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Abstrakt

Diserta¢ni prace se zabyva problematikou efektu pomocnych pudnich latek v reakci na
prohlubujici se problémy spojené s pidnimi degradacemi. Konkrétné byl zkouméan aktivator
biologické transformace organické hmoty NeOsol, aktivator biologické transformace
statkovych hnojiv Z’Fix a biouhel. Tyto pomocné pidni latky maji potencial zlepSovat stav
pudy a zvySovat uc¢innost statkovych hnojiv.

Cilem prace je ovéfeni vlivu aplikace statkovych hnojiv v kombinaci s pomocnymi
pudnimi latkami pfedevS§im na zménu fyzikalnich vlastnosti piidy a sekundarné pak na stav
vegetace. K dosazeni téchto cili byly zalozeny ve spolupraci se zeméd¢lskymi podniky po
Ceské republice viceleté polni pokusy. PfedloZena prace se zabyva hodnocenim téchto latek
Z pohledu zmény pedokompakce, plidni infiltrace, energetické ndro€nosti potfebné na
zpracovani pidy, vynosi zemédé€lskych plodin a stavu vegetace. K hodnoceni vySe
zminénych faktort byla provadéna nejen terénni méteni, ale byly vyuzity i metody Déalkového
prizkumu Zem¢.

Disertani prace piindSi nova zjiSténi v problematice pomocnych pudnich latek.
Dlouhodoba aplikace aktivatoru biologické transformace organick¢é hmoty NeOsol
V kombinaci se statkovymi hnojivy dle vSeho vede ke snizeni tahového odporu a zvySeni
vynost zemé&délskych plodin. OSetfeni statkovych hnojiv pomoci aktivatoru Z’Fix zplisobilo
zlepsSeni pudni infiltrace, snizeni tahového odporu, zlepseni stavu vegetace a zvySeni vynosu
zemedélskych plodin.

Vysledky, kterych bylo dosazeno v ramci pfedloZené disertacni prace mohou slouZit ke
snizeni environmentalnich rizik pfi hospodafeni na zemédé€lskych pudach a k zefektivnéni

zemédélské produkce.

Klicova slova: statkova hnojiva, pomocné ptidni latky, objemova hmotnost pidy,

penetracni odpor, infiltra¢ni schopnost, tahovy odpor, NeOsol, Z’Fix, biouhel



Abstract

This Dissertation deals with soil amendments in the context of present severe issues
with soil degradation. Activator of biological transformation of organic matter NeOsol,
activator of biological transformation of farmyard manure Z'Fix, and biochar were
investigated. These soil amendments are trusted to impact soil conditions positively and
concurrently enhance the effect of farmyard manure.

The objective of the Dissertation is to clarify the influence of soil amendments in
combination with farmyard manure, firstly in relation to the soil's physical properties and
secondly to the crop status. Multiannual experiments were founded in cooperation with
agricultural companies in the Czech Republic. Related studies investigate the effect of
selected amendments in the context of pedocompaction, water infiltration, energy demand for
soil tillage, crop yield, and vegetation status. Terrestrial measurements, the same as distant
sensing methods, were utilized for data acquisition.

The Dissertation provides new findings on the topic of soil amendments utilization.
Long-term application of farmyard manure combined with NeOsol apparently reduces the unit
draft while increasing the crop yield. Farmyard manure treated by Z'Fix positively influenced
water infiltration, unit draft, crop status and yield.

Outputs of the Dissertation, when applied to the practice, might be helpful for reducing
environmental risks related to soil management. Such as, it might also help increase the

efficiency of agricultural production.

Keywords: farmyard manure, soil amendments, soil bulk density, cone index, soil

infiltration, implement draft, NeOsol, Z'Fix, biochar
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1 Uvod

Disertacni prace se zabyva hypotézami v problematice vyuziti pomocnych ptdnich
latek slouzicich ke zlepSeni pidnich vlastnosti. Tato problematika je v soucasnosti velice
aktualni, nebot’ z diivodu zna¢ného poklesu zivocisné produkce v poslednich desetiletich
chybi v zemédélském pludnim fondu dostatek organické hmoty. To ma v kone¢ném
diisledku zasadni negativni vliv na kvalitu a trodnost zeméd&lské pidy. Zivoisna
produkce vzdy predstavovala ptfidanou hodnotu pro produkci rostlinnou z pohledu
navraceni organické hmoty do pidy.

Pocatek poklesu stavii hospodaiskych zvitfat ptiSel se zménou politického rezimu
v devadesatych letech a s ohledem na soucasnou zemédélskou politiku 1ze ocekavat, ze se
tento trend bude drzet i nadale. Zména klimatu, soucasny rtst populace, zabory pudy — to
jsou jen nékteré z vyzev pro soucasné zemédelstvi. Na tuto vyrobni oblast jsou tak kladeny
¢im dal vyssi naroky s dirazem na efektivni vyuzivani zdroju a udrZitelnost.

Jednou ze strategii, jak podpofit zlepSovani kvality pidy a také jak vyuzit potencidlu
stale se snizujicitho objemu statkovych hnojiv, mohou byt pravé pomocné pidni latky.
Jedna se o latky, které zlepSuji stav pidy ¢i zvysSuji Gcinnost hnojiv. V této disertacni praci
byl zkouman jednak aktivator biologické transformace organické hmoty NeOsol, déale pak
aktivator biologické transformace statkovych hnojiv Z’Fix a biouhel.

Vyzkumna ¢ast predlozené disertacni prace je sloZena z komentovaného souboru
sedmi odbornych ¢lanku, které byly publikovany v indexovanych védeckych periodikach
¢i na konferencich. VSechny tyto publikace prosly recenznim fizenim a splnily pozadavky,
které jsou kladeny na tento typ publikacnich vystuptll. Jednotlivé odborné ¢lanky obsahuji
puvodni védecké studie, které se poji k tématu predkladané disertacni prace. Jsou obsazeny
v ptilohach této prace a jednotlivé okomentovany. Razeni piedlozenych publikaci bylo
zkoumanou problematiku, a mapuji tak autoriv vyzkum v ramci jeho postgradualniho

studia.



2 Prehled o soucasném stavu problematiky

Soucasné zemédé€lstvi vyuziva k maximalizaci produktivity celou fadu modernich
technologii, mezi né€z se fadi senzorika, ume¢la inteligence, dalkovy prizkum Zemé¢, Big
Data, Internet véci (IoT) a dalsi. Tyto technologie umoziuji snizovani vstupl nezbytnych
pro zemédélskou produkci a =zaroven zajistuji dosahovani vysSSich vynost
(Rose et al., 2021). Tento koncept, ktery vyuzivd moderni technologie a pfistupy
k zohlednovani variability vyrobniho prostfedi, se obecné oznacCuje jako Precizni
zemédélstvi. V kontextu této praxe neni vyjimkou, ze jsou na pozemcich minimalizovany
nahodné piejezdy pomoci technologie CTF (Controlled Traffic Farming), dochazi
K variabilnimu hnojeni pomoci senzor umisténych na zeméd¢€lskych strojich ¢i se objevuji
prvni pritkopnici polni robotiky.

Je patrné, Ze soucasné zemédé€lstvi prochazi diky rozvoji na poli technologii
a védeckym poznatkiim zésadni zménou. Tento stav poznani s sebou vSak nenese pouze
pozitivni jevy, ale klade také vyssi naroky na zodpoveédnost v péci o krajinu s ohledem na
ochranu zivotniho prostfedi a udrzitelnost.

Intenzifikace zemédé€lstvi spole¢né se zménami v osevnich postupech, kdy dochazi
K upfednostiiovani ekonomicky vyhodnéjsich plodin, zrychluje degradaéni procesy v pudé
(Zizala & XKristenova, 2012). Problematika ptdni degradace pfitom neni novym
fenoménem, datuje se pfiblizné k roku 3500 pi.n.1., kdy zeméd¢lci zacali vyuZivat vysoce
erodovatelné pidy na strmych svazich (Montgomery, 2012). Ve 21. stoleti vSak pudni
degradace ohrozuje vice nez jednu tietinu pevniny planety Zemé¢. O zévaznosti pudnich
degradaci neni sporu, jsou proto zafazeny i1 ve strategii na ochranu piidy Soil Thematic
Strategy od Evropské komise (Lal, 2015).

Na narodni Grovni je téma pudni degradace zafazeno ve Strategii resortu Ministerstva
Ceské republiky (dale jen "Narodni strategie") s vyhledem do roku 2030. Jedna se o cil
A.8— ZvySovani ochrany pidy v dobé klimatické zmény s ohledem na udrzitelné
hospodafeni ana komplexni rozvoj a tvorbu krajiny, ktery uvadi jako dil¢i cil
(Ministerstvo zemédélstvi Ceské republiky, 2016): Zastaveni degradace zemédélské piidy

zejména nadmérnou erozi, utuZenim®, ubytkem organické hmoty a kontaminaci

! Pravdépodobné se ma jednat o piidni zhutnéni — pozn. autora.
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V exponovanych tizemich CR a ddle eliminovat vycerpani Zivin nevhodnymi zpiisoby
obhospodarovani.

Na problematiku ptdnich degradaci Ize nahlizet z vice hledisek. Jedno z moznych
rozdéleni popsal Lal (2015), ktery prezentoval jejich rozdéleni z hlediska pusobicich
faktort (obrazek 1).

Obrazek 1 Rozdéleni ptidnich degradaci
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Zdroj: (Lal, 2015), ptelozil autor

Eroze pudy, kterd je jednim z hlavnich procesii vedoucich k pidni degradaci, ma za
nasledek ztratu organické hmoty, kterd v kone¢ném disledku vede ke ztrat€ schopnosti
pudy zadrzovat vodu a Ziviny (Pimentel, 2006). V soucasné dobé je v Ceské republice
ohroZena vodni erozi vice nez polovina zemédélské pudy, u vétrné eroze se jedna o vice
neZ &tvrtinu rozlohy zemédélské pudy (Zizala & Kristenova, 2012). Ztraty pady zptisobené
erozi se daji vCeské republice vyéislit na zhruba 4,3 miliard K& roéné
(Podhrazska et al., 2016). V naprosté vétsing piipadu postihuje eroze svrchni vrstvu pudy,
kterd je klicovd pro zajiSténi optimalnich podminek pro rostlinnou produkci. Mimo
mistnich dopadii ma eroze pidy za nasledek také vyznamné dopady i mimo lokalitu jako je
napiiklad odnos pudy do vodnich tokd (Scheurer et al., 2009). S ohledem na klimatickou

zménu a celosvétové zvySenou variabilitu prostorové 1 Casové distribuce srazek se
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predpoklada, Zze bude jev pudni eroze nabyvat na intenzit¢ (Nearing et al., 2004;
Papalexiou & Montanari, 2019).

Dal$im neméné zdvaznym typem pudni degradace, ktera je zafazena v Narodni
strategii, je ptdni zhutnéni. Padni zhutnéni v Ceské republice v sou¢asné dob& ohrozuje
zhruba 40 % zemdddlskych pad (Ministerstvo zem&délstvi Ceské republiky, 2022).
Zhutnéni pudy snizuje obsah port v pidach, to vede ke zhorSené dostupnosti vody a Zivin
pro rostliny, omezeni rastu kofenového systému, omezeni pristupu vzduchu pro kotenovy
systém rostlin, ale také ke snizeni aktivity ptdnich mikroorganismt (Hamza & Anderson,
2005). Mimo tyto zminéné negativni aspekty miize pidni zhutnéni snizit vynos polnich
plodin az 0 50 % Vv zavislosti na hloubce a urovni zhutnéni (Hamza & Anderson, 2005;
Sidhu & Duiker, 2006). Mira zhutnéni mize byt zna¢né prostorové variabilni. Existuje zde
zavislost zhutnéni plidy na intenzité, rozlozeni provozu zemédélskych strojii a také na
pudnim zpracovani. Zatimco vlastnosti ve svrchni vrstvé piidy se mohou v kratkodobém
horizontu lisit (v dasledku sezonnich postupi pii obhospodafovani pudy a klimatické
zmény), zhorSené vlastnosti v podorni¢i mohou pfetrvavat po desetileti (Alaoui &
Diserens, 2018).

Na odolnost piidy proti degradaci ma vliv 1 optimalni obsah organické hmoty v ptidé.
Zajisténi aplikace optimalniho mnozstvi organické hmoty do plidy ma pozitivni G€¢inky na
fyzikalni, chemické a biologické vlastnosti pudy (Gai et al., 2019; Thomas et al., 1996).
V podminkach Ceské republiky je roéni spotieba nehumifikovanych organickych latek
zhruba 4 az 4,5 tha™. Toto mnoZstvi je z 50 az 60 % zajisténo pomoci poskliziiovych
zbytktl. Zbyvajici ¢ast je tieba dopliiovat pomoci organickych hnojiv (Skarpa, 2014).

Jak jiz bylo zminéno v Gvodu této prace, v poslednich desetiletich 1ze pozorovat
vyznamné sniZzovani stavu hospodaiskych zvifat. S timto snizovanim souvisi také problém
nedostatku organické hmoty vpadé (Salusova, 2018). Zivodisna vyroba patii
materidl a organizaci prace, ale také na pracovni sily (Véznik et al., 2013). Zatimco pted
rokem 2004 byla Ceské republika sobéstaéna v ramci Zivo¢isné vyroby, v sou¢asnosti je
do jisté miry zavislad na dovozu zejména veptového a dribeziho masa (Véznik et al., 2017).
S ohledem na ekonomickou situaci chovu hospodaiskych zvitat, kdy se naptiklad ziskovost
krav bez trzni produkce mléka v Ceské republice pohybuje na nizkych 2,15 %

(Syrucek et al., 2017), 1ze jen tézko ocekavat opétovny vyrazny narast zivocisné produkce.



Toto tvrzeni navic podporuje odhad, ktery tvrdi, Ze v rdmci spolecné zeméd¢€lské politiky
Evropské Unie a Zelené dohody pro Evropu (v soucasnosti zndmé spise pod anglickym
nazvem Green Deal) lze pfedpokladat ubytek hospodarskych zvifat o 10-15 %
(Jongeneel et al., 2021).

Hledat cesty, které povedou k udrzitelné zeméde€lské produkei, povazuje autor této
disertacni prace za klicové. Je tieba zajistit vhodné podminky pro péstovani dostate¢ného
mnozstvi potravin pro stale rostouci populaci, pficemz je tfeba brat v potaz, ze rozloha
zemédélské pady se rapidné snizuje — v Ceské republice dochazi denné k zaboru az
25 hektarti pudy (Janki et al., 2016). Z tohoto tvrzeni je ziejmé, Ze na zemédélskou pidu
budou kladeny naroky jako nikdy Vv historii.

Jak jiZ bylo zminéno vySe, jednou z moznosti jak zlepsit plidni prostiedi je navraceni
organické hmoty zpét do pidy, naptiklad ve formé tradi¢nich statkovych hnojiv.
S ohledem na ptedpoklad snizovani stavii hospodarskych zvitat je vSak tfeba hledat i jiné
strategie, které pomohou zajistit udrzitelné zeméd¢lstvi. Jednou z moznych cest miize byt

vyuziti pomocnych ptidnich latek.

2.1 Pomocné pudni latky
Pomocné pldni latky jsou v Ceské legislativé definovany zakonem 299/2021 Sb. —
O hnojivech, pomocnych putdnich latkach, pomocnych rostlinnych piipravcich
a substratech a o agrochemickém zkouSeni zemédélskych pad:

Pro ucely tohoto zdakona se rozumi:

a) hnojivem latka obsahujici Ziviny pro vyzivu kulturnich rostlin a lesnich drevin, pro
udrzeni nebo zlepseni piidni urodnosti a pro priznivé ovlivneni vynosu ci kvality produkce

b) statkovym hnojivem hniij, hnojitvka, mocuvka, kejda, slama, jakoZz i jiné zbytky
rostlinného piivodu a dalsi vedlejsi produkty vzniklé chovem hospodarskych zvirat,
vznikajici zejména v zemédeélske prvovyrobé, nejsou-li dale upravovany

¢) pomocnou pudni latkou latka bez ucinného mnozstvi zivin, kterd piidu biologicky,
chemicky nebo fyzikalné ovliviuje, zlepsuje jeji stav nebo zvysuje ucinnost hnojiv

d) pomocnym rostlinnym pripravkem ldtka bez ucinného mnozstvi zivin, ktera jinak
priznivé ovliviiuje vyvoj kulturnich rostlin nebo kvalitu rostlinnych produktii.

V nasledujicich podkapitolach jsou podrobnéji popsany pomocné pudni latky, které

byly pouzity v ramci disertaéni prace.



2.1.1 Aktivator biologické transformace organické hmoty NeOsol

Tento piipravek spadd do kategorie pomocnych pudnich latek, konkrétné je
oznaCovan jako aktivator biologické transformace organické hmoty a je vyrdbén
spolecnosti Olmix Group (diive PRP Technologies). NeOsol funguje na bazi
dolomitického véapence a vépenatych sedimentl s pouzitim technologii MIP (Mineral
Inducer Process) a SEADRY (SEAweed DRY extracts for underground life stimulation).
Patentovany technologicky postup MIP spociva v aktivaci bunéénych metabolismt pomoci
fizeného pfisunu urcitych mineralnich prvka, které jsou v presné definovanych formach a
pomérech. Technologie SEADRY pouziva vytazkl z moiskych fas, kter¢é mohou byt
metabolizovany ptdni mikroflorou. Tyto technologie dle vyrobce pfiznive stimuluji
biologickou aktivitu, ktera poté pozitivné ptisobi na pudu i plodiny (Olmix Group, 2022).

Piipravek spliiuje zakonem stanovené limity obsahu rizikovych prvki v miligramech
na kilogram susiny: kadmium — 1,5 mg.kg?; olovo — 30 mg.kg?; rtut — 0,5 mg.kg™;
arsen — 20 mg.kg?; chrom — 50 mg.kg™. Tento p¥ipravek se aplikuje pomoci rozmetadel

mineralnich hnojiv. Chemické slozeni toho piipravku je popsano Vv tabulce 1.

Tabulka 1 Chemické slozeni ptipravku NeOsol

Viépnik ve formé CaO 28 %
Hoi¢ik ve formé MgO 15,9 %
Spalitelné latky v suSiné 25 %
Neutraliza¢ni hodnota 49 %
Hodnota pH 8-10

Zdroj: (Olmix Group, 2022)

Dle metodiky ceského distributora je aplikace tohoto ptipravku vhodna pro vSechny
pudni typy i druhy bez ohledu na zptisob zpracovani ptidy. Nejlepsich vysledkd by mélo
byt dosazeno pii aplikaci na strnisté, bezprostiedné po sklizni plodin. Nésledujici
doporucenou operaci je melka podmitka. Tim by mélo dojit k okamzitému nastupu u¢inku
a k optimalizaci rozkladu poskliziovych zbytkt (Vaclavik, 2018).

Doporucené davkovani se pohybuje pro obiloviny, ozimou fepku a mak sety
v rozmezi 150-300 kg.ha*. Pro kukufici na silaZ je doporuéené davkovani v rozmezi
200300 kg.ha* (Olmix Group, 2022).

Ptipravek nesl pivodni obchodni ndzev PRP SOL, se zménou vlastnika firmy se
vV soucasné¢ dobé& distribuuje pod ndzvem NeOsol. Z tohoto divodu je v piiloZzenych

publikacich pouZzivan 1 ptfedchozi obchodni ndzev PRP SOL.




2.1.2 Aktivator biologické transformace statkovych hnojiv Z’Fix

Dalsim aktivatorem, tentokrat pro biologickou transformaci statkovych hnojiv, je
pripravek Z’Fix. Aktivator je vyrabén spole¢nosti Olmix Group a ma certifikaci pro pouziti
v ekologickém zemédélstvi. Jednd se o granulat, ktery je vyroben na bazi vapenatych
a hotec¢natych uhli¢itant s pfimési mikroelementti. Dle principi MIP je tento piipravek
urcen k regulaci kvasnych procesti ve statkovych hnojivech a v kompostech. Piipravek
primarné slouzi ke zlepSeni welfare a Cistoty zvitat ve stdjovych chovech, nebot’ mtize byt
aplikovan piimo do hluboké podestylky (Olmix Group, 2022). SloZeni tohoto piipravku lze

najit v tabulce 2.
Tabulka 2 SloZeni ptipravku Z’Fix

Organické latky 5,0%

CaO 37,5%
MgO 4.4 %

Na.O 3,9 %

SOs3 0,7 %

K20 0,5%

P20s 0,1 %

N celkovy 0%

Zelezo 2000 mg.kg™
Mangan 150 mg.kg?
Zinek 30 mg.kg™

Zdroj: (Olmix Group, 2022)

Aplikace pfipravku Z’Fix je moznd i v pfitomnosti dobytka, pficemz mnozstvi
a doba pouZiti pfipravku se 1i8i dle druhu hospodarskych zvitat. Pfipravek Z’Fix lze také
pouzit ex post pro vSechny druhy statkovych hnojiv (Olmix Group, 2022).

Dle metodiky ¢eskéeho distributora je maximalniho G¢inku tohoto ptipravku dosazeno
po jednom az dvou tydnech, a to v zavislosti na teploté¢ a vlhkosti vzduchu ve staji.
Z tohoto diivodu je doporucovano jej pouzit U podestylky, ktera je vyuzivana déle nez tii
tydny (Petrtyl, 2018).

Tento piipravek byl vroce 2021 ocenén zlatou medaili na veletrhu Animal Tech
VvV Brné za Inovativni pripravek s vyznamnym prinosem pro Zivocisnou vyrobu. Ocenéni

udélila redakce ¢asopisu Nas chov (Profi Press).




2.1.3 Biouhel — Agrouhel

Biouhel je pomocna ptdni latka, kterd je Casto oznaCovéna jako ptidni kondicionér
a ktera je pirikladem tzv. obehového hospodarstvi (cirkularni ekonomiky). Hlavni slozkou
je stabilni uhlik, ktery je vytvofen z biomasy. Biomasa se zahiiva na teploty mezi 300
a 1000 °C pod nizkou (nejlépe nulovou) koncentraci kysliku. Tento material Ize pfirovnat
k difevénému uhli. Jediny rozdil mezi nim a biouhlem je v zaméru pouziti. Z pohledu
fyzikalné-chemického se vSak jedna o ten samy material (Verheijen et al., 2010).

V ramci experimentd, které jsou popsany v piilohéch IL, III, IV byl vyuzit biouhel od
tuzemského vyrobce ze Zlina spole¢nosti BIOUHEL.CZ s.r.o., s obchodnim oznacenim
Agrouhel.

Agrouhel je vyroben ze smési, ktera obsahuje (BIOUHEL.CZ, 2022):

separat z digestatu (kukutice) 30-40 %
drcenou obilnou slamu 30-40 %
drcenou biomasu z udrzby zelené 20—40 %
Vyroba Agrouhlu probiha pyrolyzou o teploté¢ 450—470 °C, doba trvani pyrolyzy je

20-30 minut, slozeni tohoto ptipravku se nachazi v tabulce 3.

Tabulka 3 SloZeni piipravku Agrouhel

Spalitelné latky ve vysuSeném vzorku min. 45 %

Susina min. 60 %

Celkovy uhlik jako C v su$iné min. 45 %

Celkovy dusik jako N v susiné min. 1 %

Celkovy fosfor jako P2Os V susiné 16 (20 %) mg.kg?
Celkovy draslik jako K20 Vv susiné 17 (20 %) mg kg™

Viépnik jako CaO v susiné

56,3 (£20 %) mg.kg™

Hoi¢ik jako MgO v su§iné

6,6 (20 %) mg.kg?

Hodnota pH

9-11

Zdroj: (BIOUHEL.CZ, 2022)

Obsah rizikovych prvkd spliuje zakonem stanovené limity v miligramech na

kilogram susiny: kadmium — 1 mg.kg?, olovo — 10 mg.kg?, rtut — 1,0 mg.kg™, arzen —
20 mg.kg?, chrom — 50 mg.kg™* (BIOUHEL.CZ, 2022).




2.2 Soucasny stav poznani aktivatori biologické transformace

V soucasné dobé neni problematika efektu aktivatori na vlastnosti pudy piilis
veédecky prozkoumana. Vyzkum se zatim orientoval spiSe na otazku welfare zvirat. Latal et
al. (2015) uvadi, ze aktivator biologické transformace statkovych hnojiv Z’Fix muize
zlepsit stajové prostiedi a snizit emisni zat€z NHs. Zaroven bylo zji§téno, Ze oSetfeny hnyj
aktivatorem vykazoval zvySeni kvality a obsahu zivin. Dals$i studie tyto zavéry potvrzuje
a zaroven hodnoti ekonomicky dopad pfi oSetfeni hnoje aktivatorem Z’Fix. Hntj, ktery byl
osetfen, vykazoval nejen zvySeny obsah Zivin, ale také 35% snizeni emisi NH3. Pii pouziti
aktivatoru Z’Fix do hluboké podestylky Ize dle autorti dosdhnout snizeni spotieby slamy
035 %. Celkova tspora byla vyéislena na 1369 K&.dobytéi jednotka™.rok? (Satec,
Latal, et al., 2017).

Jiz se objevuji studie, které popisuji vliv aktivatorli na vlastnosti pidy. Vyzkum,
ktery probihal na tézkych pidéach, ukazoval v prvnim roce od aplikace pfiznivy vliv na
fyzikalni ptidni vlastnosti. Jednalo se o zménu penetracniho odporu, objemové hmotnosti
pudy a tahového odporu. Pfi pouziti hnoje a vySe zminénych aktivatorti doslo ke sniZzeni
tahového odporu o 3 % (Safec & Zemlictkova, 2016). Navazujici prace hodnotila tfileté
vysledky. Byla potvrzena zlepSena homogenita plidniho prostiedi. Pii pouziti hnoje
a aktivatoru biologické transformace cinil pokles tahového odporu 5 %. Autofi poukazuji
na pozitivni vliv aktivatorti u t&zkych pid (Safec & Novak, 2017b). Tyto vysledky jsou
v souladu se zjisténim studie od Urbanovicova et al. (2018). Ta uvadi, ze aktivator
biologické transformace organické hmoty piiznivé ovliviiuje pidni zhutnéni, a to do
hloubky 30 cm. Dale bylo v této studii popsano zlepSeni ptidni infiltrace a snizeni tahového
odporu 0 5,71 %. Naopak Dumbrovsky et al. (2011) nezaznamenal u tfiletych vysledkl na
t&7kych ptdach 7adné zlepSeni fyzikalnich vlastnosti ptidy po aplikaci 200 kgha'
ptipravku PRP SOL. Pida na sledované lokalité na konci experimentu stale vykazovala
znamky degradace. Kotorova et al. (2015) doporucuje na zakladé experimentti pouzivat
ptipravek PRP SOL u tézkych pid pifi pfimém seti v bezorebnych zemédélskych
systémech. Kovac et al. (2017) popsal, ze ptipravek PRP SOL ma pozitivni efekt pfi
pestovani pohanky, zejména potom pii konvencnim zpracovani puady.

Vysledky pouziti aktivatord na hlinitych ptdach, v prvnim roce po aplikaci,
poukazovaly na nartst tahového odporu o 0,38 %, nejednalo se vSak o statisticky

vyznamnou zménu (Zemli¢kova & Satec, 2016). Z hlediska infiltraénich schopnosti ptdy



V prvnim roce po aplikaci u hlinité pidy nebylo mozné potvrdit ¢i vyloucit ptiznivé t€inky
aktivatora (Safec & Novéak, 2016). Tohoto vysledku bylo dosazeno i po dvou letech
pouzivani téchto ptipravkl. Nicméné bylo dosazeno snizeni objemové hmotnosti pudy a to
zejména ve svrchni vrstvé. Vysledné hodnoty penetracniho odporu neprokézaly pozitivni
efekt kombinace hnoje s aktivatory (Safec & Novak, 2017a). Pospisilova et al. (2016)
uvadi, ze GCinky aktivatoru PRP SOL jsou vyznamné ovlivnény davkou, pidnim typem,
rocnikem, a také Casovym efektem. Autofi doporucuji aplikovat davku v rozmezi 150—
600 kg.ha.

S ohledem na tésny vztah puda-rostlina je mozné hodnotit vliv téchto aktivatort
i pomoci stavu vegetace. Safec et al. (2017) uvadi, Ze kombinace statkového hnoje
a aktivatori ma pozitivni vliv na hodnoty vegetatniho indexu NDVI (Normalized
Difference Vegetation Index) a to zejména béhem hlavnich ristovych fazi. Dle vysledku
indexu MSI (Moisture Stress Index) byly rostliny na takto oSetfené pudé¢ také méné
stresovany nedostatkem vody. Borowiak et al. (2016) uvadi pozitivni efekt ptipravku PRP
SOL na fotosyntézu a riist rostlin. Momentélni stav rostlin samozfejmé zna¢né ovliviiuje
také vysledny vynos plodin. Sulewska et al. (2018) zjistila pozitivni vliv kombinace
pripravkti PRP SOL a PRP EBV, na vynos a hmotnost tisice zrn, pfi péstovani lupiny zluté.
Hrtivna (2010) ve své praci uvadi, ze ptipravek PRP SOL a PRP EBV pozitivné ovliviiuje
vynos sladovnického je¢mene. Kombinaci téchto dvou ptipravki bylo dosazeno nejvyssich
mechanickych znaki zrna.

Autofi téchto studii se Casto shoduji v ndzoru, Ze je tfeba tyto piipravky podrobit
dlouhodobému vyzkumu, ktery bude probihat na vice lokalitach tak, aby byly zajistény

vysledky napfi¢ variabilnimi ptidnimi, topografickymi i klimatickymi podminkami.

2.3 Soucasny stav poznani biouhlu

Z rostouciho poctu védeckych studii na téma vyuziti biouhlu 1ze usuzovat, ze prave
udrzitelnost je jednim z trendt souc¢asného hospodareni ¢loveka v krajing.

Diivodem, pro¢ ménit vstupni biomasu na biouhel, je, ze zatimco uhlik v podobé
biouhlu vydrzi v piidé stovky ¢i tisice let tak ve formé rostlinného materialu by se jednalo
o desitky let (Verheijen et al., 2010). Pravé vysoky obsah uhliku z n¢j déla zjevné
prospeéSny material pro plidni prostiedi. Tento obsah se vSak 1i8i dle pouzitého materialu
a také dle podminek, za kterych pyrolyza probiha. Obsah uhliku mtize dosahovat az 90 %.

Predpoklada se, ze tento material zvySuje sekvestraci uhliku v padé (Ippolito et al., 2017).
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Vyuziti pyrolyzy se tedy ukazuje jako efektivni feSeni zpracovani zbytkového odpadu ze
zemédélské vyroby a je také slibnym nastrojem pro snizovani sklenikovych plyna
(Lehmann et al., 2006; Tamelova et al., 2019).

Mnoho védeckych studii se zamétuje na fyzikalni ¢i chemické vlastnosti samotného
biouhlu (Conti et al., 2016; Rosa et al., 2014; Yuan et al., 2015). Cast védeckych studii se
zamé&fuje na chovani biouhlu v piidnim profilu (Lehmann et al., 2006; Rasa et al., 2018).
Diskutovana byva také otazka potencialni ekotoxicity (Zhang et al., 2020).

Nicméné vysledky, které se tykaji fyzikdlnich vlastnosti ptid po aplikaci biouhlu,
naznacuji, ze mize byt odpovédny za snizeni objemové hustoty pudy (Razzaghi et al.,
2020). S ohledem na vysokou porozitu mize biouhel podporovat kapacitu zadrzovani vody
Vv pidnim profilu, ktera muze byt vyuzita rostlinami v obdobi bez srazek (Kizito et al.,
2015; Tanure et al., 2019). Lei & Zhang (2013) pro vyssi schopnost zadrzovat vodu
doporucuji pouzivat biouhel, ktery byl vyroben za vyssich teplot pyrolyzy. Ukézalo se, ze
ucinek snizeni objemové hustoty ptidy a kapacity zadrzovani vody v pid¢ siln¢ koreluje
s velikosti ¢astic biouhlu. Celkovy ucinek je vSak ovlivnén také pidnim typem (Verheijen
et al., 2019). Kalu et al. (2021) uvadi, ze je tieba sledovat G¢inky biouhlu v dlouhodobém
Casovém horizontu. Jejich studie popisuje pozitivni vliv biouhlu na fyzikalni vlastnosti
pudy. Tento vliv v8ak postupné v priabéhu osmiletého pokusu opét vymizel. Z hlediska
dlouhodobého Uc¢inku na vynos plodin nebyl zaznamenén zadny vyznamny ucinek. Vliv
biouhlu na fyzikalni vlastnosti piidy a stav vegetace je ovlivnén typem biouhlu, jeho
aplika¢ni davkou, typem pldy, plodinou a casovym odstupem od aplikace biouhlu
(Blanco-Canqui, 2021). Ajayia & Horn (2017) uvadi zlepSeni stability pudnich agregatd po
aplikaci biouhlu. V dusledku toho ptedpokladaji, ze puda bude 1épe odolavat mechanickym
stresim — jako napftiklad ptejezdiim zemédélskych stroju.

Burrell et al. (2016) uvadi, Zze ucinky biouhlu a jeho schopnost ovliviiovat fadu

pudnich funkci z néj potencidlng Cini atraktivni dlouhodobou investici do pidy.
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3 Cile disertacni prace

Cilem disertacni prace je ovéieni vlivu aplikace fermentovanych statkovych hnojiv
v kombinaci s pomocnymi pudnimi latkami na zménu fyzikalnich vlastnosti pudy a stav
vegetace. Konkrétnimi feSenymi pomocnymi pudnimi latkami jsou aktivatory biologické

transformace organické hmoty a statkovych hnojiv, a biouhel.

Hypotézy, na které by méla dat disertacni prace odpovéd’, zni:

I. Pouziti aktivatoru biologické transformace statkovych hnojiv mé pozitivni vliv
na snizeni energetické naro¢nosti pii zpracovani pudy.

[l. Pouziti aktivatoru biologické transformace organické hmoty v kombinaci se
statkovym hnojivem vede ke statisticky vyznamnému poklesu penetra¢niho
odporu.

I11. Aplikace aktivatoru biologické transformace organické hmoty spolecné se
statkovym hnojivem vykazuje statisticky vyznamné sniZzeni hodnot objemové
hmotnosti pudy.

IV. OSetfeni statkového hnojiva pomoci aktivatoru biologické transformace
statkovych hnojiv vede ke zlepSeni infiltra¢nich vlastnosti pudy.

V. Aplikace aktivatoru biologické transformace statkovych hnojiv pozitivné

ovliviluje stav vegetace a vynos plodin.
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4 Zvolené metody zpracovani

V nasledujici kapitole je popsana metodika, ktera vedla k naplnéni cilt disertacni
prace. Jsou zde popsany jednotlivé lokality provoznich a poloprovoznich pokust, na
kterych dochézelo k aplikaci aktivatoru biologické transformace organické hmoty NeOsol,
aktivatoru biologické transformace statkovych hnojiv Z’Fix a biouhlu. Sledovana
a vyhodnocovana byla data nejen o fyzikdlnich vlastnostech puady, ale také o stavu

vegetace.

4.1 Charakteristika experimentalnich pozemkii
Pro omezeni vlivu mistniho prostiedi byly studie provadény na vice lokalitach.
Experimentalni plochy byly zalozeny vzdy s ohledem na tvar pozemku. Zaroven byla
vynechdna mista, kterd jsou exponovéna Castym piejezdem zeméd€lské techniky —

souvraté, vjezdy na pole.

4.1.1 Lokalita Paseka (Priloha I)

Olomoucky kraj, fepatska vyrobni oblast, primérna nadmoiska vyska 568 metra nad
mofem, primérna rocni teplota 7,8 °C, primérny ro¢ni thrn srdzek 708 mm. Experimenty
probihaly na pozemcich spole¢nosti VEPASPOL Olomouc, a.s., ktera je soucésti koncernu
MIM Agro, a.s.. Spolecnost se uzce specializuje na vyrobu jate¢nych prasat a na vlastni
odchov selat. Spole¢nost VEPASPOL Olomouc, a.s. mimo jiné vlastni bioplynovou stanici
a Vv dob¢ trvani experimentl vlastnila 40 hektari poli.

Vysledky pruzkumu pudniho profilu na Lokalité¢ Paseka jsou uvedeny v tabulce 4.

Pudni typ na této lokalité je kambizem psefiticka.

Tabulka 4 Pedologicky priazkum na Lokalité Paseka provedeny v terminu 17. zati 2014

Hloubka (m)

000030 030060 | Jednotka
Obsah jilu (<0,002 mm) 7 5 %
Obsah prachu (0,002-0,05 mm) 61 23 %
Obsah praskového pisku (0,05-0,1 mm) 4 8 %
Obsah pisku (0,1-2 mm) 28 64 %
Obsah humusu 2,15 0,38 %
Kationtova vyménné kapacita 90 27 mmol.kg*
pH (KCI) 5,81 6,11
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4.1.2 Lokalita Vétikovice (Priloha II)

Moravskoslezsky kraj, obilnaisko-fepaiska vyrobni oblast, primérna nadmoiska
vyska 462 metrti nad mofem, primérna ro¢ni teplota 7,7 °C, pramérny ro¢ni uhrn srazek
802 mm. Pokusy probihaly na pozemcich spole¢nosti ZOD Slezska Dubina. Druzstvo
hospodaii na vyméie 1443 ha zemédelské pudy a zabyvéa se chovem zhruba 280 kusi
dojnic a 250 kust masného skotu. Mimo zemédélskou cinnost provozuje ZOD
bioplynovou stanici a fotovoltaickou elektrarnu.

Vysledky prizkumu padniho profilu na Lokalit¢ Véttkovice jsou uvedeny

v tabulce 5. Padni typ na této lokalité je luvizem modalni.

Tabulka 5 Pedologicky prizkum na Lokalité Vétikovice provedeny v terminu 12. dubna 2017

Hloubka (m)

000030 030060 | Jednotka
Obsah jilu (<0,002 mm) 10 18 %
Obsah prachu (0,002-0,05 mm) 69 70 %
Obsah praskového pisku (0,05-0,1 mm) 3 2 %
Obsah pisku (0,1-2 mm) 18 10 %
Objemova hmotnost piidy 1,38 1,45 g.cm?
Obsah humusu 2,8 2,3 %
Kationtovd vyménna kapacita 124 118 mmol.kg*
pH (KCI) 4.4 45

4.1.3 Lokalita Rapotin (Priloha III, IV)

Olomoucky kraj, obilnafska vyrobni oblast, v blizkosti obce Rapotin. Primérna
nadmotskd vyska 345 metri nad mofem, primérna rocni teplota 7,1 °C, praimérny ro¢ni
uhrn srazek je na urovni 705 mm. Poloprovozni pokusy probihaly na pozemcich
spolec¢nosti Agrovyzkum Rapotin, s.r.o.. Vysledky prizkumu piidniho profilu na Lokalité

Rapotin jsou uvedeny v tabulce 6. Pudni typ na této lokalité je fluvizem glejova.

Tabulka 6 Pedologicky prizkum na Lokalité Rapotin provedeny v terminu 17. zafi 2014

Hloubka (m)

000030 030060 | Jednotka
Obsah jilu (<0,002 mm) 27 22 %
Obsah prachu (0,002-0,05 mm) 53 50 %
Obsah praskového pisku (0,05-0,1 mm) 3 5 %
Obsah pisku (0,1-2 mm) 17 23 %
Objemova hmotnost ptidy 1,38 1,66 g.cm?
Obsah humusu 1,93 1,09 %
Kationtovd vyménn4 kapacita 122 92 mmol.kg*
oH (KCI) 513 5.4
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4.1.4 Lokalita Slove¢ (Priloha V, VI, VII)

StiedoCesky kraj, vyrobni oblast fepatfskd v blizkosti obce Slove¢, primérna
nadmoiska vyska 212 metrti nad moiem, pramérna rocni teplota 9,4 °C a primérny ro¢ni
uhrn srdzek na urovni 550-600 mm. Poloprovozni a provozni pokusy probihaly na
pozemcich ZS Sloveg, a.s.. Zemédélska spole¢nost Slove¢ hospodaii na 3 000 ha. Chova
pramérné¢ 450 kustt dojnic, které jsou v systému chovu s trzni produkci mléka. Rocni
primérna vyroba hnoje dosahuje 12 000 tun.

Vysledky prizkumu pudniho profilu na Lokalit¢ Slove¢ (Pfiloha V, VII) jsou

uvedeny v tabulce 7. Pudni typ na této lokalité je Cernozem pelicka.

Tabulka 7 Pedologicky prizkum na Lokalité Slove¢ provedeny v terminu 13. srpna 2014

Hloubka (m)

000030 030060 | Jednotka
Obsah jilu (<0,002 mm) 48 60 %
Obsah prachu (0,002-0,05 mm) 32 39 %
Obsah praskového pisku (0,05-0,1 mm) 2 1 %
Obsah pisku (0,1-2 mm) 18 0 %
Objemové hmotnost pidy 1,46 1,48 g.cm?
Obsah humusu 3,89 1,44 %
Kationtova vyménna kapacita 278 272 mmol.kg?
pH (KCI) 718 7,21

4.2 Sbér dat

V nasledujicich podkapitolach je vSeobecny popis jednotlivych metod a pfistrojd,

které byly pouzity s ohledem na cile diserta¢ni prace. Podrobnéjsi informace k jednotlivym

metodickym postuptim Ize nalézt v ptilohach této prace.

4.2.1 Penetracni odpor
Hodnoty penetraéniho odporu byly méfeny pomoci penetrometru PEN 70 (CZU,
Praha). Penetrometr spliuje standardy dle American Society of Agricultural and Biological
Engineers — S313.3.
Me¢fteni penetracniho odporu bylo provadéno dvakrat roné pro kazdou variantu,
vzdy minimaln€ v poctu deseti meéfeni na jednu variantu. Vzhledem k vldhovym

podminkam v pid€ dochéazelo k méteni na jafe a na podzim.

15




4.2.2 Redukovana objemova hmotnost piady
Vzorky neporuSenych pudnich vzorkii byly odebrany pomoci sady na odbér
Kopeckého fyzikalnich véaleckdt o objemu 100 cm® (Eijkelkamp, Nizozemsko). Vzorky
byly néasledné piepraveny do laboratoii CZU v Praze a analyzovény s ohledem na standard
Geotechnického prizkumu a zkouseni — Laboratorni zkousky zemin — Cast 2: Stanoveni

objemové hmotnosti — CSN EN ISO 17989-2.

4.2.3 Infiltra¢ni vlastnosti pady

Pro méfeni infiltracnich vlastnosti pudy byly pouzity dvé metody:

1) Metoda Simplified Falling-Head, kterou popsal Bagarello et al. (2013). Pro
méfeni byly pouzity kruhové infiltrometry o priméru 0,15 m (CZU, Praha)
a vlhkostni sonda Theta Probe (Delta-T Devices, UK).

2) Metoda uzivajici simulator desté (CZU, Praha). Jako médium byla pouzita voda
obarvena potravinafskym barvivem E133. Odkryty pudni profil byl nasledné
nasniman digitalnim fotoaparatem a analyzovan pomoci softwaru Gwyddion 2.30
(Cesky metrologicky institut, Brno) a softwaru ImageJ (National Institutes of
Health, USA).

4.2.4 Tahovy odpor
Mgéftici souprava se vzdy sklddala ztaZzeného a tazného traktoru s pracovnim
nafadim — dle moznosti jednotlivych zemédélskych podnikii. Pro méteni tahového odporu
byl pouzit tenzometricky dynamometr S-38/200 kN (Lukas, CR). K ukladani dat byla
pouzita meéfici ustfedna NI CompactRIO (National Instruments Corporation, USA),
vzorkovaci frekvence byla 0,1 vtefiny. Pro pfifazeni prostorovych soufadnic k jednotlivym
naméfenym hodnotam byl vyuZit software Trimble Business Center 2.70 (Trimble, USA).

Velikost tahového odporu byla spocitdna dle standardu American Society of Agricultural

and Biological Engineers — ASAE D497.6.

4.2.5 Stav vegetace
In situ méreni
Stav porosti polnich plodin byl hodnocen pomoci n€kolika ru¢nich senzoru, které
zajiStovaly nedestruktivni sbér dat popisujicich jednotlivé stéZejni vlastnosti vegetace.
CCM 300 (Optisciences, USA) byl vyuzit pro méfeni obsahu chlorofylu v listech (Leaf
Chlorophyll Content). GreenSeeker (Trimble, USA) umoznil hodnoceni celkové kondice
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vegetacniho pokryvu pomoci indexu NDVI. Dale byl vyuzit N-Pen (Photon Systems
Instruments, Drasov) pro stanoveni obsahu dusiku v rostliné a indexu NDGI (Normalized
Difference Greenneess Index).

Vynos byl vazen pomoci nadpravové vahy DINI ARGEO WWSB16t (DINI ARGEO,
Italie).

Délkovy pruzkum Zemé

Stav vegetace byl také dale hodnocen s pomoci metod Dalkového prizkumu Zeme.
V naprosté vétSiné ptipadi byly vyuzZity voln€ dostupné snimky z druzicového systému
Sentinel-2 (Evropska kosmicka agentura). S vyuzitim volné dostupnych softwart, jako
naptiklad SNAP (ESA), QGIS (QGIS Development Team) nebo interaktivni platformy
Google Earth Engine (Google), byly pocitany jednotlivé vegetani indexy. NDVI
(Normalized Difference Vegetation Index) umoznoval stanoveni obsahu zelené nadzemni
biomasy, NDW!I (Normalized Difference Water Index) definoval obsah vody v listech
a tim padem pomohl detektovat ptipadny vodni stres, LAl (Leaf Area Index) poté pomohl

urcit listovou plochu zkoumané vegetace

4.3 Statistické zpracovani

Metoda statistického zpracovani dat byla vybrdna sohledem na konkrétni
vyzkumnou otazku. Zaroven byl vzdy zohlednén charakter datového souboru, predevsim
jeho rozdéleni. V piipadé, ze byl splnén predpoklad normalniho rozlozeni dat, byly pouzity
siln€j§i parametrické metody. Pfi nesplnéni podminek normality dat byla vybrana
odpovidajici neparametrickd metoda. Vzhledem k tomu, Ze byla vétSinou hodnocena
variabilita dat napfi¢ jednotlivymi experimentdlnimi plochami, byla ¢asto vyuzivana
parametrickd analyza variance (ANOVA) nebo jeji neparametrickd alternativa v podobé
Kruskal-Wallisova testu. Pro stanoveni konkrétnich rozdild bylo pak vzdy provadéno
I mnohonasobné porovnani.

Pro statistické zpracovani byl vyuzit software STATISTICA (StatSoft). Analyza dat
pak byla provadéna také v prostiedi RStudio (R Core Team) vzdy s aktualni verzi R
(R Core Team) a prislusnymi baliky.
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5.1 Komentaf k publikaci 12

Tato publikace hodnoti ucinek aktivatoru PRP SOL a Z’Fix v kombinaci s praseci
kejdou na fyzikalni vlastnosti ptdy.

Vyzkum probihal na lokalité Paseka. Uzkou specializaci podniku je vyroba
veprového masa, odchov selat a vyroba energie (bioplynova stanice). | proto probihal
v letech 2015-2017 vyzkum, ktery hodnoti vySe zminéné aktivatory v kombinaci s kejdou
prasat na monokultuie kukufice. Jedna se tedy o realné podminky provozu tohoto podniku.

Velikost jednotlivych pokusnych parcel byla 0,5 ha. Kazdoro¢né¢ byla davkovana
kejda v mnozstvi 50 mhal; PRP SOL v divce 200 kg.hal; Z’Fix v davce
0,33 kg.dobyt¢i jednotkat.mésic?, NPK bylo davkovano u vsech variant dle vyZivovych
normativil. Chemicka a fyzikélni analyza piidy je podrobné popsana v Piiloze I, Tabulce 1.
Chemickéd analyza oSetfené a neoSefené kejdy aktivatorem Z’Fix se potom nachdzi
v Priloze I, Tabulce 2.

V ramci studie byly posuzovany zmény hodnot penetracniho odporu, redukované
objemové hmotnosti pudy, infiltra¢ni vlastnosti plidy a zmény v tahovych odporech.
Vysledky a jejich statistické vyhodnoceni se nachéazi v Ptiloze |, Tabulce 4. Pouzitim
aktivatord a kejdy prasat doSlo téméf ve vSech hloubkach v pribéhu let k nartstu
penetracniho odporu — oproti samotnému pouziti neoSetfené kejdy. U vSech sledovanych
variant dosSlo také k nartGstu redukované objemové hmotnosti pidy oproti pivodnimu
stavu. Ve druhém a tfetim roce pokusu dosahovala nejniZ§ich hodnot varianta, u které byla
pouzita kejda s ptipravkem PRP SOL. Dle doporu¢eni USDA (United States Deparment of
Agriculture) vSak tento naridst nijak neomezoval vyvoj rostlin, nebot’ nepiekro¢il limitni
hodnoty pro tento typ piidy, které jsou stanoveny na 1,55 g.cm3.V priibéhu experimentu
dochdzelo meziroén¢ k postupnému sniZzovani hodnot nasycené hydraulické vodivosti
témef u vSech variant — mimo variantu kde byla aplikovdna praseci kejda oSetfena
aktivatorem Z’Fix. Ve tfetim roce tohoto experimentu bylo u vSech variant zaznamenano
statisticky vyznamné zvySeni hodnot nasycené hydraulické vodivosti ptidy vici kontrolni
varianté¢. Varianta bez aktivatori dosahovala v druhém a tfetim roce experimentu
nejnizsich hodnot. Z pohledu tahovych odpori pudy dochazelo ve sledovaném obdobi ke

kontinualnimu nartstu hodnot u vSech variant. Aplikace oSetfené kejdy prasat aktivatorem

2 Vyzkum, ze kterého vychazi Publikace I, byl podpofen projekty TA CR TH02030169, IGA
2018:31180/1312/3116, IGA 2020:31180/1312/3103 a projektem MZE RO0418.
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Z’Fix vykazovala po celou dobu trvani experimentu statisticky vyznamné nizs$i hodnoty
tahového odporu oproti kejdé neoSetfené. Pii porovnani rozdili relativnich hodnot
vztazenych ke kontrolni (neoSetiené) variant¢ doSlo mezi lety 2015 az 2017 ke zvySeni
hodnoty tahového odporu o 20 % — u varianty, kde byly pouzivany oba aktivatory. I kdyz
publikace nehodnotila vliv vy$e zminénych pfipravki na vynos, je vhodné zminit, ze mimo
prvni rok sledovaného obdobi bylo zjisténo zvyseni vynosu pii pouziti aktivatort. K tomu
dochazelo jak pfi pouziti aktivatori oddélené, tak v kombinaci, kde dochdzelo k

nejvyS$imu nérlstu vynos.

5.2 Komentar k publikaci I1°

Publikace Il hodnoti G¢inek kravského hnoje, kompostu, biouhlu a aktivatori na
fyzikalni vlastnosti pidy (redukovand objemova hmotnost pidy, penetra¢ni odpor, tahovy
odpor). V prvnim a ¢aste¢né i v druhém roce po jejich aplikaci.

Na experimentalnim pozemku na lokalité¢ Véttkovice bylo v roce 2017 zalozeno
8 pokusnych variant o rozloze 0,51 ha na variantu: N-1 — kravsky hndj + Z’Fix; N-2
kravsky hntj + Z’Fix + NeOsol; N-3 — kravsky hndj; N-4 — kravsky hnij + NeOsol; N-5 —
NeOsol; N-6 — NPK; N-7 — kompost; N-8 — biouhel. Davka kravského hnoje byla 50 t.ha™,
aktivatoru NeOsol 150 kg.ha, biouhlu 15 t.ha, kompostu 50 t.ha™.

S ohledem na zavislost zna¢né casti fyzikalnich ptdnich vlastnosti na aktualni
vlhkosti pudy byly hodnoty pfevedeny na relativni a vztazeny k varianté¢ N-6, kde bylo
aplikovano pouze hnojivo NPK. Na zékladé¢ namétenych hodnot byl zaznamenan pokles
penetratniho odporu u variant s kravskym hnojem N-1-N-4 az do hloubky 0,16 m.
Varianta oSetfend biouhlem vykazovala statisticky vyznamné rozdily ve srovnani
S variantami oSetfenymi aktivatory. Pouzitim biouhlu doSlo ke snizeni redukované
objemové hmotnosti plidy, naopak pfi pouziti kompostu a hnoje se Z’Fix doslo k navyseni
této hodnoty. U variant N-1 a N-2 doslo k nardstu tahového odporu mezi lety 2017 a 2018,
tato skuteCnost mize byt vysvétlena zménou v rozkladu hnoje pravé diky zminénym
aktivatorim. U ostatnich variant doSlo ke sniZeni tahového odporu. Nejvyssi vynos rostlin
byl zaznamenan u variant N-1 a N-2, kde byl pouzit aktivator Z’Fix, dale nasledovala

varianta s biouhlem.

3 Publikace vznikla za podpory TA CR TH02030169 a IGA 2018:31180/1312/3116.
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Vysledky Publikace Il naznacuji pfiznivy efekt biouhlu a kravského hnoje na
redukovanou objemovou hmotnost pidy, hodnoty penetracniho odporu a tahové odpory.
V zéavéru této publikace je zminén fakt, ze je tfeba pokraCovat ve vyzkumu, nebot’ je

z kratkodobych vysledkl obtizné stanovovat zaveéry pro praxi.

5.3 KomentaF k publikaci I11*

S ohledem na vysledky z Publikace Il a zvySujici se zdjem o biouhel jakozto
pomocnou pudni latku hodnotily nésledujici dvé studie moznosti vyuziti biouhlu ke
zlepseni fyzikélnich vlastnosti plidy a stavu vegetace. Biouhel pfedstavuje zajimavé feSeni
zpracovani biologického odpadu a jeho nasledné vyuziti. VéEtSina studii o biouhlu se
zabyvala vstupnim materidlem pro jeho vyrobu, zptisobem zpracovani ¢i vlivem biouhlu na
chemické vlastnosti piidy. Vhodnému davkovani vSak zatim nebyla vénovéana dostate¢na
pozornost. Proto byl zaloZen experiment hodnotici ddvku biouhlu v prvnim roce od
aplikace. Z divodu udrzitelnosti byl vyuzit biouhel od tuzemské spolecnosti
BIOUHEL.CZ.

Maloparcelovy pokus na lokalit¢ Rapotin (s rozméry jednotlivych pokusnych ploch
15 x 30 m) s biouhlem v ddvce 15t.ha™ z roku 2014 byl rozsifen o étyii dal§i maloparcely
s odstupiovanymi davkami biouhlu (15, 30, 45, 60 t.ha™) v roce 2017. Namétené hodnoty
penetra¢niho odporu nepfinesly Zadné statisticky vyznamné rozdily. Studie byla dale
zaméfena na stav vegetace. Data popisujici vegetaci byla sbirana ve fazi kukufice
BBCH 18 a BBCH 32. Vegetacni index NDVI nepfinesl Zadné statisticky vyznamné
rozdily hodnot mezi variantami. Ty byly pozorovany az pii hodnoceni obsahu chlorofylu,
kde byly zaznamenany statisticky vyznamné rozdily mezi variantami u obou terminil
méfeni. Nicméné mezi davkou 15t.hat z roku 2014 a 60 t.ha' z roku 2017 nebyl
pozorovan v roce 2018 Zadny statisticky vyznamny rozdil. Nejvyssi vynos byl zaznamenan
u varianty, kde bylo aplikovano mnozstvi biouhlu o davce 60 t.ha™. Diivodem nejvyssiho
vynosu u nejvyssi davky bude pravdépodobné schopnost biouhlu vazat vodu a tim zlepsit
vldhové podminky v ptidé. Ve sledovaném roce pokusu byl uhrn srazek ve vegetaCnim
obdobi niZ§i s ohledem na dlouhodoby srdzkovy normal. Vysledky potvrzuji vliv biouhlu
na rist plodin a také na nutnost pohliZzet na tuto pomocnou ptdni latku v dlouhodobém

¢asovém horizontu.

4 Publikace vznikla ve spolupraci s Agrovyzkumem Rapotin, za podpory TA CR TH02030169 a IGA
2018:31180/1312/3116.
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5.4 Komentaf k publikaci 1\V°

Tato publikace pfimo navazuje na experiment a vysledky z Publikace Il a uzavira
vyzkum autora této prace v ramci problematiky biouhlu. Metodika pokusu byla shodna
s predchozi publikaci, jen zde dochazelo navic k hodnoceni varianty, u které bylo
aplikovéano pouze hnojivo NPK.

Vysledky této studie hodnotily vysledky zvegetacni sezony 2019. Vyzkum
nepotvrdil pozitivni vliv na fyzikdlni vlastnosti pady (penetracni odpor, redukovana
objemova hmotnost pidy) po dvou, respektive péti letech ptisobeni této pomocné ptdni
latky. Vysledky indexu NDVI a NDGI neprokazaly zadné statisticky vyznamné rozdily
mezi variantami. Statisticky vyznamnych zmén bylo dosaZzeno u obsahu chlorofylu
Vv listech pSenice ozimé, ve dvou terminech méfeni — BBCH 34 a 37. U BBCH 34 doslo
k vyznamné zméné hodnot pro varianty z roku 2017 v davkach 15 a 60 t.ha™. U BBCH 37
byly zaznamenany statisticky vyznamné rozdily mezi variantou 15 t.ha biouhlu z roku
2014 a zbylymi variantami — svyjimkou u varianty 60 t.hal, kde nebyl statisticky
vyznamny rozdil. Skutecnost, Ze rozdily ve stavu vegetace byly reflektovany pouze timto
ukazatelem (na rozdil od NDVI a NDGI) souvisi nejspise s citlivosti ru¢niho senzoru pro
meéfeni obsahu chlorofylu v listech. Ackoliv studie neprokazala pozitivni vliv biouhlu na
fyzikalni vlastnosti pidy, potvrdila zjiSténi, Ze zalezi na dlouhodobém ¢asovém horizontu
téchto pomocnych ptdnich latek. Uinek davky 15 tha? aplikované pied péti lety
nevykazoval statisticky vyznamny rozdil s G¢inkem davky 60 t.ha™ aplikované o 3 roky
pozdé&ji. Zavérem je v této publikaci poukdzano na nezbytnost zaméfit se na asovy efekt

biouhlu.

5.5 Komentaf k publikaci V®
Tato studie srovnava pusobeni aktivatord NeOsol a Z’Fix v kombinaci s kravskym
hnojem po péti letech trvani experimentu. Byly hodnoceny nejen fyzikalni, ale také
chemickeé vlastnosti piidy. S ohledem na zaméfeni této disertacni prace budou dale popsany
jen vysledky fyzikalnich vlastnosti ptidy.
Sledovany pozemek se nachazel na Lokalit¢ Slove¢. Celkem byly v této publikaci

posouzeny 4 varianty — kravsky hntij + Z’Fix (varianta I), kravsky hntj + Z’Fix + NeOsol

SPublikace vznikla za podpory projektu TA CR TH02030169 a projektu IGA 2019:31180/1312/3104.
5 ® Publikace vznikla ve spolupraci s kolegy z Mendelovy univerzity v Brné za podpory projektti TA
CR TH02030169 a projektu IGA 2019:31180/1312/3104.
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(varianta II), kravsky hnlj (varianta III), hnojivo NPK (varianta IV). Rozloha kazdé
varianty byla 0,7 ha. Jednotlivé davky jsou uvedeny v Ptiloze V, Tabulce 2. VSechny
zmény fyzikalnich vlastnosti pidy jsou hodnoceny v relativnich hodnotéach, vztazeny
k variant¢ IV. U varianty I doS§lo v roce 2018 ke sniZeni penetraéniho odporu v celé méfené
hloubce ptidniho profilu, nicméné se nejednalo o statisticky vyznamny vysledek. Snizeni
penetracniho odporu u vSech méfenych hloubek bylo pozorovéano i u varianty III, ale zde
se jednalo v hloubkach 0,08, 0,20 a 0,24 m o statisticky vyznamné snizeni. Vysledky
redukované objemové hmotnosti pliidy nepfinesly statisticky vyznamné rozdily mezi
zpisobem osetfeni pudy. U varianty III vSak doslo ke snizeni o 13,4 %, u varianty I byla
zména v poklesu redukované objemové hmotnosti pidy nejnizsi. Z hlediska tahového
odporu doslo ke sniZeni pfi pouZiti oSetfené¢ho hnoje ptipravkem Z’Fix v priméru o 3 %,
nejednalo se vSak o statisticky vyznamnou zménu. Tento pokles lze vSak vyjadfit isporou
nafty p¥i zpracovani pidy zhruba 0,3 Lha™. Pouziti aktivatora v kombinaci s kravskym
hnojem ukézalo zlepSeni v pidnim profilu, i kdyz vysledné hodnoty nebyly vzdy

statisticky vyznamné.

5.6 Komentaf k publikaci VI’

Publikace VI hodnoti tfilety experiment s aktivatorem Z’Fix, respektive posuzuje
jeho vliv na fyzikalni vlastnosti piidy a stav vegetace, v kombinaci s kravskym hnojem. Na
rozdil od pfedchozich studii autora se nezamétuje na poloprovozni pokusy, ale na uziti
aktivatoru v zemédélské praxi.

Varianty, které se nachazely na Lokalité¢ Slove¢, mély pro kravsky hntlj rozlohu 5 ha
(varianta FYM). Stejnou rozlohu méla 1 varianta pro kravsky hnij oSetfeny aktivatorem
(varianta FYM_ZF). Kontrolni varianta s NPK (varianta C) méla rozlohu 1 ha. V ramci
studie byly hodnoceny vegetacni sezony 2018-2020.

Hodnoty penetraéniho odporu nepfinesly statisticky vyznamné rozdily mezi
jednotlivymi variantami, nicméné naméfené hodnoty poukazuji na patrny trend sniZeni
penetracnich odpor pifi aplikaci organické hmoty do pidy. V druhém a tfetim roce
experimentu byly hodnoty penetracniho odporu u varianty FYM_ZF niz$i ve srovnani

s variantou FYM ¢&i s variantou C — v hloubkach 820 cm.

" Publikace vznikla ve spolupraci s kolegy z Mendelovy univerzity v Brné a za podpory projektd TA
CR TH02030169, IGA 2021:31180/1312/3102, MZE RO0418.
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Vyuziti simulatoru desté piinasi lepsi predstavu o schopnosti pidni infiltrace nez
metoda Simplified Falling-Head pro nasycenou hydraulickou vodivost. Zatimco metoda
Simplified Falling-Head poskytuje bodovou informaci, u simulatoru desté¢ se jedna
0 informaci do jisté miry plosnou. V roce 2018 a 2020 byl indikovan Statisticky vyznamny
rozdil mezi variantou C a variantou FYM_ZF. Bez ohledu na tento fakt bylo zlepSeni
infiltracnich vlastnosti ptidniho profilu u varianty FYM ZF zaznamenano v cel¢ sledované
hloubce ptdniho profilu. U tahového odporu pudy doslo ke statisticky vyznamnému
poklesu potiebné energie na zpracovani pudy v letech 2018 a 2020 u varianty FYM_ZF.
Stejné jako u infiltraénich vlastnosti ptidy bylo i zde dosazeno nejlepSich vysledki
U varianty FYM_ZF. Stav porostli polnich plodin byl hodnocen pomoci spektralniho
indexu NDVI, pficemz zdrojem distan¢nich dat zde byly snimky z druzicového systému
Sentinel (ESA). Varianta s osetienym kravskym hnojem vykazovala v sezoné 2018 lepsi
stav vegetace v prevazné vétSingé dostupnych satelitnich snimkti. V sezéné 2020 bylo
dosazeno lepsiho stavu vegetace u této varianty pro vSech 11 termind. Téchto vysledkt
bylo dosazeno i1 U vynost. Ve srovnani s variantou C doslo ke statisticky vy$§imu vynosu u
varianty FYM_ZF. U cukrové fepy doslo v priméru ke zvyseni vynosu o téméf 6 t.ha™
oproti varianté s NPK a 0 2,57 tha® oproti hnoji neosetfenému, stejné tak doslo ke zvyseni
cukernatosti. U psenice doslo ke zvyseni vynosu u osetfeného hnoje o 1,06 t.ha™* oproti
kontrole a o 0,53 t.ha! ve srovnani shnojem neosetfenym. Porovnani osetfeného
a neoSetfeného hnoje za sledované obdobi potvrdilo v priméru o 4,5 % nizsi energetickou
narocnost pii zpracovani pidy. To by pii 50 % Uc€innosti pfenosu energie a spotiebé

20 I.ha znamenalo sniZeni spotieby paliva o 0,45 Lha™.

5.7 Komentaf k publikaci VI8
Casovy efekt ptisobeni zkoumanych pomocnych pidnich latek se ukazal byt jednim
z klicovych faktord. V navaznosti na Publikaci V hodnoti Publikace VII vliv ptdniho
pfipravku NeOsol vramci Sestiletého polniho experimentu. Opét byly hodnoceny
predevsim zmény fyzikalnich vlastnosti ptidy, stavu vegetace pomoci vegetac¢nich indexti
NDVI, NDWI, LAI a vynosu. Oproti pfedchozim studiim bylo vyuZito pro posouzeni stavu
vegetace prostiedi Google Earth Engine, ktery s vyuzitim jazyka JavaScript zajistuje

rychlé a efektivni zpracovani dat dalkového prizkumu Zemé. Vyuziti tohoto nastroje

8 Publikace vznikla ve spolupraci s kolegy z Mendelovy univerzity v Brng, za podpory projektii TA
CR TH02030169, IGA 2020:31180/1312/3103, MZE RO0418.
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Vv ramci analyz distancnich dat je Casové nenarocné a umoziuje pracovat s druzicovymi
snimky ¢isteé online, bez potieby instalace ptislusného SW, ¢i jejich stahovani do lokalniho
zafizeni. Tim je zajiSténa vyznamnd casova uspora pii jejich zpracovani.

Pozemek se nachdzel na Lokalit¢ Slove¢. Celkem jsou ve studii hodnoceny tfi
vegetacni sezony. Jedna se o roky 2015, 2017, 2020, tedy roky, jimz piedchazela aplikace
statkovych hnojiv. Podrobngjsi informace o aplikaci 1ze nalézt v Piiloze VII, Tabulce 2. Na
sledovaném pozemku se nachazelo celkem 8 variant — 3 typy hnoju: kravsky (varianta —
catt), praseéi (varianta — pig), driibezi (varianta — pou) v kombinaci s pfipravkem NeOsol
(znaCeni variant stejné jako u hnoje + SOL). Déle byla na sledovaném pozemku varianta
s hnojivem NPK (varianta NPK) a také s aktivatorem NeOsol (varianta NPKSOL).

Z pohledu vlivu aplikace pfipravku NeOsol v kombinaci s hnojivy na snizeni
energetické naroc¢nosti pii zpracovani pidy doSlo v prvnim terminu k narastu tahového
odporu. Avsak ve tfetim terminu doSlo ke statisticky vyznamnému snizeni tahového
odporu pii pouziti aktivatoru NeOsol o 2,9 %. Rozdil mezi prvnim a tfetim terminem
poukazuje na nutnost zkoumat tyto piipravky v dlouhodobém c¢asovém horizontu.
Redukovand objemovd hmotnost pidy ve vétSiné termini nevykazovala statisticky
rozdilné hodnoty. Lze vSak sledovat jisté¢ trendy, naptiklad postupné zvySeni objemové
hmotnosti pfi uziti aktivatoru bez statkovych hnojiv (varianta NPKSOL). Stejnych
vysledkii bylo dosazeno také unasycen¢ hydraulické vodivosti, kdy dochazelo
K postupnému snizovani infiltracni schopnosti pudy u varianty NPKSOL — Vv porovnani
s variantou NPK. Stav vegetace byl hodnocen pomoci indextt NDVI, NDWI a LAI. Mezi
jednotlivymi variantami s aplikaci NeOsol a bez aplikace nebyl zjiStén statisticky
vyznamny rozdil. Vysledky vSak poukazuji na dilezitost ptidavani organické hmoty do
pudy, které se ve vétsi mife projevuje v dlouhodobém casovém horizontu. Z celkového
pohledu doslo ke statisticky vyznamnému zvySeni vynost plodin pfi pouziti aktivatoru
NeOsol.

Tyto vysledky se v zeméd€lské praxi mohou projevit zvySenim efektivity

zeméedélské vyroby a zaroven sniZzenim nakladt pfi zpracovani zemédélské pudy.
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6 Diskuze

Z vysledku, kterych bylo dosazeno v ramci této disertacni prace, je patrné, ze
pomocné pudni latky, respektive aktivatory, maji pozitivni vliv na nckteré fyzikalni
vlastnosti pudy a stav vegetace.

Podnikéni v zemédé@lstvi, stejné jako jakékoliv jiné dlouhodobé udrzitelné odvétvi
lidské cinnosti, vyzaduje ziskovost. Zpracovani pudy se fadi mezi nejvice energeticky
naroéné operace v zemédelské vyrobé (Tabatabaeefar et al., 2009). V konvencnim
zemé&dé@lstvi pii zpracovani pudy orbou je spotifebovano vice nez 50 % paliva jen na
ptipravu pudy a seti (Moitzi et al., 2019). Z tohoto divodu byla v této diserta¢ni praci

zafazena Hypotéza I, ktera byla potvrzena vysledky Publikace I. Osetiena kejda prasat

aktivatorem biologické transformace statkovych hnojiv vykazovala pti kazdoro¢ni aplikaci
statisticky niz§i hodnoty tahového odporu ve srovnani s kejdou neoSetfenou. Zjisténé
vysledky jsou v souladu s vysledky které publikoval Safec & Novék (2017b). P¥i aplikaci
oSetifen¢ho kravského hnoje, V porovnani shnojem neosettenym ¢i anorganickym
hnojivem, bylo zjisténo statisticky vyznamné snizeni tahového odporu, a to vzdy v prvnim
roce po aplikaci, také u Publikace VI. Pozitivni vliv aktivatoru biologické transformace
statkovych hnojiv naznacuji také vysledky Publikace V. U této publikace vsak nebylo
sniZzeni tahového odporu statisticky vyznamné, ackoliv dosahovalo primérné 3% snizeni.
Jedna se o zasadni zjiSténi, nebot’ snizovani spotfeby fosilnich paliv by mélo byt jednim
z hlavnich cila udrzitelné rostlinné produkce (Rashidi et al., 2013).

V uvodu této prace byly popsany problémy pedokompakce, tato problematika byla
posouzena v ramci Hypotézy 1l a l1l. Vysledky, kterych bylo dosazeno v ramci Publikace I,
Il a V nepotvrdily Hypotézu II. Aktivator biologické transformace organické hmoty
neprokazal vliv na statistické sniZzeni penetra¢niho odporu, respektive pedokompakci. Toto
zjisténi je v souladu s vysledky, které publikovala Podhrazska et al. (2012), tedy Ze pouZiti
aktivatoru biologické transformace organické hmoty nemé pozitivni vliv na sniZeni
pudniho zhutnéni.

Otazka plidniho zhutnéni ve svrchni vrstvé pidy byla feSena v rdmci Hypotézy 111
Ackoliv se Publikace | zabyvala touto problematikou a varianta kejdy s aktivatorem
NeOsol vykazovala mirné niz§i hodnoty objemové hmotnosti plidy, nejednalo se
0 statisticky vyznamnou zménu. Toto zjisténi je v souladu s vysledky Publikace Il, kde

doslo ke snizeni objemové hmotnosti piidy v kombinaci aktivatoru NeOsol se statkovym
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hnojivem, ale nejednalo se o statisticky vyznamnou zménu. S ohledem na vysledky
Publikace VII nebyla Hypotéza 11l potvrzena. Soucasna aplikace aktivatoru transformace
organické hmoty NeOsol a statkového hnojiva nepfinesla dlouhodobé¢ statisticky vyznamné
snizeni hodnot objemové hmotnosti pidy. Vysledky cCastecné potvrzuji zavéry studie
Zemli¢kova & Safec (2016), kde aplikace piipravku NeOsol bez kombinace s organickou
hmotou nepftispéla ke snizeni objemové hmotnosti pidy.

Pidni infiltrace je povazovana za jednu z klicovych funkci ptidy. Degradacemi pudy
vSak dochazi ke snizené schopnosti pudy infiltrovat vodu (Chyba et al., 2014). Tato
problematika byla zkoumana v ramci Hypotézy IV. Vysledky z Publikace | naznacily
pozitivni vliv aktivatoru Z’Fix, jelikoz V poslednim roce doslo u osetiené kejdy ke
statisticky vyznamnému zvySeni nasycené hydraulické vodivosti pidy. Ostatni varianty
vykazovaly kontinualni pokles schopnosti infiltrace. Tento vysledek je v souladu s
vysledky z Publikace VI, kde osetfeny kravsky hnij vykazoval v kazdém roce nejvyssi
schopnosti infiltrace. V prvnich letech po aplikaci byla zména statisticky vyznamna ve
srovnani s variantou, kde bylo aplikovano pouze NPK. Tyto dosazené vysledky potvrdily
Hypotézu 1V. ZlepSeni infiltraéni schopnosti pldy po aplikaci oSetfeného hnoje
aktivatorem Z’Fix je v souladu se vysledky, které publikoval Satec & Novak (2017b).

Zajisténi dostateCnych vynost plodin v pozadované kvalité patii Kk zakladnim
pozadavkiim kladenym na rostlinnou vyrobu v zemédélské praxi. Hypotéza V se zabyva
problematikou vynost a stavu vegetace po aplikaci oSetfeného statkového hnojiva pomoci
aktivatoru biologické transformace statkovych hnojiv. Vysledky z Publikace | naznacuji
pozitivni vliv oSetfen¢ho statkového hnojiva na vynos plodin. V druhém a tfetim roce
pokusu byly vynosy pii aplikaci oSetfen¢ho statkového hnojiva (v tomto piipadé kejdy)
vys§i ve srovnani s hnojivem neoSetienym. S ohledem na pouze jednu hodnotu pro
variantu nelze ucinit jednoznacny zavér. Stejného vysledku bylo dosazeno i u Publikace I1.
Vysledky Publikace VI potvrdily Hypotézu V. Stejné jako u piedchozich vysledku
z Publikace VI se prvni rok po aplikaci aktivatoru jevi jako zasadni pro statisticky
prokazatelné rozdily. Byl prokézan pozitivni vliv na vynos cukrové fepy a ozimé psenice.
U cukrové fepy navic byla vyssi cukernatost v bulvach. Vysledky dalkového prizkumu
Zem¢ vroce 2018 a 2020 dokazuji pomoci vegetacniho indexu NDVI pozitivni vliv
aktivatoru na stav vegetace. Toto zjisténi je v souladu se zji§ténim Safec et al. (2017), kde

byl prokdzan pozitivni vliv aktivatoru biologické transformace statkovych hnojiv na
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snizeni vodniho stresu urostlin pomoci indexu MSI, coz prispiva k lepSimu stavu

vegetace.
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[/ Prinos a dalSi smér vyvoje

Vysledky, kterych bylo dosazeno v ramci piedlozené diserta¢ni prace, mohou slouzit
ke snizeni environmentdlnich rizik pfi hospodafeni na zemédélskych pidéach
a k zefektivnéni zeméd¢lské produkce. Prace piinasi vysledky dlouhodobych pokust
s aktivatory na odlisnych lokalitach s riznymi typy statkovych hnojiv.

S ptibyvajicim poznanim, moznostmi detailnéjSiho monitoringu zemédélskych pud
a se snizovanim statkovych hnojiv bude dle autora této prace dochdzet k rozSifovani
nabidky pomocnych pudnich latek na trhu. Tento fakt bude davat velky prostor pro
ovéfovani ucinkl téchto latek. Na rozdil od ptfesné fizenych laboratornich experimentl
jsou polni pokusy Casto ovlivnény aktudlnimi klimatickymi podminkami a pro prokazani
skute¢ného efektu pomocnych pidnich latek je tfeba provadét dlouhodobé vyzkumy na
ruznych lokalitach a za riiznych podminek hospodateni.

Z hlediska dalsiho vyzkumu aktivatoru biologické transformace organické hmoty
NeOsol a aktivatoru biologické transformace statkovych hnojiv Z’Fix by dle autora této
prace bylo zajimavé pracovat s riznym davkovanim téchto ptipravkd.

Predklddand disertatni prace neprokdzala pozitivni vliv biouhlu Agrouhel na
fyzikéalni vlastnosti pldy a stav vegetace. Byl vSak zjiStén rozdilny efekt biouhlu
s odstupem od aplikace. S ohledem na tuto skutecnost povazuje autor této prace za

zajimavé vénovat se vyzkumu biouhlu v dlouhodobém ¢asovém horizontu.
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7.1 Zavér

Disertaéni prace autora predstavuje piehled problematiky aktivatord biologické
transformace organické hmoty a statkovych hnojiv, respektive jejich dopadu na fyzikalni
vlastnosti pudy a stav vegetace. Prvotni vyzkum autora byl doplnén mimo sledované
aktivatory také o biouhel, kterému je v soucasné dob¢ vénovana znacné pozornost.

I ptesto, ze nebyly vSechny hypotézy této disertacni prace potvrzeny, predkladana
disertacni prace prokazala pozitivni G€inek aktivatori na fyzikalni vlastnosti pidy a stav
vegetace. Ackoliv je aktivator biologické transformace statkovych hnojiv Z’Fix primarné
uréen ke zlepSeni stdjového prostiedi, vysledky v této disertatni praci prokazaly jeho
ptiznivy sekundarni vliv na snizeni energetické narocnosti pii zpracovani pudy, zlepSeni
infiltra¢nich vlastnosti pidy, pozitivni vliv na stav vegetace a vynos plodin.

Pivodni védecké hypotézy u aktivatoru biologické transformace organické hmoty
NeOsol nebyly potvrzeny. Ptipravek NeOsol neprokazal v kombinaci se statkovym
hnojivem pozitivni vliv na snizeni penetracniho odporu a snizeni hodnot objemové
hmotnosti pidy. Bylo vSak zjisténo, Ze aktivator NeOsol v kombinaci se statkovymi
hnojivy zptsobuje ptfi dlouhodobém pouzivani statisticky vyznamné sniZzeni tahového
odporu a zvySeni vynosu plodin.

Vysledky disertacni prace popisuji aspekt ptisobeni pomocnych ptidnich latek na stav
pudy a vegetace Vv redlnych podminkach. Jako takové piinasi konkrétni informace, které
jsou vyuzitelné v zeméd€lské praxi ve snaze zajistit co nejvyssi efektivitu a zaroven

udrzitelnost soucasné rostlinné produkce.
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Abstract: To investigate the effects of organic matter activators combined with a pig slurry on a soil’s physical proper-
ties, a field experiment was carried out in a monoculture of corn (2015-2017). Three pig slurry application variants
complemented with the activators in question, i.e. with PRP SOL spread directly on the soil surface (SOL), with Z'fix
added to the slurry during the pig housing (ZF) and with a combination of both PRP SOL and Z'fix (ZF_SOL), were
compared with just the pig slurry (C) under an equal dose of nitrogen and a uniform growing technology. According
to the results, a positive effect of the penetration resistance with the pig slurry and the activators of organic matter
(Z'fix and PRP SOL) was not proven. The saturated hydraulic conductivity was demonstrably better achieved with
the Z'fix activator, but PRP SOL activator also provided a certain improvement. The largest change in the unit draught
was observed in the ZF_SOL application (20% increase). The results seem ambiguous; however, they give a good indi-
cation of the activators’ effect in practice. Nevertheless, the findings would certainly benefit from further verification.

Keywords: agricultural management; field experiment; penetration resistance; soil organic matter; unit draught

Currently, crop production is limited due to vari-
ous challenges, such as the growing population,
a decrease in the total agricultural area, climate
change related issues, soil erosion, or lack of soil or-
ganic matter. At the same time, when farmers deal
with the implementation of Agriculture 4.0 prac-
tices, it is necessary to also focus on the elementary
issues and solve them with respect to the environ-
ment and sustainability. Regarding the soil condi-
tions, many biological and physical properties are
related to the content of the soil organic matter
as one of the key soil components (Smith et al. 1999;
Manna et al. 2007). From a long-term point of view,
the use of organic fertilisers returns organic mat-

ter to the soil, where it ensures increased biological
activity and, thus, increases crop yields. The posi-
tive influence of organic fertilisers on a soil’s physi-
cal, chemical, and physicochemical properties has
been confirmed many times (Barzegar et al. 2002;
Herencia et al. 2007). Rational fertilisation manage-
ment can improve not only soil porosity, infiltration
capacity, and hydraulic conductivity, but it also usu-
ally helps to decrease the soil bulk density (Haynes
and Naidu 1998).

In the Czech Republic, a decline in animal produc-
tion can be observed in recent times. It is undeni-
ably associated with a reduced production of organic
matter that could be returned to the field in the form
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31180/1312/3103. This research was also funded by the Ministry of Agriculture of the Czech Republic, Project No. RO0418.

199


https://doi.org/10.17221/48/2020-RAE

Original Paper

Research in Agricultural Engineering, 67, 2021 (4): 199-207

of an organic fertiliser. According to the Czech Sta-
tistical Office (2020), cattle breeding has decreased
to the current 40% level compared to the 1990 level,
the situation with pigs is even worse, which current-
ly sits at 31% of the 1990 level. This phenomenon
is very likely one of the reasons for the significant soil
organic matter losses. Thus, it is necessary to look
for new technologies of sustainable land manage-
ment. One of these approaches may be the utilisa-
tion of soil amendments. Also, activators of bio-
logical transformation of organic matter might have
great potential, since they are claimed to improve
soil properties. According to the manufacturer, PRP
SOL is a soil conditioner and should boost the bio-
logical activity of the soil and, thus, improve its fer-
tility (PRP Technologies, France). Z'fix is a dust-free
pearled pellet designed to enhance the agronomic
quality of manure, slurry, and compost (PRP Tech-
nologies, France). Nevertheless, the role of these
substances still has not been sufficiently described.
The positive effect of PRP SOL on the soil enzymatic
activity was confirmed by the study of Niewiad-
omska et al. (2018). Although this product cannot
be considered a conventional fertiliser, PRP SOL
can replace the traditional fertilisation of spring
barley without a negative effect on the grain yield
(Sulewska et al. 2016). There is a great lack of scien-
tific studies regarding the activators, although a few
do exist. In one of the previous studies, an increase
in the soil bulk density, and also in the implemented
draught of the machine, was detected. Concurrently,
an increase in the yield of silage maize was observed
(Sarec et al. 2019). These results are also confirmed
by the study of Sindelkové et al. (2019) who con-
cludes that the use of these products leads to a better
water management and nutrient uptake. Therefore,
activators should provide convenient conditions for
organic matter decomposition in the soil and, thus,
to affect the soil properties. In terms of the economy,
soil activators help to reduce the actual energy de-
mand by various management tasks, such as the soil
tillage (Novak and Satec 2017).

Since the actual impact of the above-mentioned
soil amendments is not described sufficiently yet,
this study aims at verifying the effect of organic mat-
ter activators combined with a pig slurry on a soil’s
physical properties. The activators under investiga-
tion should, due to their composition and to their suc-
ceeding effect in the soil profile, amplify the positive
influence of the organic matter and, therefore, pro-
vide more convenient conditions in terms of the soil
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management and crop growth. The penetration re-
sistance and bulk density were studied as important
pedocompaction indicators in real farm conditions
with the assumption that their values were expected
to decrease with the activators used. The other vari-
ables in question were the implemented draught,
since soil tillage is one of the most energy-intensive
operations in agriculture, and the saturated hydrau-
lic conductivity, which is one of the most important
hydrophysical characteristics. As a matter of fact,
the unit draught, penetration resistance, and bulk
density were expected to decrease, while the satu-
rated hydraulic conductivity should have increased
under the effect of the used activators.

MATERIAL AND METHODS

Site and crop management. The study experi-
ment was established in 2014 near the village of Pas-
eka in the Olomouc region, in the Czech Republic
(49°47'170"N, 17°13'143" E, 270 m a.s.l.). The 6.3 ha
agricultural plot was divided into smaller parcels
in order to apply the different agricultural man-
agement and crop rotating systems. The terrain
on the experimental area has practically no slop-
ing. The soil type is classified as Cambisol. Accord-
ing to the United States Department of Agriculture
(USDA 2019), the soil texture is Silt Loam at a depth
of 0-0.3 m and Sandy Loam at a depth of 0.3-0.6 m.
From an agronomic point of view, this is a poor-quali-
ty soil with a high skeleton content. The soil properties
at the beginning of this experiment are given in Ta-
ble 1. The crop rotation over the study period started
with winter wheat (2014) followed by a monoculture
of maize (2015-2017) variety LM GENER FAO 250.
The fact that the agricultural business runs, as many
others do, a biogas plant, and is, thus, forced to in-

Table 1. Chemical and physical soil properties at the begin-
ning of field experiment (2014)

Soil depth (cm)

Soil property 0-30 30-60
Clay (< 0.002 mm) (%) 7.00 5.00
Silt (0.002-0.05 mm) (%) 61.00 23.00
Very fine sand (0.05—0.10 mm) (%) 4.00 8.00
Fine sand (0.10—-2 mm) (%) 28.00 64.00
C:N 6.72 7.08
Humus content (%) 2.15 0.38
pH (KCl) 5.81 6.11
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Table 2. Pig slurry chemical analysis for “C” as the pure untreated pig slurry, and “ZF” representing pig slurry

treated by Z’fix
N N P,O, K,0 CaO MgO
Variant Dry matter (%) pH
(NH;) (kgt™) (kgt™) (kgt™) (kgt™) (kgt™)
C 59 0.61 4.7 3.0 1.9 3.4 0.72 7.6
ZF 5.9 0.83 5.6 3.6 2.4 4.2 1.05 9.0

C - pig slurry + NPK; ZF — pig slurry treated by Z'fix + NPK

creasingly grow maize, led to the particular crop rota-
tion. Four plots 50 m x 100 m (0.5 ha) were treated
each year by a pig slurry (Table 2) and by the selected
activators in the combinations described below.

PRP SOL is a soil activator manufactured
by the PRP technologies company (France) on the ba-
sis of dolomitic limestone, limestone and calcareous
sediments and produced in the form of a brown-co-
loured granulate. This composition of calcium, mag-
nesium and trace elements is claimed to improve
the soil fertility by positively influencing the soil
structure and its biological activity. Crops cultivated
on plots treated by PRP SOL should ingrain faster
and, thus, have a richer root system. The vegetation
should also emerge easier, and the canopy is then
evenly well-balanced. Secondly, the organic matter
Z'fix activator was investigated. It is a granulate con-
structed on the basis of calcium and magnesium
carbonates with an addition of other macro- and
micronutrients (potassium, sodium, sulfur, iron,
manganese). Z'fix is manufactured by PRP Technol-
ogies as well. It is produced under a patented tech-
nology, MIP (mineral inducer process), that ensures
regulation of the fermentation processes in organic
fertilisers and composts.

The Z'fix treatment involves the application
of the activator to the pig slurry first. Here, the dosage
was 0.33 kg-head™-month ™. The yearly dosage of PRP
SOL was 200 kg-ha™ of agricultural plot. The pig slur-
ry itself was applied in a yearly dose of 50 m*ha~!.
The NPK dose corresponded to a nutrient normative,
that is 170 kg-ha™! of nitrogen, 35 kg-ha™! of phospho-
rus, and 200 kg-ha™ of potassium.

For the purpose of this study, the treatment vari-
ants are labelled as follows: C (pig slurry + NPK);
SOL (pig slurry + PRP SOL + NPK); ZF (pig slurry
treated by Z'fix + NPK); ZF_SOL (pig slurry treated
by Z'fix + PRP SOL + NPK).

Data acquisition and processing. The soil’s
physical properties were studied twice a year
in the three-year experiment period during field vis-

its. Mostly, spring and autumn terms were chosen;
however, the data acquired in the spring term were
preferred because the soil profile was more likely
to be evenly saturated by water. Figure 1 summaris-
es the rainfall conditions during the 2015-2017 pe-
riod compared to the long-term normal. A PEN 70
penetrometer (CULS Prague) was used for the eval-
uation of the penetration resistance. The penetra-
tion resistance profiles at ten evenly distributed
sampling points were recorded for each variant. Per
variant, three undisturbed soil samples for the bulk
density evaluation were taken by Kopecky cylinders
(volume 100 cm?). These samples were analysed ac-
cording to CSN EN ISO 17892-2. The unit draught
was measured by a dynamometer with an S-
38/200kN strain gauge (Lukas, Czech Republic).
The dynamometer was placed between two trac-
tors, where the working tractor was a Case Maxxum
with a disc harrow — tillage depth of 8.5 cm in 2015;
a New Holland T7.270 with a disc harrow - tillage
depth of 8 cm in 2016, and a New Holland T7.270
with a tine cultivator at a tillage depth of 19 cm
in 2017. For the data collection, the NI Compac-
tRIO system (National Instruments Corporation,
USA) was used with a sampling frequency of 0.1
seconds. The GPS position for these data was re-
corded by the Trimble Business Center 2.70 soft-
ware (Trimble, USA). The soil infiltration capacity
was measured with the circular infiltrometers (each
0.15 m in diameter) according to the simplified fall-
ing-head (SFH) method that enabled one to convert
the infiltration into the saturated hydraulic conduc-
tivity. A known amount (0.5 L) of water was applied
to the infiltrometer. The time of the infiltration was
measured alongside the soil moisture before and
after the water application. The soil moisture was
measured by a ThetaProbe (Delta-T Devices Ltd.,
UK), with ten sampling points per variant. The spa-
tial distribution of the sample points was a rectan-
gular matrix corresponding to the number of sam-
ples taken for the individual variables.
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Figure 1. Rainfall conditions reported by the Czech Hydrometeorological Institute during cropping seasons 2015,

2016 and 2017 compared to a long-term normal

The acquired dataset was further processed
in R (R Core Team, 2020) using the packages tidy-
verse, reshape2 and psych; MS Excel (Microsoft
Corporation, USA), and Statistica 12 (Statsoft Inc.,
USA). Since the normality of the data was not met,
the non-parametric Kruskal-Wallis variance test
was used to determine the potential differences
in the soil properties between the experimental vari-
ants and activators.

RESULTS AND DISCUSSION

Although this study focuses primarily
on the physical properties of the soil, the po-
tential effect of the investigated activators
should have been reflected in the crop yield also.
As shown in Table 3, there was no obvious increase
in the yield among treated variants in the first
year of the experiment. However, in the following
two years, the activator treated variants’ yield was
higher compared to the control, while the best per-
forming treatment, in terms of the yield, appeared
to be the combination of both activators (ZF_SOL).

Bulk density. The values of the reduced bulk den-
sity are shown in Figure 2. Compared to the initial
state, there was an increase in the reduced bulk
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density in all the variants. The most significant
increase was observed by the variant with the pig
slurry treated by Z’'fix. These results were similar
to a study (Rimovsky and Bauer 1996) in which
the reduced soil bulk density increased after a slur-
ry application. The treatment by Z'fix, in opposite
to the original assumption, seemed to boost this in-
crease. According to the USDA (2019), in the case
of this particular soil texture, reduced bulk den-
sity values of less than 1.4 g.cm™ are considered
convenient for plant growth, a value exceeding
1.55 g.cm™ already affects the root growth and val-
ues greater than 1.65 g.cm™ restrict the root growth

Table 3. Maize yield (33% dry matter) achieved in investi-

gated treatment variants for investigated cropping seasons

Variant 2015 2016 2017
(tha™) (tha™) (tha™)
C 33.7 37.6 37.6
SOL 32.6 38.4 38.4
ZF 32.3 38.6 39.6
ZF SOL 32.9 39.2 42.7

C - pig slurry + NPK; SOL — pig slurry + PRP SOL + NPK;
ZF - pig slurry treated by Z'fix + NPK; ZF_SOL - pig slurry
treated by Z'fix + PRP SOL + NPK
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entirely. From the point of view of the soil density,
it is, therefore, clear that the soil of the experi-
mental location does achieve ideal values for root
growth. However, the results were not statistically
evaluated due to the insufficient number of samples
for the statistical analysis.

Penetration resistance. The results of the pen-
etration resistance measurements are illustrated
in Figure 3. The results attained at the beginning
of the experiment (2015) did not show any statistical-
ly significant differences among the variants. In 2016,
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significant differences were registered at the depths
of 0.08 and 0.16 meters. At both depths, the penetra-
tion resistances between the variants ZF (pig slurry
treated by Z'fix) and C (pig slurry) differed signifi-
cantly with the value of the ZF variant being high-
er. In a similar manner, the value of the ZF variant
at 0.08 m differed significantly when also compared
to the variant ZF SOL (pig slurry treated by Z'fix
+ SOL). In 2017, a significant difference was only
observed at a shallower depth of 0.04 meters. Com-
pared to the control variant, there was a statistically
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Figure 3. Penetration resistance in specific soil profile depths, acquired by the penetrometer PEN, error bars repre-

senting the standard deviation
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significant increase in the penetration resistance
within the ZF_SOL variant. De Smet et al. (1991) de-
scribed an increase in the soil penetration resistance
after a pig slurry application. Podhrazska et al. (2012)
stated that there was no improvement in the soil
compaction in topsoil after the use of PRP SOL. Ac-
cording to the results of this study, the positive effect
of the activators on the organic matter, i.e. Z'fix and
PRP SOL, was not proven. On the contrary, instead
of ameliorating the negative impact of the slurry
on the penetration resistance, Z'fix particularly
seemed to aggravate it.

Saturated hydraulic conductivity. There are
several methods for measuring the saturated hy-
draulic conductivity, Chyba et al. (2017), in their
study, emphasised the convenience of the SFH
method for use in practice. At the beginning
of the experiment (2015), the variants SOL and
ZF_SOL reached the highest values (Figure 4). How-
ever, the differences in the values that year were
not statistically significant. In the following experi-
mental years, the values of the saturated hydraulic
conductivity, with the exception of variant ZF, grad-
ually decreased. Since the control variant showed
the biggest drop, it proved to be significantly dif-
ferent when compared to all the three variants with
the activators in 2017 (Table 4). Urbanovi¢ova et al.

https://doi.org/10.17221/84/2020-RAE

(2018), in their study, mentioned that the soil in-
filtration increased by 2 mm-h™' in a soil treated
by PRP SOL. The variant where PRP SOL was
applied showed the highest infiltration values.
Dumbrovsky et al. (2011) mentioned the fact that
the use of PRP SOL does not demonstrably im-
prove the properties of the soil infiltration, but
in comparison with the untreated soil, it stabilises
these values more. According to the results of this
study, the Z'fix treatment demonstrated the most
beneficial effect concerning the saturated hydraulic
conductivity. PRP SOL also produced an improve-
ment though.

Unit draught. Tillage is one of the most energy-
intensive operations in agriculture. Figure 5 shows
the values of the unit draught in 2015, 2016 and
2017. Since the measurement conditions and till-
age implements differed among the individual years,
the assessment of the values relative to the control
variant should be stressed. The results in the first
year of the experiment were certainly influenced
by the previous management system. It is possible
to observe significant differences between the vari-
ants with the untreated pig slurry (C and SOL),
and the variants with the pig slurry treated by Z'fix
(ZF and ZF_SOL), with the latter having lower val-
ues. In 2016, the unit draught of variant ZF SOL

2015
2016
2017
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Figure 4. Saturated hydraulic conductivity measured according to the SFH method, error bars representing the stand-

ard deviation

SFH - simplified falling-head method
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Table 4. Mean values of investigated physical soil properties, and results of Kruskal-Wallis variance test

Penetration 2015 2016 2017
resistance
(MPa) variant mean C SOL ZF mean C SOL ZF mean C SOL ZF
at depth
C 029 - - - 0.25 - - - 0.02 - - -
004 m SOL 029 0.89 - - 024 1 - - 0.05 0517 - -
ZF 0.28 0.97 0.89 - 033 014 014 - 008 0236 0517 -
ZF SOL 0.36 0.85 085 085 025 1 1 016 011 0.042 0236 0517
C 049 - - - 0.44 - - - 025 - - -
SOL  0.84 026 - - 049  0.52 - - 039 033 - -
008 m ZF 0.74 0.7 0.7 - 061 0.014 0078 - 042 013 0.38 -
ZF SOL 0.53 0.7 026 0.7 048  0.383 0.969 0.034 0.32 028 0.63  0.56
C 1.19 - - - 0.69 - - - 047 - - -
012 m SOL 1.50 0.67 - - 092 074 - - 0.66 0.53 - -
ZF 1.39 091 0.77 - 1.03 024 074 - 0.59 053 0.78 -
ZF SOL 0.96 0.91 067 089 074 051 1 047 056 0.74 0.62  0.62
C 1.92 - - - 0.99 - - - 089 - - -
SOL 299 0.66 - - 1.78  0.056 - - 1.02  0.76 - -
0-16m ZF 214 0.74 0.69 - 1.58  0.026 0.622 — 1.10  0.76 0.76 -
ZF SOL 2.03 0.74 069 074 155 0189 0.622 0.849 083 0.76 0.76  0.76
C 345 - - - 1.45 - - - 1.03 - - -
090 m SOL  3.87 1 - - 229  0.084 - - .12 0.76 - -
ZF 327 1 1 - 1.95  0.084 0303 - 1.39  0.72 0.72 -
ZF SOL 375 1 1 1 1.82 0151 0296 0595 100 0.76 0.76  0.72
cC 228 - - - 1043 - - - 1027 - - -
Infiltration SOL 2671 0.76 - - 1936 0.1 - - 18.24 < 0.001 - -
(mm-h") ZF  16.02 0.71 0.71 - 1287 042 0.23 - 24.04 <0.001 0739 -
ZF SOL 2211 0.76 085 071 1330 023 023 08 1295 0.021 0.02 0.08
C 2931 - - - 39.09 - - - 53.82 - - -
Unit draft SOL  29.98 0.414 - - 3944 0798 - - 56.75 0.0307 — -
(kN-m~?) ZF  25.09<0.001 <0.001 - 3453 <0.001<0.001 - 51.60 0.048 <0.001 -
ZF SOL 2653 0.0277 0.0039 0.156 39.08  0.042 0.203 <0.001 59.47 <0.001 0.086 < 0.001
C 1.24 - - - 1.30 - - - 127 - - -
Bulkden-  ¢o; 121 - - - 127 - - - 125 - - -
flgt.zm_s) ZF 1.14 - - - 1.30 - - - 1.30 - - -
ZF SOL 118 - - - 1.31 - - - 128 - - -

Statistically significant on a significance levels a = 0.05 in bold; C — pig slurry + NPK; SOL — pig slurry + PRP SOL + NPK;
ZF — pig slurry treated by Z'fix + NPK; ZF_SOL - pig slurry treated by Z'fix + PRP SOL + NPK
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Figure 5. Unit draft obtained by dynamometer with strain gauge S-38/200kN, error bars representing the standard

deviation

raised to the level of variants C and SOL, thus, only
leaving the variant ZF to be significantly different.
In 2017, the variant ZF SOL continued its increase
relative to the control variant, and the variant SOL
also joined this trend. All three variants presented
significant differences compared to the control vari-
ant, with the variants SOL and ZF_SOL having high-
er values and the variant ZF having lower values.
The largest change could be observed in ZF SOL,
where the increase in the unit draught value was 20%
relative to the control variant between the years 2015
and 2017. In a similar way, an increase of 10.3% was
attained concerning the variant ZF, and mere 3.2%
increase within the variant SOL. The study writ-
ten by Urbanovi¢ova et al. (2018) mentioned a de-
crease in the energy intensity for the soil treatment
by 5.71% during the soil treatment with PRP SOL,
which was, therefore, not confirmed.

CONCLUSION

The results evaluate the effect of using organic
matter activators alongside a pig slurry application,
which was taken as the control. After three years
of applying the activators together with the pig slur-
ry, significant differences among the variants were
observed in some cases. Contrary to the initial as-
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sumption, the effect was mostly adverse, i.e. increas-
ing values, concerning the soil bulk density, penetra-
tion resistance, and unit draught. Namely, the variant
with the pig slurry treated by Z'fix (ZF) increased
the values of the soil bulk density and penetration
resistance. The unit draught of the tillage implement
was amplified particularly when applying the pig slur-
ry treated by Z'fix and SOL (ZF_SOL). On the other
hand, the activators had a significant positive effect,
i.e. increasing values, on the soil infiltration. Particu-
larly in the case of the SOL and ZF variants. The re-
sults seem ambiguous, but provide a good indication
of the effects of the activators in practice. It must
be taken into consideration that the study does not
provide a thorough assessment of the activators, but
is aimed merely at their impact on the soil’s physi-
cal properties. For instance, the study does not as-
sess the effect of the Z'fix activator on the pig housing
welfare, nor the effect of the activators on the crop
yield. In order to explore the ways of operation
of the activators in the soil, a thorough laboratory ex-
periment would have to be accomplished. Since only
a few studies on this topic can be found, and regard-
ing the results proving certain impacts on the soil’s
physical properties, it is highly recommended to fo-
cus on selected soil amendments in the fvuture to ac-
quire long-term results.
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ON MODAL LUVISOL
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Dep. of Machinery Utilization, Faculty of Engineering, Czech University of Life Sciences Prague

Abstract

The paper assesses changes in soil physical properties, i.e. bulk density, cone index, and implement
draft, after the application of organic fertilisers, i.e. manure and compost, and manure and soil condi-
tioners, Z fix, NeoSol, and biochar. Biochar and traditional manure demonstrated favourable influence
on soil bulk density, cone index and tillage implement draft. The manure treated by Z fix demonstrated
higher bulk density and draft, though it reached highest silage maize yields. Compost and NeoSol ex-
hibited increased bulk density, but reduced draft on the opposite.

Key words: cattle manure; NeoSol, Z fix, compost; cone index; bulk density.

INTRODUCTION

Over the past few decades, the demands on agricultural production have been growing rapidly.
The pressure increases mostly due to the climate change, changes in crop rotation, decreasing area of
the arable land, reduction of livestock farming. According to the Czech Statistical Office (Salusovd,
2018), cattle production has declined by more than half in the past 30 years. Intensification of agriculture
has caused the lack of quality soil organic matter (SOM) that is on the European scale one of the staple
causes of decreasing soil productivity (Stolte et al., 2016). This phenomenon causes a reduction in the
diversity and fertility of arable land and it is associated with other soil degradation issues (Gardi, Jeffery
& Saltelli, 2013). Besides soil fertility, SOM is associated with soil structure and other properties (Walsh
& McDonnell, 2012). It is also known that organic matter naturally reduces soil compaction
(Chakraborty & Mistri, 2017), which is a very serious issue. Only in Europe, even about 33 million
hectares are threatened by soil compaction (Alaoui & Diserens, 2018). Compaction strongly affects root
growth, since the conditions of water and gas transport in the soil are not optimal (Stolte et al., 2016).
Of course, this situation often results in reduced crop yield. Soil compaction can be easily measured by
cone penetrometer. Bulk density is another frequently used option for measurement (Odey, 2018).
Organic materials added to soil profile have a beneficial effect on reclaiming and improving the physical
quality of degraded soil (Are et al., 2017). The application of manure or compost contributes to the
increasing content of SOM (Panagos et al., 2015). The use of manure improves the physical, biological
and chemical properties of soil (Ludwig et al., 2007). The manure or directly soil can be treated with so
called activators or conditioners that still are not thoroughly explored. However, current studies suggest
that activators improve soil properties and plant growth conditions (Borowiak et al., 2016). Thus when
using activators, there are not only economic benefits, e.g. a reduction of the energy intensity of soil
tillage (Sarec & Zemlickova, 2016), but also a contribution to the environmental sustainability of
agriculture (Sarec & Novdk, 2017).

In recent years, biochar has gained the considerable attention. This carbon-based product of pyrolysis
is made mostly of waste plant (Mukherjee & Lal, 2013). It is a highly porous material that affects water
retention capacity (Rasa et al., 2018), and therefore improves soil properties. However, effect of biochar
applied into the soil strongly depends on input material for the pyrolysis process and also on the pyrol-
ysis temperature (Lei & Zhang, 2013).

The authors of these studies generally agree that activators and biochar should be tested on different soil
types and conditions. Therefore, this study aims to determine the effect of activators, compost, and bio-
char for soil physical properties after one year of application.

MATERIALS AND METHODS

In 2017, experimental variants were established near the town of Véttkovice in the Moravian-Silesian
Region of the Czech Republic (N 49°47.232', E 17°50.028', 501 m a. s. I.). In 2018, silage maize (LG
30.248, FAO 250) was grown on the plot, while it was sown on the 26™ April 2018 and harvested on
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the 30" August 2018. Soil type of the filed was Modal Luvisol, and soil texture defined as loam soil.
Soil properties are presented more in detail in Tab. 1. The experimental area was divided into eight
smaller plots of 170 x 30 m for each variant. Fertilization management of individual variants is shown
in Tab. 2. NeoSol (PRP Technologies, France) was used as the activator of biological transformation of
soil organic matter. Biochar was used in the same way. Z’fix (PRP Technologies, France) was used as
the activator of manure. It was applied to the bedding of cattle deep litter housing at a recommended
weekly dose. These conditioners cannot be considered as fertilizers due to their low content of active
components. Dosage of cattle manure was 50 t-ha? (2017), of NeoSol 150 kg - ha? (2017, 2018), of
biochar 15 t-ha* (2017), of compost 50 t-ha? (2017), and of additional NPK according to crop common
practice (2017, 2018). All the other field operations and material applied did not differ among variants.

Tab. 1 Soil properties of the field prior to the experiment in 2017

Soil depth (m)

0.00-0.30 0.30-0.60
Soil Aggregate Stability - SAS (%) 62.9 54,7
pH/KCI 4.4 4.5
Humus content (%) 2.8 2.3
Humic Acid / Fulvic Acid ratio 1 2.1
Microbial biomass carbon - Cmic (ug-g?) 3.28 2.23
C / N ratio 9.55 5.50

The registered penetrometer PEN 70 (CULS Prague) was used to determine the cone index, while ten
measurements were done for each variant. Soil moisture was measured by Theta Probe (Delta-T Devices
Ltd, UK). To obtain undisturbed soil samples from the depth of 0.05 to 0.10 m and subsequently soil
bulk density, Kopecky cylinders with a volume of 100 cm?® were utilized. The implement draft was
measured by dynamometer with strain gauge S-38/200kN (Lukas, the Czech Republic). This device was
placed between two tractors. The working tractor was John Deere 6150R (rated engine power 111.9
kW) in 2017, and Fendt 826 Vario (rated engine power 190.9 kW) in 2018. In both years, six furrow
plough PHX 6-30 was used as an implement. On each variant, there were several crossings of the meas-
uring set. First, overall draft of the pulled tractor and working implement were measured. The plough
worked at a constant speed, and the tillage depth was checked after each pass. After that, the same
measurements were carried out with implement not working in order to obtain only machinery rolling
resistances and forces induced by potential field gradient. The system NI CompactRIO (National Instru-
ments Corporation, USA) was used for data collection with sampling frequency of 0.1 s. Acquired data
were assigned to individual variants using Trimble Business Center 2.70 (Trimble, USA). Measuring
dates were 10" September 2017 and 10" October 2018. Data was processed by MS Excel (Microsoft
Corp., USA) and Statistica 12 (Statsoft Inc., USA).

Tab. 2 Fertilization of individual variants and maize silage yields in 2018

Variant Fertilization Yield

(t-hal)
N-1 Cattle manure with Z’Fix + NPK 44.2
N-2 Cattle manure with Z’Fix + NeoSol + NPK 43.2
N-3 Cattle manure + NPK 41.6
N-4 Cattle manure + NeoSol + NPK 42.4
N-5 NeoSol + NPK 40.2
N-6 NPK - Control 38.2
N-7 Compost + NPK 41.8

N-8 Biochar + NPK 428
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RESULTS AND DISCUSSION

The variants attained higher silage maize yield than the control (Tab. 2). The variants with manure
treated by Z’fix (N-1 and N-2) attained the highest yields, most probably due to its high nitrogen content
(Sarec, Latal & Novdk, 2017). High yield was reached also by the biochar variant (N-8), which is in
accordance with the findings of Are et al. (2017). NeoSol (N-5) demonstrated favourable effect as well,
which confirms the work of Borowiak et al. (2016).

All the measured values were analyzed relative to the control Variant N-6 rather than analyzing the
absolute values. In this way, differing weather conditions of individual years were allowed for. Bulk
density values related to the average value of respective control Variant N-6 that are displayed in Fig. 1
did not differ significantly according to the Analysis of Variance with regard to both factors separately,
i.e. to the variant and to the measurement date, nor with regard to their combination. Nevertheless, there
is a visible bulk density increase after the application of compost (N-7) and of manure treated with Z’fix
(N-1and N-2). The manure treated in such a way contains less straw that is in addition more decomposed
and is therefore denser. The condition of the compost was the same case. On the other hand, bulk density
slightly decreased after the biochar application (N-8). Are et al. (2017), Mukherjee & Lal (2013) and
Lei & Zhang (2013) described also bulk density reduction after biochar application. On the contrary,
Are et al. (2017) found bulk density reduction also after veticompost application.

Vertical bars denote 0.95 confidence intervals
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Fig. 1 Graph comparing relative differences of bulk density values from the depth of 0.05t0 0.10 min
spring 2018 and 2019 for individual variants (Variant N-6 as 100%)

Since cone index values depend strongly on soil moisture, they were measured also in spring, i.e. on
22" April 2018 and on 23" April 2019, when soil moisture was more likely to be homogenous.
Cone index values were again analyzed relative to the control Variant N-6, as is presented in Fig. 2.
The Analysis of Variance did not prove statistically significant differences for the combination of all the
factors in question, i.e. measurement date, variant and depth. Considered separately though, factors’
average cone index differences were statistically significant. For the variants with manure application,
i.e. N-1 to N-4, cone index values decreased at shallow depths to up to 20 cm. This corresponds with
the findings of Celik et al. (2010) and Sarec & Zemlickova (2016). Deeper on the other hand, the values
generally slightly increased for the mentioned variants. Since the manure application had taken place
before the first measurement was carried out, the increased cone index values below tilled profile cannot
be assigned to the additional pass of a manure spreader. The variants with NeoSol and compost used,
i.e. N-5 and N-7, demonstrated no evident pattern except for the increased cone index average at the
depth of 24 cm. The application of biochar (N-8) decreased cone index values at shallower depths with-
out having increased them deeper.
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dividual variants (Variant N-6 as 100%)
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Implement draft was measured in autumn, i.e. on 10" October 2017 prior to the application of manure
and other substances, and on 10" September 2018. Tillage depth attained in average 0.210 m in 2017
and 0.206 m in 2018. Soil moisture differed statistically significantly (p = 4.89504643598622 - 10%%)
having been 27.6% vol. in 2017 and 13.1% vol. in 2018. The decreased moisture caused an increase in
overall unit implement draft across all variants, i.e. from 63960.88 N-m2in 2017 to 65929.05 N-m2in
2018. The difference was highly significant (p = 0.000845), although the implement used was the same
for both years. Draft values were therefore assessed relative to the control Variant N-6, as is shown in
Fig. 3. The Analysis of Variance confirmed statistically significant differences with respect to the vari-
ants, but measurement date and the combination of both factors proved insignificant. Generally, average
implement draft values decreased relative to the control, with the exception of the manure treated by
Z’fix (N-1 and N-2), which was denser than the untreated one as mentioned above.

Vertical bars denote 0.95 confidence intervals
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Fig. 3 Graph comparing relative differences of implement unit draft values in autumn 2017 and 2018
for individual variants (Variant N-6 as 100%)

CONCLUSIONS

The experiment focused on the effect of organic fertilizers and conditioners on soil physical properties
was conducted. Biochar demonstrated favourable influence on soil bulk density, cone index and tillage
implement draft. The same can be to some extent stated on the effect of traditional manure. The manure
treated by Z’fix demonstrated higher bulk density and draft, though it reached highest silage maize
yields. Compost and NeoSol exhibited increased bulk density, but reduced draft on the opposite. It is
necessary to carry on with the research for a prolonged period, so that changes can manifest themselves.
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Abstract

Uneven spatial and temporal distribution of precipitation is becoming a major issue of modern agri-
culture. Biochar, as a natural soil conditioner, is supposed to modify soil properties and enhance wa-
ter infiltration. Field experiment was conducted in order to evaluate the effective dose and its impact
on soil and vegetation properties within the first season. Four small-scale plots were established with-
in a maize field in 2017. Each plot was treated with a different dose of biochar. Penetration resistance
measurements were carried out to indicate physical soil properties. Concurrently, the chlorophyll
content and Normalized Difference Vegetation Index were estimated. Acquired data variability was
calculated and evaluated in relation to results of measurement conducted on the plot that was estab-
lished in 2014. A conclusion was drawn that biochar stimulates crop growth and the improvement
reached by a lower amount after longer period may be substituted by a higher dose in the first season.

Key words: maize; soil properties; chlorophyll content; spectral index; drought.

INTRODUCTION

Nowadays, modern agriculture faces numerous challenges. Most of them are caused by rapid popula-
tion growth, while the area of agricultural land is simultaneously decreasing. According to Czech Sta-
tistical Office (2018), more than one third of agricultural land in the Czech Republic was lost in the
past 100 years. Concurrently, intensive farming systems have depleted the soil by using mineral ferti-
lizers and various pesticides, very often in overdoses. In connection with the application of these sub-
stances, soil compaction has become increasingly serious issue. This phenomenon has had a negative
effect, mainly on water infiltration (Chyba, Kroulik, Kristof, Misiewicz, & Chaney, 2014). It conse-
guently reduces soil biodiversity and changes roots growth that affects a wide range of key functions
staple for crop production (Stolte et al., 2016). The root system has a significant effect on plant health,
not only the density and length of the roots, but as well the root volume and surface area, which are
very important for plant growth (Saleem, Law, Sahib, Pervaiz, & Zhang, 2018). It is generally known
that crop yields depend not only on soil fertility, but also on the alterations of physical and hydraulic
soil properties (Giilser, Ekberli, & Candemir, 2016). Crops access to water sources during drought
periods has become one of the key factors defining crop yields in the Central European region (Zalud
et al., 2017). In the Czech Republic, drought is the second most extensive natural disaster (Potop,
Mozny, & Soukup, 2012) and therefore plans on how to prevent crop water stress status must be devel-
oped. One promising solution could be the utilization of biochar (Fischer et al., 2019).

Biochar is a very stable carbon-based material, which is usually produced from waste biomass during
the pyrolysis process. The waste material is usually subjected to the decomposition process and thus it
becomes a source of CO2 emissions. On the contrary, biochar production is considered to be environ-
mentally clean technology, since most of the carbon is incorporated into the pyrolysis product (Bordo-
loi et al., 2019). This material is supposed to be applied directly into the soil where it acts as a soil
conditioner (Zhao & Zhou, 2019; Fang, Zhan, Ok, & Gao, 2018). Many studies were undertaken to
monitor the influence of biochar on soil properties. It was confirmed that the soil physical properties
had improved, such as the decrease of penetration resistance or bulk density (Jien, 2019). Additional-
ly, due to high organic content and high total pore volume, biochar increased water and nutrient reten-
tion (Abel et al., 2013) and also reduced the mobility of some organic and inorganic pollutants in a soil
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profile (Bolan et al., 2014). Regarding this, biochar application on an agricultural plot is beneficial and
results in higher crop yields (Agegnehu, Srivastava, & Bird, 2017) since naturally all these soil proper-
ties benefit plant status as well. Although there are many studies about biochar and its impact on soil
properties, the dosing is an issue which has not gained very much attention so far.
Hence the main aim of the study was to evaluate biochar dose influence on soil and crop properties
within a maize field after one year after biochar application.

MATERIALS AND METHODS

Site and crop management

The study was conducted within an agricultural plot located near the Sumperk town in the Olomouc
region, Czech Republic (49° 59' 8.8296" N, 16° 59'47.0904" E). In total 13.24 ha field was divided
into plots with a variable area and also varying agricultural management. Besides biochar, the area
dedicated to examining its impact on the soil and crop properties was treated by standard complex
fertilizers (N, P, K). According to the FAO Soil Units, the soil type was classified as Gleyic Luvisols,
which are usually developed on flat surfaces. Practically no sloping of the plot enables a wide-row
crops cultivation without any erosion exposure. In the 2018 growing season, LAVENA variety of a
maize crop was cultivated; sown on the 26" April 2018 and harvested on the date 27" August 2018.
Biochar used for this study was produced from plant biomass and wooden waste in the Czech Repub-
lic. Tab. 1 gives technical specifications more in detail. Five small-scale plots 15 x 30 m with a differ-
ent dose of microgranular biochar were examined within this study (Tab. 2), where specific doses were
applied into the soil profile = 25 cm during standard tillage in the autumn of 2017.

Tab. 1 Technical specifications of biochar used for the study

Total C in dry matter min 45 [%]
Total N in dry matter min 1 [%]
Total P (P20s) in dry matter 16 [%]
Total K (K20) in dry matter 17 [%]
pH 9-11 -

Particle size <2 mm min 40 [%]
Particle size > 10 mm max 10 [%]

Tab. 2 Specific doses of biochar applied to small-scale plots under investigation and related maize
yield from the 2018 growing season.

Plot code Biochar dose [t ha!] Year of application Yield [t ha]
Bl5c 15 2014 51.9
B15 15 2017 50.8
B30 30 2017 53.0
B45 45 2017 54.6
B60 60 2017 55.8

Weather conditions

The growing season of 2018 is generally considered extremely dry compared to past years. This
drought period was caused not only by high temperatures, but also by sporadic and insufficient rain-
fall. These conditions had a negative impact on crop yield, specifically 30—40% loss on maize yields in
the area of interest (Intersucho, 2019). Fig. 1 provides information about the temperature trend and
Fig. 2 about precipitation during year-long time period compared to the long-term normal (1981-
2010) in the Olomouc region according to the data of Czech Hydrometeorological Institute.

Terrestrial measurements and Data Analysis

On two occasions, on-site terrestrial measurements were conducted in order to acquire empirical soil
and vegetation data. The first visit, the 5" June 2018, focused on the leaf development stage
(BBCH 18) while the second, 3™ July 2018, concentrated on the stem elongation stage (BBCH 32).
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There were 9 sampling points regularly distributed within each of the examined plots, where all meas-
urements were focused.

Regarding the soil properties, penetration resistance (PR) data was obtained during the first field visit.
Soil moisture was measured using Theta Probe (Delta-T Devices Ltd, UK). PR was measured using
the registered penetrometer PEN 70 (CULS, Prague).

To determine crop condition, Leaf Chlorophyll Content (LCC) was measured using CCM 300 sensor
(OptiSciences, USA) that works with proven chlorophyll fluorescence ratio (F735 nm/F730 nm), in
three repetitions for each sampling point. Concurrently, a spectral index was derived based on images
captured by GreenSeeker handheld sensor (Trimble, USA). This device is designed to calculate NDVI
as a basic indicator of vegetation greenness.

Statistical testing on the influence of specified doses on above-mentioned variables was entirely con-
ducted in an open-source software environment R (R Core Team, 2018; Wickham, 2009). Since the
data did not meet the assumption for using one-way ANOVA, Kruskal-Wallis distribution-free test
was used to evaluate the data variability.

@ Recent Season 2017-2018 & Long-term Normal 1981-2010

Average Temperature [*C]

SEPT17 OCT17 NOV17 DEC17T JAN18 FEB18 MAR18 APR18 MAY18 JUN18 JUL18  AUG1S
Month

Fig. 1 Temperature conditions in the Olomouc region in the recent season compared to a long-term
normal (1981-2010).
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Fig. 2 Precipitation conditions in the Olomouc region in the recent season compared to a long-term
normal (1981-2010).
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RESULTS AND DISCUSSION

First, the influence of specified biochar doses on soil PR was examined. However, statistical analysis
showed that there was no significant difference found between the examined plots. PR as a soil factor
may reduce crop growth and yields in its higher values (Colombi, Torres, Walter, & Keller, 2018;
Haider, Steffens, Moser, Miiller, & Kammann, 2017). For maize, the top 10 cm of a soil profile is con-
sidered the most crucial due to the importance of shoot-borne nodal roots within its root system
(Colombi et al., 2018). Since PR is a function of soil water content (Dec, Dérner, & Balocchi, 2011)
and many studies described an increase of soil moisture when treated by biochar (Haider et al., 2017),
the performance of this soil conditioner may not be considerable in a drought period. Nevertheless,
(Bengough, McKenzie, Hallett, & Valentine, 2011) determined the value of 3 MPa as a threshold,
since when PR becomes a limiting factor for root elongation. The data indicated that the topsoil profile
values were below that critical 3 MPa threshold despite the drought period. Therefore, it is likely the
short period of biochar effect produced no relevant results in terms of PR.

Regarding the impact of biochar addition on crop yield, current studies do not provide consistent re-
sults. Non-economic benefits, such as a decrease in nitrate leaching or an increase in organic carbon in
a soil profile rather than direct impact on yield, are highlighted (Aller et al., 2018; Haider et al., 2017).
Spectral index NDVI did not give significant statistical results. For maize, NDVI value is typically
increasing during the growing season till the beginning of canopy senescence (Verhulst et al., 2011).
Study of Liu et al. (2018) compares the performance of NDVI and chlorophyll fluorescence in periods
of drought detected in winter wheat. Their conclusion supports the fact that NDVI is able to indicate a
rather a long-term drought conditions, while solar-induced chlorophyll fluorescence appears to be a
good indicator of the early drought period.
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Fig. 3 Leaf Chlorophyll Content (LCC) data variability measured using CCM 300 chlorophyll meter
during both field visits.

NDVI is correlated closely with LCC, regarding the study of Cui, Li, & Zhang (2009). However, in
contrast with NDVI values measured in this study, LCC provided significant results for both sampling
terms (Fig. 3). Nevertheless, there was no significant difference between plots B15c and B60, even
though the latter plot had been treated with four times a higher dose. This, in some way, opens a dis-
cussion about the effective biochar management. Pandit et al., (2018) conducted a three-year (six
cropping seasons) field experiment in Nepal with the aim to evaluate the biochar dosage mostly from
an economic perspective. According to their results, 15 t ha-1 is the optimum. Eventually, Gavili,
Moosavi, & Kamgar Haghighi (2019) point out the fact that based on specific biochar used, higher
doses may have had a negative impact on the soil salinity levels. Apparently, the time, respectively the
duration of biochar effect, is also a crucial factor, since the impact of the highest dose with short effect
duration (B60) on LCC levels may be considered equal to the lowest dose after four years appearance
in a soil profile (B15c). Moreover, multi-year studies often describe that there is no observable effect
on a crop growth until at least the second or third year (Pandit et al., 2018). This study, nevertheless,
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gained significant results (LCC) already in the first year after biochar application even though there
were no alterations recorded by soil properties, very likely because of the drought period.

CONCLUSIONS

Biochar has gained a lot of attention in recent years. Besides its substantial environmental influence,
since it is produced from organic waste material, it is considered to have various positive effects in the
field of crop production. This study aimed to evaluate the impact of specific biochar dosage on soil
properties together with the growth of maize in the first year after biochar application. Based on the
results, it was concluded that biochar stimulates the crop growth. Additionally, the improvement
reached by a lower dose over longer period may be substituted by a higher dose already in the first
season. However, there are some concerns about the negative influence of high doses of biochar in
terms of increasing soil salinity levels as well as being economically demanding. Since there are main-
ly non-economic benefits highlighted in the studies, such as increasing organic carbon levels or de-
creasing nitrate leaching, the biochar application should not be considered as a tool for increasing eco-
nomic income in the first place. To better observe biochar dose effects on soil properties and crop
growth alterations, a multi-year study is required. However, the influence of increasing dose on LCC
may be observed already within the first year.
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Abstract. In the context of climate change and the ongoing population growth, current agriculture
inevitably faces many challenges. Long periods of drought are often followed by shorter periods
of heavy precipitation and degraded soil is often unable to retain the rainfall water properly. Apart
from common organic fertilizers, soil amendments are currently considered a promising solution
that might improve soil quality. The most discussed one is biochar, a natural soil conditioner that
might under certain conditions improve soil properties. This study is based on the experiment that
was established in 2017 in order to determine the impact of biochar dosage and it’s effect over
time. Four parcels approximately 1530 m were designed in Rapotin, Czech Republic. Each of
them was treated with a specific dose of biochar (15, 30, 45, 60 t ha'!), and selected soil physical
properties such as penetration resistance and reduced bulk density were then measured at the
beginning of the cropping season 2019. In addition, vegetation properties were investigated with
the use of handheld sensors repeatedly during the season on winter wheat. The dataset contained
information about chlorophyll and nitrogen content as well as Normalized Difference Vegetation
Index estimations. Acquired values were later compared with the results obtained from the fifth
variant founded in 2014 with a 15 t ha™! dose and from the control variant. Although the dosage
levels applied were quite substantial, no significant difference was found when evaluating
selected soil properties. Crop response gave similar results. Any of the examined characteristics
differed among the 2017 variants and control. Nevertheless, when compared to the 2014 variant,
clearly different results were detected. Thus, this study concluded that the effect of biochar dosage
is might not be as significant factor, however, the time effect likely is. Therefore, the study has
to continue and soil/crop properties will be observed in the upcoming season as well.

Key words: soil conditioner, penetration resistance, reduced bulk density, handheld sensor,
vegetation index.

INTRODUCTION

Ensuring sufficient quantity and quality of foodstuff while protecting the
environment is one of today’s agricultural dilemmas. Today, the situation is dire due to
various constraints related to soil properties such as soil degradation, soil compaction or
carbon losses, all of which are often mentioned topics not only among scientific
literature. Essentially, compacted soil has low water infiltration capacity, which is a
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crucial fact in terms of agricultural drought mitigation (Chyba et al., 2014).
Consequently, there are significant constraints in nutrients uptake under soil compaction,
namely nitrogen uptake might decrease by 30% by spring wheat (Kuht & Reintam,
2004). Moreover, the infiltration capacity is jeopardized even more during long drought
periods or large amounts of precipitation in short periods of time. Due to reduced
infiltration capacity, floods may occur, affecting the surrounding landscape. These
negative changes are very often strengthened by anthropogenic activities, here in
particular by the intensification of the agricultural practice (Kopittke et al., 2019). Also,
the impact of ongoing climate change must be considered. Despite the undeniable
progress in crop breeding and field management, drought still causes significant
fluctuations which affect crop growth during the whole cropping season resulting in
yield losses (Potopova et al., 2015).

Biochar is a carbon-rich material referred to as a soil conditioner. Its potential in
terms of drought-related agricultural issues is an ongoing discussion in recent scientific
studies. Primarily, the carbon content of this material is considered apparently beneficial.
Depending on the properties of biomass as the input for the pyrolysis process as well as
the pyrolysis conditions, the carbon content can reach up to 90%. Therefore, this material
is believed to increase carbon sequestration application activities (Ippolito et al., 2017).
Moreover, biochar processing can provide an efficient treatment of residual waste from
food production, when taken as an input biomass (Tamelova, et al., 2019). Utilizing the
waste biomass in this manner is a promising instrument for reducing greenhouse gases
produced by agricultural practice (Lehmann et al., 2006).

The intrinsic links between soil and plants are undeniable facts. By means of the
vegetation state, soil properties can be indirectly determined. With developments in the
field of technology in recent decades, various non-destructive methods can be used to
determine vegetation properties. While using the satellite imagery is suitable for larger
areas, for smaller plots UAV (Unmanned Aerial Vehicles) or a variety of handheld
devices is more appropriate (Tunca et al., 2018). The major difference between these
two methods is the form of information which the devices provide. Apparently, the latter
is used rather for direct measurement, while gathering mainly the point information.
Those can be interpolated through various algorithms to acquire the spatial information
about the plot as a whole. However, when requiring such data, UAVs are more
recommended to be used, since today a very high resolution can be achieved by most of
the sensors on the market. Spectral responses of different kinds of surface materials has
been studied extensively and the achievements resulted in the development of Remote
Sensing practices. Based on source imagery, hundreds of spectral indices are not only
used describe plant properties. The NDVI (Normalized Difference Vegetation Index)
was one of the first indices describing the vegetation biomass and health and it is one of
the most widespread used even till today (Li et al., 2019). Furthermore, the nitrogen
content in a plant material is one of the key indicators for predicting yields and vegetation
status (Cartelat et al., 2005), since closely correlated with the chlorophyll content (Yoder
& Pettigrew-Crosby, 1995).

As mentioned above, many studies look at biochar, however, the subject is often
focused on physical or chemical properties of the biochar itself (de la Rosa et al., 2014;
Yargicoglu et al., 2015; Yuan et al., 2015; Conti et al., 2016) or its general behaviour
when applied to the soil profile respectively (Lehmann et al., 2006; Rasa et al., 2018;
Razzaghi et al., 2019). The question of potential ecotoxicity is being also discussed
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(Zhang et al., 2020). Nevertheless in terms of its effect, other biochar-based studies
suggest that it may be responsible for reducing the soil bulk density and increase water
infiltration and later availability for plants (Razzaghi et al., 2019; Tanure et al., 2019). It
has been shown that the effect on reducing bulk density of the soil as well as on water-
holding capacity is strongly correlated with the particle size. However, the entire effect
may vary depending also on the soil type (Verheijen et al., 2019).

Although there have been many studies published on the subject of biochar, the
experiment described in this paper is focused on its dosage rather than the effect itself.
The objective here is to determine the potential differences in soil and crop performance
based on the specific levels of biochar dose. Its impact on soil physical properties and
related crop growth are about to be evaluated.

MATERIALS AND METHODS

Site and crop management

Rapotin

SMALL-PLOT EXPERIMENT WITH VARIOUS BIOCHAR DOSAGE ‘

R ,w”

[J B15c : biochar 15t ha™' 2014
[J NPK : control with NPK yearly since 2014
[ B15 : biochar 15t ha™ 2017
[ B30 : biochar 30 t ha™* 2017
[ B45 : biochar 45 t ha™' 2017
[J B60 : biochar 60 t ha” 2017

Digital Surface Model [m a.s.l.]
_1383.0

| 386.0
I 389.0

Figure 1. Experimental plot location and small-plots treatment specification.

This study was undertaken in the Czech Republic on agricultural plot located near
the town of Sumperk in the Olomouc region (49° 59' 8.8296" N, 16° 59' 47.0904" E).
The 13.24 ha field was divided into smaller plots with a variable area and also varying
agricultural management. Five small-plots approximately 30x15 m treated by biochar in
specific doses have been chosen for this study (Fig. 1). A control has also been included
and marked as ‘NPK’ since the whole area was, besides investigated soil conditioners
and fertilizers, treated by standard complex fertilizers (N, P, K) in a dose of 280°kg’ha!
that is in accordance with the common practice. According to the FAO Soil Units, the
soil type was classified as Gleyic Luvisols, which usually develops on flat surfaces.
Complex soil analysis was undertaken before biochar application to obtain information
about initial soil conditions (Table 1). Practically no sloping of the plot enables a
wide-row crops cultivation without any erosion exposure. Crop rotation in recent years
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started with maize (2015) followed
by in growing season 2019. Proteus
(Soufflet Agro) wheat variety was
sown on the 24™ October 2018 and
cultivated till the harvest date 10"
August 2019. According to the
producer it is semi-early to mid-late
wheat with excellent resistance to
laying flat and healthy leaf
development. Disc harrow was used
in 2014-2016 and 2018 at depths
9-12 ¢cm, while in 2017 reversible
plough at a depth of 25 cm was used
during the soil tillage.

Biochar used for this study was
produced from plant biomass and
wood waste in the Czech Republic
by the company BIOUHEL.CZ.

Table2  gives its  technical
specifications more in detail. The
dosage levels were designed

intentionally high to assure the
substantial difference in an effort to
establish some threshold that defines
the biochar effectivity. Since the

Table 1. Results of soil analysis that

has been

undertaken by the research company Agrovyzkum

Rapotin in 2014

Soil profile [cm]

0-30 30-60
Clay (< 0.002 mm) 27 22 [%]
Clay particles (< 0.01 mm) 40 34 [%]
Silt (0.01-0.05 mm) 40 38 [%]
Fine sand (0.05-0.1 mm) 3 5 [%]
Sand (0.1-2 mm) 17 23 [%]
Bulk density 1.38 1.66 [gcm™)
Total porosity 47.72 3891 [%]
Volumetric moisture 34.35 29.95 [%]
Humus content 1.93 1.09 [%]
pH (KC) 513 54 -

Table 2. Technical specifications of biochar used
for the study as provided by the BIOUHEL.CZ

company
Total C in dry matter min 45
Total N in dry matter min 1

Total P (P20Os) in dry matter 16
Total K (K,0) in dry matter 17

pH 9-11
Particle size <2 mm min 40
Particle size > 10 mm max 10

[70]
[%]

common practice works with 10—15 t ha™!, the doses for this experiment were 15, 30, 45

and 60 t ha™'.

[l recent season [] longterm normal 1981-2010

100
75

5

.
0 4 s I

(=]

Sum of Precipitation [mm]
w

ﬂ.l |

9/18 10/18 11/18 12/18 1/19 2/19 319 4/19 5/19 619 7/19 8/19

Figure 2. Precipitation condition in cropping season 2019 in comparison with the long term
normal according to the Czech Hydrometeorological Institute.

Figs 2, 3 Represent meteorological conditions of the investigated cropping season.
As shown on Fig. 2, the rainfall varied considerably in comparison with the long-term
normal. In general, the total amount of precipitation in 2019 was 45.1 mm lower. The
especially low amount of precipitation during April must have had a critical impact on
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the crop development. Furthermore, the temperature during this period exceeded the
long-term normal during the entire season, excluding the month of May (Fig. 3). The
range of temperature differences varied from -2.2 °C to 4.7 °C, however, the overall
average temperature resulted in 1.6 °C higher than normal.

e recentseason 4 longterm normal 1981 - 2010

20 .
"1
15 o S
‘- e ,"f'(
10 e ey
. /:
5 , - ' /

be
>

A

9/18 10/18 11/18 12/18 1/19 2/19 3/19 4/19 5119 6/19 7/19 8/19

Temperature Average [°C]

Figure 3. Monthly average temperature in cropping season 2019 in comparison with the long
term normal according to the Czech Hydrometeorological Institute.

Data Acquisition and Processing

Field visits and in-situ terrestrial measurements were undertaken on the 18" April
(term I; BBCH 30), 8" May (term II; BBCH 34) and 24™ May 2019 (term III; BBCH 37)
to obtain the terrestrial data. Soil physical properties were measured solely at the
beginning of the cropping season (term I) in a period when the soil profile was saturated
with water, as it is a common practice. For the information regarding Reduced Bulk
Density, (BD) standard Kopecky’s cylinders were used. Furthermore, Penetration
Resistance (PR) of the soil profile was investigated. Using the instrument PEN 70,
developed by Czech University of Life Sciences in Prague exclusively for these kinds of
measurements. PR values in depths 4, 8, 12, 16 and 20 cm were recorded. Crop status
data was monitored within all field visit terms. Namely it was Leaf Chlorophyll Content
(LCC) measured by the CCM-300 sensor (OptiSciences), nitrogen content (N) and
derived Normalized Difference Greenness Index (NDGI) measured by N-Pen (Photon
Systems Instruments) and last Normalized Difference Vegetation Index (NDVI)
acquired by GreenSeeker sensor (Trimble). 9 sampling points were established within
each small-plot. Its GPS coordinates were recorded and the exact spot was marked by
the red plastic pin to ensure the consistency of measurements in the exact spot.

The whole dataset was then processed in an open-source environment of R Studio
(R Core Team, 2019) using packages tidyverse (Wickham et al., 2019), readxl (Wickham
and Bryan, 2019), reshape2 (Wickham, 2007), pgirmess (Giraudoux, 2018) and
multcompView (Graves et al., 2019).

The distribution of data was tested using the Shapiro-Wilk normality test in order
to choose an appropriate statistical test. Since the data was not confirmed to be normally
distributed, non-parametric statistical testing had to be utilized. To determine potential
differences among investigated variables based on the biochar dose, the Kruskal-Wallis
test was used instead of ANOVA.
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RESULTS AND DISCUSSION

First of all, BD has been used to describe soil profile conditions. Since the process
of collecting such data is time-consuming, the amount of information has been used for
initial description of soil environment rather than for statistical testing. As shown by
Fig. 4, the control (NPK) has the lowest values, while the B60 has the highest. According
to the United States Department of Agriculture, the ideal bulk densities for plant growth
related to present soil texture is lower than 1.10 g cm™. The bulk density which affects
root growth is 1.49 g cm™ and bulk densities that restrict root growth are higher than
1.58 gecm™ (United States Department of Agriculture, 2019). Based on this
recommendation, NPK performed the best, while by B60 the volume density limit was
exceeded and the root growth was likely restricted. Variant B15c is still below USDA
limit which on one hand affects the root growth, but still there is no root growth
restriction. While a large number of studies have reported positive effects of biochar on
soil bulk density (Walters & White, 2018; Alotaibi & Schoenau, 2019; Oni et al., 2020),
there was no improvement observed in this study after two years from biochar

application.
15
1.0
0.5
0.0
B15 B30 B45 B60

B15c NPK

-3

Reduced Bulk Density [ g cm

Figure 4. Values of reduced soil bulk density (0—0.05 m) - 18" April 2019.

PR results are illustrated by Fig. 5, where all investigated depths are represented.
Nonetheless, neither here statistically significant difference has been observed among
the variants (see also Table 3). Based on the results of other studies conducted on changes in
PR, biochar is considered to reduce penetration resistance in the upper layers of the soil
without increasing it in the deeper layers (Ahmed et al., 2017; Safec et al., 2019). This
is in accordance also with another study, where PR was reduced in the upper part of the
sandy loam soil, but by loamy fine sand soil any influence of biochar on penetration
resistance was observed (Obia et al., 2017). The measurement of soil physical parameters
was undertaken in the springtime (term I) when higher water saturation of soil profile is
expected. However, the precipitation in April 2019 was lower more than 50% less the
normal precipitation rate. For this reason, the potential of biochar could not be
sufficiently demonstrated. Otherwise, this would probably result in a decrease of PR,
mainly due to the porosity of the biochar and thus its ability to retain water.
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Figure 5. Soil penetration resistance values recorded during the term I in selected depth levels.

Regarding the crop growth indicators, results have been rather homogeneous as
well. Table 3 provides the complex overview of Kruskal-Wallis analysis results. As
shown here, only the LCC has indicated some significant differences, namely in term II

and term III (see also Fig. 6).

First of all, there is apparently
a difference in sensitivity of the
sensors used. Although they are
designed to indicate different
properties, LCC are trusted to be
highly correlated with the nitrogen
content in a biomass (Evans, 1983).
Therefore, similar results among
those variables were expected.
While the CCM 300 sensor measures
the LCC as the chlorophyll
fluorescence ratio utilizing the
wavelengths assigned to the
Red Edge region (CFR = 735 nm
/700 nm), the N-Pen calculates the
NDGI index according to the
information in wavelengths of 560
nm (Green) and 780 nm (NIR).
Secondly, the influence of
meteorological conditions may
explain the LCC data variability.
As mentioned above, April was a
significantly warm and dry
period, which very likely affected

Table 3. Kruskal-Wallis test of variance describing
the variability of LCC (Leaf Chlorophyll Content), N
(nitrogen content), NGDI (Normalized Difference
Greenness Index) and PR (soil Penetration
Resistance) in relation to small-plots treated by
different dose of biochar

Term p-value BISCNPK B15 B30 B45 B60
LCC 1 0062 a a a a a a

II 0023 ab ab a ab ab b
I <000la b b b b ab
N 1 0235 a a a a a a
II 0494 a a a a a a
III 0344 a a a a a a
NDGI I 0234 a a a a a a
II 0489 a a a a a a
I 0344 a a a a a a
NDVI 1 0035 a a a a a a
II 0570 a a a a a a
I 0192 a a a a a a
depth
PR 4 0.129 a a a a a a
8 0.155 a a a a a a
12 0.740 a a a a a a
16 0.536 a a a a a a
20 0.230 a a a a a a

the results recorded during the term I. During the month of May, when term II and 111
measurements taken, precipitation was rich and the recorded temperatures were lower.
Such a combination very likely restored the suitable conditions for crop growth and
therefore, the differences among the plots could be observed. The study of Tanureet al.
(2019) suggest that the impact of biochar on crop growth parameters is strongly
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influenced by the level of drought. While under the regular conditions, biochar-enriched
soils promote the photosynthesis and stomatal conductance, drought conditions cause
the slowing down of these processes even more than seen in a control.

E2 18th April 2019 £3 8th May 2019 &3 24th May 2019

z %é ﬁ%ﬁ %5

.
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B15c NPK B15 B30 B45 B60

Figure 6. Leaf Chlorophyll Content obtained by CCM 300 handheld sensor during the term I, 11
and III among investigated small-plot variants.

During term II a significant difference was observed between B15 and B60.
However, the situation became clearer in term III, when the chlorophyll content levels
were significantly different by B15c compared to all variants with biochar established in
2017, excluding B60, and the control. This trend is in accordance with the previous study
conducted on this small-plot experiment in 2018 (Novak et al., 2019). The conclusion of
that study conducted on maize crops described the relation of crop growth parameters
on variant with the longer biochar effect (B15c¢) and the largest dose (B60). The results
of the term III confirm this conclusion, since B15c is related with the B60 only. Overall
the results do not prove any other significant difference between the control NPK and
any of the biochar amended variants in regard to the chlorophyll content. A similar
conclusion was described by Li et al. (2020), where anatomical traits such as plant height
or leaf area reflected the biochar amendment rather than the physiological parameters.

CONCLUSIONS

Based on the results of this study as well as of those from the previous year, the
conclusion was drawn that so far the examined substantially different doses do not have
any significant influence on 1) soil penetration resistance as one of the staple soil physical
properties ii) neither on crop growth physiological parameters. The sole observable
differences may be found by LCC when comparing the four-year biochar effect to the
control and lower-doses two-year biochar variants. Thus, the time effect seems to be
more staple factor compared to dosage. Since it is so, this experiment will be observed
also in the following seasons to confirm this statement.
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Abstract. This study aims at verifying the effect of farmyard manure (FYM) and of selected
activators (Z'fix and NeoSol) on changes of soil properties. Their application should lead to
improvement of soil physical properties and of organic matter fixation, to reduction of
environmental risks, e.g. of tillage energy requirements. Experimental variants (0.7 haeach) were
asfollows: | (FYM with Z'fix); I (FYM with Z'fix + NeoSal); I11 (FYM); IV (Control NPK only).
FYM was applied at rates: 50 t ha' (2014); 30 t ha? (2016). Additional NPK fertilizer (1-1V) was
applied according to annual crop nutrient normative. The agent Z'fix was used as an activator of
FYM biologica transformation (5.5kgt?). The agent NeoSol was used as soil activator
(200 kg ha'l; annually). In order to verify the effect, cone index, bulk density, tillage implement
draft and chemical soil components (Humus, C/N ration and Ni) were measured annually.
Compared to the control, the application of FYM combined with the mentioned agents (1-111)
increased Nit more than two times. Moreover, it decreased (I-111) bulk density by 8.7%. Tillage
implement draft decreased by 3% after the application of FYM with Z’fix (I, II). The study
confirmed that FY M application combined with utilization of activators positively influenced soil
fertility and helped to reduce environmental risks.

Key words. cone index, implement draft, bulk density, nitrogen, humus, C/N ratio, farmyard
manure.
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INTRODUCTION

The requirements posed on agricultural production have been raising fast recently.
Moreover, these demands are likely to continue rising even faster in the future. The
pressure intensifies mostly due to decreasing area of the arable land, the climate change,
reduction of livestock farming, changes in crop rotation. For example in the Czech
Republic, cattle production has diminished to less than a haf of the volume existing 30
years ago (Salusova, 2018). One of the consequences, even boosted by the intensification
of agriculture, is the shortage of valuable soil organic matter (SOM) that contributes to
adeclining soil production ability on the European scale (Stolte et al., 2016). According
to Gardi et a. (2013), this trend leads to a decline of the soil fertility and farmland
diversity, as well as to other degradation problems. Walsh & McDonnell (2012) clam
that SOM islinked not only to thefertility, but also to other properties, e.g. soil structure.
SOM islikewiseregarded asinherently reducing soil compaction (Chakraborty & Mistri,
2017). It is a major issue not just in Europe, where around 33 million hectares are
reported to be threatened by this phenomenon (Alaoui & Diserens, 2018). Alakukku
(1996) claims that the compaction adversely affects hydraulic soil properties, porosity,
stahility and other soil characteristics. According to Stolte et al. (2016), the compaction
significantly affects root growth of plants, because it adversely affects the soil settings
important for movement of gas and water. The situation thus often results in reduced
crop yieds. Amplified soil cone index and bulk density can be detected as a result of
harmful soil compaction. Therefore, they are frequently used options of soil compaction
measurement (Odey, 2018).

Any organic matters supplied to adegraded soil generally help to rectify its physical
attributes (Are et a., 2017). The share of SOM is obviously advanced by applying
compost or manure (Panagos et a., 2015). Manure application thus helps to amend the
chemical, biological and physical soil characteristics (Ludwig et a., 2007). Liang et a.
(2013), McLaughlin et al. (2002) and Peltre et a. (2015) conveyed that manure treatment
substantialy diminished draft of soil tillage implements. Prolonged application and
higher rates produced advanced reduction. It is important in terms of economy and
operation, since according to Larson & Clyma (1995), soil tillage operations account for
a considerable share of the energy spent in crop production.

In order to rectify soil properties, so-called activators could be applied into any
organic material, e.g. deep litter bedding of cattle housing, or straightway to soil. For the
present, their effect have been studied only partially. Latest findings neverthelessimply
that conditions for cultivating plants may be improved through their use (Borowiak et
a., 2016). On one hand, it conveys economic advantages such as a decrease of tillage
implement draft resulting in lower fuel consumption (Safec & Zemli¢kova, 2016). On
the other, it may help agriculture to become more sustainable (Safec & Novak, 2017).
On the other hand, repeated application of an activator directly to soil and continuing
conventional tillage did not generate any enhancement in terms of physical properties of
soil, e.g. water content in soil, soil compaction, density, porosity (Podhrazska et al.,
2012). In general, the mentioned works suggest the activators to be verified in different
conditions.
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This study is focused on assessing the effect of activators and farmyard manure
(FYM) on selected soil physical and chemical properties at afive-year field trial.

MATERIALSAND METHODS

During 2014-2018, a field experiment was accomplished at a site near Méstec
Kralové in the Central Bohemia at the altitude 265 m above sealevel. The subject of
interest was the topsoil (0-0.3 m) from
soil type Gleyic Phaeozem. The Table 1. Particular chemical and physica

soil texture. Therefore, the field was Soil depth (m)
hard to till. At the depth from O to 0.00-0.30 0.30-0.60
0.3 m, the content of clay particles of Clay (< 0.002 mm) 48 60

the size under 0.01 mm accounted for (%)

62% of weight. Particular soil g/:f) (0.002-0.05mm) 32 39
characterlstlcs a t_he start of the field Very fine sand 5 1
trial are presented in Table 1. (0.05-0.10 mm) (%)

The experimantal plot had a  Fipesand 18 0
rectangular shape, was about 150 (0.10-0.25 mm) (%)
meters wide, and was positioned to Soil texture clay clay
avoid headland and to be homogenous. (USDA)
The rectangle was divided lengthwise Humus content 3.89 1.44

each 45 meters to form four 0.7 ha (%)

variants varying in fertilizer and (BQJUE(”;]'%”QW 1.46 1.48
activator application. The spatia ]
distribution had to be kept basic due to Z,j(’);a' porosity 46.15 4399

an operational character of the trial. Volumetric moisture 35.65 40.20
NPK 15-15-15 (Lovofert, Czech Rep.) (%)

and cattle manure were the fertilizers CEC - cation exchange 278 272
applied. NeoSol (PRP Technologies, capacity (mmol kg

France) and Z’fix (PRP Technologies, pH (H20) 7.50 7.82
France) were the activators applied. pH (KCI) 7.18 7.21

NeoSol was used at the time of stubble

cultivation as the activator of biological transformation of soil organic matter. NeoSol
composes of a matrix of magnesium and calcium carbonates, and of mineral elements.
7’fix was put at a recommended weekly dose directly into bedding of cattle deep litter
housing as the activator of biological transformation of manure. Z’fix is formed by a
granular mixture of carbonates and mineral salts. Both these activators are assumed to
enhance environment for the transformation of organic matter. They cannot be classified
as fertilizers due to their low share of active substances. Different treatments of
individual variants and the crops grown are shown in Table 2. Apart from these
treatments, all the other operations carried out and material applied did not differ among
the variants. Reduced soil tillage technology was employed consisting firstly from
shallow disk harrowing and subsequent deeper soil loosening to the depth of at least 20
cm using atine cultivator.
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Table 2. Application rates of individual variants of field trial and crop rotation in thetrial field
Application rates for production year and crop (t hal)

Variant Fertilization 2014/15 2015/16 2016/17 2017/18
silagemaize spring barley winter wheat silage maize

I FYMA with 2’ fix 50 0 30 0

I FYM with Z*fix + NeoSol® 50 + 0.2 0+0.2 30+0.2 0+0.15

Il FYM 50 0 30 0

v Control - NPK only according to crop demand and local practice

AFarmyard manure of cattle origin; BModified activator NeoSOL has been used with achanged dosage from
the year 2017 onwards (formerly PRP SOL).

In order to assess soil physical properties, cone index and bulk density were
measured in spring, whiletillage draft was measured after harvest each year. Apart from
the tillage draft, there were ten repetitions performed annually for each of the variants
and variables. The tillage draft measurement was of continuous nature resulting in
thousands of records. Only datafrom starting and final year were evaluatedinthisarticle.
In order to measure cone index, the PEN 70 penetrometer constructed at the CULS
Prague was used. Penetrometer was designed to meet the ASABE standards, i.e. with a
tip cone angle of 30°, and tip area of 100 mm?. Kopecky cylinders (volume of 100 cmd)
were employed in order to acquire undisturbed soil samples and subsequently soil bulk
density. The sampling depth reached 0.05 to 0.10 m. The volumetric moisture was
attained using Theta Probe (Delta-T Devices Ltd, UK). The draft of chosen fam
cultivation machinery was evaluated using drawbar dynamometer with strain gauges
S-38 /200 kN/ (LUKAS, the Czech Republic). The measurement was performed after
harvest and prior to the first soil tillage operation, i.e. disk harrowing, each year. The
drawbar dynamometer was positioned between two tractors. The sample rate of data
acquisition system NI CompactRIO (National Instruments Corporation, USA) was set
a 0.1s. Within each variant, multiple machinery passes were performed. The
measurements were carried out with thetillage implement either working or towed only.
This enabled to discern among the implement draft, rolling resistance, and surface
incline influence. The working speed was maintained constant. Acquired data were
processed using Trimble Business Center (Trimble, USA), MS Excel (Microsoft Corp.,
USA) and Statistica (Statsoft Inc., USA).

Soil samples for chemica analysis were taken at two depths (0-0.15m and
0.15-0.30 m) at the beginning and at the end of the vegetation period, but only the topsoil
was assessed in the paper. Soil auger was used to take four summary samples composed
of eight partial samples from each variant. The summary samples were dried, cleared of
plant and animal residues, sieved and homogenized. The finad sample (1 kg) was
obtained from the summary samples by quartering.

RESULTSAND DISCUSSION

The paper is focused mainly on comparing starting conditions, i.e. the year 2014,
with the resulting conditions after the five trial years, i.e. the year 2018. Fig. 1 display
precipitation and monthly average temperatures of the year 2018 compared to the year
2014. In 2018, the weather was both remarkably warm and arid over the entire vegetative
period. The preceding years 2016 and 2017 were also warm and short of precipitations.
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Figure 1. Graph of monthly precipitation and mean temperatures at the experimental site in the
years 2014 and 2018.

Table 3. The averages of soil physical properties, and of draft of tillage implements for 2014 and
2018 regardless of tria variants

2014 2018 Index p
Soil physical propertiesin spring:
Vol. moisture at 0.00-0.05 m (%) 17.305% 15.570° 0.90 0.02992
Bulk density at 0.05-0.10 m(gcm®)  1.384° 1.235° 0.89 0.00104
Coneindex (MPa) at 0.04m 0.6082 0.5402 0.89 0.45405
0.08 m 0.8752 1.333° 1.52 0.00025
0.12m 1.0672 1.450° 1.36 0.01236
0.16 m 1.200? 1.746° 1.46 0.00487
0.20m 1.675° 2.0872 1.25 0.05361
0.24m 2.158? 2.568° 1.19 0.11921
0.28m 25172 3.061° 1.22 0.00524
0.32m 2.783 3.422° 1.23 0.00103
Draft measurement after harvest:
Tractor JD 9570 RT JD 9570 RT
Engine power (HP) 570 570
Implement tine cultivator tine cultivator
I mplement type Kockerling Kockerling
Vario 480 Vario 480
Working width (m) 3 3
Working depth (m) 10.3582 16.529° 1.60 0.00000
Working speed (km hour?) 7.0262 11.300° 161 0.00000
Overall implement draft (N) 74.8212 78.492° 1.05 0.02157
Unit draft (N m?) 240.775% 158.290° 0.66 0.00000

Concerning statistical evaluation, t-test at the significance level of 0.5 was used.
Elementary physical characteristics of soil are depicted in Table 3. Springtime

volumetric soil moisture exhibited a statistically significant difference between the two
years. This clearly increased the values of cone index, which was susceptible to soil
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moisture. Illustrative aggregate values at different depths presented in Table 3 display
statistically significant differences except at the depths of 0.20 and 0.24 m. On the other
hand, overall soil bulk density across the variants decreased. The difference was aso
significant. Concerning draft measurement after harvest in autumn, immediate
conditions were exceptionally favourable for tillage in 2018. Machinery used was the
same in both years, but working depth could have been set by 60% deeper in 2018 and
the working speed reached by 61% higher value. The overall implement draft thus
attained higher value, but the unit draft allowing for the working width and depth was
significantly lower in 2018.

Since the conditions substantially differed over the monitored period, the
differences of the parameters relative to the average of the control Variant IV provide
more information than their absolute values.

Implement draft was measured in astubblefield after the harvest. Manure and other
material was applied afterwards. Draft values were evaluated in comparison to the
control Variant IV, asisshownin Fig. 2.
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Figure 2. Graph comparing relative differences of implement unit draft values for individual
variantsin autumn 2014 and 2018 (Variants: | — FY M with Z’fix; I1 — FYM with Z’fix + NeoSol;
11 — FYM; IV — Control as 100%).

The Analysis of Variance did not confirm any significant differences with respect
to the variants, measurement date and the combination of both factors. Generally,
average implement draft values decreased relative to the control particularly after the
application of FYM with Z’fix (Variants | and 11), where the relative decrease attained
3% in average. Thefindings of Liang et a. (2013), McLaughlin et a. (2002), and Peltre
et al. (2015) on draft reduction after manure application are consistent with the trial
results, where it was intensified by the influence of activators.
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Fig. 3 shows bulk density values related to the average value of respective control
Variant 1V. As the above mentioned Table3 already suggested, they differed
significantly according to the measurement date. However according to the Analysis of
Variance, bulk density values did not differ significantly with regard to the variant, nor
with regard to its combination with the measurement date. Nevertheless, thereisavisible
relative bulk density decrease particularly after the application of FYM (Variant I11) by
13.4% and after the application of FYM with Z’fix combined with the application of
NeoSol (Variant II) by 8.8%. The application of FYM treated with Z’fix (Variant I)
presented the lowest decrease. The production of manure using Z’fix requires fewer
straw. The manure is consequently more decomposed and thicker. The results are in
accordance, though not statistically verified, with Schjenning et al. (1994), who claimed
that prolonged time without any fertiliser treatment caused increased soil bulk density
and soil strength than manure or inorganic fertilizer treatments, and Jehan et al. (2020),
who reported soil bulk density and soil strength having decreased with increase in level
of dairy manure. Also Bogunovic et al. (2020) observed a decrease in bulk density after
FYM application. On the other hand, Chen et al. (2020) detected no such changes.
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Figure 3. Graph of relative soil bulk density values from the depth of 0.05 to 0.10 m for
individual variantsin spring 2014 and 2018 (Variants: | — FYM with 2’ fix; I — FYM with Z’fix
+ NeoSal; Il — FYM; IV — Control as 100%).

Since coneindex dependsintensely on soil moisture, it was measured alsoin spring,
when soil moisture was more probable to be homogenous. Cone index values were yet
again compared to the control Variant IV, asispresented in Fig. 4. Though actua values
increased from 2014 to 2018 (see Table 3), relative differences compared to Variant 1V
decreased. The Analysis of Variance did not find any significant difference for the
combination of al the factorsin question, i.e. measurement date, variant and depth, nor
for the separate factors except for the measurement date. When considering the
combinations of the measurement date with the depth or with the variant, differences
were dtatisticaly significant.
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Figure 4. Graph comparing relative differences of cone index values to the depth up to 0.32 m
for individual variants in spring 2014 and 2018 (Variants. | -FYM with Z’fix;
Il — FYM with Z’fix + NeoSol; 11l — FYM; IV — Control as 100%).

With the Analysis of Variance performed separately for each variant using the
measurement date and depth as the only factors, the differences were more
comprehensible. Within Variant | (FYM with Z’fix) and 11 (FYM with Z’fix + NeoSol),
dataformed one homogeneous group. In the case of Variant 111 (FY M) though, there was
a statistically significant difference for the combination of both mentioned factors
(ANOVA, n=160, p=0.04198) and data formed three homogeneous groups (see
Table 4). Compared to the year 2014, the decrease of relative cone index values of the
year 2018 for Variant I11 (FYM) at the depths of 0.08, 0.20 and 0.24 m was statistically
significant. This result matches with those of Safec & Zemli¢kova (2016), Celik et al.
(2010) and Luo et al. (2020).
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Table 4. Homogenous groups of relative cone index values of Variant 111 (FYM) according to
Turkey HSD test (ANOVA, n = 160, P > 0.05)

Tria Depth Mean cone index value relative  Homogenous groups

date (cm) to the control Variant 1V (%) 1 2 3
2018 24 64,9682 ok

2018 16 69,4444 ok

2018 20 71,4859 ok ok

2018 12 72,0930 ok ok

2018 8 73,8255 ok ok

2018 28 79,6460 ok ok

2018 32 89,4479 *kk*% *kk*% *kk*%
2018 4 92,4528 *kk*% *kk*% *kk*%
2014 28 101,2821 ok ok ok
2014 4 105,8824 *kk*k *kk*k *kk*k
2014 32 105,8824 ok ko ok
2014 12 116,6667 ok ok ok
2014 16 118,7500 ok ok ok
2014 24 129,8246 ok ok
2014 20 142,5000 ok
2014 8 147,8261 il

Table 5 presents the results of soil chemical analysis. It is apparent that pH changed
particularly when the activators, i.e. Z’fix and NeoSol, were used. The pH reaction could
be assessed as neutral to alkaline. The content of total nitrogen increased mainly after
FYM with Z’fix application (Variants I and II). C/N ration can be evaluated as high to
good and decreasing again particularly after FYM with Z’fix application. Humus content
can be rated as good to high one. The FYM combination with the soil activator NeoSol
had a beneficia effect on its creation. When considering the humus type, the increased
humic over fulvic acids ratios of the Variants | to 111 can be regarded as beneficial.

Table 5. Results of chemical analysis of soil samples for individua variants in 2014 and 2018
(Variants: | — FYM with Z’fix; 11 — FYM with Z’fix + NeoSol; III — FYM; IV — Control)

Variant Year pH (KCI) Niot (%) CIN ratio Humus (%) HA/FA ratio®
I 2014 6.98 0.3 9.45 4.84 1

I 2018 7.44 0.62 4.43 4.76 1.08

I Index 1.066 2.067 0.469 0.983 1.080
1] 2014 7.07 0.27 10.56 5.01 0.99
1] 2018 7.48 0.67 457 5.23 1.02
1] Index 1.058 2.481 0.433 1.044 1.030
" 2014 7.1 0.32 9.07 4,94 1.01
" 2018 7.44 0.54 4,92 455 1.08
" Index 1.048 1.688 0.542 0.921 1.069
v 2014 7.17 0.32 8.66 4.76 1.02
v 2018 7.01 0.4 6.6 4.55 0.98
v Index 0.978 1.250 0.762 0.956 0.961

AHumic to Fulvic acids ratio.
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The activators of organic matter and their outcomes relate to the topics that are not
thoroughly studied. Since the type of organic fertilizers used is altering, i.e. more
compost and waste from biogas plants instead of manure and slurry, the increased
significance of such activators of organic matter can be anticipated

CONCLUSIONS

The research aimed at the influence of organic fertilizers and activators on
particular soil physical and chemical propertieswas carried out. Generally, the farmyard
manure (FYM) and the activators showed positive effect, athough not aways
statigtically significant. Significant proved the differences in cone index values
compared to the control when applying untreated FY M, where there was a reduction at
the depths of 0.08, 0.20 and 0.24 m. After the application of FYM treated with Z’fix,
unit implement draft decreased by 3% compared to the control variant. This difference
was not confirmed statistically though, and neither were the following ones mentioned.
Nonetheless given the average tractive efficiency of around 50% and the fue
requirements of tillage at thelevel of 20 L ha, the 3% reduction in draft would represent
0.3 L ha? of fuel savings. This application of FYM treated with Z’fix also most of all
increased the total nitrogen content. On the other hand, bulk density was mostly reduced
by applying untreated FYM. The activators of organic matter should examined further
on and at more locations in order to verify the results.
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Abstract: A three-year experiment was conducted to investigate the effect of Z’Fix on soil physical properties and
crop status. Z'Fix is an agent recommended as an addition to animal bedding to prolong its function and to lower
ammonia emissions in stables. Concurrently, a positive effect on organic matter transformation in resulting manure
is claimed. The experiment involved control, farmyard manure (FYM), and farmyard manure with Z’'Fix (FYM_ZF)
as variants. In-field sampling was conducted for cone index, water infiltration and implement a unit draft, where
the latter two showed significant differences in favour of FYM_ZF. Also, concerning crop yields, FYM_ZF consist-
ently attained the highest values, followed by FYM throughout all three seasons. Furthermore, remotely sensed data
were analysed to describe crop status via normalised difference vegetation index where significant differences were
found across all variants. Based on the study, FYM_ZF demonstrated positive effects both on soil properties and
crop conditions.

Keywords: organic fertiliser; biological transformation; field experiment; pedocompaction; remote sensing

The positive effect of soil organic matter (SOM) on
the physical, chemical and biological soil properties
has already been well described. A high SOM level
is related to improved soil properties resulting in
higher water infiltration and nutrients accessibil-
ity. According to Lal (2020), SOM increases the
available water capacity for all soil types. Besides
others, such a list of benefits leads to increased
biomass and eventually crop yields (Bauer and Black
1994, Berzsenyi et al. 2000, Onemli 2011). Farmyard
manure is one of the most common ways to reintro-
duce quality organic matter to the soil. Compared
to synthetic fertilisers, manure application strongly

and positively affects the relative yield by increasing
soil organic carbon storage, soil nutrients, and soil
pH (Cai et al. 2019, Voltr et al. 2021). However, due
to various socio-economic changes over the recent
30 years, there has been a significant decrease in
animal husbandry in the Czech Republic. The num-
bers of cattle were reduced by 60% (Czech Statistical
Office 2021). Therefore, the amount of produced
organic fertiliser is limited nowadays. Together with
still more intensive agricultural practice, it results
in a serious lack of SOM that is further related to
anumber of other environmental issues, for example,
to low water infiltration ability leading to surface

Supported by the Technology Agency of the Czech Republic, by the Project TACR, Project No. TH02030169, and by the
Czech University of Life Sciences, Faculty of Engineering in the frame of the Internal Project, Project No. IGA 2021:
31180/1312/3102. This research was also funded by the Ministry of Agriculture of the Czech Republic, Project No. RO0418.
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runoff and related soil erosion (Matula 2003). In
contrast with the benefits in the form of quality
organic matter, it is necessary to pay attention to
the negative aspects of livestock breeding as well.
According to the estimates, livestock farming accounts
for 18% of greenhouse gases. The largest source of
these gases is cattle breeding, which accounts for
about 65% (Gerber et al. 2013). The optimisation of
organic fertiliser production with respect to their
environmental footprint is therefore undeniably
necessary. Manure agents are the substances that are
used by farmers to enhance the welfare of animals,
control produced odours, and eventually increase
fertiliser value (Cluett et al. 2020). Z’Fix (Olmix
Group, Bréhan, France) is one representative of such
agents. It is a dust-free pearled pellet, which can be
added to deep animal bedding, but it is applicable
to all types of farm fertilisers (manure, slurry, com-
post). Some studies already evaluated the effect of
Z’Fix both on animal welfare and organic fertiliser
properties. When applied directly to straw bedding,
the fermentation process is enhanced, resulting in
better manure quality. The higher nutrient content
was also determined (Safec et al. 2017a). In combi-
nation with pig slurry, it is trusted to increase crop
yield and micronutrients content (Mozdzer and
Chudecka 2017). Nevertheless, the exact impact on
major soil physical properties was not yet sufficiently
described. Reduced bulk density after application of
manure treated by Z'Fix was examined by Satec et al.
(2017b), where the conclusion confirmed the positive
effect of Z’Fix compared to control (NPK) on heavy
soils. Since this activator is claimed to positively
influence SOM, the objective of this study is to verify
this statement in a three-year study conducted in real
conditions. Hypotheses that are about to be verified
are related to (a) reduction of cone index and imple-
ment a unit draft, and (b) increase of the infiltration
ability of the soil. Moreover, the secondary impact
of Z’Fix on crop status is about to be examined via
spectral index derived from remotely sensed data.

MATERIAL AND METHODS

Farmyard manure agent Z’Fix. Z'Fix is an activa-
tor of the biological transformation used in stables
to enhance the quality of bedding by controlling the
fermentation process of organic matter. The primary
benefit here is animal welfare; the manufacturer,
however, claims that there is also a secondary effect
for resulting organic fertiliser. Z'Fix is produced in

the form of granules based on calcium and magne-
sium carbonates with an admixture of micro- and
macro-elements (potassium, sodium, sulphur, iron,
manganese), which is designed to regulate fermenta-
tion processes in manure and compost. The compo-
sition of Z’Fix is: organic matter — 5%, Ca — 26.8%,
Mg — 2.7%, Na — 2.88%, S — 0.28%, K — 0.42%, P —
0.04%, Fe — 2 000 ppm; Mn — 150 ppm, Zn — 30 ppm.
The patented MIP (mineral inducer process) tech-
nology uses bioactive properties of minerals and
specific trace elements in order to stimulate the
biological reactions of the plant and the microflora
within the soil.

The site and crop management. The field ex-
periment was conducted near the town of Méstec
Kralové, Central Bohemian Region, Czech Republic
(50°12'56.8"N, 15°19'50.6"E, 235 m a.s.l.) during
2018-2020 cropping seasons. The experimental field
of the farm company ZS Sloveg, a.s. involved three
smaller plots according to the agricultural manage-
ment. The area of the control variant (C) was 1 ha,
while the variant with pure farmyard manure (FYM)
and farmyard manure treated by Z'Fix (FYM_ZF) had
5 ha. The distribution of experimental variants was
performed with respect to the dimensions of the field.

According to the national system, the soil type is
Haplic Chernozem. According to the USDA trian-
gle diagram, it is clay loam soil. Selected chemical
properties of the soil on the monitored plot are
shown in Table 1.

NPK fertiliser was applied at the rate corresponding
to the farm-specific agricultural standards concern-
ing crop demand for pure nutrients. Cattle manure
(FYM and FYM_ZF) dosages were as follows: 2017 —
50 t/ha; 2019 — 30 t/ha. Concerning the FYM_ZF
variant, Z'Fix was applied at the rate of 1 kg/head/
week directly to deep bedding. The composition
characteristics of manure and manure treated by

Table 1. Chemical soil properties

Soil depth (cm)

0-30 30-60
C (%) 3.1 2.7
C/N ratio 9.7 6.9
pHy 7.1 7.2
K 797 697
Ca 7 532 8 036
Mg (ppm) 350 337
P 159 123
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Table 2. Cattle manure chemical analysis for variants FYM (farmyard manure) and FYM_ZF (farmyard manure

with Z’Fix)
Dry matter N P K Ca Mg
Variant C:N pH
(%) (%)
FYM 23.1 0.56 22.3:1 0.162 0.573 0.35 0.096 8.4
FYM_ZF 23.6 0.69 18.1:1 0.179 0.739 0.458 0.12 9.4

Z’Fix are shown in Table 2. The crop rotation sys-
tem during the investigated seasons was as follows:
sugar beet (2018), poppy (2019), and winter wheat
(2020). Since soil properties are strongly influenced
by water content, the information about precipita-
tion is given in Figure 1.

Data acquisition and processing. To assess the
physical soil properties, two field visits were ac-
complished each year. Cone index (CI), water infil-
tration (WI), and implement unit draft (IUD) were
investigated. CI was measured in spring terms when
the soil profile was more likely to have been evenly
saturated with water. The measurements of the IUD
and WI took place in the autumn terms, i.e., it fol-
lowed the crop harvest, as it was a common practice
for this kind of measurements.

Clis a staple indicator of pedocompaction, where
higher values negatively impact the crop’s ability to
penetrate the soil profile and thus create a rich root
system. CI is basically a measure of soil resistance
against a cone with precisely described geometric
properties (angle, area). To obtain such data, the
penetrometer PN70 was developed at the Czech
University of Life Sciences Prague. This custom-made
device meets all requirements of the agriculture nor-
mative ASAE S313.3 (ASABE). Measurements of CI

200{ []2018 [2019 [j2020

. longterm normal (1981-2010)
150 A
100 A

50

Sum of precipitation (mm)

sl sl

were conducted in the spring term of each cropping
season with ten repetitions per variant.

WI was examined using a rain simulator. This
instrument was designed to measure not only pa-
rameters of erosion but also soil infiltration char-
acteristics using a color dye. Usually, blue dye as
a solution of water and brilliant blue (E 133) is used
to spray the surface by the rain simulator for a pe-
riod of 1 h. Such an application is followed by a 5 h
break, during which the blue dye penetrates the soil
profile. Afterwards, the soil profile is removed to
a depth of approximately 40 cm and photographed.
This method of infiltration characteristics assess-
ment is based on image analysis (Figure 2). In the
case of this study, the measurement was repeated
three times per each variant. The soil profile was
captured by a digital camera and further analysed
by computer software Gwyddion 2.30 (Brno, Czech
Republic). The pre-processing procedure involved
cutting the image according to precisely located pins
in order to analyse the exact same area recurrently,
determining colour zones, and eliminating low-size
soil particles to avoid errors caused by reflection.
Further, the image was converted to a binary image,
where the black colour defined the soil profile, and
the white colour indicated the infiltrated area. In

Figure 1. Rainfall
conditions dur-
ing investigated
cropping seasons

Jan Feb Mar Apr May Jun  Jul
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(A)

Figure 2. Water infiltration assessed by the rainfall simulator via (A) a digital image converted to (B) a binary image

this format, the image was also processed in Image]
software (LOCI, Madison, USA), where the total image
area was calculated together with the determination
of percentages representing soil profile (black) and
infiltrated part of it (white).

Energy demand for soil tillage is commonly de-
scribed by the IUD. The IUD was determined using
a drawbar dynamometer with strain gauge S-38/
200kN (Lukas, Prague, Czech Republic) placed be-
tween the towing and the towed tractor. The IUD
was measured using a tine cultivator Kéckerling
Vario 480 (Verl, Germany), during several passes
of the machinery across each variant. The measure-
ment was conducted under a constant speed and
at a set tillage depth (2018 — 11 c¢cm; 2019 — 17 cmy;
2020 — 7 cm). The tillage depth was checked after
each pass. In order to determine the potential influ-
ence of terrain slope and the rolling resistance of
the towed tractor, machinery passes were repeated
with the tillage implement, not in work. Data was
collected using the system NI CompactRIO (National
Instruments Corporation, Austin, USA), the sampling
rate frequency was 0.1 s. GPS location was assigned
to measured values using Trimble Business Center
2.70 (Trimble, Sunnyvale, USA).

Crop yields were measured using three separate
passes of a harvester per each variant. The yield was
weighed after each pass. When relevant, samples were
taken to ascertain representative characteristics of
the harvested product.

Since the set of soil properties has a direct impact
on cropped vegetation, crop status within investigated
variants was also evaluated. In the presented study,
freely available Sentinel-2 satellite images (European
Space Agency) with atmospheric correction and 10 m
spatial resolution were collected and processed to
obtain the normalised difference vegetation index
(NDVI). NDVI is considered as a common indirect
indicator of vegetation greenness and health (Rouse
etal. 1974) and is often used to describe actual crop

status. Each variant was then described by the mean
value of NDVI of all pixels within its boundary.

Statistics. The acquired dataset of all investigated
soil and crop properties was eventually statistically
analysed with the aim to describe potential differ-
ences between investigated variants. The required
homogeneity of variances for ANOVA utilisation
was not met in the case of soil physical properties;
therefore, a non-parametric Kruskal-Wallis test of
variance was applied. Nevertheless, remotely sensed
data met the ANOVA requirements, and so NDVI
variance was evaluated using a standard parametric
test (ANOVA with random effect of the term) followed
by Tukey HSD (honestly significant difference) test
for multiple comparisons. For all the computations,
the R version 4.0.4 (R Core Team 2021) with pack-
ages readexcel, tidyverse, and reshape2 was utilised.
Plots were further generated using the ggplot package
(Vienna, Austria).

RESULTS AND DISCUSSION

Table 3 provides the results of the Kruskal-Wallis
variance test for all investigated soil properties.
CI was monitored in soil profile depths of 4, 8, 12,
16, and 20 cm. Although there was no statistically
significant difference between variants, the trend
depicted in Figure 3 shows the lowest values within
FYM_ZF compared to the other two variants al-
most at all depth levels. In terms of WI, FYM_ZF
performed the best since the analysis showed a sig-
nificant difference compared to C in 2018 and 2020,
i.e., in the years straight after the manure applica-
tion. The situation in particular soil profile levels
is presented in Figure 4, where FYM_ZF shows the
best infiltration characteristics at all depths and
years. Eventually, IUD results indicated significant
differences in FYM and FYM_ZF compared to C in
seasons 2018 and 2020, i.e., again instantly after the
manure application. Figure 5 provides the overview
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Table 3. Descriptive statistics of investigated physical soil properties within variants C (control), FYM (farmyard

manure), and FYM_ZF (farmyard manure with Z’Fix)

2018 2019 2020
Variant
mean + SD C FYM mean = SD C FYM mean = SD C FYM
CI (MPa)
C 0.35 _ 0.43 _ 0.55 _
+ 0.334 +0.134 +0.127
0.422 0.4 0.55
4cm FYM 5406 08 - +0.125 0.97 - +0.085 0.91 -
0.39 0.42 0.58
FYM_ZF +0.281 0.8 0.84 +0.123 0.97 0.97 +0.199 0.91 0.91
C 1.17 3 3 0.83 3 3 0.99 _ _
+ 0.587 +0.125 +0.247
1 0.83 0.89
8 cm FYM 0568 0.68 - £ 09 0.72 - + 0233 0.45 -
0.94 0.77 0.8
FYM_ZF £ 0.712 0.59 0.68 +0.067 0.72 0.72 £ 0.125 0.13 0.48
C 2.04 3 _ 1.07 N _ 1.33 N _
+0.532 +0.267 + 0.424
1.289 0.94 1.12
12 cm FYM +0.58 0.4 - +0.158 0.53 - 4+ 0355 0.36 -
1.2 0.9 1.07
FYM_ZF 4 0.506 0.4 0.54 +0.141 0.32 0.53 +0.350 0.2 0.62
C 2.04 3 3 1.45 3 3 1.62 3 B
+0.532 +0.493 + 0.450
1.744 1.09 1.53
16 cm FYM 40332 0.45 - +0.938 0.092 £ 0991 0.91 -
1.75 1.01 1.45
FYM_ZF 4 0.453 0.45 1 +0.166 0.058 0.509 40328 0.91 0.91
C 2.36 3 3 1.71 3 1.99 3 B
+ 0.497 + 0.547 + 0.482
2.011 1.25 2.03
20 cm FYM 4 0.289 0.42 - +0.942 0.054 - £ 0.416 0.62 -
2.25 1.24 1.8
FYM_ZF +0.54 0.73 0.45 +0.299 0.054 0.787 + 0429 0.57 0.57
C 105.11 3 5 170.8 3 _ 246.571 3 a
+4.131 + 5.376 + 14.095
UID 104.62 172.77 243.47
(kN/m?2) FYM + 5.833 0.82 + 4,973 029 + 14.340 0.26 -
97.86 168.82 233.43
FYM_ZF 16713 < 0.001 < 0.001 + 6.766 0.29 0.1 + 15319 < 0.001 <0.001
c 22.724 ~ 22.34 B 12.76 ~ B
+ 8.566 +3.195 +3.163
30.243 36.827 22.253
0, — p— p—
WI (%) FYM 4 13.447 0.325 + 4853 0.0591 45003 0.198
48.975 53.02 34.82
FYM_ZF 418093 0.034 0.146 5956 0.0097 0.0591 + 5391 0.013 0.198

Results of Kruskal-Wallis variance test (significance level P < 0.05 in bold). SD — standard deviation; CI — Cone index;

IUD - implement unit draft; WI — water infiltration

for all three seasons. Furthermore, vegetation status
expressed by means of NDVI was evaluated, and
results are presented in Table 4. Even though three
different crops were evaluated, statistically significant
differences were indicated by ANOVA in all levels
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(P < 0.01). The secondary impact of a particular
treatment on crop status is also demonstrated by
yield information provided in Table 5. The best yields
were consistently attained by FYM_ZF, followed by
FYM throughout all three seasons. As demonstrated
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Figure 3. Cone index acquired by the penetrometer PN70, error bars representing standard deviation. C — control;

FYM - farmyard manure; FYM_ZF - farmyard manure with Z’Fix

in Table 5, the differences in yields were significant
between FYM_ZF and C in the case of sugar beet
and winter wheat. Also, the sugar content reached
by FYM and FYM_ZF was significantly higher than
the one attained by C.

Cl represents a staple soil property since it is closely
related to root architecture and thus also a water
uptake (Colombi et al. 2018). CI around 2.5 MPa is
considered the threshold where higher values directly
restrict the plant growth (Whalley et al. 2007). In
the case of this study, this threshold was not reached
within any variant, nor depth. However, positive
effects of Z'Fix treatment may be observed through
the reduced CI values in comparison with control
and pure manure. The study of Celik et al. (2010)
confirms that the application of organic fertilisers
leads to a reduction in CI. In our study, FYM_ZF

performs even better than FYM in most of the cases,
and this beneficial effect, even though not signifi-
cant, is likely to be supported by Z’'Fix addition. The
reduction of CI in upper layers of the soil profile is
in line with findings of the study of Cermakovi et
al. (2019). When CI was lower when using Z’Fix.
The results of W1 using a rain simulator showed
a trend that was maintained during all monitored
seasons. These results seem to be very interesting,
as they do not provide a simple point information
since the area under investigation involves approx. 4
square meters of the soil profile. The highest W1 was
always achieved by the FYM_ZF variant. In addition,
there were statistically significant differences between
C and FYM_ZF each season following manure ap-
plication. The results clearly show an improvement
of infiltration conditions for the FYM_ZF variant,

2020
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Figure 4. Percentage of infiltrated area (WI) using rainfall simulator in specific levels error bars representing the

standard deviation. C — control; FYM — farmyard manure; FYM_ZF — farmyard manure with Z’Fix
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Figure 5. Implement unit draft obtained by dynamometer
with strain gauge S-38/200kN, error bars representing
the standard deviation. C — control; FYM — farmyard
manure; FYM_ZF — farmyard manure with Z’Fix

as well as the general effect of manure and other
organic matter, but to a lesser extent than when
using activators. Concerning the fact that the W1 is
influenced by the bulk density (Chyba et al. 2017),
W1 results of the present study concurrently confirm
the conclusions of the study of Sarec et al. (2017b),
which described the favourable effect of Z'Fix on
soil properties, bulk density, respectively.

The reduction in IUD within FYM_ZF is in line with
the results obtained in previous small-plots one-year
studies on two different soil types, where cattle manure
treated by Z’Fix was applied (Safec and Zemli¢kova
2016, Zemli¢kové and Satrec 2016). Tillage is one of the
most energy-intensive operations in agriculture. The
implement draft of FYM_ZF decreased by 4.5% (three-
years average) compared to FYM. This decrease might
result in fuel savings of about 0.45 L/ha (assuming
average power delivery efficiency of around 50% and
the fuel requirements of tillage operations at the level
of 20 L/ha). However, the benefit is not only linked
directly to fuel consumption and costs but also to the
reduced emissions produced during tillage (Lal et al.
2019). Finally, vegetation conditions were evaluated.
A total of 31 satellite images between 2018—-2020 were
analysed to derive the NDVI index. The beneficial
effect of the Z'Fix during the emergence phase could
be observed by sugar beet (2018) and wheat (2020).
However, the effect was uncertain in 2019 (Table 4).
Z’Fix seemed to maintain beneficial even during the
drought periods. Although the months of July and
August were really dry in 2018 (Figure 1), FYM_ZF
kept showing the highest NDVI values. This obser-
vation is in line with the statement of Safec et al.
(2017b), which declares that Z'Fix can alleviate the
stress of vegetation in the dry season.

Table 5. Descriptive statistics of yield parameters during the period of field experiment and results of one-way
ANOVA through Tukey HSD (honestly significant difference) test (statistically significant results with P < 0.05

marked as bold)

Year Variable Variant Mean + SD C FYM
C 55.19 + 2.38 - -
sugar beet yield (t/ha) FYM 58.60 + 1.84 0.150 -
FYM_ZF 61.17 + 1.33 0.020 0.295
2018
C 19.00 + 0.46 - -
sugar content (%) FYM 21.80 + 0.70 0.002 -
FYM_ZF 22.20 £ 0.30 0.001 0.629
C 0.82 +0.10 - -
poppy yield (t/ha) FYM 0.89 + 0.06 0.555 -
FYM_ZF 0.97 £ 0.07 0.126 0.473
2019
C 1.41 + 0.09 - -
poppy seed and straw mix yield (t/ha) FYM 1.49 + 0.07 0.496 -
FYM_ZF 1.56 + 0.09 0.141 0.576
C 7.60 = 0.27 - -
2020 winter wheat yield (t/ha) FYM 8.13 + 0.20 0.322 -
FYM_ZF 8.66 + 0.62 0.044 0.322

SD - standard deviation; C — control; FYM — farmyard manure; FYM_ZF — farmyard manure with Z’Fix
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Eventually, based on the above-described results, the
following conclusions can be drawn. CI and IUD were
mostly reduced when using agent Z’Fix for manure
treatment. Concurrently, W1 status was found to be
superior over the other variants. All those described
effects on the soil environment also positively influ-
enced the plant status indicated by NDVI and finally
resulted in higher yields during investigated cropping
seasons, especially in drought periods. With respect
to the sustainability of agricultural production, these
findings are directly applicable to the agricultural
practice; nevertheless, it is necessary to verify them
further under different conditions (various soil types,
manures, and climatic conditions, etc.).
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Abstract: This study was conducted to understand the long-term influence of biostimulator NeOsol
in combination with different manure types on soil’s physical properties and crop status. NeOsol is a
soil biostimulator that should stimulate the biological reactions of the soil profile and improve the
soil’s physical and chemical properties. A six-year experiment was conducted with eight treatments:
NPK, cattle manure, pig manure, poultry manure, and the same four treatments with the NeOsol
added on top. The in situ sampling of soil properties provided data on unit draft (UD), bulk density
(BD), and saturated hydraulic conductivity (SHC). Furthermore, remotely sensed data were analyzed
to describe crop status via three selected vegetation indices (VI), and crop yields were assessed last.
The variants treated with NeOsol demonstrated decreases in UD over time; BD, SHC, and VI did not
significantly change. The impact on yield was significant and increased over time. When comparing
the variants with manure application to those without one, the cattle manure led to significantly
higher SHC; the pig manure led to significantly lower UD and BD but significantly higher SHC and
yield; and the poultry manure led to significantly lower UD and BD but higher yield.

Keywords: bulk density; unit draft; saturated hydraulic conductivity; yield; Sentinel-2

1. Introduction

The growing population and the impacts of climate change are the major drivers
of a significant revolution in current agriculture. Today, farmers around the globe are
under substantial pressure to ensure still-higher yields in a limited area. In doing so, they
must adjust their common management to actual environmental policies. Although the
impacts of changing climate vary among regions and by crop, it is clear that responsible
strategies must be adopted on a global scale [1] Research-based technologies began to be
implemented in the 1950s [2] Collecting, processing, and transferring data into practice
are some of the cornerstones of precision agriculture, one of the staple concepts of the
ongoing Agriculture 4.0 [3] Properly interpreted results then enable practitioners to (a)
increase productivity, (b) reasonably allocate sources, (c) adapt agricultural management,
and (d) avoid food waste [4] Along with the rapid development in technology over recent
decades, significant efforts have been undertaken to design and apply technologies helping
to fight emerging food production issues [5].

Soil fertility is a major factor for sustainable agriculture [6]. Soil properties, including
infiltration and soil structure stability may be improved with manure application. The
method, rate, and timing of manure application should be considered to reduce environ-
mental impacts, e.g., soil erosion [7]. Soil erosion by water is an outcome of two main
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processes: firstly, the detachment of soil particles from the soil surface by raindrop impact,
and secondly, the transport of the detached particles by raindrop splash or surface runoff.
Hence, the structure stability of the soils affects the rate of soil erosion. Management
practices [8] used to control runoff include contouring, strip cropping, conservation tillage,
terraces, and buffer strips. More than one runoff-control practice may be necessary for
protection in areas with high runoff potential. Current intensive agricultural management
often fatigues the soil to an extreme extent in some regions, so fertility has to be restored by
a fertilizer supply [9]. Generally, organic fertilizers act as natural products while manufac-
tured mineral fertilizers mostly consist of ideal combinations of NPK nutrients. Although
mineral fertilizers appear to be an easy solution to soil fertility issues, it concurrently has
many other negative impacts on the surrounding environment as a whole. Thus, properly
managed organic fertilizers are the preferable option, since it is commonly known that
they positively influence both chemical and physical soil properties [10]. Nevertheless, the
amount of produced organic fertilizers has decreased in Europe over recent decades as
animal husbandry (such as cattle and pigs) has been significantly reduced [11]. Therefore,
new approaches are being researched and tested to exploit the positive features of organic
fertilizers as much as possible. NeOsol (previously PRP SOL) is manufactured by Olmix
Group (France) as a soil microbial biomass activator. When applied to a soil profile, it
is supposed to stimulate soil biological activity and hence promote hummus synthesis.
Various studies have already been conducted to describe NeOsol’s actual impact on (a) soil
properties, (b) plant status, (c) crop yields, and (d) compost properties. According Spychal-
ski et al. [12], PRP SOL significantly influenced the chemical properties of soil by increasing
pH and available form of magnesium, as well as by decreasing available forms of potassium.
Enhanced water and nutrient uptake [13], favorable effects on soil compaction and the
moisture status of the top layer [14], and reductions in the force required by soil tillage [15]
were observed. Furthermore, beneficial impacts on the enzymatic activity of sand and clay
soils were described by Bielifiska et al. [16]. Naturally, enhanced soil properties directly
impact crop growth. This was the subject of a study by Borowiak et al. [17], where PRP
SOL had a positive effect on the photosynthesis rate and plant growth of spring barley
and maize. PRP SOL was found to significantly enhance chlorophyll content in the leaf
blades of ryegrass [18]. Various studies have also described higher yields of soybean [19],
potatoes [20], and the dry matter of calendula [21] with the use of PRP SOL. Porro and
Pedo [22] found that grape vines on vineyards treated with PRP SOL were in better physio-
logical and eco-physiological condition than controls, and the taste of the final products
was fruitier and more floral. The biostimulative potential of the PRP SOL was studied in
combination with municipal compost, where the total contents of nickel, manganese, lead,
and their soluble forms in soil were observed [23]. Furthermore, the application of compost
in combination with PRP SOL had a significantly positive impact on wheat grain yield [24].

Although the above-mentioned studies addressed the topic of the biostimulator
NeOsol, this study was aimed at verifying the effectiveness of this soil agent and its
effect on enhancing the outcome of the three types of manure in a six-year experiment in
real agricultural conditions. The hypotheses to be verified are as follows: the use of this soil
agent would lead to (a) reductions in implement unit draft and bulk density, (b) increase
in saturated hydraulic conductivity, (c) enhancement of crop growth, and (d) increase in
crop yield.

2. Materials and Methods
2.1. Biostimulator NeOsol

NeOsol is manufactured by Olmix Group (Bréhan, France) as a granular biostimulator
of vital soil functions. This soil agent uses the patented technology MIP (Mineral Inducer
Process). It exploits the bioactive properties of minerals and specific trace elements to
stimulate the biological reactions within the soil profile. More specifically, it uses iron,
manganese, coppet, and boron to stimulate enzymatic reactions involved in the transforma-
tion of raw organic matter, especially humification (x-glucosidase, 3-glucosidase, etc.). In



Sustainability 2022, 14, 438

30f15

addition to MIP technology, NeOsol also uses SEAweed DRY algae extracts, which are rich
in nutrients, for soil biota stimulation.

This biostimulator is declared to contain 28.0% w/w of CaO, 15.9% w/w of MgO, and
98.9% w/w of dry matter, from which the combustible substances create 7% w/DMw. The
pH varies from 8 to 10, i.e., it is strongly alkaline.

The recommended dose ranges between 100 and 200 kg ha~!, depending on crop and
local soil conditions. The application is conducted after harvest in the same manner as
granular mineral fertilizers, i.e., it is sprinkled on a soil’s surface.

2.2. Site and Crop Management

A six-year study was undertaken within the experimental field near the town of
Méstec Kralové in Central Bohemia of the Czech Republic (50°14.256' N, 15°20.705" E,
235 masl.). In terms of soil conditions, initial sampling was conducted at the beginning
of the experiment in 2014 after the harvest of barley, and the characteristics are given in
Table 1. The experiment was based on heavy soil (Gleyic Phaeozem), often referred to as
difficult in terms of soil tillage management. In terms of texture, the soil fell into the clay
category according to the USDA texture triangle.

Table 1. Analysis of the chemical and physical composition of the soil conducted at the beginning of
the experiment in 2014.

Soil Profile Depth (m) Unit
0.00-0.30 0.30-0.60
Clay (<0.002 mm) 48 60 Y% w/w
Silt (0.002-0.05 mm) 32 39 % w/w
Very fine sand (0.05-0.10 mm) 2 1 % w/w
Fine sand (0.10-0.25 mm) 18 0 % w/w
Bulk density 1.46 1.48 gem™!
Porosity 46.15 43.99 % w/w
Hummus content 3.89 1.44 % w/w
Cation exchange capacity 278 272 mmol kg !
Volumetric moisture 35.65 40.20 % vfv
pH (KC1) 7.18 7.21

The experimental field was divided into smaller plots with a rectangular area of
45 x 140 m (0.63 ha) per variant. These small plots were arranged with respect to the
shape of the experimental field, and the headlands were left out. The characteristics of
the treatments of particular variants with manure of different origin or with NeOsol are
depicted in Table 2. Standard NPK mineral fertilizer was applied during vegetation to top
up the nutrients contained in manure so that the recommended [25] full dose of nutrients
for a specific crop grown was attained. Of course, the variant NPK, i.e., the control variant,
was left without any additional treatment and the recommended full NPK dose including
ground fertilization in autumn. This complex of treatments finally provided a set of eight
variants, where all the subsequent samplings were undertaken.

The crop rotation system in the experimental field was carried out according to
standard local practice. The agricultural business was located in a sugar beet production
region with the crop rotation of cereals, corn, and either oilseed rape, or sugar beet. The
latter two should not rotate in the same field. The standard crop rotation of the trial
field included oilseed rape. The schedule of each field management practice during the
experiment period is presented by Table 3. All types of manure were applied in fall using a
manure spreader, while the NeOsol application proceeded immediately after harvest by a
fertilizer spreader.
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Table 2. Treatment of individual variants during the experimental period (2014-2020).

Variant Treatment
NPK ! Manure NeOsol
NPK Yes—full rate No No
NPKSOL Yes—full rate No Yes
catt Yes—top-up rate Yes—cattle No
cattSOL Yes—top-up rate Yes—cattle Yes
pig Yes—top-up rate Yes—pig No
pigSOL Yes—top-up rate Yes—pig Yes
pou Yes—top-up rate Yes—poultry No
pouSOL Yes—top-up rate Yes—poultry Yes

I NPK application rate was calculated to top up the nutrients contained in manure so that the recommended [25]
full dose of nutrients was attained in kg ha~1: corn (N 185; P 30; K 190); winter wheat (N 180; P 35; K 95); spring
barley (N 140; P 30; K 80).

Table 3. Crop rotation and agricultural management during the experimental period (2014-2020).

Season Sowing Date Harvest Date Crop (lljgeg:ﬂ) Co::ll::i?;l re Pl(gtll\:{iaﬁl;re Poul(ttr})i ;\i[la)nure
2014 - - Barley 200 50 40 10
2015 Term I 14.4.2015 27.8.2015 Corn 200 - - -
2016 23.3.2016 5.8.2016 Spring barley 200 50 20 8
2017 Term II 2.11.2016 4.8.2017 Winter wheat 150 - -
2018 10.4.2018 3.8.2018 Corn 150 - - -
2019 5.10.2018 24.7.2019 Winter wheat 150 30 20 10
2020 Term IIT 15.10.2019 30.7.2020 Winter wheat 150 - - -

2.3. Data Acquisition and Processing

Data assessment was performed for three terms selected to follow in the same interval
after the manure application, i.e., in 2015 (Term I), 2017 (Term II), and 2020 (Term III). Hereby,
the potential influence of uneven interval between the treatment and measurements was
eliminated. The soil’s physical properties were sampled by in situ measurements performed
either in spring (bulk density and saturated hydraulic conductivity) or autumn (unit draft).
To acquire data on unit draft (UD), a dynamometer with 5-38/200 kN strain gauges (Lukas,
Prague, the Czech Republic) was placed in a horizontal position between two tractors.
Firstly, measurements were accomplished with the tillage implement at a working depth
and a constant speed in order to measure the overall draft of the pulled tractor and the
working implement. The working depth was verified by measurement after each pass.
Secondly, the not-working implement was used to measure the rolling resistance and
the force induced by the potential field gradient. These were deduced from the overall
draft in order to calculate the implement draft. The direction of passes was also taken
into account. With regard to common agricultural practices, measurements were made
with different types of implements and at different depths of soil tillage. A Kockerling
Vario 480 tine cultivator was operated at depths of 11 cm (2015—Term I) and 7 cm (2020—
Term III). Furthermore, a Horsch Terrano 8 FG tine cultivator was operated at 15 cm
(2017—Term II). There were several passes done with each variant and the non-working
and working implements, and GPS data were recorded by Trimble Business Center 2.70
(Trimble, Sunnyvale, California, USA). Simultaneously, raw UD data were collected using
the NI CompactRIO system (National Instruments Corporation, Austin, Texas, USA). The
sampling frequency for both GPS and UD was 0.1 s.

Furthermore, bulk density (BD) was determined via soil samples obtained using a
soil sample ring kit (Eijkelkamp, Giesbeek Netherlands). The volume of each ring was
100 cm3, and sampling was performed in three repetitions per variant. Further BD soil
sample processing involved analysis in the laboratories of the Engineering Faculty of the
Czech University of Life Sciences in Prague according to the national standard CSN EN
ISO 17892-2.
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Saturated hydraulic conductivity (SHC) was measured according to the simplified
Falling-head method of Bagarello et al. [26]. It uses circular infiltrometers (in this case,
0.15 m diameter) and a known amount of water (0.5 1), which is subsequently poured on
the soil surface in the area of the infiltrometer. Volumetric soil moisture was measured
with a Theta Probe (Delta-T Devices, Ltd., UK) before and after water application. The
time of water infiltration was measured for the later calculation of the final SHC value K
(Equation (1)).

Koo (40 D <D+%*)ln . (1—A9)D) o

(1—A0)ty | AO (1—A6) (AB) (D—l— 0(17
here: Af = difference between initial soil moisture content and saturated soil moisture
content; D = the ratio of V (volume of water) and A (area of a cylinder), which is the water
level corresponding to the water volume; ¢, = infiltration time; and & = constant according
to Elrick et al. [27].

Potential differences in the soil’s physical properties between investigated treatments
were determined through one-way (factor: term) or factorial (factors: term; manure type;
NeOsol treatment) analyses of variance (ANOVA) and Tukey HSD post-hoc tests.

2.4. Crop Status

A secondary effect of the investigated treatments on crops within selected variants
was further determined. For this purpose, remotely sensed data were utilized because they
result from a simple and widely used non-destructive method used to acquire spatial data
of crop status.

The European Space Agency (ESA) provides freely available remotely sensed imagery
taken by the constellation of Sentinel satellites. In this case, cloud-free multispectral data of
the Sentinel-2 were utilized. Basic vegetation indices, namely the Normalized Difference
Vegetation Index (NDVI) as a basic indicator of plant health and greenness [28], the Nor-
malized Difference Water Index (NDWI) that provides information on water contents in
plant tissues [29], and the Leaf Area Index (LAI) that describes the robustness of vegetation
canopy [30], were calculated. This set of indicators complexly describes a canopy in terms
of nutrient and water saturation. Since the Sentinel-2 data were not yet available in 2015
and 2016, the above-mentioned indices were calculated only for the following cropping
seasons: 2017, 2018, 2019, and 2020.

The whole process of indices calculation was carried out in the Google Earth Engine
(GEE), as it provides a convenient online environment where every step is controlled by
JavaScript code. This saves a user from time-consuming, one-by-one image processing
and ensures the repeatability of the same processing steps for every image in a collection.
Using GEE, pre-processed and ready-to-use imagery does not have to be downloaded to a
local computer because they are directly processed on the server. For the purpose of this
study, a zonal statistics summary of three vegetation indices was exported in a text file and
further processed in RStudio 1.4.1717, with R version 4.1.0 [31]. Potential differences in
crop performance between investigated treatments were determined through analysis of
variance (ANOVA) with the random effect of the image acquisition date to minimize the
influence of varying index values through the cropping season.

Finally, crop yield was recorded using a combine harvester and a trailer positioned on
a DINI ARGEO WWSB 16t portable static axle scale (DINI ARGEO S.r.1., Modena, Italy).
The grain yield was weighed after each of set of three passes of the combine harvester
per variant.

3. Results
3.1. Unit Draft

UD results are given in Figure 1, which also shows the multiple comparison analysis
results based on Tukey’s HSD test. The differences among investigated seasons were highly
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influenced by varying soil moisture during soil tillage, the type of the tillage implement
used, and the depth of tillage. Therefore, comparisons of variants” UD were performed
separately according to the particular terms by the one-way ANOVA. Statistically significant
differences were detected for both pig manure variants, i.e., pig and pigSOL. Compared to
NPK, NPKSOL, catt, and cattSOL, the pig manure variants attained considerably lower
UD at Terms II and III. Pure pig manure variant (pig) values significantly differed from
those obtained by NPK, NPKSOL, and catt at Term I. Otherwise, no notable differences
were found. In the case of pigSOL, there was a gradual reduction in UD (relative to the
NPK variant), overall reaching more than 10%. This decrease could result in fuel savings of
about 1 L ha~! (assuming an average power delivery efficiency of around 50% and the fuel
requirements of tillage operations at a level of 20 L ha™1).

Term | Term 11 Term 111
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Figure 1. Unit draft within variants during the three investigated seasons. Error bars indicate the

standard deviation, and letters represent multiple comparisons according to the results of Tukey’s
HSD test.

Additionally, the factorial (manure type; NeOsol treatment) ANOVA was employed
separately for each of the terms. Concerning NeOsol treatment, Terms I and III presented
significantly different results. Though variants treated with NeOsol attained higher UD
values at Term I, the values become significantly lower at Term III. This fact suggests
the favorable influence of the NeOsol activator on UD over a prolonged period of time.
Regarding manure type, Term I presented significantly better (i.e., lower) UD values for
the variants where cattle and particularly pig manure had been applied compared to
the variants without any manure. At Term II, only both pig manure variants presented
significantly lower UD values compared to all the other variants. The same outcome
regarding the pig manure variants was present at Term III. Moreover, both variants with

poultry manure showed significant and favorable differences compared to the variants
without manure application.

3.2. Bulk Density

Figure 2 shows the results of soil bulk density analysis after calculating the final values.
In general, BD is a relatively constant indicator that has a key effect on, for example, soil
infiltration. At Term I, relatively homogeneous values could be observed, though they
changed during the following years. In this regard, the overall difference between Term
I and II was found to be statistically significant. A degressive reduction in BD could be
observed, particularly with the application of poultry manure and pigSOL. The importance
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of organic matter in soil is reflected in the highest BD values of variants without any type of
manure supply, i.e., NPK and NPKSOL. Furthermore, the NPKSOL variant demonstrated a
gradual increase in values during the monitored periods. The pig variant always presented
higher BD values than the pigSOL variant. Applying the factorial (term; manure type;
NeOsol treatment) analysis of variance though the factor of NeOsol, i.e., regardless of
manure type and term, demonstrated no significant differences. Concerning manure type,
pig and poultry showed significantly lower BD values than variants where no manure
was applied, with the poultry manure’s BD values significantly differing compared to the

cattle manure. Regarding individual terms, Term II provided significant decreases in BD
compared to Term I.

Term 1 Term 11 Term 111
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= == —
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Figure 2. Bulk density within variants during the three investigated seasons. Error bars indicate the

standard deviation, and letters represent multiple comparisons according to the results of Tukey’s
HSD test.

3.3. Saturated Hydraulic Conductivity

SHC results are presented in Figure 3. The values significantly differed among the
terms, since the SHC was strongly influenced by the condition of the upper layer of the
soil. Within the factorial (term; manure type; NeOsol treatment) analysis of variance, no
significantly different values could be observed over the trial period between the variants,
including those with/without the NeOsol biostimulator, although certain trends could be
observed regarding the type of manure. The long-term use of pig manure and (particularly)
cattle manure led to significantly improved SFH values compared to the variants without
manure treatment. The SHC of both variants with cattle manure significantly surpassed
the SHC values of variants with poultry manure. An adverse trend could be observed for
the NPKSOL variant, where there was a constant decrease in SHC compared to the NPK

variant. The addition of SOL to poultry manure increased the SHC value at each term, but
this difference was not statistically significant.
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Figure 3. Saturated hydraulic conductivity within variants during the three investigated seasons.

Error bars indicate the standard deviation, and letters represent multiple comparisons according to
the results of Tukey’s HSD test.

3.4. Vegetation Indices

The NDVI, NDWI, and LAI were generated from as many cloud-free Sentinel-2 images
as there were available. These indexes introduced the spatial information of crop status in
terms of (a) plant health, (b) water content, and (c) leaf area. Figure 4 depicts trends of the
chosen indices through investigated cropping seasons that brought an overview informa-
tion of the crop development, mostly in terms of the time effect of the used treatments.

ANOVA with the random effect of the date was performed to examine the potential
diverse impact of treatments on both soil and crop status. Multiple comparisons are given
in Table 4, where the gray highlighted lines represent the results of paired variants. These
comparisons were supposed to answer the question of whether the NeOsol addition to the
usual treatment was beneficial in terms of crop growth. It can be seen that no significant
difference was found in any of these paired groups in any season. Some significant
differences were observable for other variants. Those, however, appeared mostly between
the control variant (NPK and NPKSOL) and variants enriched by organic matter of any kind.
Hence, the effect of NeOsol addition was not verified when evaluating crop status. When

focusing on the latest season (2020), the LAI was probably the most sensitive indicator,

since it was also able to detect the differences among various manure types (e.g., poultry
manure performed better than cattle).
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Table 4. Multiple comparisons of crop status derived from three selected vegetation indices based on Tukey’s HSD test. Paired variants (with/without NeOsol) are
highlighted by gray color, and statistical significance levels are in bold as follows: p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***).

NDVI NDWI LAI
2017 2018 2019 2020 2017 2018 2019 2020 2017 2018 2019 2020
NPK-NPKSOL —0.0049 —0.0037 0.0007 —0.0040 —0.0074 0.0062 —0.0018 —0.0069 —0.1032 0.1544 —0.0075 —0.0427
NPK-—catt —0.0126 —0.0159 —0.0125 —0.0328 *** —0.0225 —0.0225 —0.0243 ** —0.0493 *** —0.2705 —0.0196 —0.1401 —0.3302 ***
NPK-cattSOL —0.0121 —0.0107 —0.0087 —0.0256 *** —0.0218 —0.0144 —0.0195 —0.0385 *** —0.2154 0.1198 —0.1054 —0.2519 **
NPK-pig —0.0107 —0.0368 * —0.0173 * —0.0352 *** —0.0232 —0.0312 —0.0291 *** —0.0529 *** —0.2540 —0.4654 —0.2331 —0.4828 ***
NPK-pigSOL —0.0182 * —0.0410 ** —0.0191 ** —0.0384 *** —0.0333 * —0.0338 —0.0284 ** —0.0554 *** —0.3051 —0.9308 —0.3241 ** —0.5624 ***
NPK-pou —0.0125 —0.0403 ** —0.0226 *** —0.0384 *** —0.0291 * —0.0206 —0.0290 ** —0.0545 *** —0.1564 —0.8391 —0.3627 *** —0.5481 ***
NPK-pouSOL —0.0129 —0.0316 —0.0188 ** —0.0354 *** —0.0289 * —0.0215 —0.0249 ** —0.0519 *** -0.1757 —0.6348 —0.3284 ** —0.5207 ***
NPKSOL—catt —0.0077 —0.0123 —0.0132 —0.0288 *** —0.0150 —0.0287 —0.0225 * —0.0425 *** —0.1673 —0.1739 —0.1325 —0.2874 ***
NPKSOL—-cattSOL —0.0072 —0.0070 —0.0094 —0.0216 *** —0.0144 —0.0206 —0.0178 —0.0316 *** —-0.1122 —0.0346 —0.0979 —0.2092 *
NPKSOL-pig —0.0059 —0.0331 * —0.0180 * —0.0312 *** —0.0158 —0.0374 * —0.0273 ** —0.0460 *** —0.1508 —0.6198 —0.2256 —0.4401 ***
NPKSOL-pigSOL —0.0133 —0.0373 * —0.0198 ** —0.0343 *** —0.0259 —0.0400 * —0.0266 ** —0.0485 *** —0.2019 —1.0852 * —0.3165 ** —0.5197 ***
NPKSOL-pou —0.0076 —0.0366 * —0.0233 *** —0.0344 *** —0.0217 —0.0268 —0.0273 ** —0.0476 *** —0.0532 —0.9935 * —0.3551 ** —0.5054 ***
NPKSOL-pouSOL —0.0081 —0.0279 —0.0195 ** —0.0314 *** —0.0214 —0.0277 —0.0231 * —0.0450 *** —0.0725 —0.7892 —0.3209 ** —0.4780 ***
catt—cattSOL 0.0005 0.0053 0.0038 0.0072 0.0006 0.0081 0.0048 0.0109 0.0551 0.1393 0.0347 0.0783
catt-pig 0.0018 —0.0209 —0.0048 —0.0024 —0.0007 —0.0087 —0.0048 —0.0035 0.0165 —0.4458 —0.0931 —0.1526
catt—pigSOL —0.0056 —0.0251 —0.0066 —0.0056 —0.0108 —0.0113 —0.0040 —0.0060 —0.0346 —0.9113 —0.1840 —0.2323 **
catt-pou 0.0001 —0.0243 —0.0101 —0.0056 —0.0067 0.0019 —0.0047 —0.0051 0.1142 —0.8196 —0.2226 —0.2179 *
catt-pouSOL —0.0003 —0.0156 —0.0063 —0.0027 —0.0064 0.0010 —0.0006 —0.0026 0.0949 —0.6153 —0.1884 —0.1905
cattSOL-pig 0.0013 —0.0261 —0.0086 —0.0096 —0.0014 —0.0168 —0.0096 —0.0144 —0.0386 —0.5851 —0.1278 —0.2309 **
cattSOL-pigSOL —0.0061 —0.0303 —0.0103 —0.0127 —0.0115 —0.0194 —0.0088 —0.0169 —0.0897 —1.0506 * —0.2187 —0.3105 ***
cattSOL-pou —0.0004 —0.0296 —0.0139 —0.0128 —0.0073 —0.0062 —0.0095 —0.0160 0.0590 —0.9589 * —0.2573 * —0.2962 ***
cattSOL-pouSOL —0.0009 —0.0209 —0.0101 —0.0098 —0.0070 —0.0071 —0.0054 —0.0134 0.0397 —0.7546 —0.2231 —0.2688 **
pig—pigSOL —0.0074 —0.0042 —0.0017 —0.0031 —0.0101 —0.0026 0.0008 —0.0025 —0.0511 —0.4655 —0.0909 —0.0796
pig—pou —0.0017 —0.0034 —0.0053 —0.0032 —0.0059 0.0106 0.0001 —0.0016 0.0977 —0.3738 —0.1295 —0.0653
pig-pouSOL —0.0022 0.0053 —0.0015 —0.0002 —0.0057 0.0097 0.0042 0.0010 0.0783 —0.1695 —0.0953 —0.0379
pigSOL-pou 0.0057 0.0007 —0.0035 0.0000 0.0042 0.0132 —0.0007 0.0009 0.1488 0.0917 —0.0386 0.0143
pigSOL-pouSOL 0.0052 0.0094 0.0002 0.0029 0.0044 0.0123 0.0035 0.0035 0.1295 0.2960 —0.0044 0.0417

pou-pouSOL —0.0005 0.0087 0.0038 0.0029 0.0003 —0.0009 0.0042 0.0026 —0.0193 0.2043 0.0342 0.0274
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Figure 4. Crop status in terms of (a) crop health and biomass represented by the Normalized
Difference Vegetation Index (NDVI), (b) crop water content status represented by the Normalized
Difference Water Index (NDWI), and (c) canopy leaf area represented by the Leaf Area Index (LAI).
Indices were derived from Sentinel-2 satellite imagery during the 2017-2020 cropping seasons. Error
bars represent the standard deviation of index (pixel) values within each investigated small plot.

3.5. Yield

Table 5 presents the results of crop yields. When primarily focusing on variations
between paired variants differing only in NeOsol content, higher yields were clearly
obtained by the variants enriched with NeOsol, particularly at Terms II and III. This was
also the case for cattle and pig manure in all three terms. Regarding poultry manure,
the effect was observed at Terms II and III. NeOsol addition also had a beneficial effect
on yield in the case of the NPK variant at Terms II and III. When applying the factorial
(term; manure type; NeOsol treatment) analysis of variance, the overall difference between
variants treated with NeOsol and the untreated variants was found to be significant. At
the last term, the difference was most profoundly demonstrated. The pig and poultry
manure types showed significantly higher yields than the variants where no manure was
applied. When assessing the results separately within individual terms, the corn yields of
the pigSOL and pou variants were significantly higher than most of the others. Term II
did not demonstrate any significant differences among winter wheat yields. At Term III,
however, almost all the variants reached significantly higher yields than the NPK variant.
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Table 5. Descriptive statistics of yield (Mean =+ Std. Dev.) during the terms of the field experiment
and the results of one-way ANOVA through Tukey’s HSD test.

Variant. Term I Term II Term III
Corn (tha™?1) Winter Wheat (t ha—1) Winter Wheat (t ha—1)
NPK 32,9 £ 0.7 (a) 7.71 + 035 (a) 7.36 + 033 (a)
NPKSOL 323+ 038 (a) 7.95 + 0.33 (a) 8.11 + 0.32 (b)
catt 32,5+ 0.7 (a) 8.43 + 0.42 (a) 7.93 + 0.21 (ab)
cattSOL 33.1 £ 0.7 (ab) 8.48 + 0.42 (a) 8.29 - 0.40 (b)
pig 321+ 1.0 (a) 7.71 + 0.36 (a) 8.11 + 0.18 (b)
pigSOL 35.7 + 0.6 (c) 8.10 + 0.46 (a) 8.38 + 0.22 (b)
pou 34.8 £ 0.8 (bc) 7.62 + 0.30 (a) 8.11 £ 0.19 (b)
pouSOL 323+ 09 (a) 7.90 + 0.41 (a) 832 + 0.19 (b)

4. Discussion

UD is a commonly used metric for assessing energy demand during soil tillage, since
it gives the information about the energy necessary for tillage tools to loosen the topsoil.
Soil tillage is the most energy-demanding operation in the crop production process, and a
decrease in fossil fuel usage should be the crucial goal in sustainable crop production [32].
UD is highly influenced by soil moisture content, tillage depth, and operation speed [33].
The study of Liang et al. [34] concluded that the application of manure has reduced the
energy demand of tillage. In case of our study, the results regarding pig and poultry manure
confirm Liang’s results, though less so for cattle manure. The results regarding the pig
manure are in line with the work of Mclaughlin et al. [35], who reported that repeated
applications of manure are reflected in reduced tillage energy. The results concerning cow
manure with NeOsol are, however, not in line with the work of Zemli¢kova and Safec [36],
who reported an increase in unit draft at one year after application. Urbanovi¢ova et al. [15]
described a decrease in tension force at ploughing by 5.71% after three applications of
NeOsol compared to an untreated plot. All three applications were carried out within the
years 2015-2016, and the draft of a plough was only measured at the end of the experiment.
Tuba et al. [37] also reported a considerable decrease in plough draft after NeOsol treatment
in their three-year experiment. In this study, we only observed a significant decrease in UD
by 2.9% after six years of NeOsol treatment.

BD is an important indicator of soil compaction. BD values vary with the time delay
from soil tillage. Immediately after tillage, values are lowest and tend to increase during
the season due to climatic factors and mechanical load exerted on the soil surface [38,39].
According to the USDA [40], the ideal bulk density for optimal plant growth on soils with a
clay content of more than 45% is lower than 1.1 g cm 3. In case of this study, this threshold
was exceeded for each term. The pigSOL variant achieved better results in comparison
to the pure pig manure. Schjonning et al. [41] reported that long-term cattle manure
application led to the decline in soil BD, and Hemmat et al. [42] reported that different BD
values were more influenced by the application rate of manure than the manure origin. The
results regarding the NPKSOL variant in our study are in line with Urbanovicova et al. [15],
who found an increase in BD in the topsoil with NeOsol. The long-term results regarding
the pigSOL variant also confirm the results of Safec and Zemlitkova [43], who found that
the application of NeOsol in combination with pig manure led to an improvement in BD in
the topsoil.

SHC is a staple hydrogeological parameter that describes a soil’s ability to infiltrate
water and distribute it further to the crop root system. Our observations concerning SHC
or infiltration rate in general are by and large consistent with past ones [44,45], which have
shown improvements in infiltration processes and reductions in surface runoff rates and
soil loss for soils with various organic soil treatments from livestock production. Apart from
different types of organic matter, some activators have also been examined. Particularly,
biochar [46] was found to significantly increase the final infiltration rate and significantly
reduce soil loss. However, in our study, NeOsol did not demonstrate any such effect.
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The major advantage of the utilization of remote sensing data in agriculture is the fact
that a canopy can be easily observed in a non-destructive manner with a high temporal
resolution (5 days for Sentinel-2 at the equator in ideal meteorological conditions). This
results in a complex set of data that provides information about crop development during
the cropping season. Figure 4 and Table 4 illustrate this kind of information, and even
though no significant difference between paired variants has so far been observable, the
timeline shows a clear trend. Starting at the 2017 season with almost no difference between
treatments, the significance increased over time. In 2020, strong differences between NPK,
NPKSOL, and the variants with any manure can be clearly observed in every comparison
level by all three indices. NeOsol’s contribution to higher chlorophyll content has already
been described in several studies [17,18,20,47]. It is therefore likely that the desired impact
of the management of crop status might be detected in the following seasons, e.g., over a
longer time span after NeOsol application.

The NDWI was calculated to gain information regarding crop water content, which
was closely related to the SHC soil property. Sindelkova, Badalikova, and Kubikova [13]
stated that improvements in soil properties using activators leads to preferable utilization
of water and nutrient uptake by plants. Nonetheless, though SHC results (Figure 3)
demonstrate the only difference between the NPKSOL and the catt variant at Term III,
crop water status via the NDWI differed on several more levels. Here again, the major
advantage of spatial data is noticeable, as they provide more accurate information than
point sampled data.

Sustainable agriculture is necessary to provide careful nutrient management, which is
important for increasing soil organic carbon due to improving agricultural productivity
and maintaining ecosystem health [48]. One of the possibilities may be the application of
manure, which improves soil fertility even in combination with mineral fertilizers [49]. On
the other hand, the application of inorganic fertilizers directly leads to higher yields by
providing nutrients that encourage crop growth [50]. In both years of the mentioned exper-
iment, the yield of winter wheat grain significantly increased and almost proportionally to
the increasing doses of compost. The application of the soil improver on the background
of compost further significantly increased the grain yield. However, the soil improver
applied in the control treatment, without compost, had an insignificant impact on the
wheat yield [24]. Several experiments were conducted to verify the effect of PRP SOL (now
NeOsol) on yields with diverse outcomes. The PRP SOL activator proved to be a useful
soil additive for calendula growing, as it was found to increase the yield of dry matter
of flowerheads [21]. PRP SOL can also replace the inorganic fertilizing of spring barley
with phosphorus and potassium without grain yield losses [51]. Another study [52] of a
two-year soybean experiment did not show any statistically significant increase in yields
when using the SOL activator. Conversely, PRP SOL in combination with urea was found
to have a positive effect in terms of increased soybean yield [19]. Our observations have
proven the significant effects of NeOsol on yield, which were intensified after a prolonged
application, i.e., at the last term of the experiment.

This experiment verified beneficial effect of the NeOsol activator on crop yield and the
unit draft of tillage implements after a prolonged application. In an agricultural practice,
this may manifest in higher revenues from crops and lower fuel consumption of soil tillage.

5. Conclusions

We carried out a six-year experiment on the biostimulator NeOsol and three manure
types of different origin (cattle, pig, and poultry) that were applied either alone or in a
combination in order to assess their influence on soil’s physical properties and crop status
in real agricultural conditions. The evaluation focused on three terms when manure had
been applied beforehand.

Concerning unit draft (UD), the overall influence of NeOsol regardless of time de-
velopment was not significant. However, though at Term I, variants treated with NeOsol
attained higher UD values, the values become significantly lower at Term III (by 2.9%).
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This fact suggests the favorable influence of the NeOsol activator on UD over a prolonged
period of time. The variants with manure application, particularly pig manure (by 6.5%)
and poultry manure to some extent (by 2.1%), attained significantly lower UD values than
those without treatment. Regarding soil bulk density (BD), NeOsol did not show any
significant influence, whereas pig manure (by 6.7%) and particularly poultry manure (by
10.3%) presented significantly lower values compared to the variants without any manure.

No significantly different values of saturated hydraulic conductivity (SHC) could be
observed between the variants including those with/without the NeOsol biostimulator
over the whole trial period. On the other hand, pig manure (by 12.4%) and particularly
cattle manure (by 15.9%) application led to significantly decreased SFH values compared
to the variants without manure treatment.

NeOsol’s effect on several vegetation indices (VI) proved inconclusive as opposed
to the variants enriched by the manure of any origin. When assessing yield, however,
NeOsol's effect was significant. At the last term of the experiment, the difference in winter
wheat yield reached 5.0%. A similar outcome was produced by manure application, where
the variants with pig and poultry manure presented 3.8% and 2.7% higher average yields,
respectively, than the other treatments. At Term 111, the difference was significant even for
all three manure types, i.e., cattle, pig, and poultry manure surpassed the yields of variants
without manure by 4.8%, 6.6%, and 6.2%, respectively.
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