre-seeding were T, TOC = 1.58; harvesting Ts,
TOC = 1.58; and vegetation Tg, TOC = 1.52.
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Figure 2. Effect of growing stages on total organic carbon (TOC) in two types of crops (pea and
lupin) and nine different biological treatments as follows; Ty: control, Ty: seeds treated with bacteria,
T3: seeds treated with fungi, T4: leaves treated with bacteria, Ts: leaves treated with fungi, T4: seeds
and leaves treated with bacteria, Ty: seeds and leaves treated with fungi, Tg: seeds treated with
bacteria and leaves treated with fungi, and Ty: seeds treated with fungi and leaves treated with
bacteria. The vertical bars denote 0.95 confidence intervals.

The results also showed that the treatments had a significant effect (p < 0.05) on the
labile fraction of soil organic matter (Crsom) in pea, with an average of 0.87%, 0.872, 0.902P,
0.892, and 0.892 Cgonm for Ty, Ty, Tg, Ty, and Ts, respectively (Figure 3). The lowest Crsom
recorded during the harvest was Ty, Crsom = 0.79; pre-seeding T;, Crsom = 0.88; and
vegetation Tg, Crsom = 0.83. The stages also had a significant effect on Crgop in lupin, with
an average of 1.03P, 0.88%, 0.87% Crson for the pre-seeing, harvesting, and vegetation stages,
respectively. The lowest Cysom recorded during harvest was Ty, Crsom = 0.71; pre-seeding
Ts5, Crsom = 0.99; and vegetation Ty, Crsom = 0.76.
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Figure 3. Effect of growing stages on labile fraction of soil organic matter (Crgon) in two types of
crops (pea and lupin) and nine different biological treatments as follows; Ty: control, T,: seeds treated
with bacteria, T3: seeds treated with fungi, T4: leaves treated with bacteria, Ts: leaves treated with
fungi, T4: seeds and leaves treated with bacteria, T7: seeds and leaves treated with fungi, Tg: seeds
treated with bacteria and leaves treated with fungi, and Ty: seeds treated with fungi and leaves
treated with bacteria. The vertical bars denote 0.95 confidence intervals.

In pea, treatments significantly affected the oxidation reaction rate constant of soil
organic matter (k) (p < 0.05), with an average of 3.11°, 3.012P, 2.962P, 2.872P and 2.592b4 k for
T, T7, Tg, T3, and Ts, respectively (Figure 4). The highest oxidation reaction rate constant
(k) recorded during the harvesting stage was T, k = 3.56; vegetation T7, k = 2.97; and
pre-seeding T7, k = 3.01, while in lupin, the highest k was obtained with values of 3.65 (T5),
3.45 (T7), and 3.51 (Ty), respectively, for the pre-seeding, vegetation, and harvesting stages.
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Figure 4. Effect of growing stages on the oxidation reaction rate constant of soil organic matter (k) in
two types of crops (pea and lupin) and nine different biological treatments as follows; Ty: control,
T,: seeds treated with bacteria, T3: seeds treated with fungi, T4: leaves treated with bacteria, Ts:
leaves treated with fungi, T4: seeds and leaves treated with bacteria, Ty: seeds and leaves treated
with fungi, Tg: seeds treated with bacteria and leaves treated with fungi, and To: seeds treated with
fungi and leaves treated with bacteria. The vertical bars denote 0.95 confidence intervals.
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3.2. Carbon Management Index (CMI), Carbon Lability Index (LI), and Carbon Enrichment
Ratio (ER)

As shown in Figure 5, the highest CPI in pea was obtained from the pre-seeding and
vegetation stages, with a value of approximately 1.01 without significant difference from
each other. However, the harvesting stage in lupin showed the highest CP]I, significantly
higher than the two other stages. Regarding LI, the pre-seeding stage had the highest
amounts in pea and lupin crops (0.97 and 1.19, respectively). Similar to LI, the highest
values for CPI were also obtained in pre-seeding in both crops. The treatments and stages
showed different effects on the enrichment ratio (ER) in pea; however, they were not
statistically significant. In lupin, the ER was statistically different at the three stages
(p < 0.05): pre-sowing (0.67%), vegetation (0.66), and harvesting (0.58?).

a Pea Lupin b Pea Lupin
1.5 1~ 2 A
A
A A
B a B a
_ ab I I
§ 14 g I - b 51 [ a
I { B
T [
0.5 0
Pre-seeding Vegetation Harvest Pre-seeding Vegetation Harvest
Pea Lupin
c Pea Lupin d P
140 ~ -
A 1
120 - A 0.8 -
a A .
a | Y a
I z, B
100 A 0.6 - I I
- a
S 4
(@) w
B
80 1 0.4 -
b
60 0.2 A
40 0
Pre-seeding Vegetation Harvest Pre-seeding Vegetation Harvest

Figure 5. Effect of growing stages on carbon pool index (CPI), lability index (LI), enrichment ratio
(ER), and carbon management index (CMI) in two types of crops (pea and lupin). (a). CPI Vs growth
stages, (b). LI Vs growth stages, (c). CMI Vs growth stages, (d). ER Vs growth stages. The vertical
bars denote 0.95 confidence intervals. Different lowercase and uppercase letters indicate significant
difference between growth stages in pea and lupin, respectively.
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3.3. Regression Analysis between Soil Organic Matter Carbon Stocks and Selected Indicators

The results of the regression analysis in Table 2 and Figure 6 show an apparent sta-
tistically significant correlation between the labile fraction of soil organic matter carbon
(Crsom) and the four indicators (the oxidation reaction rate constant (k), carbon lability
index (LI), carbon management index (CMI), and the enrichment ratio (ER)) in both crops.
In addition, except for the lability index (LI) and the carbon management index (CMI), the
total organic carbon (TOC) did not correlate with these indicators. A negative correlation
for the oxidation rate constant was observed, but the rest of the indicators were positively
correlated with the labile fraction of organic matter. The statistical characteristics of the
regressions are presented in Table 2. The residuals of all models passed the Cook-Weisberg
test of heteroscedasticity for the existence of potential outliers. The results of the Shapiro—
Wilk test significantly showed that the residuals followed a normal distribution (p < 0.05).
Additionally, autocorrelation among residuals was not observed with the Durbin—-Watson
test. The regression model is significant according to the Fisher-Snedecor model signifi-
cance test. Because the mean of the residuals was close to zero, the residuals were normally
distributed, and the model was better fitted.

Table 2. Details of regression analysis between carbon stocks and selected indicators.

Crops Variables S-W/K-S D-W Mean Residual F
k Crrom 0.961 2.239 0.000 F(1,79) = 38.80
ER CrLroM 0.139 1.345 0.000 F(1, 25) = 54.85
P LI CrroMm 0.200 1.654 0.000 F(1,25)=18.73
ca CMI Crrom 0.200 1.492 0.000 F(1, 25) = 27.89
LI TOC 0.20 1.678 0.000 F(1, 25) =13.80
CMI TOC 0.2 1.03 0.000 F(1,25)=18.74
k Crrom 0.6 1.431 0.000 F(1,79) = 33.40
ER CrLroM 0.472 1.121 0.000 F(1, 25) = 106.24
Lupin LI CrroMm 0.604 0.815 0.000 F(1, 25) = 30.007
P CMI Crrom 0.854 0.69 0.000 F(1, 25) = 41.314
LI TOC 0.60 0.991 0.000 F(1,25)=0.116
CMI TOC 0.854 1.03 0.000 F(1, 25) = 0.0274
S-W: Shapiro-Wilk test, K-S: Kolmogorov-Smirnov test, D-W: Durbin-Watson test, F: Fisher-Snedecor test,
Crsom: the labile fraction of soil organic matter carbon, TOC: total organic carbon, k: oxidation reaction rate
constant, LI: carbon lability index, CMI: carbon management index, and ER: carbon enrichment ratio.
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Figure 6. Regression analysis between carbon stocks and selected indicators. (a). Crsom Vs K,
(b). Crsom VS ER, (c). Crsom Vs LI, (d). Crsom Vs CMLI, (e). LI Vs TOC, (f). CMI Vs TOC. Cysom:
the labile fraction of soil organic matter carbon, TOC: total organic carbon, k: oxidation reaction rate
constant, LI: carbon lability index, CMI: carbon management index, and ER: carbon enrichment ratio.

4. Discussion
4.1. Carbon Pool (TOC, Crsom)

The results of this study demonstrated that cultivated crops (lupin and pea) and
management practices (involving microorganisms) had a profound influence on the soil
organic matter pool, especially the labile fraction (Figures 2 and 3). This interaction
between cultivated crops and inoculated microorganisms was proven to improve soil
fertility, nutrient cycling, and overall soil health [41,43,61]. Previous studies by Virk et al.
and Van der Pol et al. [43,62] have shown that addressing the soil carbon dilemma through
the inclusion of legumes in intensified rotations can enhance soil carbon while maintaining
yields through a simultaneous increase in nitrogen (IN) and soil organic carbon (SOC) by
way of rhizodeposition, root senescence, and decomposition. Additionally, they found
that legume cultivation can improve SOC levels by promoting increased microbial activity
and enhancing soil structural improvement, particularly through aggregation, which is
induced by the addition of organic residues with a favorable carbon-to-nitrogen (C/N)
ratio. Compared with other cropping systems, legume inclusion has shown a significant
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potential for sequestering SOC, and the decomposition rate of legume residues is normally
higher than that of cereals, thus resulting in a higher rate of SOC addition. Legume crops,
such as peas and lupins, and other green manure crops contribute organic residues and
enhance the carbon and nitrogen availability [30,43,63,64], while microorganisms, including
entomopathogenic and mycoparasitic fungi, such as Trichoderma virens and Metarhizium
brunneum, as well as lactic acid bacteria, aid in the decomposition of organic matter and
crop protection, leading to increased soil organic carbon stocks [25,65,66].

The observed effect of treatments on the SOM pools may have also resulted from the
soil properties, soil management, and climatic conditions (Table 1) that were conducive to
microbial activities. According to Garrido-Jurado et al., Kessler et al., and others [8,67,68],
soil properties, such as pH, texture, bulk density, electrical conductivity, temperature, and
precipitation, significantly impact the soil microorganisms” activity, plant colonization,
and soil organic matter decomposition. For instance, soil pH plays a significant role in
SOM decomposition, as the production of organic acids during the process leads to a
decrease in pH, particularly in the topsoil. Acidic soils tend to be dominated by fungal
communities, while neutral soils create conditions favoring bacterial communities. Soil
pH also influences the diversity and structure of microorganism communities, which, in
turn, affect the decomposition and nitrification processes [69,70]. Electrical conductivity
also increases with organic matter decomposition [71]. Soil texture influences organic
matter decomposition and carbon mineralization, with a higher loam content correlating
with increased pores, infiltration rate, and decomposition [72,73]. Moisture content and
soil temperature also play a role, with higher levels stimulating decomposition but being
dependent on the labile carbon supply and microbial activity [74,75]. The soil architecture,
characterized by factors such as bulk density, affects microbial-mediated decomposition
processes, as increased bulk density leads to lower soil porosity, aeration, infiltration rate,
and organic matter decomposition [73,76].

The application of Trichoderma virens, Metarhizium brunneum, and lactic acid bacteria in
pea and lupin crops in this experiment has positively affected the soil organic carbon pools,
and specific indicators were used to detect this. For both crops, the stages significantly
affected TOC, with the pre-seeding coming first, followed by the harvesting and then the
vegetation stages. The dominance of the pre-seeding stage would be attributed to the fact
that until harvesting, litter was accumulated on the soil, and there was no soil disturbance,
but after harvesting, all straw was returned to the field. The low TOC during the vegetation
stage would be due to the increased exposure of soil organic matter to microbial decompo-
sition, accelerated residue decay from the tillage-induced aeration and plant uptake, and
the conducive soil temperature, pH, and moisture. These results are similar to those of
Chen et al,, Li et al., Wang et al., and Zhu et al. [65,66,77,78], which showed that the return
of short-term crop straw to the farm and the application of organic fertilizers enhanced
the TOC in the upper soil layers. Although some studies did not find a significant effect
of returning crop straw to the farm in the short durations of less than 3 years [79,80],
many others have reported positive results in the long durations [63,81,82]. Although
crop residues, organic fertilizers, and green manure play important roles in increasing the
organic C sequestration, reducing the soil temperature fluctuation, and the conserving
soil moisture [83], management practices—such as the addition of bacteria, fungi, or other
effective microorganisms and minimum soil disturbance coupled with ideal environmental
conditions—increase soil organic matter decomposition and mineralization [5,19,24,84-91].

In pea and lupin, the application of lactic acid bacteria, Trichoderma virens, and Metarhiz-
ium brunneum to seeds (T and T3) showed an increased TOC compared with the other
treatments. However, a combined application of the two showed a significant increase
in the TOC (T, Tg) as well, but it was less than when they were applied separately. This
effect would be attributed to the fact that legume-based cropping systems result in residues
that are more readily degraded (low C:N ratio), which influence soil organic matter carbon
in short durations [29-31]. Furthermore, lactic acid bacteria are effective and dominate
other effective microorganisms when applied together [24,84,92]. Various studies have
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reported increased yields and nutrient uptake where effective microorganisms, comprising
lactic acid bacteria, have been applied compared with where they had not [93-95]. In
addition to lactic acid bacteria, the effect shown by used fungi may be due to their ability
to colonize and establish a beneficial symbiosis with many plant species, including beans
and forbs [96]; soybean, corn, tobacco, and wheat [97]; and peas [98] as well as acting as
primary degraders (including low-quality substrates) with high enzymatic capabilities
and requiring low metabolic nutrients [22,99]. Moreover, Romani et al. [100] studied the
interactions of bacteria and fungi in the decomposing litter; although their interactions
during the decomposition process were not well documented, synergistic and antagonistic
interactions were detected in terms of the growth and patterns of the degradative enzymes
expressed by the communities of both bacteria and fungi grown separately and together in
phragmites leaves. In their experiment, the bacteria grew well when together with fungi,
even though at some point, fungi growth was limited by the bacteria. The fungi performed
well when alone.

Even though the TOC showed changes with some treatments, the labile fraction of soil
organic matter was affected the most by the management practices. This may be attributed
to the fact that the TOC is composed primarily of a stable fraction. The stable fraction
is recalcitrant in nature and inaccessible to many decomposing microbes, leading to a
humification process [49,101]. Hence, small changes in total soil organic matter or carbon
are difficult to detect, and various authors proposed that the SOM sub-pool (labile) may
serve as the early sensitive indicators of changes in the pool size [45,54,102].

The treatments in peas and the stages in lupin showed statistically significant effects
on the change in the labile fraction of soil organic matter. The stages were as follows:
pre-seeding first, harvesting, and then vegetation. At all stages, a single application of
Trichoderma virens and Metarhizium brunneum on seeds and leaves (T7) showed a high
Crsom, followed by the single application of lactic acid bacteria on seeds and leaves (Ts)
and then (Ts). Statistically significant treatments were the application of lactic acid bacteria
on seeds and leaves (T¢), the application of Trichoderma virens and Metarhizium brunneum
on seeds and leaves (Ty), the application of lactic acid bacteria on seeds and Trichoderma
virens and Metarhizium brunneum on leaves (Tg), the application of lactic acid bacteria on
leaves (T4), and the application of lactic acid bacteria on seeds (T;). The high change in
Crsom would be attributed to the fact that this fraction of soil organic matter is more active,
mineral-free, and made up of highly oxidizable, partially decomposed plant and animal
residues, with a high turnover [48,60]. The more the soil is disturbed, the more the labile
fraction oxidizes [5,103]. Results of this experiment showed that although the TOC in the
soil was affected by management practices, Cysom was the most sensitive and was affected
in the short term, as found in other studies [45,54]. Therefore, the Cigonm and its lability
within each management or treatment type can be used as an early indicator for soil organic
matter stock dynamics [79,104-106].

4.2. Organic Matter Pool Change and Indicators (k, ER, LI, CMI)

To analyze the early indicators that can reflect the change in the soil organic matter
pool, especially the most active (labile), we evaluated the organic matter oxidation rate
constant, the lability index, the carbon management index, and the carbon enrichment ratio
(Figure 6, Table 2). In pea, during pre-seeding, the highest lability index, the highest carbon
management index, the highest carbon enrichment ratio, and the lowest organic matter
oxidation reaction rate constant were found with Tg At the harvesting stage, Ts had a high
lability index, a carbon management index, a carbon enrichment ratio, and a lower organic
matter oxidation rate constant. T3 had the same trend during the vegetation stage. In lupin,
during pre-seeding, the highest lability index, the highest carbon management index, the
highest carbon enrichment ratio, and the lowest organic matter oxidation rate constant were
found in Ty. At the harvesting and vegetation stages, T4 and T4, respectively, had the same
trend as the pre-seeding stage. The same trend of results was obtained by Blair et al. [45]
while studying soil carbon fractions based on their degree of oxidation and developing
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a carbon management index for agricultural systems; by Vieira et al. [107], studying the
carbon management index based on the physical fractionation of soil organic matter in an
acrisol under long-term no-till cropping systems; by Sodhi et al. [108], studying how to
use the carbon management index to assess the impact of compost application on changes
in soil carbon; and by others [54,109]. The highest Cygsom observed, the highest lability
index, the highest carbon management index, the highest carbon enrichment ratio, and the
lowest organic matter oxidation rate constant, especially in treatment numbers 9,5,3,7,4, and
6 compared with the control (reference), can be attributed to the increased activities of the
applied lactic acid bacteria, Trichoderma virens and Metarhizium brunneum, legumes plants,
straw return, and organic fertilizers. The same results were observed by Six et al. [110] while
studying the sources and composition of soil organic matter fractions between and within
soil aggregates; by Wu et al. [111] while studying microbial interactions with dissolved
organic matter and how it drives carbon dynamics and community succession; by Bot and
Benites [8] on the importance of soil organic matter (the key to drought-resistant soil and
sustained food production); and by others.

Regression analyses were then performed to determine whether there was a significant
correlation between the change in the SOM pool and these selected indicators (Table 2 and
Figure 6). Apart from the lability index and the carbon management index that showed
a positive correlation with TOC in pea, the rest of the indicators did not correlate with
the total organic carbon in either crop, while the labile fraction of soil organic matter
was correlated with all these indicators in both crops. This shows the ability of Crsom
to predict SOM dynamics in general. For both crops, k was negatively correlated with
CrLsom, showing that the increase in the oxidation rate constant reduced the labile fraction
of soil organic matter (Kopecky et al., 2021). The rest of the indicators showed a positive
correlation with Cygopm in both crops, indicating that the increase in the lability index,
carbon management index, and carbon enrichment ratio resulted in an increased labile
fraction of soil organic matter. There was a significant correlation between the change in
the selected indicators and the changes in the carbon stocks. These indicators were studied
and confirmed to be useful in evaluating the soil organic matter dynamics in different
agricultural systems by various other researchers [45,48,54,60,112-114].

The results of this study provide insights into the influence of crop selection and
sustainable management practices involving microorganisms (effective ones) on the soil
carbon pool. The legume crops inoculated with microorganisms showed the ability to
improve the soil organic matter pool, which may affect the soil fertility, nutrient cycling, and
overall soil health. It should be added that the soil properties also played a significant role
in the soil microorganism activity and organic matter decomposition. The labile fraction
of soil organic matter was found to be the most sensitive to management practices, and
indicators such as the lability index, carbon management index, carbon enrichment ratio,
and organic matter oxidation rate constant were used to assess the changes in the organic
matter pool. Although the effectiveness of these practices may vary in different conditions,
it is important to note that in temperate regions like South Bohemia, Czech Republic, the
soil organic matter addition and decomposition rates are generally slower compared with
tropical regions [8]. Furthermore, considering the declining trend of soil organic matter
in this region due to agricultural intensification using conventional methods, there is a
need to adopt sustainable management practices that would address this issue [5,115].
The practices implemented in this study can be seen as a step towards addressing this
issue and promoting sustainable soil management in the region. Overall, these findings
emphasize the importance of crop selection, microbial inoculation, and soil management
practices in enhancing the soil carbon pools and improving agricultural sustainability.
Specific practices and their effectiveness may vary depending on the local conditions, crops
grown, and farm management systems. It is essential to tailor these practices to the specific
needs and constraints of a specific region when considering the long-term sustainability of
agricultural production.
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5. Conclusions

In conclusion, this study highlights the significant influence of sustainable manage-
ment practices, including cultivated crops and applied microorganisms, on the dynamics of
organic matter. Our results showed that treating legume crops, such as pea and lupin, with
entomopathogenic and mycoparasitic fungi (Trichoderma virens and Metarhizium brunneum)
and lactic acid bacteria in agricultural farms influences the soil organic matter pools, partic-
ularly Cysom. The labile fraction of the soil organic matter (Crsom) fluctuated greatly and
was high across all treatments as well as during the pre-seeding stage compared with the
other stages. This was attributed to the input of crop straw, organic fertilizer application,
conducive environment, soil properties, low disturbance in most of the growing season,
and the increased activities of applied microorganisms. When assessing the sensitivity
of organic matter, especially Crsowm, to the treatments, the indicators CMI, ER, LI, and k
showed the capability to serve as early indicators that can alert us to changes in the SOM
stocks, which would help in determining the right action to take. This study showed that
lactic acid bacteria, entomopathogenic and mycoparasitic fungi particularly Trichoderma
virens and Metarhizium brunneum, and returning crop straw to the farm should be practiced
in agricultural fields to enhance the status of organic matter, decomposition (labile pool),
and mineralization of the nutrients, hence improving the health and fertility of the soils.
As all indicators (CMI, ER, LI, and k) clearly showed sensitivity to the treatments, we
conclude that Cygom and selected indicators are promising to monitor the effects of farm
management practices on the organic matter dynamics and soil quality in short durations.
We, therefore, recommend further testing to evaluate the soil organic matter dynamics
across a wide range of soil management practices, including different types of tillage and
crops, crop rotation, intercropping, and integration of effective microorganisms.
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Abstract: Organic matter has a very important function in soil, without which, soil for-
mation processes cannot take place properly. It can be divided and classified based on
several aspects; the most general division is between the living and non-living parts of
organic matter. The results presented in this paper specifically refer to the living microbial
part of organic matter. This research was carried out in the years 2021-2024 in the South
Bohemia region located in the Czech Republic. Two types of land use (four permanent
grassland areas, two forest areas) were evaluated. Based on laboratory soil analyses, some
significant dependencies were found. For example, in grasslands with statistically identical
pH, there was a dependence (p-value 0.05) between soil organic carbon (SOC), carbon of
microbial biomass (MBC) and microbial basal respiration (MBR). Additionally, coniferous
forest experimental locations had a lower pH, which, in turn, slowed the activity of mi-
croorganisms and promoted the accumulation of SOC in the soil. The results from this
experiment support the current knowledge of organic matter and are important for a better
understanding of the soil organic matter cycle.

Keywords: soil science; microorganisms; organic carbon; microbial biomass; basal respiration

1. Introduction

Organic matter, only being a small part of soil, plays a key role because the decompo-
sition, mineralisation and subsequent humification of organic material are among the most
important soil processes affecting soil fertility and quality [1,2]. It is an important material
derived from plant and animal sources [3] and has an effect on the following aspects of soil:
(1) improving structure: it helps aggregate soil particles, which improves the stability of
soil aggregates and increases soil porosity [4]; (2) nutrient source: organic matter contains
nutrients that it releases when it decomposes [5]; (3) increasing soil retention: it gives soil
a better ability to retain water [6]; (4) reduction of erosion and surface runoff [7,8]; and
(5) providing a source of energy for microorganisms: it is the main source of feed and
nutrients for soil microorganisms [9].

The total amount of organic matter in soil can be influenced in the long term by
management practices [10]. The use of organic fertilisers, intercrops, deep-rooted crops
and ploughing puts crop residues back into the soil and contributes to enriching soil with
organic matter [7,10,11]. Conversely, a lack of organic matter input into soil and the loss of
organic matter are behind some serious degradation processes [12].
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The basic general division of organic matter is into its non-living and living parts. The
non-living part of soil organic matter is divided according to the degree of decomposi-
tion [13] and the presence of non-humified soil organic matter comprising undecomposed
organic matter. This includes the remains of plants (leaves, roots) and animals whose
original structure is retained [9,14]. Another part consists of partially decomposed organic
matter that has already been altered by soil organisms [15]. The next part is fully decom-
posed organic matter, which, in later stages, is referred to as humus [16]. This decomposed
organic matter no longer shows signs of its original structure [17].

The living part of soil organic matter can be divided as follows: microflora [18],
microfauna, mesofauna, macrofauna and megafauna [19]. This classification includes
a range from smallest to largest, i.e., from micrometres to centimetres and, in some
cases, up to metres [20]. Microfauna and microflora inhabit water-filled pores and water
films around soil particles [21]. Mesofauna occur in existing air-filled pore spaces and
are largely confined by these spaces. Macrofauna have the ability to create their own
spaces through their activities and, like megafauna, can significantly influence the coarse
structure of soils [22,23]. The biodiversity in soils is impressively large [24,25] and,
therefore, species with similar biology and morphology are often grouped together for
classification purposes [26]. The most abundant species are among the microbial compo-
nent of soil [19]. When assessing the living microbial part of organic matter, the basic
parameters evaluated include microbial basal respiration (MBR) and microbial biomass
carbon (MBC). These parameters have been monitored by a number of authors [27-29]
and are, therefore, also evaluated in this paper.

Of course, many variables enter into the whole process of microorganism activ-
ity [30,31]. For example, temperature [32,33], soil moisture [34,35], pH [36], nutrient
availability [37,38], redox potential [39] and carbon/nitrogen ratio [40] are known to be the
main factors that contribute to microbial activity.

Differences can also be expected for different types of land use [41,42]. Microbial
activity is particularly important for land use types where soil is the basis for management,
i.e.,, mainly agricultural land and forests, possibly also in other ecological systems [43].
The concept of agricultural land is general and includes different types of land cover.
In soil environments where disturbance is frequent (typically conventional arable land
management), it is more difficult to draw general conclusions, as a number of different
agricultural operations can be used during cultivation that have a significant impact on
soil parameters [44]. For this reason, grasslands and forests are the subject of the current
assessment as they have a relatively stable soil environment and there is an assumption of
less inter-annual variation.

The aim of this study was to verify the following hypotheses: (1) soil microbial activity
will vary in permanent grassland and forest locations; (2) microbial activity assessed by
MBR and MBC is dependent on the amount of soil organic carbon (SOC); and (3) the
amount of SOC in soil is influenced by the pH level.

2. Materials and Methods

Six soil samples from South Bohemia (49°05'00.0” N, 14°40'00.0” E) in the Czech
Republic were tested every year in 2021-2024 (Figure 1). Four soil samples were from
agricultural land (grassland) and two were from coniferous forest soil. Soil texture at each
location listed in Table 1 was determined using the hydrometric method. This method
is based on the principle of measuring the sedimentation rate of soil particles in a water
environment. A hydrometer (an instrument for measuring the density of the suspension)
was used to record the concentration of particles in the water at various time intervals. This
makes it possible to measure the proportion of each fraction and thus determine the soil
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texture. The subsequent classification was performed using the texture triangle [45], which
is also currently used in the Czech Republic.

Figure 1. Map of the Czech Republic and the district of South Bohemia.

Table 1. Experimental locations.

Locations Type of Location Soil Texture (USDA *)
Gl Grassland Sandy Loam
G2 Grassland Sandy Loam
G3 Grassland Sandy Loam
G4 Grassland Loam
F2 Forest (coniferous) Sandy Loam
F1 Forest (coniferous) Sandy Loam

* USDA—U.S. Department of Agriculture: texture triangle.

One composited soil sample was taken from each locality with a spade and placed in
paper bags. The composited sample consisted of a total of 5 samples from a 10 x 10 m area.
The depth of sampling was 0-15 cm and the amount of soil sampled from each location was
approximately 3 kg. It should be mentioned that forest locations usually have an organic
horizon, which has a strong influence on the amount of SOC in the soil. When taking soil
samples, the emphasis was always on doing everything the same way every year. First, the
organic horizon was carefully removed and then the topsoil was taken. Nevertheless, it
was difficult to ensure the uniformity of the sampling. This problem can be clearly seen in
Table 2, where the standard deviation is higher for forest locations than for grassland. In
the case of grassland, the top layer containing live plants was removed. Subsequently, soil
sampling was carried out using a spade.

After sampling, material from the composite soil samples was taken to the laboratory
and used for subsequent analyses. Samples were air-dried so that they could be sieved
and then particles larger than 2 mm were removed. The soil intended for pH and SOC
analysis was dried at 60 °C to a constant weight before analysis. Part of the remaining soil
was homogenised and sieved through a 0.25 mm sieve. Soil sieving was conducted because
some analyses were performed on soil textures less than <2 mm (pH, MBR, MBC), while
SOC was analysed on a fraction < 0.25 mm.



Land 2025, 14,183 40f15
Table 2. Results from the experimental plots (2021-2024).
Locations pH SOC MBR MBC MMQ—qCO;

(XQ) SD (%) SD (ug CO.g"1h-1) SD (ugg™) SD (x10~* MBR:MBC) SD
Gl 4.90 0.19 3.93 0.18 0.3034 0.0203 756 65 41 0.6
G2 477 0.28 2.52 0.25 0.1621 0.0112 354 38 4.6 0.6
G3 4.66 0.12 2.36 0.23 0.1589 0.0160 301 23 5.3 0.5
G4 4.70 0.09 3.44 0.35 0.2271 0.0243 577 37 4.0 0.7
F1 322 0.05 7.37 1.10 0.1021 0.0284 141 18 7.4 22
F2 3.32 0.09 7.28 1.74 0.1333 0.0143 181 42 7.9 2.7

Standard deviation (SD), soil organic carbon (SOC), carbon of microbial biomass (MBC), microbial basal respiration
(MBR), microbial metabolic quotient (MMQ).

Individual analyses of soil samples were carried out using the following procedures:

e  Soil pH (ISO 10390:2005 [46])— was determined using a 1 M KCl solution. In 250 mL
plastic bottles, 10 g of soil was weighed and 50 mL of KCl was added. Subsequently,
the samples were shaken for 60 min on a shaker. The pH was then measured using
the SI Analytics Lab 875P (Xylem Analytics, Weilhem, Germany). The measurements
were carried out in two repetitions each time.

e  SOC—the basis of the analysis was the method of Tyurin [47], where the process of
determination was as follows: 0.1 g of soil (<0.25 mm) was weighed in triplicate for
each location. Subsequently, 0.3 M K,Cr;O7 and concentrated HySO, were mixed to
form a chromosulfur mixture. The titration cups with the weighed soil were added
to 12.5 mL of the chromo sulphur mixture and then the samples were burned in
an oven at 135° for 30 min. Then, titration was performed using 0.2 M Mohr’s salt
((NHy),Fe(SO4),-6H,0 + H,SOy) on the Mettler Toledo DL55 titrator (Mettler Toledo,
Schwerzenbach, Switzerland).

e  MBR—the analysis was based on the ISO standard 16072:2002 [48], but some mod-
ifications were made in the determination (soil moistening). The procedure was as
follows: 150 g of soil moistened to 50% retention capacity was pre-incubated for 3 days
and then 25 g of soil was weighed into breathable bags (in three replications). The
breathable bags were hung in a 750 mL sealed glass bottle with 20 mL of 0.05 M NaOH
at the bottom for 3 days. Before titration, 2 mL of 0.5 M BaCl, and phenolphthalein
were added. Subsequently, titration was performed on the Mettler Toledo DL55 titrator
(Mettler Toledo, Schwerzenbach, Switzerland) using 0.1 M HCL

e  MBC—the analysis was performed according to the ISO standard 14240-2:1997 [49]
with some modifications (the weighing and moistening of the soil): 250 g of soil
moistened to 50% retention capacity was pre-incubated for 3 days and then 25 g of
soil was weighed (in six replications). Three samples were fumigated in a desiccator
using boiling chloroform and left in the dark for 24 h. To the remaining samples,
200 mL of 0.5 M K;SO4 was added, and the samples were shaken for 30 min. The
same process was carried out for the fumigated samples after 24 h. MBC was de-
termined by dichromate oxidation. All samples were filtered and 8 mL was taken.
Subsequently, 2 mL 0.07 M K,Cr,O7 and 15 mL acid mixture (HySO4, H3PO,) were
added. After refluxing for 30 min, titration was carried out using 0.04 M Mohr’s salt
((NHy4),Fe(504),-6H,O + H,SOy) on the Mettler Toledo DL55 titrator (Mettler Toledo,
Schwerzenbach, Switzerland).

e  Microbial metabolic quotient (MMQ)—this was the ratio between the MBR and the
MBC, where the MBR was divided by the MBC.

A basic statistical evaluation was performed on the results to obtain significant corre-
lations using one-way ANOVA. The Pearson correlation coefficient was also determined
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for the processed data. This correlation coefficient was evaluated if there were at least two
distinct locations in the statistical evaluation.

3. Results
3.1. Soil Reaction (pH) in Experimental Locations

The basic analysis performed was the determination of pH. The results of the mea-
surements are shown in Figure 2 and Table 2. Statistically significantly higher values were
measured at the grassland locations compared to the forest locations (Table 3). The highest
pH across the grasslands was measured at G1 (4.90). The lowest value was at G3 (4.64).
Locations G2 and G2 fell within this range in their values. Statistical evaluation of all
grasslands showed no significant difference. They were therefore identical in terms of pH.
Statistical agreement was also valid for the forest locations, where the mean pH for F1
was 3.22 and that for F2 was 3.32 (Table 3). The values and standard deviations (Table 2)
across research years could be considered relatively stable in the locations. The highest
standard deviation was measured at G2 (0.28), but this was not a significant fluctuation.
Lower values were measured at the other locations.

6 -
55+
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O 45 ¢t ﬁ E
<
T L
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T ==
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Figure 2. Soil reaction in experimental locations (box plots).
Table 3. Statistical evaluation of selected parameters (one-way ANOVA, p-value <0.05).
Parameters Locations G1 G2 G3 G4 F1 F2
G1 X 6.08 x 1071 714 x 1072 164x1071 127 x1071 127 x 10711
G2 X X 814 x 1071 956 x 107! 127 x 10711 127 x 1071
u G3 X X X 999 x 10°1 127 x 10711 127 x 1071
P G4 X X X X 127 x 10711 127 x 1071
F1 x X X X X 8.19 x 1071
F2 X X X X X X
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Table 3. Cont.
Parameters Locations G1 G2 G3 G4 F1 F2
G1 X 3.75 x 1073 9.14 x 1074 758 x 1071 250 x 10711 2.81 x 10~
G2 X X 998 x 101 144 x 1071 229 x 10711 229 x 10711
G3 X X X 533 x 1072 229 x 10711 229 x 10~ 1
S0OC
G4 X X X X 230 x 10711 230 x 1071
F1 X X X X X 1.00 x 107°
F2 X X X X X X
G1 X 322x 10711 322%x 10711 585 x10°1  322x1071  322x 10711
G2 X X 9.99 x 101 256 x 1077 2.71 x 108 1.55 x 1072
G3 X X X 570 x 10710 125 x 107 437 x 1072
MBR
G4 X X X X 322 x 10711 323 x 1071
F1 X X X X X 7.31 x 1073
F2 X X X X X X
Gl X 229 x 10711 229 x 1071 230x 1071 229 x 1071 229 x 1071
G2 X X 326 x1072 229x 1071 229 x 1071 231 x 1071
G3 X X X 229 x 10711 245 x 10711 216 x 1078
MBC 11 11
G4 X X X X 229 x 10~ 229 x 10~
F1 X X X X X 1.96 x 10~1
F2 X X X X X X
G1 X 9.45 x 101 3.90 x 1071 1.00 x 100 2.83 x 107° 9.86 x 107
G2 X X 9.05 x 101 9.00 x 101 748 x 1074 329 x 107°
G3 X X X 3.11 x 101 1.96 x 1072 1.34 x 1073
MMQ
G4 X X X X 1.64 x 1075 5.55 x 10~
F1 X X X X X 9.54 x 101
F2 X X X X X X

Locations that were statistically equal are highlighted. Soil organic carbon (SOC), carbon of microbial biomass
(MBC), microbial basal respiration (MBR), microbial metabolic quotient (MMQ). The light grey colour in the table
indicates statistically identical locations.

The results from this analysis were very important for the subsequent evaluation
because it was possible to divide all assessed locations into two groups with statistically
identical pH. Forest locations represented one group and grasslands represented the second
group. This made it possible to evaluate the effect of different pH on the other assessed
parameters (SOC, MBC, MBR, MMQ). As shown in the following Sections 3.2 and 3.3, this
fact proved to be very important for some parameters.

3.2. Relationship Between pH and SOC

SOC, like pH, is an essential parameter in the assessment of soil parameters. The
highest amount of SOC was found at the forest locations, where the average value was
7.37% at F1 and 7.28% at F2. In this context, it should be added that the method of soil
sampling mattered because as the amount of organic horizon (for forest locations) in the
soil sample increased, so did the amount of SOC. It was problematic to ensure the same
amount of organic horizon in the soil samples. This can be clearly seen in the standard
deviations (Table 2), which were higher for forest locations than for grasslands. These
facts need to be taken into account when comparing the results with other studies. In the
statistical evaluation, the values from forest locations (F1 and F2) were identical (Table 3).
When comparing them with grasslands, they were significantly different (p-value < 0.05).
The individual grassland locations, however, did not have statistically the same SOC
content, confirming that the whole issue was much more complex. The highest SOC value
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was measured at G1 (3.93%). This location was statistically identical to G4 (3.44%) but
significantly different from G2 (2.52%) and G3 (2.36%). Locations G2, G3 and G4 could be
considered identical (Table 3).

Correlations were determined at all locations but also separately for grasslands and
forests (Figure 3). In the case of the forest locations (F1, F2), which were statistically identical,
correlations were not assessed further. When all locations were assessed, the strongest
correlation was obtained between pH and SOC. Specifically, a strong inverse correlation
(—0.913) was found, meaning that the lower the pH, the higher the SOC content of the soil.
For this statement, the depth of sampling needs to be considered (see Discussion chapter).

Grassland locations without forests Forests locations without grasslands

MMQ pH soc MBR MBC MMQ pH soc MBR MBC MMQ

pH pH

soc .. .

MBR MBR

MBC MBC

MMQ MMQ

Figure 3. Correlation heat map for the evaluated parameters. Fields that are light grey were not
evaluated due to statistical equality at all locations (p-value 0.05). Soil organic carbon (SOC), carbon
of microbial biomass (MBC), microbial basal respiration (MBR), microbial metabolic quotient (MMQ).

3.3. Microbial Activity (MBR, MBC) as a Function of SOC

Soil microbial activity was measured using two basic indicators (MBR, MBC). The
lowest MBR values were determined at both forest locations, which were also identical
according to the statistical evaluation. The MBR values were higher for the grasslands.
For MBC, the situation was similar to that of MBR. Lower MBC values were measured for
forest locations compared to grasslands.

Based on the results (MBR, MBC), it was confirmed that microbial activity in soil
differed between grasslands and forests (hypothesis 1), but statistical differences were also
found for individual grassland locations (see, Table 3). In the case of MBR, only G2 and
G3 were statistically identical. For MBC, no statistical concordance was confirmed and,
therefore, each grassland location could be considered different.

The dependencies between MBR, MBC and SOC were assessed using the correlation
coefficient and trend lines. When MBR and MBC were evaluated, there was a strong
relationship (R? = 0.9461) between these two parameters. The dependence was confirmed
when evaluating all locations, but only at grasslands (Figure 3). This points to the fact
that different soil pH did not significantly affect this dependence. Thus, at the locations
evaluated, it was valid that MBC increased with increasing MBR.

The above statement did not apply to the relationship between SOC and MBC. In
assessing the correlation across all locations (Figure 3), an inverse correlation (—0.557) was
found, but, when looking for a definite trend between SOC and MBC (Figure 4), it is clear
that no trend (R? = 0.2914) was observed. The situation was completely different if the
forest locations were omitted and only grassland locations with statistically equally high
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pH were evaluated. Then, a strong direct correlation (0.920) between SOC and MBC was
evident and a significant trend (R? = 0.907) could be established (Figure 4).

- p 1000
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Figure 4. Relationship between SOC and microbial parameters. Soil organic carbon (SOC), carbon of
microbial biomass (MBC), microbial basal respiration (MBR).

A similar situation, slightly less marked, existed for the relationship between SOC and
MBR. When forest locations were included, an inverse correlation (—0.546) was found and
the resulting trend (R? = 0.2152) was significantly negatively affected. When assessing only
grassland locations, a strong direct correlation (0.750) was found and a significant trend
(R? = 0.8703) was also established.

From the results, the conclusion was that hypothesis 2 (microbial activity assessed
by MBR and MBC is SOC-dependent) was only valid for locations with the same pH.
When different locations (grasslands and forests) were evaluated, the hypothesis was
not confirmed.

In this paper, the efficiency of the microbial environment expressed in terms of MMQ
was also calculated. The highest values were determined for forest locations, which were
statistically significantly different from grasslands. It was also confirmed that all grasslands
were statistically identical, as were forest locations (Table 3). Figure 3 shows that the highest
correlation value (—0.898) was achieved between MMQ and pH when all locations were
evaluated. Thus, the results indicate that the MMQ value increased with decreasing pH.
An assessment of only grasslands or forests was not carried out for statistical concordance.

4. Discussion

Soil pH is one of the basic indicators that is monitored in a comprehensive soil as-
sessment [50-52]. Its value influences a number of soil properties: physical, chemical and
biological [53,54]. The level of pH is determined by the composition of the soil but is also
influenced by the plants themselves, as the organic matter from each species can have sig-
nificantly different compositions [55-57]. This can be clearly seen in Figure 2, where the pH
at the two forest locations differed significantly from the pH at the grassland locations. The
results confirm the generally accepted conclusion that coniferous forest locations need and
have a lower pH than agricultural land in the upper soil layer (0-15 cm). This conclusion is
in agreement with [58-60], but is only valid for topsoil, because at deeper soil levels, the
differences in pH for individual land uses tend to decrease, as previously reported [61,62].

When assessing the pH of agricultural land, it must be taken into account that changes
may occur as a result of agronomic operations. These may affect the pH. Some agrotechnical
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operations are directly carried out to adjust the pH to the optimum value for the crop [63].
The classic case is the liming of soils, which increases the pH [64]. However, the pH can
also be lowered by, for example, applying certain types of mineral or organic fertilisers [65].
The way the soil is cultivated also has an influence. All these agrotechnical operations that
are carried out affect not only pH but also other soil parameters including SOC, MBR and
MBC [66,67]. The greatest changes in soil parameters can be expected on arable land, where
the soil is generally subjected to more frequent cultivation than grasslands and forests.
In this context, it is important to note that no agrotechnical operations (liming, organic
fertilisation) were carried out on the experimental locations during the research that would
have significantly altered the pH. This is apparent from Table 2 (standard deviation) and
Figure 2 (box plots).

Similar to pH, the amount of SOC is influenced by a number of parameters. Some of the
basic ones include the type of farming [68], soil texture [69] or species composition [70]. In
evaluating the relationship of SOC with other parameters, certain dependencies were found.
A very strong correlation was determined between pH and SOC, but it must be added that
the results were valid for the upper layer in which the sampling took place (0-15 cm). For
deeper soil levels, this statement may not be valid. This was also confirmed by some studies
in which sampling was carried out in lower layers [43]. The same relationship (ph-SOC)
in upper layer was found by [71] in a tropical forest soil environment, [72] in grasslands
and forests, and [59] in steppe and cropland locations. Based on the results (Table 2), it
can be confirmed with some simplification that, in this case, higher SOC was measured in
forest locations due to a more acidic soil environment. This conclusion is also clearly visible
in Figure 3, which shows the correlation coefficient between the evaluated parameters.
For higher pH (above 8), this may no longer be applicable, as [73] reported a hump-back
model between soil organic carbon and pH in grasslands. On arable land, there may even
be reverse dependence due to soil cultivation, as noted by [74], i.e., a decrease in organic
carbon as pH decreases. This means that hypothesis 3 involving the dependence of SOC
on pH was only partially confirmed because in significantly different soil environments
than those in this study, the relationship may not always be valid. This observed pH-SOC
relationship can be significantly disturbed by agrotechnical operations. It is therefore
essential to know the management practices that have been applied to the land.

There were also some findings for SOC and microbial activity (MBR, MBC). In the
case of MBC, the lowest values were found at forest locations (F1, F2). The values in this
study are in agreement with many authors [75-77] who determined the MBC for forest
soils. However, values at forest locations can vary considerably. The main reason is due
to the complicated soil sampling. It is necessary to separate soil from forest floor during
sampling because [78,79] reported that MBC can vary significantly between forest floor and
forest soil. For grassland, some authors [80,81] gave similar values to those in this paper,
but, in some studies [82,83], there were higher values.

The situation was similar for MBR, but not the same. Almost all locations were statisti-
cally different, but several individual MBR values from forest locations were comparable to
those of some grassland locations (Figure 4). This finding is in agreement with [84], who
also compared grasslands and forests. When evaluating the relationship between MBR and
MBC, it can be concluded that a higher MBR in soil indicates a higher MBC (Figure 5), as
confirmed by other authors [85,86].
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Figure 5. Dependence between basic parameters related to microbial activity (MBR, MBC). Carbon of
microbial biomass (MBC), microbial basal respiration (MBR).

From the results of the SOC-MBC and SOC-MBR relationships, it can be further
assumed that the more SOC in the soil, the more microorganisms. This is in line with other
authors [87-89], but only applicable when the pH is the same. When forest locations are
included, this statement cannot be confirmed. The same conclusion may apply to the MBR.
A strong correlation between SOC and MBR at grassland locations was reported by [90,91]
and also by [92], who assessed only forest locations.

MMQ is considered an important indicator of soil health [93] and the highest correla-
tion was found for pH. Similar findings were reported in a study by [94], who analysed
24 studies and concluded that MMQ often declines with increasing pH in a stable environ-
ment. The results indicate that organic matter is more efficiently used by microorganisms in
grassland locations, where MMQ is lower compared to forest locations. Higher ratios may
reflect that the microbial community is exposed to stressful conditions such as inappropri-
ate pH (Table 2). This means that microorganisms must expend more energy to maintain
basic life functions and use less for growth [95]. Soil pH is not the only parameter that
affects MMQ), but there are other soil parameters such as clay content, amount of MBC [94]
or soil moisture [96].

The conclusion regarding the relationship between SOC and MBC, SOC and MBR or
pH and MMQ highlights the issue of overgeneralisation. In some cases, it is not possible to
make general conclusions that apply across locations. This is also the case for microbial
activity, which is influenced by a number of factors. These factors may vary due to different
land cover types and it is therefore always important to take into account basic parameters
(e.g., pH) that may differ between land use types.

5. Conclusions

This paper summarised the knowledge concerning organic matter and its microbial
role. The results show that some significant trends and dependencies can be found for
the parameters evaluated (SOC, MBR, MBC). When assessing microbial activity, both
parameters MBR and MBC appear to be suitable indicators in relation to SOC. However,
it is also important to assess other parameters such as the pH in the soil environment.
Different pH levels can significantly affect the resulting trends, which was evident when
forest locations were included. The findings support the current knowledge of soil organic
matter and are useful for other authors in evaluating and interpreting results related to
microbial activity. Information on microbial activity is also important from the point of view
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of soil quality. This can be influenced (both negatively and positively) in the long term by
the way it is managed. Therefore, management practices that contribute to the enrichment
of the diversity of microflora and microfauna in the ecosystem should be promoted in
order to increase landscape stability and improve soil health, crop health and agricultural
production. From this perspective, it would be interesting to better clarify the dynamics
of pH, SOC, MBR and MBC in other ecological systems and land use types. Microbial
activity through the decomposition of organic matter influences nutrient cycles, and a
deeper understanding of this could provide more support for sustainable management
practices and development.
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4.8 Materialy z aplikovaného vyzkumu tykajici se ochrany pady

Tato kapitola obsahuje informace o vybranych dosazenych aplikovanych materialech
definovanych dle VaVal (Rejstiik informaci o vysledcich — RIV, 2026), které
tematicky piimo souvisi s obsahem habilita¢ni prace. Uvedené jsou vysledek typu
B (monografie) a dale pak vysledky Nmet (certifikované metodiky). Nejedna se tak
o vSechny dosazené vysledky. Aplikované materialy jsou velmi diilezité pro pienos
ziskanych poznatkii do praxe. Zpravidla piindSeji riznd doporuceni, technologické
postupy, metodické navody ¢i inovativni feSeni. Diky nim Ize optimalizovat zpiisob
hospodareni a zvysit jeho efektivitu.

Ptehled aplikovanych vysledki je uveden nize. Kazdy vysledek je popsan formou
citace, abstraktu (¢i cile) a je doplit ivodni stranou a stranou s uvedenymi autory. Plné
znéni dosazeného vysledku je k dispozici v knihovné piislusné organizace podilejici

se na vydani. Nekteré z vysledki jsou dostupné rovnéZz v online verzi.
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Monografie:

1. Mensik, L., Kincl, D., Nerusil, P., Srbek, J., Kabelka, D., Herout, M., Jurka,
M., Sedek, A., Horky, T., Vach, M. (2018). Péstovini kukurice seté
plidoochrannymi technologiemi. Prikladova studie Boskovicka brazda a
Stredoceska pahorkatina. Vyzkumny ustav rostlinné vyroby, v. v. 1. a

Vyzkumny ustav melioraci a ochrany pudy, v. v. i., Praha, s. 102.

Abstrakt

Studie ptedklada vysledky vyzkumného projektu ,,Komplexni pidoochranné technologie zaklddani Zea
mays L. v ramci reintenzifikace rostlinné vyroby* feseného na pracovistich VUMOP, v. v. i.; VURV,
v.v.1.; P &L spol. s. r. 0.; ZD Krasna Hora nad Vltavou a. s. a Hanacka zeméd¢€lska spole¢nost Jevi¢ko
a.s. v letech 2015-2018. Projekt byl finanéné podporen MZe CR. Piipadova studie z oblasti Boskovické
brazdy a StfedoCeské pahorkatiny je prispévkem ke zdivodnéni smysluplnosti, ekologického
i ekonomického pfinosu péstovani kukufice pudoochrannymi technologiemi pro fungovani
agroekosystémil v sou¢asnych meénicich se podminkach prostfedi (pfedpoklddana zména klimatu)
zemédélské vyroby v Ceské republice. Design experimentu se sestival z variant ptidoochrannych
technologii (pasové zpracovani pudy / strip-till - jarni, podzimni u porostu zita setého, resp. travniho
porostu na orné pudé / a pfimé seti / Siroky a tizky fadek do strnisté, resp. porostu zita setého) a varianty
konvenéni (orba), které byly testovany v maloparcelovych podminkach a poloprovoznich

experimentalnich plochach ve dvou odlisnych ptidné-klimatickych podminkach.

Vyzkumny ustav rostlinné vyroby, v. v. i.
Vyzkumny Ustav melioraci a ochrany pady, v. V. i.

Péstovani kukufice seté
Péstovani kukufice seté padoochrannymi technologiemi

ptdoochrannymi technologiemi Prikladova studie Boskovicka brazda
a Stfedoleska pahorkatina

Prikladova studie Boskovicka brazda a Stfedoceska pahorkatina

Cultivation of maize by soil conservation technologies

Case study Boskovicka brazda and StfedoCeska pahorkatina Highlands

Ladislav Men3ik
David Kincl
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Jan Srbek
David Kabelka
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Obrazek 2: Monografie vénujici se problematice piidoochrannych technologii pii péstovani
kukufFice seté.
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Certifikovana metodika (Nmet)
1. Kincl, D., Kabelka, D., Srbek, J., Cép, P., Petera, M., Vopravil, J., Khel, T.
(2020). Mobilni technicke protierozni opatreni ,,silt-fence“. Certifikovana

metodika, Vyzkumny Gstav melioraci a ochrany ptidy, v. v. i., Praha, s. 41.

Abstrakt

Certifikovana metodika pojednava o moznostech a podminkach vyuziti protierozni textilie silt-fence
pro co nejucinnéj$i omezeni vodni eroze. Podrobn¢ jsou zminovany pouzivané materidly a jejich
technické parametry, prostiedky vyuzivané pro instalaci, udrzba opatieni, zplisoby a moznosti instalace.
Metodika dale uvadi i vysledky zkuSenosti z ovéfovani v nasich podminkach. Tyto pokusy byly
opakovan¢ provadény v simulovanych i poloprovoznich podminkéch. Vysledky poukazuji na vysokou
ucinnost zachyceni erodované pudy a pomérné spolehlivé rozdéleni mikropovodi a sméfovani
povrchového odtoku do pozadovaného mista. V zavéru metodiky jsou vyjadieny finan¢ni naklady na
realizaci i odstranéni protierozni textilie silt-fence. Tyto naklady byly kalkulovany vzhledem k sou¢asné
dostupné technice na naSem trhu a standardnim cenam stavebnich a zemnich praci. Hlavnim zamérem
této metodiky je zavést protierozni textilii silt-fence do b&zné prace v ramci CR a nabidnout odborné

vetejnosti dal§i moznost, jak omezit vodni erozi.

== Vyzkumny istav melioraci Fakulta trit Wzkumny Ustav melioraei a echrn i
= . id ; y. U v: A - ANy plidy, vyl
a ochrany piidy, v.v.i. g prostiec Ceskd zemBdlska univerzta v Prasze

MOBILNi TECHNICKE MOBILNi TECHNICKE
PROTIEROZNi OPATRENI PROTIEROZNI OPATRENI
,Silt-fence* »Silt-fence*
Certifikovana metodika Certifikovana metodika

Ing. David Kincl

Ing. David Kabelka, Ph.D.
Ing. Jan Srbek

Ing. Petr Cap

Be. Martin Petera

Ing. Jan Vopravil, Ph.D.
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Obrazek 3: Certifikovana metodika zaméi'ena na mobilni technicka protierozni opatieni.
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Certifikovana metodika (Nmet)
2. Kincl, D., Kabelka, D., Srbek, J., éép, P., Petri, A., Petera, M., Krofta, K.,
Pokorny, J. (2018). Piidoochranné technologie pro péstovani chmelu.
Certifikovand metodika, Vyzkumny ustav melioraci a ochrany ptdy, v. v.

1., Praha, s. 23.

Abstrakt

Péstovani chmele mé tisiciletou tradici. Ceské chmelnice si za tuto dobu vytvofily nejen u nés, ale i ve
svété své vysadni postaveni. V soucasné dobé bohuzel neni v nasich podminkach pii obhospodatovani
chmele otacivého (Humulus lupulus L.) provadéna zadna systematicka ochrana zabraiujici erozi pudy.
Na erozné ohrozenych chmelnicich kazdoro¢né vlivem silnych destd dochazi k nenavratnym ztratam
pudy a zivin, coz vede k postupnému sniZzovani tGrodnosti. Splavena ptida navic zptsobuje fadu
probléml v podobé zanaseni vodnich tokul, znecisténi komunikaci ¢i v horSim piipadé poskozeni
majetku. Tento stav neni dlouhodobé udrZitelny, a proto je potieba provadét ptislusna opatieni slouzici
k ochran¢ erozn¢ ohrozenych chmelnic. Jednou z moznosti, jak omezit vodni erozi na chmelnicich
a ochranit tim svazité pozemky, je vyuziti vhodné zvolenych meziplodin v mezifadi. V certifikované

metodice jsou predstaveny ptidoochranné technologie postavené na tfech zakladnich principech: nizké

ekonomické naklady, neovlivnéna produkce chmele a dostate¢na protierozni ochrana pudy.

Metodika byla vytvorena jako vystup pro praxi v rdmdi projektu NAZV QJ1610418
Komplexni pddoochranné technologie pro péstovéni chmelu ots¢ivého® a s finanéni
podporou MZE-RO0218. 2viiitni podékovani pak patfi panu Ing. Jifimu Helebrantovi
2firmy Chmel Helebrant s. . 0.2a vstficnost béh i o

vSolopyskich (okr. Louny)

Kolektiv autorl:  Ing. David Kincl
Ing. David Kabelka
Ing. Jan Srbek
Ing. Petr Cap
Ing. Anita Petril
B¢ Martin Petera
Ing. Karel Krofta, Ph.D.
Ing. Jaroslav Pokomny, Ph.D.
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pro péStOVé nll Ch = I u odborny oponent: Ing. Vadlav Kadlec, Ph.D. Ministerstvo zemédeélstvi CR

Uplatnéna certifikovana metodika byla schvalena UKZUZ (osvédéeni & 142238/2018)

Kincl D. a kol. (2018): Pidoochranné technologie pro péstovéni chmelu. Certifikovand
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Obrazek 4: Certifikovana metodika zaméfena na vyuZiti meziplodin ve chmelnicich.
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Certifikovana metodika (Nmet)
3. Cép, P., Kincl, D., Kabelka, D., Srbek, J., Petera, M., Vopravil, J., Khel, T.
(2020). Metodika managementu zpracovani piidy vedouci ke sniZeni znecisteni
vod z nebodovych zdroju. Certifikovana metodika, Vyzkumny tstav melioraci

a ochrany pudy, v. v. i., Praha, s. 54.

Abstrakt

Cilem metodiky je upozornit na negativni vliv vodni eroze, ktera vznika v dusledku pfirozenych srazek
na plochach s kukufici setou. Konkrétné na odnos zivin obsazenych v erodovaném materialu
a v povrchovém odtoku. V Ceské republice nebyla doposud vénovana dostate¢na pozornost zhodnoceni
pudoochrannych technologii z pohledu jejich vlivu na sniZzeni odnosu zivin a finanénimu vyhodnoceni
téchto technologii z pohledu nakladt potfebnych k nahrazeni ztraty zivin vyplavenych vlivem vodni
eroze. Z tohoto diivodu vznikla tato metodika, ktera si klade za cil kvantifikovat ztratu zivin piisobenim
vodni eroze pfi pouziti riznych systémii péstovani kukufice seté a podat tak nejen zemédélskym
subjektim informace, jaky vliv ma vyuziti pidoochrannych technologii z pohledu snizeni ztraty
piistupnych Zivin v dusledku erozniho procesu. Metodika rovnéz piedklada uceleny navod pro
ekonomické vyhodnoceni nakladi potiebnych pro nakup hnojiv, kterd jsou nutna k nahrazeni
odplavenych Zivin a nabizi porovnani u¢innosti pidoochrannych technologii vzhledem ke konvenénimu

zpusobu péstovani kukufice.
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Obrazek 5: Certifikovana metodika vénujici se problematice zne¢i$téni vod z nebodovych
zdroju.
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Certifikovana metodika (Nmet)
4. Kincl, D., Nerusil, P., Mensik, L., Kabelka, D., Srbek, J., Vopravil, J.,
Haskovec, L. (2024). Peéstovani kukurice seté na vyrazné sklonitych
pozemcich pomoci technologie pasového zpracovani pudy. Certitfikovana

metodika, Vyzkumny ustav melioraci a ochrany pudy, v. v. i., Praha, s. 50.

Abstrakt

Certifikovana metodika je dil¢im vystupem projektu Narodni agentury pro zemédélsky vyzkum
(NAZV) ,,Podminky péstovani kukufice seté na siln€ erozné ohrozené ptidé* a poskytuje nové poznatky
o moznostech vyuziti pidoochranné technologie pasového zpracovani pudy (strip-till) na vyrazné
sklonitych pozemcich. Péstovani kukufice seté s vyuzitim pasového zpracovani pidy nabizi novy
technologicky zptsob, jak vyuzit mén¢ hodnotné travni porosty na orné pude¢, u kterych musi byt
provedena péstebni obnova. Na rozdil od klasické technologie se pozemek zpracuje pouze pasove (s $ifi
pasku cca 0,15 m) na obvyklou rozte¢ 0,75 m pro Sirokofadkové plodiny. Nezpracovana cCast
umrtveného travniho porostu ma funkci chranit ptidu a zpomalovat povrchovy odtok tak, aby voda méla
delsi ¢as zasdknout. Tento efekt je mozné pozorovat prakticky po celé obdobi ristu kukufice, kdy se
vyrazné minimalizuje moZnost vzniku vodni eroze. U¢innost technologie je tak vyrazna, Ze tento postup
umoznuje péstovat kukufici setou i na silné erozné ohrozené pudé. Prozatim je ovSem zafazeni této
technologie do standardi DZES 5 v pfipravé s Ministerstvem zemeédéelstvi. Predstavovany
technologicky postup proto zemédélctim nabizi dal$si moznost, jak zdsadné omezit ztratu ptudy pro

zpravidla jednu z nejvice erozné nachylnych plodin v jejich osevnim postupu.

Kolektiv autordi: Ing. David Kincl, Ph.D.
Ing. Pavel Nerusil, PhD.
Ing. Ladislav Mensik, Ph.D.
Ing. David Kabelka, Ph.D.
Ing. Jan Srbek

1 doc. Ing. Jan Vopravil, Ph.D.
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Obrazek 6: Certifikovana metodika zaméiena na vysoce icinné pidoochranné technologie pro
kukufici setou.
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Certifikovana metodika (Nmet)

5. Vopravil, J., Brant, V., Koulik, M., Kabelka, D., Krofta, K., Dreksler, J.,
Prochazka, P., Kincl, D., Zabransky, P. (2022). Optimalizace zpracovani piidy
ve chmelnicich za ucelem podpory infiltrace vody a ochrany pudy pred
degradacnimi procesy. Certifikovana metodika, Vyzkumny tstav melioraci

a ochrany puady, v. v. i. a Ceska zemé&délska univerzita v Praze, Praha, s. 90.

Abstrakt

Cilem metodiky je poskytnout uceleny navod a ptedstavit dosavadni poznatky tykajici se hospodafeni
ve chmelnicich s vyuzitim meziplodin v mezifadi. Zvlastni pozornost je vénovana moZznostem
zpracovani pudy v pfipad¢ ozelenéni mezifadi a dale pak zpisoblim zakladani porostli meziplodin.
Optimalizace stavajicich a zavadéni novych technologickych postupli vyzaduje i dostupnost vhodné
agrotechniky. Proto je ¢ast metodiky vénovana agrotechnickym prostiedkiim, pomoci kterych je mozné
uspés$né uplathovat nové piedstavené technologie zpracovani pudy v mezifadi. Technologie zalozené
na principech biologického zpracovani pidy uvedené v metodice patii mezi tzv. pudoochranné.

V dusledku jejich vyuzivani dochazi ke snizovani rozsahu degradac¢nich procesii ve srovnani

s klasickymi postupy obhospodafovani chmelnic, které se do budoucna jevi jako neudrzitelné.

Optimalizace zpracovani pudy
ve chmelnicich za ucelem podpory
infiltrace vody a ochrany pudy
pred degradacnimi procesy

Certifikovana metodika

Jan Vopravil, Viclav Brant, Mitan Kroulfk, David Kabelka, Karel Krofta,
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Certifikovana metodika
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Obriazek 7: Certifikovana metodika zaméi'ena na cilené zpracovani pidy v prostoru meziradi

chmelnic.
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5 Zhodnoceni vysledkii pro dalSi rozvoj védecké discipliny

Z védeckého hlediska habilitacni prace rozsifuje poznani primarné v oblasti ochrany
pudy pfed vodni erozi. Poznatky jsou vSak uplatnitelné také v dalSich souvisejicich
veédnich disciplinach, jako jsou hydrologie, krajinna ekologie ¢i udrzitelny rozvo;j.
Uvedené vysledky piinasi v fad¢ piipada jedine¢né informace o protierozni i¢innosti
agrotechnickych zplsobli péstovani vybranych erozné¢ nachylnych plodin
v podminkéach Ceské republiky.

Kazda z publikaci obsahuje metodicky postup, pomoci kterého byly poznatky
ziskany. Pfinos prace lze v tomto kontextu chépat jako urcity ndvod pro ostatni
védecké pracovniky, ktefi se zabyvaji ¢i maji zdjem se zabyvat protierozni ochranou.
Z uvedenych informaci mohou nacerpat inspiraci a pokracovat v ziskavani novych
poznatkil spojenych s protierozni ochranou a souvisejicimi védnimi obory.

Vysledky maji rovnéz potencial rozvijet védni obory v podobé vstupnich dat.
V dnesni dobé existuje mnoho modelti, na zakladé kterych, je mozné provadét
modelovani ptirodnich procest. Pro vytvofeni maximalni pfesnosti je nezbytné mit
k dispozici kvalitni vstupni data. Parametr tykajici se kvality vstupnich dat, vysledky
v uvedenych publikacich spliuji. V ptipadé védeckych c¢lanki, kde je vyuzit polni
simulator desté, se jedna vzdy o opakovana a viceletd méteni. I u zbyvajicich publikaci
byl kladen dlraz, aby méfeni probehla v dostatecném opakovani. Cilem bylo ziskat
informace vytvofené na dostatené silném zékladu. NiZe jsou uvedeny piipady, kde je
mozné s vysledky dale pracovat a rozvijet souc¢asné védecké poznani (lze to chépat
také jako dal$i vyuziti v praxi, viz nasledujici kapitola):

e Stanoveni ochranného vlivu vegetace (C-faktor) a erodovatelnosti pudy
(K-faktor). Jedna se vstupni parametry do celosvétové vyuzivanych rovnic:
Univerzalni rovnice ztraty pidy USLE (Universal Soil Loss Equation)
vyuzivand pro vypolet dlouhodobé ztraty pudy, piipadné Revidovana
univerzalni rovnice ztraty pidy RUSLE (Revised Universal Soil Loss
Equation).

e Modelace mnozZstvi odtoku vody pomoci CN krivek (SCS Curve Number).

e Oblast hydrologie: infiltra¢ni kapacita ptidy, Manningiiv koeficient drsnosti.

e Modelace zaloZené na specializovanych softwarech.

e aj.

198



6 Zhodnoceni vysledki pro vyuziti v praxi

Prakticky ptinos spociva v ovéfeni protierozni t€innosti konkrétnich pidoochrannych
technologii u vyznamnych plodin. Vysledky maji informativni ucel a slouzi jako
doplilujici odborny podklad prohlubujici znalost o puadoochrannych postupech
hospodateni. Pro vyuziti v praxi jsou klicové materialy uvedené v kapitole 4.8. Ta je
zaméfena na aplikované vysledky (monografie, certifikované metodiky). Metodické
navody jsou vytvafeny piimo pro zemédélské subjekty. Diky nim uzivatelé metodik
zjisti dodatecné informace a 1épe tak zvladnout zarafeni ptidoochranné technologie do
svych agrotechnickych postupti. Védecké ¢lanky lze v této souvislosti chapat jako
dalsi zdroj dilezitych informaci, ktery nemusi byt v metodickych navodech vzdy
uvedeny.

Vysledky jsou dale vhodné pro poradenské organizace €i pro statni sféru.
U poradenstvi se jednd o vyuziti pti riznych Skolenich, odbornych seminatich ¢i
workshopech. V ptipad¢ statni sféry mohou byt vysledky vyuzity jako podplrny
material pfi rozhodovani o zavedeni novych opatifeni. Vzhledem k tematickému
zaméfeni habilitacni prace jsou vysledky pfimo vyuzitelné pro nastavovni standardi
Dobrého zemédé€lského a environmentéalniho stavu pudy, tzv. DZES (difive GAEC).
Pidoochrannym technologiim se vénuje konkrétné DZES 5 (platné pro rok 2026),
jehoz cilem je ochrana pldy pied vodni erozi a soucasné také snaha o ptredchazni
disledkt eroze. Protierozni ochrana je v DZES 5 feSena stanovenim poZadavkd na
technologicky zpiisob péstovani hlavnich plodin na svazitych pozemcich. Jednim
z pozadavkli mize byt péstovani erozné nachylné plodiny (napt. kukufice) pouze
s vyuzitim padoochranné technologie. Pfi nastavovani pozadavkl je dilezité mit
k dispozici data, ktera dokazou dany pozadavek védecky podpofit a obhajit. Rada
informaci v habilitacni préci vznikla cilené pro tento ucel.

Védecké ¢lanky vznikaji Casto jako dil¢i ¢ast projektové Cinnosti. Diky projektim
je mozné¢ feSenou problematiku popsat v $ir§im kontextu. Ne jinak tomu bylo v ptipadé
této habilita¢ni prace. Seznam klicovych projektli je uveden v kapitole 8. Poznatky
ziskané z dalSich oblasti, kterym se projekty vénuji, dale prohlubuji znalosti. I diky
takto komplexné€ pojatému ovéteni je mozné v dneSni dobé plidoochranné technologie

vidét bézné v praxi.
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V neposledni fad¢ jsou vysledky uréené pro vyuziti v univerzitnim prostiedi pti
vyuce vysokoskolskych studentli. Teoreticky zéklad doplnény o redlné poznatky
z vyzkumu lépe dokresluje danou problematiku, v tomto piipad¢ ptidoochranné
technologie a jejich protierozni ucinnost. U univerzit, jako je JihoCeskd univerzita
v Ceskych Budgjovicich — Fakulta zemédélska a technologickd, mohou poznatky
z vyzkumu pomoci s ¢ast&j§im uplatiiovanim puidoochrannych technologii. Rada
studenti se zabyva hospodafenim na zemédélské pudé jiz pti studiu ¢i planuji tuto
¢innost provadét po skonceni studia. Nove ziskané poznatky jsou timto zptisobem dale

Sifeny a uplatiiovany.
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7 Teoreticky a spoleCensky prinos

Teoreticky pfinos spo¢ivd v podrobném popisu problematiky plidoochrannych
technologii z pohledu vodni eroze zalozeném na odborné zpracovanych datech.
Habilita¢ni prace systematicky propojuje poznatky o ptidnim prostiedi, degradacnich
procesech a agrotechnickych zptisobech hospodateni v uvodni ¢asti, po které nasleduje
cast skladajici se z odbornych publikaci. Diky tomu vznikl uceleny soubor informaci
o udrzitelném zpiisobu hospodareni. Prace zdlraziuje skute¢nost, Ze v ptipad¢ pudy
se jedna o komplexni pfirodni ekosystém zajist'ujici mnoho mimoproduk¢nich funket,
které by mély byt podporovany.

Spolecensky ptinos prace lze chéapat v kontextu aktualnich vyzev, kterym celi
zemédelstvi 1 spolecnost jako celek. Mezi tyto vyzvy patii klimaticka zména, vysoky
stupent degradace pidniho fondu ¢i tlak na produkcei potravin pfi soucasném pozadavku
na ochranu Zivotniho prostiedi. Cast&j$i vyuzivani pidoochrannych technologii mé
silny potencidl pozitivné ovlivnit vSechny vyse uvedené vyzvy. Informace uvedené
v praci rovnéz vytvari odborné podlozeny zaklad pro piipadnou diskusi o budoucim

vyvoji zeméedélstvi v kontextu udrzitelného rozvoje.
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8 Projekty, s jejichz podporou byla prace zpracovana

V této kapitole jsou uvedeny klicové projekty, pomoci kterych byly vytvoteny
veédecké publikace a aplikované vysledky.

Projekty NAZV a TACR

1. NAZV QK21010161: Vyznam lignocelulozového komplexu z biomasy
meziplodin pro zlepSeni ptidniho prostiedi, doba feSeni 2021 — 2025.

2. NAZV QK22020053: Podminky péstovani kukufice seté na silné erozné
ohrozené pudé, doba feseni 2022 — 2024.

3. NAZV QK21020069: Korekce hodnot erodovatelnosti ptidy dle morfologie
terénu v ramci erozné uzavienych celkll pro potfeby zpiesnéni identifikace
erozn¢ ohrozenych ploch, doba feseni 2021 — 2023.

4. NAZV QKI1910170: Zajisténi dlouhodobé konkurenceschopnosti ¢eského
chmelafstvi na zaklad¢ implementace principi precizniho zemédé€lstvi
a technologii smart farming, doba feseni 2019 — 2023.

5. NAZV QK1910334: Inovace Setrnych systému péstovani kukufice s vyuzitim
podsevovych plodin k omezeni degradace plidy a zlepSeni hospodateni s vodou
v podminkach méniciho se klimatu, doba feSeni 2019 — 2023.

6. NAZV QK1710242: Mobilni technicka protierozni opatieni pro péstovani
kukufice, doba feSeni 2017 — 2021.

7. TACR TH02030642: Nové postupy v managementu zpracovéani piidy vedouci
k snizeni znec€isténi vod z nebodovych zdrojii, doba feSeni 2017 — 2020.

8. NAZV QJ1610418: Komplexni pldoochranné technologie pro péstovani
chmele otacivého, doba feseni 2016 — 2018.

9. NAZV QJ1510179: Komplexni piidoochranné technologie zakladani Zea mays

L. v ramci reintenzifikace rostlinné vyroby, doba feseni 2015 — 2018.

Institucionalni podpora od MZe
1. Instituciondlni podpora zaméru MZE-RO0218 (VUMOP).
2. Instituciondlni podpora zaméru MZE-R00223 (VUMOP).

Pti tvorbé védeckych publikaci byly vyuzity n¢které dalsi granty, které jsou vzdy

uvedeny u dané publikace.
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Z.aveér

Problematika ochrany pudy ptfed degradacnimi procesy je dlouhodobé aktualnim
tématem zasahujicim do celého svéta. Vzhledem k neustale se ménicim podminkam
pro hospodaieni na zemédélské pude je dulezité poskytnout zemédelskym subjektiim
dostatek vhodnych a fadné€ ovétenych zptsobl hospodaieni. Faktem ale zlstava, ze
cilem hospodateni by mélo byt dosazeni zisku pti zachovéani zodpovédného vyuzivani
piirodnich zdroja. Jestlize je snaha omezovat degradacni procesy a postupné vracet
degradované pudé jeji zakladni vlastnosti, je nezbytné¢ pudoochranné technologie
vyuZzivat.

Predmétem habilita¢ni prace neni kritika konvencnich agrotechnickych postupd,
ale snaha poukézat na n€které vyhody piidoochrannych technologii, které predstavu;i
uréitou alternativu pravé ke konvencnim postupim. Ne vzdy lze dany typ
pudoochranné technologie uspésné vyuzit na vSech pozemcich. Proto by méla byt
moznost volby mezi riznymi agrotechnickymi postupy. Tento princip v Ceské
republice v zdsad¢ funguje a zemedélsky subjekt ma dnes moznost vybrat si takovy
zpisob zpracovani pudy, ktery bude nejvice vhodny pro jeho pozemek a technické
moznosti. Uréitou vyjimkou jsou rizikové pozemky, kde je zemédélsky subjekt
omezen ruznymi legislativnimi opatienimi.

Pokud maji byt pidoochranné technologie zakladem pfi omezovani vodni eroze,
je nezbytné, aby byla zndma jejich protierozni Gc¢innost, vynosovost a ekonomicka
narocnost. Informace o uvedenych ukazatelich nasledné slouzi jako zakladni
argumentacni podklad a odivodnéni pfi jejich zavadéni. Stejné tak ale mohou tyto
informace pfispét zemédélskému subjektu pii rozhodovani o vybéru agrotechnického
zptisobu hospodateni.

Habilitacni prace obsahuje celou tfadu informaci o protierozni ucinnosti
agrotechnickych postupti u vybranych plodin. Ty jsou doplnény o souvisejici
informace, které se zabyvaji povrchovym odtokem a organickou hmotou. Jednotlivé
publikace vznikaly vétSinoveé v rdmei komplexni vyzkumné Cinnosti (projekti), kde
dochdzelo k oveéfovani dalSich vySe zminénych parametri (ekonomicka narocnost,
vynosovost). Proto 1ze hodnocené agrotechnické postupy povazovat za fadné ovérené.
Piidu mame jenom jednu, a je potfeba mit na paméti, Ze pokud si ji jednou znicime,

jeji naprava je velice obtizna a v nékterych ptipadech i té€Zce realizovatelna.
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Summary

The issue of soil conservation against degradation processes has long been a global
problem. If the aim is to reduce the range of degradation processes and gradually
restore the basic properties of degraded soil, it is essential to use sustainable
management practices. In this context, it is important to provide farmers a sufficient
number of proven agrotechnical methods.

Knowledge in the area of agriculture is rapidly expanding. As a result, a wide
range of specialized materials is available. These demonstrate that it is possible to
effectively use agrotechnical methods that differ from conventional ones during crop
cultivation. Under certain conditions, alternative agrotechnical methods can be more
economical than conventional approaches (fewer passes over the land, targeted and
variable application of fertilizers etc.). In connection with the problem of water
erosion, agrotechnical methods are referred to as soil conservation technologies (or
techniques). Soil conservation technologies for plants that are prone to erosion are the
main topic of this habilitation thesis. It consists from individual scientific publications
focused on the issue of soil degradation and the effectiveness of soil conservation
technologies in terms of water erosion and surface runoff.

For the successful implementation of soil conservation technologies in practice, it
is necessary to know their effectiveness against erosion, level of yield, and economic
demands. Knowledge of these indicators then serves as a basis for argumentation and
justification of their application. Similarly, this information can also help farmers in
deciding which agrotechnical methods to choose.

The habilitation thesis contains a wide range of results about the soil erosion
control effectiveness of agrotechnical methods for selected crops. These are
supplemented by related chapters dealing with surface runoff and organic matter. Most
of the individual scientific publications were created as part of comprehensive research
activities (projects) where the other parameters mentioned above (yield production,
economic demands) were verified. Therefore, the evaluated agrotechnical methods can
be considered sufficiently verified. When farming, it is important to remember that
once soil is destroyed, it is very difficult to restore, and in some cases almost

impossible.
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