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1. GVOD

Potteba zvysit zemédélskou produkci se v pribéhu poslednich Sedesati let projevila
masivnim pouzivanim mineralnich hnojiv. Vzhledem k narastu svétové populace se ocekava
rust poptavky po krmivech a potravinach, omezenéd dostupnost produktivni zeméd¢elské pidy,
a vzristajici zavislost na mineralnich hnojivech. Je tedy dulezité nalézt alternativni strategie
pro vyzivu rostlin.

V roce 2012 vznikl Evropsky ramcovy program (BIOFECTOR, funded by the European
Commission within the 7th Framework Programme, Grant Agmt. No. 312117, feSeny v letech
2012 - 2017) zaloZeny na spolupraci pfedevSim evropskych univerzit (12), instituti (2)
a distributortt (7). Projekt byl zaméfen na vyuziti tzv. bioefektorii v rostlinné vyrobé
s hlavnim cilem pfispét ke snizeni vstupli mineralnich hnojiv pouzivanych v zeméd¢lstvi
a ke spravnému vyuzivani pad riznych zemépisnych poloh. Bioefektory mohou byt
v zéavislosti na ptidné-klimatickych podminkach nastrojem k piekonani omezeni dostupnosti
zivin. Mohou obsahovat mikroorganismy (bakterie, houby) nebo i aktivni pfirodni slou€eniny,
jako jsou vyluhy z pidy nebo kompostu, mikrobidlni zbytky, rostlinné vytazky, vytazky
¢i vyrobky z biologickych procest. Tyto produkty jsou vyvijeny pro Siroké spektrum plodin
(cilovymi plodinami projektu byly kukufice, pSenice a rajcata).

Hlavnim sledovanym prvkem pro testovani bioefektorti v ramci projektu byl fosfor. Ten
patii mezi nezastupitelné makroprvky nezbytné pro rlst a vyvin rostlin. Navzdory jeho
nezbytnosti v rostlinném metabolismu je jeho pfistupny podil v pidé pomérné nizky, a to
1 pres akumulaci jeho pfistupnych forem ve vrchnich vrstvach ptdy, tj. v oblasti ristu kofent.
Obsah pidniho fosforu se méni v zavislosti na matecni horning, textufe a jinych faktorech
hospodareni (pomér a druh dodaného P a zplsob kultivace piid). Vliv ma dale 1 aplikace
organickych a minerdlnich hnojiv a samozfejmé 1 biologickéd aktivita. Pravé na biologické
aktivité je ptisobeni bioefektori zalozeno. Jejich funkce spociva napt. v podporte riistu kofenti
(Pseudomonas sp.), rozpousténi fosforeénani pro rostliny normalné¢ nedostupnych
(Trichoderma harzianum), nebo mohou slouzit i jako zdroj energie pro pfirozené¢ se
vyskytujici plidni mikroorganismy (vytazky z tas). Vzhledem k tomu, ze zdroje kvalitnich
fosfatl jsou limitované, je tfeba hledat nové alternativy k hnojeni fosforem. Urcitou
alternativou by mohlo byt pravé vyuziti bioefektorti. Tato disertani prace je zameéfena
zejména na vliv aplikace bioefektori na vynosové parametry, obsah a odbér vybranych

makro- a mikroprvku kukutici, poptipadé pSenici ozimou.



2. LITERARNI RESERSE - BIOEFEKTORY

V poslednich letech, metody biologické ochrany a vyuziti mikroorganismi pfitahuji
pozornost vyzkumu, jako slibnad alternativa k chemické kontrole. Biologickd kontrola
s pouzitim antagonistickych mikroorganismti se ukézala jako zivotaschopna alternativa.
Ackoli pouzivani pesticidli je tradicni metoda, jejich vedlejSi environmentdlni Uc¢inky
a postupna odolnost patogenu vuci ucinné latce stimuluji hledani alternativnich strategii
hubeni patogent. Jednou z alternativ je vyuziti roda Trichoderma, Gliocladium, Erwinia,
Pseudomonas a Bacillus pro jejich antagonistické pisobeni. Antagonistické bakterialni izolaty
obsahuji antibiotika, kterd inhibuji zony ristu patogena. Rozvoj tzv. mikrobialnich
biokontrolnich ¢inidel, v této praci tzv. bioefektorii stoupa vzhledem k moznému vyuziti
téchto latek v ekologickém zeméd¢lstvi (E1-Gremi et al., 2017). Jednim z hlavnich vyznama
aplikace bioefektorii by mélo byt zvySeni dostupnosti zivin, zejména fosforu, rostlinou (Losak

et al., 2016).

V této kapitole je uveden vybér mikroorganismi, podilejicich se na mobilizaci P v pidé

se zamé&fenim na mikroorganismy studované v disertacni praci.

2.1. Houbové bioefektory

Bioefektory mikrobialniho ptivodu Ize rozdé€lit na dvé hlavni skupiny, podle toho, jakou
ucinnou slozku obsahuji: houbovou a bakteridlni. V minulosti jiz bylo uskute¢néno mnoho
studii, kde byl pozorovan vliv aplikace riznych druhti hub na rostlinu, proto na zac¢atku této
¢asti (2.1.), v tabulce 1. jsou uvedeny nékteré z nich. Dale jsou podrobné&ji popsany houby,

které byly vyuzity v ramci této disertacni prace, popt. projektu.



Tab. 1: Bioefektory jako houby, které podporuji rust rostlin a rostlinnou produkeci.

Houba

Pokusné podminky

VIiv na rostlinu

Zdroje

Trichoderma
spp.

Laboratorni podminky

Laboratorni podminky

Zvyseni rustu a produkce
semen soji

Zvyseni rastu u Vigna
unguiculata

Paradiso et al. 2017

Chagas et al. 2016

Trichoderma

Nadobovy pokus

Zvysené kliceni a rist

El-Gremi et al. 2017

harzianum semendckil pSenice
Sklenikové a Zvyseni vynosu rajcat Buysens et al. 2016
laboratorni podminky | ZvySeni délky nadzemni a
kofen. Casti, susiny
a vynosu semen Cajanus
cajan
Nadobovy pokus Zvyseni rastu u Brassica Gupta et al. 2016
juncea
Nadobovy pokus Zvyseni délky kotent, Ahmad et al. 2015
rustu rostlin a suSiny u
Brassica nigra
Penicillium | Rhizoboxovy pokus Zvyseni délky kotent Gomez-Munoz
bilaii kukufice etal. 2017
Polni podminky ZvySeni vynosu zrna Ram et al. 2015
pSenice
Polni podminky Zvyseni délky kofent a Vessey
obsahu P v kofenech a Heisinger 2001
hrachu
Polni podminky Zvyseni vynosu vojtésky Beckie et al. 1998
Rhizophagus | Nadobovy pokus Kratsi délka kotent, ale Lazarevic et al. 2018
irregularis veétsi mnozstvi kofenovych
vlaskl u pSenice
Maloparcelovy pokus | Zvyseni vynosu u manioku | Ceballos et al. 2013
Glomus Nadobovy pokus Zvyseni rastu rostlin, Yuan et al. 2016
mosseae vynosu susiny v nadzemni
a kotfen. hmoté u tabaku
Nadobovy pokus Zvyseni rustu rostlin, vét§i | Liu a Wu 2014
primér stonkll a kofent u
Citrus tangerine
Nadobovy pokus Zvyseni ristu rostlin Wang et al. 2012

a vynosu zrna u ryze, vyssi
hmotnost nadzemni a
kofen.cCasti

(Hole¢kova et al., 2017).




2.1.1. Trichoderma sp.

Trichoderma spp. je volné zijici vlaknita houba vyskytujici se téméf ve vSech ptudach
a na raznych stanovistich. Rod Trichoderma zahrnuje druhy, které jsou v soucasné dobé
pouzivany jako bioefektory (Hermosa et al., 2012; Dominguez et al., 2016). Houby z rodu
Trichoderma maji dlouhotrvajici a riiznorodé G¢inky na rostliny. Tyto houby jsou znamé diky
produkci né€kolika enzymil a antibiotik. Tomuto druhu jsou pfic¢itiny mnohé fyziologické,
antimykotické ¢i insekticidni ucinky. Pisobi mimo jiné proti Sirokému spektru rostlinnych
patogenu. Trichoderma spp. kolonizuje kofeny a parazituje na patogenu, ze kterého ziskava
ziviny. Tyto houby podporuji rychlost ristu a vyvoj rostlin, rozpousténi zivin v pudé
a nasledny pfijem zivin (Harman et al., 2004a; Raja, 2007; Do Vale et al., 2012; Ferrigo et al.,
2014; Galletti et al., 2015; EI-Gremi et al., 2017). Dale také zvySuji odolnost viici abiotickym
¢i biotickym stresim, pfijem a vyuziti zivin, produktivitu plodin (Yedidia et al., 2001;
Howell, 2003; Harman et al., 2004a; Galletti et al., 2015). Dennis a Webster (1971) uvadéji,
ze houby rodu Trichoderma spp. maji charakteristickou vini a nékteré izolované latky
z téchto hub produkuji tékavé slozky, které pasobi inhibién€ na rist jinych hub. Napf.
acetaldehyd byl identifikovan jako inhibi¢ni metabolit Trichodermy viride. Ke zvySeni rustu
rostlin, a tedy 1 kofenli dochdzi napft. v diisledku jeho silné antipatogenni aktivity, biosyntézou
hormont, zlepSenim piijmu Zivin z pudy, vyvojem kofentll, zvySenim rychlosti metabolismu
sacharidii a zvySenim fotosyntézy (EIl-Gremi et al., 2017). Rust podporuje také produkce
enzymi. Hlavni hydrolytické enzymy vylu¢ované touto houbou jsou protedzy, chitindzy
a endochitinazy (Do Vale et al., 2012). Endochitinazy jsou proteiny podilejici se na degradaci
chitinu. Chitindzy se rozdé€luji na dvé hlavni skupiny podle jejich aktivity: endochitinazy
a exochitindzy. Endochitindzy jsou rozd€leny na chitinazy, které stépi chitin ndhodné uvnitf
fetézce. A exochitindzy jsou subklasifikovany na chitobiosiddzy a chitobidzy. VSechny tyto
enzymy pusobi vzajemné, synergicky a komplementarné na chitin a na degradaci bunécné
stény (Duo-Chuan, 2006; Do Vale et al., 2012).

Princip kooperace mezi rodem Trichoderma a rostlinou lze vysvétlit nékolika zptisoby:

- SoutéZ o prostor - Trichoderma spp. roste rychleji na povrchu kofene nez jiné druhy
hub v padé¢. Ostatni houby proto maji mensi Sanci prosadit se na stejném koteni;

- Soutéz o ziviny - Trichoderma spp. bere patogena jako zdroj potravy a Zivin. Proto
omezuje rozvoj patogend;

- Parazitismus patogent - Trichoderma spp. roste kolem mycelia patogenu. Bunécné

stény patogenu jsou rozd¢leny, a timto ndsledkem je patogen znicen;



- Posileni rostlin - Trichoderma spp. zlepSuje kofenovy systém a zvySuje tvorbu
kotenovych vlaskl, v disledku toho mohou byt ziviny a voda 1épe absorbovany. To vede
k lepSim vynostim a silnéjSim plodinam;

- Indukovana rezistence - Trichoderma také posiluje obranny mechanismus nadzemnich
¢asti rostlin, boj proti chorobdm napt. padli. Tento proces se nazyva indukovana systémova

rezistence (ISR) (Anon., 2014).

2.1.2. Trichoderma harzianum

T. harzianum je mykoparaziticka vlaknita houba, ktera produkuje a vylucuje celou fadu
extracelularnich hydrolytickych enzymt pouzivanych k degradaci bunééné stény (Do Vale
et al., 2012). Trichoderma ma schopnost kolonizovat kotfeny rostlin v riznych typech pudy
a pH, a tim podporovat také rast rostlin ¢i stimulovat systémové obranné reakce u kukufice
(Harman et al., 2004b; Ferrigo et al., 2014). Tento kmen je nejpopsanéj$im a nejvice se
vyskytujicim kmenem Trichodermy na svété. Prvni studie probihaly od roku 1980 a byly
provedeny Gary Harmanem z Cornellovy univerzity ve Spojenych statech (Raja, 2007; Anon.,
2014). Jednim z ucinka aplikace kmenu T22 je zvySeni rhstu rostlin, a to 1 v rostlinach
za stresovych podminek. Ke zvySeni ristu dochazi nepiimo v disledku jeho silné anti-
patogenni aktivity, a pfimo prostiednictvim: 1) indukce biosyntézy hormont, 2) zlepSeni
solubilizace a pfijmu zivin z pudy, 3) vyvojem kotenil, 4) zvySenim rychlosti metabolismu
sacharidu, a 5) zvySenim fotosyntézy (EI-Gremi et al., 2017). Houba roste v Sirokém rozmezi
teplot (10 az 34 °C), pti hodnoté pH 4 az 8,5. Hlavni hydrolytické enzymy vylu¢ované touto
houbou jsou proteazy, chitinazy a endochitinazy (Do Vale et al., 2012). Tato houba je také
hlavni slozkou v n€kolika komeréné vyrabénych biofungicidech. Biofungicid je urcen
pro aplikaci na list, na osivo a do pudy. V pidé se vyuziva k oSetfeni a pro potlaceni ruznych
chorob, které jsou zpuisobeny patogeny, jako je Botrytis, Fusarium a Penicillium spp. Tato
skupina fungicidii ma byt vyuzita zejména v boji proti Skiidcim, pro zlepseni zdravi rostlin
a monitorovani Zivotniho prostfedi (Samuels et al., 2014; Gomes et al., 2015). EI-Gremi et al.
(2017) publikuji, ze kmen T22 je schopen zlepsit vykonnost fotosyntézy a podpofit rust rajcat.
Po aplikaci doslo ke zvysSeni vySky rostlin, fotosyntézy a celkovému obsah chlorofylu.
Celkové aplikace tohoto kmene zmirnila vliv fady biotickych a abiotickych stresi.

Ahmad et al. (2015) provedli studii, kde byl pozorovan vliv zasoleni pady na brukev
po aplikaci T. harzianum. Studie zahrnovala nadobovy experiment s Brukvi sitinovitou
(Brassica juncea, L. kul. Varuna). Stres zptisobeny zasolenim ptdy zptsobuje u rostlin mensi
a pomalejsi rast, zménu fyzikalné-biochemickych vlastnosti rostlin a nasledny pokles vynostu

biomasy. Vysledky ukazaly, Zze sazenice rostlin, které byly oSetfeny T. harzianum, byly
5



podstatné odolngjsi viici stresovym podminkdm zpiisobenych salinitou, oproti neoSetfenym
rostlindm. Harman et al. (2004) pozorovali u¢inky kmene T22 na kotfenovy systém, nadzemni
Cast, velikost a mnozstvi kofenovych vlaska u kukutice. Sazenice z oSetfenych semen mély
vetsi kofeny a vyhonky neZz sazenice nenaoCkované. Kofenové systémy u rostlin, které
vyrostly ze semen osetfenych touto houbou, byly téméi dvakrat del$i, nez u kontrolnich
rostlin. Naockovani zvysilo také rist kofenovych vlaskt a hlavnich kotfend. Celkova plocha
a objem kofen v pfitomnosti kmene T22 byly piiblizné dvakrat vétsi neZz u kontrolnich

rostlin.

2.1.3. Penicillium bilaii

Mikroorganismus Penicillium bilaii je houba, ktera Zije ve spojeni s kofeny rostlin a bylo
prokazéano, ze zvySuje rozpustnost a absorpci fosforu u nékterych plodin (Karamanos et al.,
2010; Gomez-Munos et al., 2017). N¢které druhy Penicillium mohou uvolnovat fixovany
fosfor (P) v pad¢ a zptistupiiovat je rostoucim rostlindm. Ve srovnani s jinymi zivinami je P
nejméné mobilni a je dostupny rostlindm ve vétSin¢ pud. P-solubilizujici houby hraji
dulezitou roli v celosvétovém cyklu. P. bilaii se pouziva jako ockovaci inokulant pro zlepSeni
ucinnosti P u riiznych plodin, jako je napf. pSenice, kukufice, fepka, fazole, soja, lusténiny.
Tato pidni houba je schopna rozpustit mineralni fosfaty a zvysit ptijem fosfati (Nakahara
et al., 2004; Richardson et al., 2011; Gomez-Munoz et al., 2017). Na solubilizaci P se podileji
tii hlavni mechanismy: acidifikace ptdy, uvolfiovani aniond organickych Kkyselin
a uvolnovani fosfomonoesterazy a fytazy (Gomez-Munoz et al., 2017). Cunningham a Kuiack
(1992) prokazali, ze hlavnimi kyselymi metabolity produkovanymi P. bilaii jsou kyselina
Stavelova a kyselina citronova. Diky témto produkovanym organickym kyselindm mize
P. bilaii zvysit dostupnost fosfatu do rostliny.

Gomez-Munoz et al. (2017) provedli rhizoboxové pokusy s kukufici, kdy byla testovaci
rostlina péstovana po dobu 27 dnd. V tomto pokusu byl inokulovan P. bilaii, kmen ATCC
20851 na zrno samostatné nebo v kombinaci s kalem z odpadnich vod. Béhem pocate¢nich
fazi rastu zvysilo ockovani semen P. bilii vySku kukufice. Na konci pokusu vSak tento t¢inek
ustal. Rust kofene byl zvySeny u nao¢kovaného osiva P. bilaii nebo u inokulace v kombinaci
s kalem. Aplikace samostatného kalu byla méné Gc¢innd. Koloniza¢ni studie provedené pii
sklizni ukazaly, ze P. bilaii nebylo mozno detekovat v rhizosféie kukufice, ale zistal na misté
ockovani. Na konci tohoto pokusu inokulace P. bilaii neprokazala zadny ucinek na vysku
vyhonku ani na nadzemni biomasu. Inokulace splaskovych kalt s P. bilaii nevedla ke zvySeni
ptijmu fosforu, a tak se ukdzala byt mén¢ G¢inna nez inokulace semen. V této studii vyssi rist
kofeni nevedl k vy$Simu piijmu P, pravdépodobné kvili silnému nedostatku zZivin
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v pudé. Ram et al. (2015) provedli v Indii polni pokusy v letech 2009-2011 s cilem vyhodnotit
ucinek inokulace semen s P. bilaii na psenici pii riznych davkach fosforu na obsah P v listech
a vynosu zrna zavlazované pSenice. Studie ukéazala potencial pouziti P. bilaii jako
biologickych inokulanti spolu s 50 % doporucené davky hnojiva P, kterd produkovala vynos
pSenice podobny 100% davce P, kdyz nebylo pouzito P. bilaii. Je vSak zapotiebi vice
takovych dlouhodobych studii provedenych na raznych typech pudy, které se lisi
v dostupnosti P, v zavislosti na pH. Karamanos et al. (2010) provedli sérii 47 pokust s pSenici
jarni (Triticum aestivum, L.). Pokusy probihaly ve tfech prérijnich provinciich v letech 1989
a 1995 a zahrnovaly také aplikaci P. bilaii. Ze 47 pokustu byla zjisténa reakce na aplikaci
P-hnojiva ve 33 piipadech. Tyto ucinky ale nelze pficitat koncentraci P v puad¢, pudni
organické hmoté¢, textufe nebo povétrnostnim podminkam a byly pouze povazovany
za nahodné udalosti. Vliv na pfijem fosforu méla jen aplikace P-hnojiva. Vessey a Heisinger
(2001) popisuji pokusy na hrachu (Pisum sativum, L.), které byly provedeny na dvou
lokalitach v Kanadé. Naockovani timto organismem v kombinaci s P-hnojivem zptisobilo
prodlouZzeni délky kofenli a zvySeni obsahu P v kotfenech oproti kontrole, kde nedoslo
k aplikaci P-hnojiva. Dale se Gulden a Vessey (2000) zaméfili na pozorovani tvorby
kofenovych vlaskii u hrachu po naockovani P. bilaii. Pokus byl zalozen na aplikaci
mikroorganismu v kombinaci s P-hnojivem. V tomto experimentu byly zkoumany uc¢inky
P. bilaii na rust a morfologii kofene hrachu (Pisum sativum, L.) péstovaného ve tiech
rozdilnych mnozstvich dodaného P (0, 1, 10 mg/l). Podil kofenovych vlaski byl vyznamné
vy$8i u hrachu naoCkovaného P. bilaii ve srovnani s kontrolnimi rostlinami. Rozdilné
mnozstvi dodaného P nemélo vliv na podil kofenovych vlaskl ani na jejich délku. Kofenové
vlasky u hrachu, které byly naockované P. bilaii byly v priméru o 33,3 % delsi neZ u rostlin
nenaockovanych. Beckie et al. (1998) pouzili P. bilaii pfi ockovani vojtésky v kombinaci
s P-hnojivy a z vysledkd pokust vyplyva, Ze k nejvetsi reakei na ockovani doslo na pocatku
vegetacniho obdobi. V roce nésledujicim po ockovani vynos naockované vojtésky vzrostl
v pruméru o 3 % oproti nenao¢kovanym rostlinam.
2.1.4. Rhizophagus irregularis, popripadé kombinace s jinymi organismy

Dal8i mozZnosti pouziti bioefektorii, kromé& aplikace jednoho G¢inného mikroorganismu,
je kombinace vice riznych u¢innych mikroorganismi. Jednim z pouzivanych piipravki
kombinace arbuskularnich mykorrhiznich hub Rhizophagus irregularis a Glomus mosseae.

Béhem posledniho desetileti se vyrazné zvysila aplikace arbuskuldrnich mykorhiznich hub
(AMF). Az dosud bylo obtizné ovéteni tspéSnosti ockovani, protoze specifické kmeny hub
nemohly byt detekovany v kolonizovanych kotfenech. Ockovani AMF se stdle vice pouZiva
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jako nastroj biologického hnojeni v zeméd¢€lstvi a zahradnictvi (Sykorova et al., 2012).
Rhizophagus irregularis je vsudypfitomna AMF, ktera vytvati symbioticky vztah s koteny
vétsiny rostlin. R. irregularis patii mezi sledovany druh houby, z toho divodu, ze dokaze
v kratké dobé¢ kolonizovat kotfeny hostitelské rostliny. Tyto houby zajiStuji rostliné lepsi
pfijem zivin (zejména anorganickych ortofosfatovych iontd P, dusiku, siry). Vznikajici
symbidza muze vést ke zvySeni rastu rostlin (Tisserant et al., 2013; Campos et al., 2015).
V posledni dobé byla vyrobena inokula kmene mykorhizni houby Rhizophagus irregularis
s umyslem jeho pouziti v oblastech tropického klimatického pasma. Jednou z globaln¢
dalezitych potravinaiskych komodit tropti je maniok. Béhem experimentu byl hodnocen efekt
sérioveé vyrabéné ockovaci latky na vynos rostlin manioku na dvou lokalitich v Kolumbii.
Vyznamny vliv o¢kovani R. irregularis na vynos nastal na obou lokalitach. Na prvni lokalité
se zvysil vynos bez ohledu na hnojeni fosforem. Na druhé lokalit¢ bylo dosaZzeno nejvyssiho
vynosu u varianty inokulace AMF a 50 % bézné aplikovaného P. Piesto, ze ockovani mélo
za nasledek vétsi produkci potravin, z ekonomické analyzy vyplynulo, ze ockovanim
nedosdhneme vétsi ndvratnost investic nez u konvenéniho péstovani (Ceballos, 2013;

Schweiger, 2014).

2.1.5. Glomus mosseae, popripadé kombinace s jinymi organismy

Yuan et al. (2016), provedli studii a nadobovy pokus s houbami Trichoderma harzianum
a G. mosseae a jejich vlivu na vyskyt bakteridlniho vadnuti tabaku, zptisobeného bakterii
Ralstonia solanacearum, ale také jejich vlivu na rust rostlin a suSinu nadzemni ¢i kofenové
¢asti rostlin. V ramci pokusu bylo zalozeno néckolik variant: naoCkovani jednotlivymi
houbami nebo naockovani v kombinaci s ,bio-organickym* hnojivem. Hnojivo bylo
vyrobeno z hovéziho hnoje a kompostu v poméru 1:1. Déle byly pfidany fepkové pokrutiny
a vSechny SloZzky byly podrobeny aerobni mikrobidlni fermentaci. Vysledky ukazaly, Ze
vyskyt onemocnéni u rostlin oSetfenych s integrovanou aplikaci G. mosseae a T. harzianum
byl nejnizs§i, ve srovnani s kontrolni variantou o 68,2 %. Vysledky dale ukazaly, Ze
G. mosseae méla také pozitivni vliv na mikrobidlni kolonizaci rhizosféry. Denaturacni
gradientova gelova elektroforéza (DGGE) ukézala, Ze pouziti této houby samostatné nebo
v kombinaci zménilo riznorodost mikrobidlni komunity v rhizosfére. Vysledky ukazaly, ze
kolonizace kofenii G. mosseae se zvysila béhem prvnich 5 tydni po naockovani, poté se
snizila. Nejvyssi mira mykorhizalni kolonizace 75,8 %, byla dosazena pfi aplikaci G. mosseae
+ organickym hnojivem v 5. tydnu vegetace. B&hem celého experimentalniho obdobi
(8 tydnu) byla kotenova kolonizace G. mosseae u této varianty vyznamné vysS$i nez
naoCkovani pouze G. mosseae, coz naznacuje, ze bioorganické hnojivo vyrazné podporuje
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kolonizaci G. mosseae. Dale aplikace zvysila vysku rostlin tabaku, susinu nadzemni hmoty
rostlin i suSinu kofent. Liu a Wu (2014) popisuji pozitivni vliv mykorhizniho ockovani
G. mosseae na vyrazn¢ vyssi rust rostlin, pramér stonkii a kofeni a na hmotnost Cerstvé
hmoty rostlin Mandarinky tanzerinské (Citrus tangerina). U naoc¢kovanych rostlin byl také
zjistén vyssi obsah chlorofylu v listech, ve srovnani s nenaockovanymi rostlinami. Také Latef
a He (2014) provedli nadobovy pokus, kde byl vyhodnocen vliv inokulace G. mosseae
na rast a nékteré biochemické aktivity v kofenech a vyhoncich pepie (Capsicum annuum, L.
cv. Zhongjiao 105). Autofi dosli k zavéru, ze ockovani G. mosseae zlepsilo u rostlin jejich
rust a toleranci vici salinité prostfednictvim produkce fotosyntetickych pigmentt a hromadéni
organickych rozpusténych latek. Dale inokulace snizila oxidaéni stres a zvysila antioxidacni
aktivitu systému. Wang et al. (2012) uskuteénili studii, jejiz soucasti byl nadobovy pokus, kde
byl sledovan vliv naofkovani ucinnou latkou na ryzi. Ryze (Oryza sativa, L.) byla
naockovana mykorhizni houbou G. mosseae. Vegetativni rust a reprodukéni vlastnosti byly
porovnany u nao¢kovanych a nenaockovanych rostlin. Sazenice ryze, které byly naockovany,
rostly statisticky prikazné 1épe nez sazenice nenaockované. Zvysila se vySka rostlin (o 34 %),
hmotnost nadzemni biomasy (o 122 %), hmotnost kotfenové biomasy (o 590 %), a vynos zrna
(0 9,7 %) ve skliznové fazi. Ryze naoCkovana G. mosseae piijala vice zivin pomoci
kotenového systému, coz bylo zdsadni pro dosazeni maximalni produkce zrna. Symbidza

mykorhiznich hub a ryze by tedy mohla byt ptinosem pro riist plodin a vynos zrna.

2.2. Bakterialni bioefektory

Také v ptipad¢ bakterii bylo jiZ v minulosti uskute€néno mnoho studii, kde byl pozorovan
vliv aplikace riznych druhi bakterii na rostlinu, a tak na zacatku této casti (2.2.), v tabulce 2.
jsou uvedeny nékteré z nich. Dale jsou podrobnéji popsany bakterie, které byly vyuzity

v ramci této disertacni prace, popf. projektu.



Tab. 2: Bioefektory jako bakterie, které podporuji rist rostlin a rostlinnou produkci.

Bakterie

Pokusné podminky

VIiv na rostlinu

Zdroje

Pseudomonas spp.

Laboratorni,
sklenikové a polni
podminky

Polni podminky

Nédobové a polni

Zvysené¢ klic¢eni, délky
nadzemni a kofenové ¢asti,
vynosu kukufice

ZvySeni vynosu zrna a
mnozstvi slimy u je¢mene
Zvysené kliceni, rastové

Kifle a Laing, 2016

Frohlich et al. 2012
Nezarat a Gholami
2009, Gholami et
al. 2009

podminky parametry a vynos kukutice | Gravel at al. 2007
Laboratorni Stimulace riistu u rostlin
podminky rajcat
Pseudomonas Sklenikové a polni | Zvysené vynosy u Cicer Valverde et al.
jessenii podminky arietinum 2006
Sklenikové Zvyseni rastu rajcat Etlbany a Smalla
podminky 2013
Bacillus Laboratorni Zvyseny rust nadzemni a He et al. 2013
amyloliquesfaciens | podminky kofenové Casti ryze
Bacillus subtilis Polni podminky Zvyseni absorpce makro a | Altuhaish et al.
mikrozivin, ristu rajéat 2014
Polni podminky Zvyseni hmotnosti rostlin Turan et al. 2014
Vv Cerstvém i suchém stavu
Brassica oleracea
Paenibacillus Nadobovy pokus Zlepseni rustu fizka Wang et al. 2016
mucilaginosus Poncirus trifoliata
Rhizophagus Sklenikové Zvyseni rastu rostlin, po¢tu | Sharma a Kayang
intraradices podminky listd, vySky rostlin, délky 2017
nadzemni a kofenové ¢asti
rostlin Camellia sinensis
Polni podminky Zvyseni rustu rajcat Mohamed et al.

2016

(upraveno dle Holeckova et al., 2017).

2.2.1. Pseudomonas sp., popripadé kombinace s jinymi organismy

cey

Pseudomonas sp. je vSudypfitomna bakterie Zzijici v zemédélskych pudach, dobre

ptizpusobena rustu v rhizosféte. Bakterie z rodu Pseudomonas jsou vhodné jako biokontrolni

¢inidlo podporujici rist, vyvoj a vynos mnoha druhti plodin (Travaglia et al., 2015;

Vallabhaneni, 2016). Tyto bakterie se vyuzivaji jako bioefektor, které spole¢n¢ s mineralnimi

hnojivy mtze slouzit jako GCinny pfistup k zvysSujicim se naroktim rostlin na ziviny. Tyto

mikroorganismy mohou zvysit dostupnost deficientnich nebo imobilnich Zzivin v puadé

po rozpusténi jejich mineralnich forem. Naptiklad Pseudomonas putida mize podporovat rist
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rostlin solubilizaci P, biologickou fixaci dusiku, zvySenim dostupnosti stopovych prvkii, jako
jsou Fe a Zn, a tvorbou regulatord rustu rostlin. Pouziti P. putida zlep$ilo rust a vynos
ruznych plodin, jako jsou fazole, hrach, ryze, raj¢ata a pSenice. Proto bylo pouziti téchto
bakterii navrzeno jako udrZitelné feSeni pro zlepseni rostlinné produkce. Uginek aplikace
P. putida bud’ samostatné, nebo v kombinaci s pfidavkem fosforu zlepsil rist rostlin, piijem
zivin (N, P, K) a antioxidaéni aktivitu (Israr et al., 2016). Na univerzit¢ v KwaZulu-Natal
v Pietermaritzburgu byly provedeny laboratorni, sklenikové a polni pokusy v sezénach 2010 -
2012, kdy byly studovany u¢inky osmi kmenii diazotrofnich bakterii na rist a vynos kukufice.
Kukuti¢na semena byla osetfena Bacillus megaterium, Pseudomonas sp. (kmeny B5, A3, A6,
A61), Burkholderia ambifaria, Enterobacter cloacae nebo Pantoea ananatis, jejichz cilem
bylo stimulovat rust rostlin a udrzovat nebo zvySovat vynosy i pfi snizovani davky hnojeni N.
Vsechny diazotrofni bakterie zvySily kliceni zrn kukutice a Pseudomonas sp. (B5)
a B. megaterium vyrazn¢ zvysily délku nadzemni casti rostlin. Pseudomonas sp. (B5)
a Pseudomonas sp. (A3) vyrazné zvysil délku kofenti. OSetieni zrn s vybranymi diazotrofnimi
bakteriemi vedlo ke zvySeni jejich kli¢ivosti, ale ve srovnani s neoSetienou kontrolou
nezpusobily zadné vyznamné zvySeni vynosu zrna, suSiny, vySky rostliny ¢i obsahu
chlorofylu. To mohlo byt kviili vysoké konkurenci ptivodni pidni mikroflory, jelikoz tispéch
mikrobialniho ockovani zavisi na kolonizaci a konkurenéni schopnosti aplikovanych
mikrororganismi. Kofenovéa exudace, kolonizace kofenil jinymi bakteriemi a zdravi pudy
mohou také ovlivnit u¢innost bakterialniho ockovani (Kifle a Laing, 2016). Ferreira et al.
(2013), Liu et al. (2015), uvadéji pozitivni u€inek inokulace zrn s diazotrofnimi bakteriemi
na su$inu a vynos kukufice. Frohlich et al. (2012) publikuji pozitivni pisobeni bakterie rodu
Pseudomonas pii péstovani je¢mene. Pfi aplikaci bakterii v polnich podminkach doslo
k nariistu vynosu zrn (aZ o 20 %) a rovnéZ ke zvySeni hmotnosti slamy. Také ve sklenikovych
podminkach vykazovaly rostliny vy$s$i vynos a lepsi riist. Yusran et al. (2009) uvadéji, Ze
po aplikaci bakterii Pseudomonas a Bacillus amyloliquefaciens (jednotlivé nebo v kombinaci)
do plidy doslo u naddobového pokusu k vyraznému zlepSeni stavu kotent rajcat. Ty byly
zdravéjsi a vykazovaly vyznamné vyssi kolonizaci arbuskularnimi mykorhiznimi houbami.
Travaglia et al. (2015) provedli studii, kdy aplikovali Azospirillum sp. a Pseudomonas sp.
na osivo nebo vzrostlé rostliny kukufice v laboratornich 1 polnich podminkach. Béhem téchto
pokusii bylo pozorovano né€kolik parametri - kli¢eni, rozvoj a rist kofenii a kofenovych
vlaskt, rist nadzemni Casti rostlin, listova plocha, fotosyntetické pigmenty a vliv postiiku
herbicidu (glyfosat) na rostlinu v kombinaci s naockovanim zrn nebo postfikem na rostliny

touto bakterii. Naockovani bakterii v kombinaci s pfitomnosti herbicidu vyrazné zlepsilo
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kli¢eni rostlin a tvorbu primarnich kofenii i kofenovych vlaskd. Rostliny inokulované
Azospirillum sp. a Pseudomonas sp. vykazovaly vétsi listovou plochu a vétsi nadzemni
a kotenovou ¢ast rostlin, nez nenaockované rostliny. Listova inokulace zvysila také celkovy
obsah chlorofylu a karotenti. Vysledky polniho pokusu ukazaly vyznamné sniZeni akumulace
herbicidu ve formé soli v listech kukufice, ve srovnani s kontrolnimi rostlinami, a také
zmirnéni hromadéni herbicidu v zrnech. Kromé toho, bylo pozorovano zvyseni vynosu plodin
(Azospirillum 11,1 % a Pseudomonas 47,5 %). Nenaockované varianty mé¢ly prumérny vynos
zrna 1021,5 kg zrna/ha. A oSetfené rostliny mély pramérny vynos 1135,0 kg zrna/ha
(Azospirillum) a 1502,5 kg zrna/ha (Pseudomonas). To znamena, ze aplikace biologickych
latek na kukufici zvysi nejen rast plodin, vyvoj a vynos, ale také zlepsi geochemické cykly
pudy. Dale také piispivd ke snizeni davek minerdlnich hnojiv a zkracuje pfetrvavani
xenobiotickych latek pouzivanych v zeméd¢€lské praxi. Tato studie také prokazala schopnosti

bakterie degradovat glyfosat v laboratornich i polnich podminkéch.

2.2.2. Bacillus amyloliquefaciens

Bacillus amyloliquefaciens je gram-pozitivni, aerobni bakterie, produkujici endospory
(Krober et al., 2014; Chowdhury et al., 2015; Zhang et al., 2016) a latky podporujici rust
rostlin a potlaceni chorob pfenasenych pudou v zemédé€lstvi. Tato bakterie podporuje rist
rostlin, zaloZeny pfedev§im na produkci sekundarnich metaboliti potlacujicich konkurencni
mikrobialni patogeny (bakterie, plisné, viry ¢i hlistice) a choroby vyskytujici se v rhizosféte
rostlin. Dale také podporuje rozvoj kofenu a zlepSuje kliceni semen, kolonizuje kofeny rostlin
a dokdze stimulovat rhst svého hostitele. PouZiti téchto bakterii nabizi velky potencial
pro zvySeni vynosu a snizeni chorob rostlin zpisobenych ¢etnymi mikroorganismy (Chen
et al., 2007; Burkett-Cadena et al., 2008; Blom et al., 2012; Fan et al., 2012; He et al., 2013;
Talboys et al., 2014; Lagerlof et al., 2015). B. amyloliquefaciens produkuje mnoho
metabolitl, jako napf. enzymy (chitindzy, deamindzy, fytdzy, peroxiddzy a proteazy,
fosfatazy, celulazy), bilkoviny (kasein, elastin), Zelatinu, $krob, dusitany, eskulin a arbutin,
adenin, guanin, hypoxanthin, pektin, testosteron, tyrosin, a mnoho typt antibiotik (napf.
bacillomycin, fengycin, difficidin) a dalSich latek (Priest et al., 1987; He et al. 2013;
Chowdhury et al., 2015; Lagerlof et al., 2015; EI-Gremi et al., 2017). Diky produkci mnoha
metaboliti pusobi B. amyloliquefaciens napt. antifungalné, antibakterialné nebo
antinematocidné.

Vzhledem k témto vlastnostem, se stale Cast&ji B. amyloliquefaciens pouziva jako

prostiedek biologické ochrany v zeméd¢€lstvi. Bakterie také snizuji vliv abiotickych
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stresovych podminek v rostling, jako je sucho, zasolenost nebo nedostatek Zivin v rostling
(Koumoutsi et al., 2004; Chen et al., 2009; He et al., 2013; Krober et al., 2014; Lagerlof et al.,
2015). Chen et al. (2007), Blom et al. (2012). He et al. (2013) uvadgji, ze
B. amyloliquefaciens je znamy svou schopnosti podporovat rist rostlin produkci indolyl-3-
octové kyseliny (IAA) a giberelini. Dale bylo zjisténo, ze kyselina mlé¢na je hlavni slozkou
kofenovych vymésku kukutice (Baudoin et al., 2003), soji (Yang et al., 2012), lupiny (Egle
et al., 2003), ryze (Aulakh et al., 2001), a ze tato kyselina, sacharidy (Liang et al., 2016)
a dalsi kofenové vymeésky slouzi predevS§im jako zdroj uhliku a energie pro
B. amyloliquefaciens.

He et al. (2013) se zabyvali ve své studii vlivem ockovani B. amyloliquefaciens na rist
rostliny ryZze za stresovych podminek zplsobenych zasolenim po dobu 30 dni. Tato studie
vychazela z ptredpokladu, Ze pouziti mikroorganismi poskytuje alternativni technologii
pro zlepSeni schopnosti tolerance vuci stresu v rostlindch. Vysledky laboratornich pokust
ukazaly, Zze u naockovanych rostlin doSlo v porovnani s kontrolnimi rostlinami, k lepSimu
rustu nadzemni ¢asti rostlin, ale také Casti kofenové. Analyzy této studie mimo jiné prokdzaly,
Ze pritomnost deamindzy v bakteriich zmirfiuje ucinek soli na chlorofyl, a tak podpora ristu
rostlin ve stresovych podminkach zptisobenych salinitou byla z velké ¢asti piipsana ¢innosti

deamindazy, kterou bakterie produkuji.

2.2.3. Pseudomonas jessenii, popiipadé kombinace s jinymi organismy

Pseudomonas jessenii je fluorescenéni, gram-negativni bakterie. Eltlbany a Smalla (2013)
studovali ucinek piidavku P. jessenii (kmen RUA47) a Bacillus amyloliquefaciens (kmen
FZB42) na rGst rostlin v prostiedi pfirozené se vyskytujich bakterii a houbovych kolonii
v rhizosféfe a pude u rajcat a kukufice. V rdmci této studie byl proveden sklenikovy pokus,
ktery zahrnoval tii varianty (kontrola, RU47 a FZB42). Hodnoceny byly parametry rastu
rostlin. RU47 zvysil rist rostlin rajéat ve srovnani s kontrolni variantou, zatimco FZB42
zvysil rust kukufice. Pomoci DGGE (elektroforéza v gradientovém denatura¢nim gelu) bylo
zjisténo, Ze Ucinnost RU47 a FZB42 byla jednoznacné ovlivnéna bakteridlnim slozenim
rhizosféry. Tato bakterie byla také aplikovana ve dvou oblastech Spanélska (Castilla y Leon
a Andalucia), kde Valverde et al. (2006) provedli studii s cilem nalézt uzite¢né bioefektory.
V ramci tohoto projektu byly provedeny sklenikové a polni pokusy s cizrnou, kde bylo
testovano jednodruhové a dvoji (koinokulace) o¢kovani v kombinaci s P-hnojivem. Rostliny,
které byly ve sklenikovych podminkach naockované P. jessenii (kmen PS06), mély o 14 %
vy$$i hmotnost susiny nez nenaockovana kontrolni varianta. Dvojité o¢kovani P. jessenii

s Mesorhizobium ciceri vedlo k poklesu susiny vyhonki oproti naockovani pouze s M. ciceri.
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V polnich podminkach byly rostliny naockované pouze M. ciceri v jednorazové nebo dvojité
inokulaci. Naockované rostliny mély vyssi vynos cCerstvé biomasy nez ostatni varianty.
Ockovani P. jessenii nemélo vyznamny vliv na rist rostlin. Koinokulace vsak méla vyznamny
vliv na vynos semen, a to 0 52 % vyss§i nez neinokulovana kontrolni varianta. Tyto udaje
naznacuji, ze P. jessenii miize pusobit synergicky s M. ciceri pti podpofe rustu cizrny.

2.2.4. Paenibacillus mucilaginosus, popripadé kombinace s jinymi organismy

Paenibacillus mucilaginosus je bakterie, ktera se jiz od roku 1990 Siroce vyuziva
v zeméd¢lstvi jako bioefektor pro jeho schopnost mineralizace fosforu, drasliku a také
pro schopnost fixace dusiku. Tato bakterie je soucésti biogeochemického cyklu drasliku,
fosforu a jinych prvku. Je schopna degradovat nerozpustné ptidni mineraly S uvolnénim Zivin
(drasliku a ve vod¢ rozpustného fosforu), uzite¢nych pro rostliny. P. mucilaginosus se ale také
vyuziva béhem procesu ¢isténi odpadnich vod (Ma et al., 2012; Lu et al., 2014; Tang et al.,
2014b). Nekteré kmeny maji schopnosti antagonistické nebo naopak podporuji rist rostlin.
Na zaklad¢ uvedenych poznatkii byly pfipravky obsahujici tuto bakterii uspéSné pouzity
pfi péstovani tabaku, raj¢at a podzemnice olejné (Lu et al., 2014).

Wang et al. (2016) zkoumali G¢inky kombinovaného naockovani arbuskularni mykorhizni
houbou (Rhizophagus intraradices) s rhizobakteriemi podporujicimi rist rostlin
(P. mucilaginosus) na rust sazenic citrusi za podminek nedostatku fosforu. Pokus byl
proveden pro srovnani rdstu, morfologie kotfene a dalSich fyziologickych proménnych
u sazenic citrone¢niku trojlistého (Poncirus trifoliate, L.), které byly naockovany
R. intaradices nebo P. mucilaginosus nebo obéma mikroorganismy souc¢asné. Délka kotend se
znacn¢ prodlouzila po dvojitém naockovani. Naopak, po naoCkovani rostlin pouze
R. intraradices se délka kofene vyrazné snizila. U sazenic, které byly inokulované kombinaci
R. intraradices a P. mucilaginosus, doslo ke zvyseni koncentrace chlorofylu v listu a zvySené
kotenové aktivit¢ ve srovnani s témi, které bud nebyly naockovany vubec, nebo byly
naoc¢kovany pouze jednim z nich. Kombinované ockovani zvysilo vysku rostlin, prameér
stonku, susinu nadzemni i kofenové ¢asti rostlin. Celkové koncentrace N a P nebo odbér zivin
v kli¢icich rostlinach byly podstatné vyssi u jednodruhového i kombinovaného naockovani.
2.2.5. Bacillus subtilis

Bacillus subtilis je vSudyptitomna gram-pozitivni bakterie bézné se vyskytujici ve vode¢,
pudé, vzduchu a zbytcich rozkladajicich se rostlin. AvSak, primarni zastoupeni téchto bakterii
se nachazi v pude (Kunst et al., 1997; Tam et al., 2006). Bakterie produkuje endospory, které

ji umoznuji snaset a prekonat extrémni teplotni a suché obdobi. B. subtilis produkuje fadu
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protedz a dal§ich enzymi, které mu umoznuji degradovat fadu pfirodnich substrati, coz
ptispiva ke kolob&hu zivin. Tato bakterie je povazovana za benigni organismus, nebot’ nema
vlastnosti, které zptisobuji onemocnéni a neptsobi patogenné ¢i toxicky na ¢loveka, zvitata
nebo rostliny (Kolektiv autorti, 1997; Kunst et al., 1997). Claus a Berkeley (1986) uvadéji, ze
B. subtilis neni povazovan za rostlinného patogena. Nicméné, existuje nékolik publikaci, které
spojuji B. subtilis s vyskytem nékterych chorob u rostlin. Bergeyova pfirucka systematické
bakteriologie uvadi, ze B. subtilis dokaze rozlozit pektin a polysacharidy rostlinnych pletiv,
a ze tento mikroorganismus muze zptsobit mé¢kkou hnilobu na bramborovych hlizach. Avsak,
tento fakt neni prikazné podlozen a podrobngjsi informace nebyly ziskany. Katz a Demain
(1977), Korzybski et al. (1978) uvadgji, ze B. subtilis produkuje Siroké spektrum
antibakterialnich a antifungalnich sloucenin, napf. antibiotika, jako je difficidin
a oxydifficidin, které maji i€innost proti Sirokému spektru aerobnich a anaerobnich bakterii.
Lopez-Valdez et al. (2011), Ma et al. (2015) uvadéji, Ze tato bakterie je Siroce vyuzivanou
v zemédélstvi k podpoie ristu rostlin a mize byt slibnym pfistupem k ochrané rostlin pred
chorobami.

Orio et al. (2016) publikuji fakt, Zze aplikace bakterie B. subtilis ma silny vliv proti
houbovému patogenu Setophoma terrestris zpasobujicimu rizovou nemoc kofent u cibule,
oproti kontrolnim variantam bez aplikace této bakterie. Brutti et al. (2015) provedli studii, kde
vyuzili rhizobakterie podporujici riist rostlin pifi produkci rajcat. Pfed sadbou byly
mikroorganismy naoc¢kovany do substratu. Sazenice rajcat byly péstovany za pouZiti dvou
riznych substrati. Prvni substrat byl slozen ze 70 % raSeliny a 30 % perlitu. Druhy substrat
byl slozen z 20 % raseliny, 20 % perlitu a 60 % kompostu. O¢kovani bylo provedeno
mikroorganismy: Bacillus subtilis, Pseudomonas fluorescens nebo piipravkem Bioroot, coz je
komer¢ni produkt obsahujici B. subtilis, P. fluorescens, Trichoderma harzianum, kvasnice,
fasy a Nocardia. Naoc¢kovani zvysilo plochu listd, suSinu nadzemni ¢asti rostlin i kofene,
objem kofend a kofenové vétveni ve srovnani s kontrolni variantou bez ockovani, a proto
autofi doporucuji oCkovani jako alternativu vyuzitelnou ke snizeni zavislosti péstitelli rajcat
na mineralnich hnojivech. Altuhaish et al. (2014) provedli polni pokus s cilem zkoumat vliv
ptipravku s obsahem B. subtilis. Vysledek ukazal, Ze Zzivotnost bakterii méla behem
skladovani tendenci klesat, ale vyznamn€ neomezovala ucinek na rist a produkci rostlin
rajcat. Aplikaci pripravku se zvysil pfijem makro a mikroZivin, a nasledné rist rostlin. Tento
vyzkum naznacuje, Ze aplikace tohoto mikrooragnismu zlepSuje rast a produkci. Béhem
pokusu nebyl zaznamenan vliv rozdilného skladovéani bioefektorit (0 a 3 mésice) na rlst

rostlin. Turan et al. (2014) provedli sklenikovy pokus, kde byly pozorovany ucinky
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naockovani Bacillus megaterium (kmen TV 91C), Pantoea agglomerans (kmen RK 92)
a Bacillus subtilis (kmen TV 17C) na rist, obsah Zivin a hormont sadbového zeli. Semena
zeli byla inkubovana dvé hodiny pti 28 °C. Nejvyssi koncentrace N a P byly zaznamenany
Vv biomase zeli po nao¢kovani B. megaterium, zatimco po naockovani bakterii B. subtilis Ca,
Na, Fe a naockovani bakterii P. agglomerans zvysilo koncentraci K, Mg a Mn. Obsah
hormont vV kli¢nich rostlinach zeli byl vyznamné ovlivnén aplikaci mikroorganismi.
B. subtilis snizil obsah kyseliny abscisové ve srovnani s jinymi oSetfenimi. O¢kovani zvysilo
¢erstvou a suchou hmotnost nadzemni rostlinné hmoty a kofene, pramér stonku, hodnoty
obsahu chlorofylu a plochu listi semenacku zeli ve srovnani s kontrolni variantou. Nejvessi
vliv na vybrané parametry u rostlin zeli mélo naockovani B. megaterium, nasledné
P. agglomerans a B. subtilis. Lopez-Valdez et al. (2011) provedli sklenikovy pokus, kde
naoCkovali semena sluneénice (Helianthus annuus, L.) bakterii B. subtilis. V ramci pokusu
byl sledovan vliv naockovani na stimulaci rastu rostlin, ptidni vlastnosti a emise sklenikovych
plynt (oxid uhlicity, oxid dusny) u ¢tyfech variant (nenaockovand + nehnojend, nehnojena,
hnojend mocovinou, naoCkovdand + hnojend mocovinou). Kontrolni variantou byla
nenaockovand semena slunecnice a nehnojend pida. Po jednom mésici byla délka kotent,
Cerstvé a suché hmotnosti kotfenti sluneCnice vyznamné vyssi a del$i u rostlin z varianty
naockované + hnojené, oproti ostatnim variantdm. Nicméné, pfi sklizni nebyl pozorovan
zadny pozitivni vliv mezi variantami na pocet a hmotnost semen. Obsah celkového N
Vv rostlin€ byl vyrazn€ vyssi u varianty, kterd byla naockovand a hnojend mocovinou, nez
u nenaoCkovanych a nehnojenych rostlin. Rychlost produkce CO: nebyla ovlivnéna
osetienim, ale mnozstvi emisi N2O bylo vyznamné vyss$i u variant, kde byla do pidy
aplikovana mocovina. Zavérem této studie je fakt, ze vliv aplikace B. subtilis na rist
slune¢nice byl pozitivni, ale jen docasn¢. Rathi et al. (2015) uvadgji, ze B. subtilis mize byt
pouzit jako soucast hnojiva vyuzitelného v ekologickém zeméd¢lstvi, aplikovan na semena
plodin nebo piimo do pudy, kde kolonizuje rhizosféru. Ackoli jsou zvefejnény rozsahlé
zpravy o pozitivnich G€incich této bakterie na rostlinu (rast, vynos, odolnost proti

onemocnéni), nebyly tyto pozitivni i€¢inky dosud dostatecné podlozeny.
2.3. Bioefektory na bazi extrakti z rostlin

Jako biokontrolni ¢inidlo 1ze také kromé Zivych mikroorganismu (bakterie, houby) vyuzit
také tzv. aktivni pfirodni slou¢eniny (vytazky z rostlin). Také v této kapitole je uvedeno a vice

popséano nékolik zastupcil z rostlinné tiSe, které jsou hojné vyuzivany.
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2.3.1. Ascophyllum nodosum

Ascophyllum nodosum jsou hnédé moiské tasy, které patii do skupiny Phaeophyceae
a jsou bohatym zdrojem fenolickych sloucenin s antioxidacnimi a antimikrobidlnimi
vlastnostmi (Kadam et al., 2015b). Hnédé fasy jsou bohatym zdrojem biologicky aktivnich
sloucenin, jako jsou polysacharidy, peptidy, omega-3 mastné kyseliny, karotenoidy, fenolické
latky, vitaminy a mineraly. Laminarin je polysacharid zastoupeny 0 - 35 % v suSiné fas
(Kadam et al., 2015a; Michalak et al., 2016). Rasy obsahuji vysoké procento popelovin, dale
bilkoviny, antioxidanty, mineralni latky a anorganické soli absorbované z moiské vody
(Rioux et al., 2007). Z pohledu zemédélstvi jsou povazovany za alternativni organicka
hnojiva, novou generaci konkuren¢nich hnojiv a ristovych stimulatortt oproti béznym
agrochemikaliim (Kadam et al., 2015a; Elansary et al., 2016). Extrakty z moiskych ftas
A. nodosum jsou urCeny pro specifické rostlinné organy - listy a kofeny. Extrakty maji
pozitivni G¢inky pfti aplikaci do pidy, protoze redukuji mnozstvi Skodlivych bakterii, plisni,
hmyzu a paraziti (Craigie, 2011). Dale Rayirath et al. (2009) publikuji, ze vytazek z hnédych
moiskych fas A. nodosum zvySuje odolnost rostlin proti vlivim (stresovym faktoriim)
okolniho prostfedi, jako je sucho, zasoleni a mraz. Podle Elansary et al. (2016) aplikace
A. nodosum zlepsilo rast polnich plodin, ovocnych plodin a zelenin. Tyto studie rovnéz
uvadéji lepsi rust, obsah chlorofylu, vynos ovoce, obsah sacharidu a odolnost vici listovym
a pudnim patogentim.

Tandon a Dubey (2015) provedli studii, kde byl v polnich podminkach na soju aplikovan
extrakt z A. nodosum. Zkoumali vhodnou davku pfipravku v kombinaci s hnojivy NPK a jeho
ucinky na obsah chlorofylu, pocet trifolidtnich listli, pocet luskli, délku kotent, vynos a dalsi
parametry. Aplikace A. nodosum vyrazné ovlivnila pocet trifoliatnich listd, plochu listi
a index listové plochy. Dale byl po aplikaci ovlivnén obsah chlorofylu. Zavérem této studie
bylo, ze pouzitim biostimulanti extrahovanych z A. nodosum lze optimalizovat pouziti
mineralnich hnojiv, ¢imz se snizi dopad znecisténi zivotniho prostfedi a zvysi se urodnost
pudy. Pouziti takovych biostimulanti musi byt kombinovano se vSemi dostupnymi
modernimi agronomickymi postupy a je jednou z moznych alternativnich strategii
v zemédélstvi v budoucnu s cilem maximalizovat vynosovy potencial a kvalit plodin. Sen et
al. (2015) aplikovali A. nodosum (granule nebo postiik) v polnich pokusech s psenici
v kombinaci s plosnou aplikaci N, P, K hnojiv. Aplikace A. nodosum zvysila vynos suSiny,
vynos sldmy a zrna, obsah N v zrnu a sldm¢ oproti kontrolni varianté, kde byla aplikovana
pouze hnojiva. Vyssi obsah bilkovin v zrnu byl u variant, kde byla A. nodosum aplikovana

formou postfiku, a nejvyssi obsah pfistupnych zivin N, P, K pro rostlinu byl stanoven
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u kontrolni varianty. NejlepSich vysledkti bylo dosaZeno u variant, kde byl extrakt aplikovan
formou posttiku. Postiik extraktu z moiskych fas stimuloval metabolické procesy v listu

a podporoval rychlost fotosyntézy.

2.3.2. Sapindus mukorossi, popripadé kombinace s jinymi rostlinnymi extrakty

Sapindus mukorossi (neboli mydelnik) je 1é¢ivy strom rostouci od mirnych po subtropické
oblasti. Tento strom ma Supinatou borku a lichozpetené listy. Hlavni latky izolované z téchto
rostlin jsou saponiny. Mydelniky se jiz od starovéku péstuji pro své plody, které obsahuji
velké mnozstvi saponinu. Tato latka je obsazena nejen v plodech, ale v menSim mnozstvi
v celé rostling, kterd ho produkuje pro svou ochranu proti Zivo¢isnym skidcim. Uginky
saponind jsou vSak rovnéz napf.: antibakterialni, insekticidni nebo fungicidni (Upadhyay
a Singh, 2012; Li et al., 2013; Heng et al., 2014). Vytazky ztéchto rostlin obsahuji
polyfenolické latky (flavonoidy, antokyany, taniny a fenolické kyseliny) s variabilnimi
fenolickymi strukturami, které se souhrnné nazyvaji jako flavonoidy. Pisobi jako
antioxidanty a vykazuji antifungdlni a antimikrobidlni vlastnosti, zejména proti gram-
pozitivnim bakteriim. Antioxidacni vlastnosti rostliny jsou v pifimém vztahu k vyskytu
a koncentraci riiznych typt fenolickych slouc¢enin. Antioxidanty mimo jiné inhibuji replikaci
vira (Li et al., 2013; Heng et al., 2014; Singh a Kumari, 2015). Extrakt ze stromu
S. mukorossi se také pouziva jako tzv. biosmacedlo, coz je jedna z nejpouzivanéjSich
pfirodnich povrchov€ aktivnich latek. Biosmacfedla maji velké vyhody jako ekologicka
alternativa k syntetickym povrchov¢ aktivnim latkdm (Tmakova et al., 2016) a jsou netoxické
(Basu et al., 2015).

Barkatullah et al. (2015) provedli studii, ktera byla zamétena na zkoumani alelopatického
potencialu vodnych extraktt S. mukorusii proti plevelim Pennisetum americanum a Setaria
italica. Pozorovana byla u¢innost vodnych extraktizlistd a plodd o koncentracich 5 % nebo
10 %, extrakty horké vody, na intoxikaci pudy, klieni, Cerstvou a suchou hmotnost,
a celkovy rast testovaného druhu. Rostlinné vytazky vyznamné inhibovaly kli¢ivost a celkovy
rust vSech testovanych druhd. Aktivita extraktu zavisela na koncentraci a dob¢ trvani
extrakce. Nejvyssi aktivity byly tedy zaznamenany u extraktd s 10 % koncentraci. Vysledky
ukazaly, ze S. mukorusii je vyznamné¢ allelopaticky viici testovanym druh@im a inhibuje jejich
kli¢eni i celkovy rust. Upadhyay a Singh (2011) zkouseli molluskocidni aktivitu Sapindus
mukorossi a Terminalia chebula praskem z plodi proti hlemyzdi Lymnaea acuminata.
Aktivni slozkou praSku byl saponin a kyselina tiislovd. Molluscicidy rostlinného ptivodu
ziskavaji zvlaStni vyznam ve srovnani se syntetickymi prostfedky, protoze jsou U€inngjsi,

wevr
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2.3.3. Quillaja saponaria

Také endemicky strom Quillaja saponaria rostouci v Chile obsahuje mnozstvi
triterpenoidnich saponind, které se z této rostliny izoluji a vyuzivaji. Saponiny obsazené v této
rostliné jsou pouzivany jako zemédélska smacedla. Jednd se o latky, které jsou vyuzivany
Vv hornictvi, zemédé€lstvi, v kozeluznictvi, farmaceutickém, kosmetickém a potravinaiském
primyslu. Prokdzané vlastnosti téchto latek jsou: antioxidacni, pesticidni, antimikrobialni,
cytotoxické a imunostimulacni. Protoze vytazky z této rostliny dokazi inhibovat replikaci
virového genomu, omezuji tak Sifeni viru do neinfikovanych buné¢k a maji také ucinek
antivirovy (Roner et al., 2007; Adiguzel Zengin, 2013; Grandon et al., 2013; Maier et al.,
2015; Schlotterbeck et al., 2015). Saponiny se fadi do skupiny sekundarnich rostlinnych
metabolitii, které se skladaji ze sacharidové casti, glykosidicky spojené¢ s hydrofobnim

aglykonem (sapogeninem), které Casto vykazuji insekticidni u¢inky (De Geyter et al., 2012).
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3. KOLOBEH FOSFORU

Fosfor (P), je dilezitou zakladni slozkou energetického metabolismu vSech forem Zivota.
Ptirodni biogeochemicky cyklus fosforu je masivni, ale velmi pomaly (obrdzek 1). Lidska
¢innost (t€zba, zeméd€lstvi, krmeni zvifat, spotieba domadcnosti) vyrazné zintenziviiuje
pfirodni cyklus fosforu, ktery ma za nasledek nékteré vazné ekologické problémy, jimz dnes
¢eli moderni spolecnost. ZvlaStni pozornost je vénovéana celkovému mnoZzstvi fosforu
v zemédé€lské pudé, pohybu a transformaci fosforu v ptidé, protoze tyto fosforové toky
v souvislosti s odvétvim zemédélstvi predstavuji vyznamné polozky, které dominuji
antropogennimu cyklu fosforu. Vysledky ukazuji, Ze globalni vstup fosforu na zemédélskou
pudu, a to jak anorganickych a organickych forem z rGznych zdroji, nemohou kompenzovat
odbér fosforu sklizni a ztraty erozi a odtokem. Cista ztrata fosforu ze svétové orné pady se
odhaduje na 10,5 milionu tun P ro¢né, coz je témét polovina fosforu vytézeného za rok

(Mackey a Paytan, 2009; Liu a Chen, 2014).
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Obr. 1: Cyklus fosforu (upraveno podle Dietz a Strock, 2010).
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Cyklus fosforu je prikladem jednoduchého otevieného kolobéhu. Na obrazku 2 je
znazornén maly, uzavieny cyklus fosforu probihajici v ramci ekosystému. Fosfor je
podstatnou ¢asti protoplazmy, vstupuje do sloucenin s nukleotidy a nukleovymi kyselinami
a prochazi ekosystémy v rtiznych variantach. Jeho piivodnim zdrojem je rozpad hornin, avSak
nékteré horniny obsahuji fosforu jen malo. Dobfe je popsana fixace P v pudé ve formé, kterou
rostliny nemohou asimilovat. Fosfor je zachycen ve formé nerozpustnych sloucenin, ve velmi
kyselém prostiedi vznika nerozpustny fosfore¢nan (fosfat) s Fe, Al a Mn, naproti tomu pii
nadbytku Ca se tvoii fosfore¢nan vapenaty (apatit) (Duvigneaud, 1988; Ruttenberg, 2014).
Je-1i piida bohata na organickou hmotu a jsou-li v ni procesy diky aktivit¢ mikrobidlnich
populaci rychlé, je puda stidle znovu zasobovédna asimilovatelnym P, ktery nema cas se
fixovat, tim spiSe, ze humus vytvaii komplexy s Al a Fe a ¢ini je neofenzivnimi. Tak humus
spolu s pedoflérou reguluji zasobovani P ve fytocendze, a tim i v celé biocenoze. To oviem
nezabranuje ztratam P vyluhovanim, zvlasté v erodované pudé, tyto ztraty jsou v mensi miie
vyhodné, protoze se tak zasobuji vodni ekosystémy a umoznuje v nich vyvoj zivych
organismi. Vzhledem k tomu, Ze zasoby P kon¢i neodvratn€ na dné oceanu, je fosfor

naléhavym problémem pro pfisti generace (Duvigneaud, 1988; Mackey a Paytan, 2009).

——————
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Obr. 2: Cyklus fosforu v ekosystému (upraveno dle Duvigneaud, 1988).

Fosfor je dilezity makroprvek a ptfesné stanoveni frakci fosforu v environmentalnich

matricich, jako jsou pfirodni vody a pidy, je nezbytné pro pochopeni biogeochemického
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cyklu tohoto prvku (Worsfold et al., 2005). Biologicka cast cyklu P je fizena primarné

bakteridlnim a houbovym rozkladem, imobilizaci a mineralizaci a sekunddrné odbérem

rostlinami (Cross a Schlesinger, 1995). Mezi reakce ovladajici cyklus P v padé patii

solubilizace, srdzeni, sorpce, desorpce, louzeni, imobilizace a mineralizace. Napft. desorpce je

zavisla na hodnoté pH. Pokud je hodnota pH vyssi, zvySuje se desorpce a naopak. Sorpce

a desorpce P je ovlivnéna také koncentraci P v plidnim roztoku a teplotou. Zvyseni

koncentrace soli zvySuje sorpci P a snizuje desorpci. Mira sorpce a desorpce P se zvySuje

s teplotou (Soinne, 2009; Nash et al., 2014). Obrazek 3. znazoriuje fakt, Zze v pudach se

fosfore¢nany vyskytuji v mnoha slou¢eninach podle toho, z jakého zdroje a jakym zptisobem

se do pudy dostavaji a v jaké fazi ptidniho cyklu se nachazi (Stewart a Sharpley, 1987).

Mailo pohyblivy
organicky

Chemicky

vazany

v

organicky
fosfor

Milo pohyblivy Vysoce pohyblivy organicky a
anorganicky anorganicky
Minerilni Rostlinné Orgamcka
hnojiva zbytky hnojiva
Primarni P
mineraly \
. P
Sekundarni P « .| vpidnim
mineraly roztoku
3
L 4
Okludovany P
Muobilni a Mobilni a
potencidlng potencidlng
piijatelny pijatelny
anorganickt P orzanickv P

Obr. 3: Cyklus fosforu v pudé v zavisloti na rychlosti jednotlivych pfemén (Kulhanek, 2006).
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3.1. Fosfor v pudé

Larcher (1988), Orcutt a Nilsen (1996) uvadéji, Ze rostlinné ziviny jsou v padé obsazeny
Vv roztoku nebo vazané. V piidnim roztoku je rozpustén jen nepatrny podil (méné nez 0,2 %)
celkové pudni zdsoby zivin. Asi 98 % biogennich prvkl, obsazenych v pud¢, je ulozeno
v opadu, humusu a tézko rozpustnych anorganickych slouc¢eninach, nebo zabudovano
Vv mineralech. Ty tvoii zivinovou zasobu, kterd se stava piistupnou rostlindm velmi pomalu
napf. zvetravanim nerostll a mineralizaci humusu. Zbyvajici 2 % zivin jsou vazana na pudni
koloidy.

Fosfor v piid¢ patii mezi nezastupitelné makrobiogenni prvky nezbytné pro rist a vyvin
rostlin a nemtize byt nahrazen jinym prvkem. Pfes jeho nezbytnost v rostlinném metabolismu
je jeho obsah v piidé pomérné nizky (Schachtschabel et al., 1992; Mengel, 1996; Blume et al,
2002). Celkové mnozstvi fosforu v ptidé kolisa mezi hodnotami 0,01 - 0,15 %. Vyssi obsah P
vykazuji pudy s vy$$im obsahem organické hmoty. Zatimco pudy lehké s malym obsahem
organické hmoty maji obsah P nizky (Vanék et al., 2012). Dle Schillinga (2000) mize byt
v pidéach bohatych na humus toto rozmezi piekroceno. Vyssi obsah fosforu je pfitomen
u vétSiny pud v povrchovych vrstvach, protoze se zde vyskytuje zvySena biologicka aktivita
zpusobujici akumulaci organického materialu.

Vétsina piistupného P pro rostliny se nachazi ve vrchni vrstvé pldy, zhruba do 20 cm.
Z této vrstvy také rostlina pfijme nejvétsi mnozstvi P (Barber et al., 1988). Vyssi koncentrace
P v povrchové vrstvé pudy je zpisobena také aplikaci P hnojiv a rozkladem rostlinnych
zbytkdl na povrchu pudy (Soinne, 2009). Fosfor, ktery se dostane do pidy, se v zavislosti
na podminkach (pfedev§im hodnoté pH a c¢innosti pidnich mikroorganismi) velmi rychle
vaze s ionty Fe, Al a Ca a vytvaii relativné stabilni slouceniny anorganickych fosfatovych
mineralll (apatity, vivianit, variscit, strengit). Fosfor se tedy stava soucasti ptidniho sorpéniho
komplexu. Vyhodou je, Ze tyto stabilni formy pldniho fosforu Ize najit v celém rozmezi
hodnot pH riznych pid. V zasaditych pidach tvoii P slouceniny s vapnikem. V pudach
s hodnotou pH 6 - 8,5 P reaguje s Ca a vznika fosfore¢nan vapenaty, hydroxyapatit, nebo
oktokalcium fosfat. V kyselych pidach tvoii P slouCeniny s Zelezem a hlinikem. Cely proces
je vysledkem chemickych a biologickych mechanism v ptdé a je ovlivnén mnozZstvim
riznych faktord (Gregory 2006; Nash et al., 2014). Ke zvysené mobilité sorbovaného fosforu
muze prispivat vyvapnéni pid (Schachtschabel et al., 1992), ale i naptiklad aktivita plidnich

vy

nejvy$sim oxidaénim stupni, tj. pétimocny ve formé aniontu kyseliny fosforeéné PO4>
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(Vangk et al., 2016). Ve slouceninach pak témét vyhradné tvoii orthofosfore¢nany nebo
v menS$im mnozstvi také pyrofosfaty (Mengel, 1991). Z hlediska vazeb P v pidé¢ mlzeme
vytvofit tyto tfi zakladni skupiny: anorganické slouceniny fosforu, organicky vazany fosfor
a vyménné sorbovany fosfor (Balik et al., 2002).

Mnozstvi P v pidnim roztoku je extrémné nizké vzhledem k jeho snadné vazbé. Z tohoto
divodu, je fosfor obvykle druhou (za dusikem) nejvice limitujici Zivinou pro rostlinny rist
(Gardner et al., 1985). Podle McGechana a Lewise (2002) zavisi mnozstvi fosforu vazané
v jednotlivych frakcich v daném case pfedevsim na dobé aplikace hnojiva véetné vlivu 1 diive
provedenych zasahi.

Poutani fosforu v pidé¢ je podminéno v podstaté ttemi druhy sorp¢ni schopnosti pady:
1. chemickou sorpci - srdzeni fosfatovych ionti z plidniho roztoku dvojmocnymi
kationty za vzniku mén€ rozpustnych sekundarnich anorganickych fosfati;
s trojmocnymi kationty mohou vznikat tézce rozpustné fosfaty,

2. fyzikalné chemickou neboli vyménnou adsorpci - poutani fosfatovych iontli na povrchu

jilovych a koloidnich ¢astic,

3. biologickou sorpci - imobilizace fosforu Zivotni ¢innosti organismil (Richter, 2007).

Z hlediska fosforu v pudé se priklada nejvétsi vyznam chemické a vyménné sorpci
(McGechan a Lewis, 2002). Machacek (2002) uvadi, Ze stupen piistupnosti P rostlinam zavisi
na chemickych, fyzikalné-chemickych a fyzikédlnich vlastnostech daného typu pidy,
na sezénni dynamice jejiho vodniho, vzdusného a teplotniho reZimu, na biologické aktivité

pudy, na druhu rostliny, atd.

3.1.1. Faktory ovliviiujici obsah P v piadé

Vliv mé cCasto aplikace organickych a minerdlnich hnojiv. Obsah piidniho fosforu se vSak
muze ménit v zavislosti na mate¢ni horning, textufe a jinych faktorech hospodafeni (pomér
a druh dodaného P a zpiisob kultivace pid). Uvedené vlivy pak pisobi i na relativni obsahy
organickych a mineralnich forem fosforu (Ivani¢ et al., 1984; Sharpley, 1995; Nash et al.,
2014). Nejen z hlediska ekologického nejsou na prvnim misté dalezité davky mineralnich
hnojiv, ale jejich u¢innost. Starsi literatura uvadi, Ze naptiklad dusik z mineralnich hnojiv je
vyuzitelny ze 60 % dodaného mnozstvi a fosfor je vyuzivan az z 25 %. Tyto Udaje platily
snad pfi relativné nizké urovni minerdlniho hnojeni, kdy se mnozstvi pouzitych hnojiv
pocitalo na desitky kilogramu Cistych zivin NPK na hektar. V soucasnosti, kdy uvazujeme
o davkach NPK v fadové urovni stovek kilogramil na hektar, musime pocitat s mnohem nizsi
ucinnosti aplikovanych zivin (Vrba a Hules, 2007). Na mnozstvi organického fosforu v ptdé

mohou mit vliv pfirodni (podnebi, vegetace, plidni typ) a antropogenni faktory (stfidani
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plodin a hnojeni). Vyznamnym zdrojem organického P jsou také rostlinné a zivocisné zbytky
(Sims a Pierzynski, 2005). Faktorem ovliviiujicim dostupnost fosforu v padé je také
pedogeneze. Rovnéz geochemické a biologické procesy mohou regulovat dostupnost fosforu
v pudé. Ve vétsin¢ piirodnich ekosystémi mohou geochemické procesy rovnéz ovlivnit
dlouhodobou distribuci fosforu v padeé, ale v kratkodobém horizontu ovliviuji distribuci P
v pad¢é pievazné biologické procesy (Cross a Schlesinger, 1995). Samotna pedogeneze miize
byt ovlivnéna vyuzivanim pudy a hospodafenim s pidou (Soinne, 2009). Prevazna cast
celkového P v pudach je pro rostliny nepfijatelna (Gardner et al., 1985; Voplakal, 2001;
Vanek et al., 2012). Fosfor je pii nizkych hodnotich pH nedostupny diky preméné
na nerozpustné fosfaty Zzeleza a hliniku. Pfi vysokych hodnotach pH reaguje fosfor

s vapnikem a stava se také nerozpustnym (Gardner et al., 1985).

3.2. Formy fosforu v ptidé
Z environmentalniho aspektu je dilezitd informace o celkové koncentraci rozpustnych
forem fosforu, tj. anorganického a organického, které jsou mobilni slozkou v piidé€, a tim
1 pfedmétem mozného tniku fosforu z ptidy pozemku (Matula, 2012). Jak jiz bylo feceno,
dynamiku pidniho fosforu ovliviiuje velké mnozstvi faktorti biologickych, chemickych
1 fyzikalnich. Vysledkem je mnozstvi riznych forem ptidniho fosforu a velké mnozstvi jeho
sloucenin. Z chemického hlediska lze formy fosforu rozdé€lit na organicky, anorganicky
a celkovy; z hlediska biogeochemického cyklu na labilni, dostupny a sorbovany (Vanék et al.,
2016). V nasledujicim textu bude zaméfena pozornost zejména na fosfor anorganicky
a organicky.
3.2.1. Anorganicky fosfor
V pldé se vyskytuji nasledujici anorganické frakce fosforu:
1. pldni roztok obsahuje extrémné malé mnozstvi rozpustného fosforu, jako jsou ortofosfaty
(HPO4?* a H2POy),
2. fosfor obsazeny v mineralech, jako napf. apatity a Ca-, Mg-, Fe-, Al-fosfaty,
3. nestabilni zasoby slozené z P absorbovaného na pudnich koloidech a Fe- a Al-fosfaty
v rovnovaze s fosfatem v roztoku (Ivani€ et al., 1984).
Pristupnost fosforu a iontova forma zavisi na hodnoté pH (graf 1). V kyselych pudach je
prevladajicim iontem HoPO4 a v piidé, kterd ma pH vyssi nez 7 prevlada HPO4% (Soinne,
2009).
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Graf 1: Vliv pH na pfistupnost fosforu v ptdé (upraveno dle Troeh a Thompson, 2005).

Anorganicky fosfor (Pi) zahrnuje apatity, sekundarni srazeniny tvotrené s Ca, Fe a Al
a volné fosfatové ionty (H.POs", HPOs?*, POs*). Apatit je primarni mineral a je agronomicky
nejvyznamnéj$im piirozenym zdrojem fosforu v pide. Mezi anorganicky fosfor patii také
oxidy Fe, které jsou vazany v pud¢ na matrice, napi. goetit (Compton a Cole, 1998).
Fosfatové ionty H2PO4 jsou pro rostlinu dostupné pii hodnotach pH 6,5 - 7,5 (Orcutt
a Nilsen, 1996). Anorganicky P se transformuje a nasledné zaclefiuje do organického fondu
prostfednictvim biologického cyklu. Rostliny a mikroby ¢erpaji P, ktery je potfebny pro jejich
rust a po thynu zivych organismii se imobilizovany P vraci zpét do pidy prostfednictvim
mineralizace mikrobi (Soinne, 2009). Apatity se vyskytuji rozptylené ve vsech
magmatickych horninach. Jsou to vapenaté slouceniny sestavajici se ze tii molekul Cas(POa)2
a jedné molekuly chloridu, fluoridu nebo hydroxidu véapenatého a podle doprovodné
slouceniny se odvozuje jejich ndzev - chlorapatit apod. V mensi mife se vyskytuji v ptidach
také primarni mineraly fosfore¢nanu zeleza a piimési Mn - tripity nebo vodnaté fosfore¢nany
hliniku - wawelity. V mdlo provzduSenych, zamokienych ptdéach se také miize vyskytovat
fosforeCnan zeleznaty - vivianit Fes(POas)2.8H20. Zvétravanim apatitl i jinych primarnich
fosfatovych mineralii se uvoliuji anionty kyseliny ortofosforecné, které prechazeji do jinych,
tzv. sekundarnich, velmi rozmanitych forem mineralni nebo organické povahy, z nichz
nckteré slouzi jako zdroj fosforu pro vyZivu rostlin. Sekunddrnimi vysrdZzenymi

a adsorbovanymi fosfore¢nany - pfevazujicimi anorganickymi slou¢eninami P v pidach slabé
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kyselych az alkalickych, jsou soli vapenaté, které vznikaji v pudach pfi chemickych reakcich
puvodné rozpustnych sloucenin, ¢i uvoliiovanim kyseliny fosforeéné: Ca(H2POa)2, CaHPOg,
Caz(PO4)2. Tyto reakce mohou vést az ke vzniku apatiti. V neutralnich ptdach nejcastéji
vznika stabilnéjsi slouc¢enina nazyvana oktokalciumfosfat. V alkalickém prostiedi (pH > 7,5)
vznikaji soli kationti Ca a Mg, zejména hydroxylapatit. V kyselém prostiedi (pH < 6)
vzhledem ke zvySujici se rozpustnosti a pfitomnosti iontl Al a Fe v pidnim roztoku se tvofi
soli téchto kationtil - variscit a strengit. Tvorba soli kyseliny fosforecné v ptd¢ zavisi na pH
prostiedi a ma vyznamny dopad na chovani P v ptidé¢ a dostupnost P rostlindm. Mineralni
vapenaté slouceniny P mohou za pfiznivych podminek postupné uvoliiovat P do ptidniho
roztoku, a tim zajistit vyzivu rostlin. Slouceniny Al a Fe maji naopak velmi malou rozpustnost
a zvlasté slouceniny Fe jsou pro vétSinu rostlin nepfijatelné (Orcutt a Nilsen, 1996; Richter,
2007; Vanék et al., 2012).

Podil mineralnich slou¢enin fosforu v ptidé zna¢né kolisa v zavislosti na druhu a typu
pudy, hloubce profilu ptidy, Grovni fosfore¢ného hnojeni a podobné. V naSich podminkach
mirného pasma obsah fosforu v mineralnich vazbach tvofi zpravidla vice jak polovinu
veSkerého mnozstvi P v zemédélsky vyuzivanych plidach. Pievdzna cast mineralnich
sloucenin fosforu v pidé¢ je ve formach ve vodé nerozpustnych, a proto fosfor z téchto
sloucenin je pro rostliny malo pfistupny. Podil vodorozpustnych sloucenin je velmi maly
a ¢ini jen asi 0,8 - 8 mg P na 1 kg na vzduchu vyschlé pady (Marschner, 2012). Tvoii jej
fosfore¢nany jednomocnych kationtl, dihydrogenfosfore¢nan vépenaty aj. Kromé jiz
zminénych ptvodnich priméarnich mineral se v ptudé vytvotily v dasledku jejich zvétravani
nové sekundarni fosfatové mineraly. Dé&je se tak pfevazné chemickymi reakcemi, tj. srazenim
volnych fosfatovych ionti v pldnim roztoku, minerdlnimi sorbenty, ptedev§im ionty
a aktivnimi slou¢eninami Ca, Al a Fe. Tvorba a rovnovazny stav mezi jednotlivymi formami
minerdlnich fosfore¢nant zavisi také, a to ve znacné mife, na plidni reakci. Se stoupajici
hodnotou pH se zvySuje mnozstvi Ca-fosfata (Richter, 2007; Vangk et al., 2012).

Koloidni jilové castice a humusové latky pfitahuji ionty svymi povrchovymi naboji
a poutaji je vratnou vazbou. Pidni koloidy tak plisobi jako iontoménice. Jak jilové mineraly,
tak humusové koloidy nesou zéporné naboje, takze primarné poutaji kationty. Na nékterych
kladné nabitych mistech se mohou hromadit anionty, ale sorpce kationtii vzdy pievysuje
sorpci aniontil. Siln&ji nabité ionty jsou zpravidla poutany pevnéji, napt. ionty Ca?* oproti K*.
Ziontl se stejnym nabojem jsou ionty malo hydratované poutdny pevnéji neZz ionty vice
hydratované. Diky této adsorpcni vazbé se na povrSich silné nabobtnalych jilovych

a humusovych micel hromadi velkd mnoZstvi iontli. Tento iontovy plast’ znamend piechodné
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stadium mezi pevnou pudni fazi a ptidnim roztokem. Po pfidani iontd nebo po jejich odbéru
Z ptdniho roztoku nastavd vyména iontd. Ionty pevnéji poutané koloidnimi ¢asticemi jsou
jimi také silnéji pfitahovany a nahrazuji na jejich povrchu jiné ionty, poutané volnéji.
Schopnost adsorpce klesa v fadé kationtd A1, Ca?*, Mg?*, NH4*, K*, Na* a v fadé aniontt
POs*, SO+, NOs a CI (Larcher, 1988). Michalik (2001) uvadi, Ze rychlost pfijmu
jednotlivych iontll je riizna. Vysoka rychlost piijmu je charakteristickd pro ionty HoPOs%,
NH4*, HPO4*, NOs,, K*, CI, naproti tomu Mg?*, Ca®* a SOs* vstupuji do bundk kofene
relativné pomalu. Adsorpéni vazba iontd mineralnich Zivin ma mnoho vyhod. Ziviny,
uvolnéné pfi zvétravani nerostli a rozkladu humusu, jsou tak zachycovany a chranény pred
vyplavenim z pudy. Pfitom se udrzuje nizkd a pomérné stala koncentrace pidniho roztoku
(Larcher, 1988).

Jednotlivé formy anorganického fosforu je mozné stanovit metodou sekvencéni extrakce,
ktera byla postupem ¢asu rizné modifikovana, jako napf. metoda Chang a Jackson (1957)
podle Hedley et al. (1982).

3.2.2. Organicky fosfor

Organicky fosfor predstavuje podstatnou cast z celkového obsahu P v pidé. V jeho
zastoupeni jsou mezi riznymi pudami zna¢né rozdily (od 10 do 80 %). Z organickych fosfatd,
které byly v pudé¢ identifikovany, nachazime nejcastéji fytin (m-inositol-hexafosfat), dale
fosfolipidy, nukleové kyseliny a nukleoproteidy, fosforylované pyrimidinové slouceniny
a fosforylované sacharidy. Nejvétsi ¢ast organicky vazaného P tvoii fytin a jeho soli fytaty,
pricemz v kyselych ptdach prevladaji fytaty zeleza a hliniku, v ptidach zasaditych fytat
vapniku. Fytin je chemicky velmi malo reaktivni a pidou téméf nemigruje. Je pokladan
za potencialni zdroj P vyuzitelného pro rostliny (Richter, 2007). Soli kyseliny
inositolhexafosforecné (fytinu) - fytaty tvoii nejvétsi podil (az 50 %) organicky vazaného
fosforu (Balik et al., 2002). V ptudach s travnim porostem pievlada organicky vazany fosfor
a dosahuje n¢kdy az 80 % z veskeré zasoby P v pudé¢ (Richter, 2007).

Orthofosfore¢nanové estery jsou sloudeniny, které maji esterovou vazbu spojujici PO4*
skupinu s organickou ¢asti a jsou dale rozdéleny do mono- a diesterit v zévislosti na poctu
esterovych skupin, piipojené ke kazdé PO4> skuping. Nejvice zastoupenymi estery ve vétsing
pud jsou monoestery, vcetné¢ fosfath sacharidd, fosfoproteinii, mononukleotida
a inositolfosfati. MenSi zastoupeni v pldach maji diestery, v€etné nukleovych kyselin,
fosfolipidii a aromatickych sloucenin. Polyfosfaty, jako je ADP a ATP, patii také do skupiny
sloucenin organického fosforu (Soinne, 2009; Nash et al., 2014). K organickym formam

fosforu tadime predevSim relativné mobilni fosfolipidy, inositoly a fulvokyseliny. Vice
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stabilni formy jsou pak zastoupeny huminovymi kyselinami (Sharpley, 1995). Jednotlivé
formy organické¢ho fosforu v pudé jsou ovlivnény geochemickymi vlastnostmi pidy,
fyzikéalnimi a klimatickymi faktory, vcetné teploty a srazek. Neméné dulezitym faktorem je
také vliv péstovanych plodin na dané pidé (Nash et al., 2014).

Fosforylované sacharidy, zejména triozy a hexozy a fosforylované pyrimidinové
slouCeniny jsou biochemicky nejvyznamnéjsi a nejreaktivnéjsi organické slouceniny P
v pud¢. Jsou nositeli velkych kvant biochemicky vyuzitelné energie, kterd je potfebna pii
mnoha reakcich v padé. Protoze vazba mezi fosfatem a organickou slozkou je bohatd na
energii, je zdroveil malo stabilni a fosfatovy iont se z téchto latek snadno uvoliiuje a stava se
pro rostliny dobfe vyuzitelny (Richter, 2007). Rostliny pfitom nejsou schopny piimo pfijimat
organicky vazany fosfor. Pfi jeho rozkladu proto maji zna¢ny vyznam enzymy (fytazy)
produkované rostlinami, mikroorganismy i hyfami mykorhizy (Balik et al., 2002).
energie v procesu latkového metabolismu v pad€. Zvysené mnozstvi fosforu v pid¢ snizuje
energetické ztraty (ve formé tepla) a zlepSuje produktivitu vSech endoergickych pochodi,
pfedevsim humifikaci. Tim fosfor piisobi na zlepSeni bilance piidni organické hmoty a naopak
pudni humus zlepsuje fyziologickou vyuzitelnost fosforu z pidy i hnojiv, zejména tim, ze jej
chrani pred reakcemi s Ca a tézkymi kovy. Mechanismus tohoto uc¢inku se vétSinou vysvétluje
tvorbou cheldtovych vazeb mezi sloZkami pldniho humusu a minerdlnimi sorbenty
fostatovych iontli. Ochranny t¢inek humusu na fyziologickou funkci pidniho fosforu je tedy
nepiimy, ale velmi vyznamny a je podstatou tzv. ,,humusového efektu®, ktery se projevuje
tim, ze ptijatelnost P rostlinami za pfitomnosti humusovych latek v ptidnim prostfedi vzrasta.
Organicky vazany fosfor muze mit za ur€itych podminek zna¢ny vyznam pro potencialni
vyuzitelnou zasobu P v ptdé (Richter, 2007). Nahromadény organicky P je pfistupny
zvySenim aktivity fosfatdzy a mize také usnadnit uvolnéni anorganického P v piidé€ s vysokou

sorpéni kapacitou (Compton a Cole, 1998).

3.3. Moznosti stanoveni forem piidniho fosforu

Zakladem rtznych forem fosforu v pidé jsou slouceniny kyseliny trihydrogenfosfore¢né
(H3PO4) a jen v mensi mife vazby kyseliny difosfore¢né (Hs4P207). Slouceniny fosforu,
slouzici jako potencidlni zdroj pro vyzivu rostlin a piidnich mikroorganismii, jsou mineralni
a organicke.
Metody pouzivané ke stanoveni pidniho fosforu se rozdéluji podle slou¢enin - forem pliidniho

fosforu, které chceme stanovit, na tzv. kinetické metody, které tvoii samostatnou skupinu
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a zabyvaji se stanovenim ukazatelii dynamiky fosforu v pidé, a statické metody, mezi které
radime:

e metody ke stanoveni celkového fosforu,

e metody ke stanoveni fosforu vazaného v anorganickych a organickych slouceninach,

e frakcionacni stanoveni fosforu vdzaného v anorganickych slouceninéch,

e metody pro stanoveni riznych forem ptistupného fosforu (Machacek, 2002).

V dale uvedenych kapitolach budou jednotlivé analyzy popsany podrobnéji.
3.4. Fosfor v rostliné

3.4.1. PoZadavKky rostlin

Fosfor patii mezi esencialni prvky. Je potfebny pro rostlinu, aby jeji Zivotni cyklus byl
kompletni, a z4dny jiny prvek ho nemulze nahradit. Fosfor se v rostliné vyskytuje napft.
v membranovych fosfolipidech, nukleovych kyselindich (DNA, RNA) a nukleotidech
nebo adenosinfosfatech (ATP, ADP, AMP — obrazek 4). Je transportovan bud’ jako
anorganicky fosfat, nebo jako fosfatovy sacharid. Ptijem fosforu je vyssi v mistech vyskytu
mykorhizy (Gardner et al., 1985; Michalik, 2001; Lack a Evans, 2005; Opik a Rolfe, 2005;
Ruttenberg, 2014).

2 Adenin
NT Nll\\
LH ] ,f) Trifosfat
"'\-\._\":.:_ .-_-____..-' T N
N Ribdza {ﬁ ﬁ ﬁ
o ot og o
N Hy OH OH T OH
H H akroergickeé vazhy
OH OH makroergickeé vazi
Adenosin - ]

Adenosinmonofosfat = AMP .-:—I
Adenosindifosfat = ADP =% ]
Adenosintrifosfiat = ATP == !

Obr. 4: Strukturni vzorec adenosinfosfatii (Vanek et al., 2016).
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3.4.2. Prijem fosforu rostlinou

Rostlinnd bunka tvofi slozity dynamicky systém, ktery zahrnuje celou fadu vzajemné
integrovanych a podminénych subsystémt a prvkd. Pro vSechny zivé systémy je
nejcharakteristictéj$i vlastnosti neustala vyména latek a energie s vnéjSim prostiedim.
Pro dobry rist a vyvin rostlinné buiiky musi rostlina nepietrzité vykonavat ¢innost spojenou
se spotfebou energie na zabezpeceni celé¢ fady zivotné nevyhnutelnych pochodt. To plati také
pro realizaci membranového transportu ionti a jejich akumulaci v cytoplazmé (NH4", K7,
NOs,, HoPOs a HPO4%) a transportu metaboliti a iontli v ramci buriky, pletiv a organt
(Michalik, 2001). V pfijmu vody a zivin rostlinou hraje hlavni roli kofenovy systém. Pfi
omezeném piijmu zivin Ize ocekavat nizsi rast rostlin, ale také nizs§i vynosy. V limitujicich
podminkdch mohou rostliny vytvaret odlisné strategie pro ziskdni zivin z pidy: nékteré
rostlinné druhy zvétsuji velikost kofenového systému, zatimco jiné druhy zvySuji absorpéni
schopnost na jednotku kotene. Pfijem iontl také zavisi na selektivité¢ a genotypu. Nékteré
minerdlni prvky jsou pfijimany pfednostné a jiné omezené nebo viibec. Mezi jednotlivymi
rostlinnymi druhy jsou zietelné odliSnosti v pfijmu jednotlivych iont. Nedostatecny piijem
zivin miize byt zpltsoben vysokymi teplotami a nizkou padni vlhkosti, ale také menSim
kofenovym systémem i samotnym vétvenim kotent (Mariotti a Ercoli, 1996; Gregory, 2006;
Schroder et al., 2011). Dostate¢na hustota kofeni a kofenovych vlaskl dokaze zachytit
rozptylené ziviny (fosfor) v pidnim prostfedi, které jsou vzdalenéj$i od povrchu kotfent
(Gregory 2006).
Na obrazku 5 je znazornén vliv P na strukturu kofenového systému. Vlevo je zobrazen
kotenovy systém, ktery je dostatecné zasobeny P. Naopak, vpravo je kofenovy systém, ktery
ma k dispozici omezené mnozstvi P. Tento fakt potvrdili napt. u lupiny (Lopez-Bucio et al.,
2003).
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Dostatek P Mirny nedostatek P

Obr. 5: VIiv mirného nedostatku P na kofenovy systém rostliny (Vangk et al., 2016).

Je slozité definovat pfistupnost zivin a vody pro rostlinu jednozna¢ng, protoze piijem
zavisi na rostlinnych a pidnich vlastnostech, ale také na klimatickych podminkéch a jejich
interakcich (De Willigen a VVan Noordwijk, 1987; Countinho et al., 1996).

Fosfor je pfijiman rostlinami ve form¢ aniont kyseliny trihydrogenfosfore¢né, prevazné
ve fosfatové formé HoPO4, HPO4* a PO4* (Opik a Rolfe, 2005; Vanék et al., 2012). Fosfor je
absorbovéan priméarné jako jednomocny iont H.POs™ a méné jako dvoumocny iont HPO4Z,
ktery prevlada pii neutralnim pH nebo vyssim. Veobecné plati, Ze anionty HoPOs a HPO4>
vstupuji do vnitiniho prostoru bunék aktivné v symportu s H*, anebo v antiportu s OH".
Kofeny aktivné absorbuji P zvelice nizkych koncentraci v pidnim roztoku. Fosfor je
Vv rostlin€ pohyblivy, a je distribuovan ze starSich €asti rostliny do mladSich ¢asti. Mladé listy
nebo vyvijejici se plody mohou byt vyzivovany labilnim P starSich rostlinnych pletiv i ptesto,
Ze je pudni zdroj P pferusen (Gardner et al., 1985; Larcher, 1988; Schilling, 2000; Michalik,
2001). I podle dalsich autort je piijem jednotlivych forem P siln€ zavisly na hodnoté pH pidy
(Gardner et al., 1985; Michalik, 2001; Vangk et al., 2012). Kromé koncentrace P ve vné&j$im
prostiedi md na piijem fosfatd vliv také teplota prostedi, pfitomnost aniontl, kationtt,
inhibitord, fyziologicky stav rostliny a podobné&. SniZeni teploty na 2 - 4 °C vyrazn¢ sniZuje
piijem fosfath i jejich metabolismus. Postupné v zavislosti na Case jsou rostliny schopné
¢astecné se prizpusobit na podminky sniZzené teploty, coz se projevuje zvySenou metabolickou
ptreménou P (Michalik, 2001; Mackey a Paytan, 2009). Michalik (2001) uvadi pozitivni vliv
kationtli Ca?* a Mg?" na piijem fosfatd, naopak K* snizuje jejich piijem, ale také transport

do nadzemnich organi. Mengel a Kirby (1987), Schroder et al. (2011) uvadgji, ze vyskyt
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mykorhizy na kofenech rostlin pfispiva k vy$§i mobilizaci fosforu i za nepiiznivych
podminek.

Fosfaty v rostliné nejsou redukovany. Kotenové bunky obsahuji fosfatové pienasece
V plazmatické membran¢, a bud’ jsou pfijaty xylémovymi cestami jako anorganicky fosfor,
nebo jsou esterifikovany pies hydroxylovou skupinu na sacharidy nebo jiné slouceniny
uhliku. Fosfaty pfijaté kofeny jsou rychle zaclenény do fosfatovych sacharidi nebo jsou
propustény do xylému jako anorganicky fosfor. Kofeny rostlin jsou ¢asto v symbiotickém
sdruzeni s mykorhiznimi houbami, a tim jsou fosfaty z pudy lépe sorbovany. Fosfaty jsou
nezastupitelnou slozkou nukleovych kyselin a mnoha soucasti energetického a latkového
metabolismu, které jsou vyuzivany v celé rostliné (Larcher, 1988; Michalik, 2001; Lack
a Evans, 2005).

V pidnim roztoku je fosforu velmi malo, je proto dilezité, aby se po jeho odcerpani
z roztoku dostatecné rychle doplioval z pevné faze pudy. Rostliny jsou schopny piijimat
fosfor i pfi velmi nizké koncentraci v pidnim roztoku. Musi vSak pfekonavat znacny
koncentraéni gradient. Ptijem fosforu je aktivni proces, vyzadujici dostatek energie (Vanék
et al.,, 2012). Orcutt a Nilsen (1996) uvadéji, Zze nedostatek Si v rostliné ma za nasledek
snizeni zaclenéni P do ADP, ATP ¢i fosforylovanych sacharidd, coz ovliviiuje riist rostlin.

Pti nizkych teplotach mohou mit rostliny k dispozici mélo energie pro piijem P. Soucasné
je znacn€ omezena mineralizace organickych sloucenin fosforu v ptidé. Rostliny tak mohou
pfechodné vykazovat nedostatek P i pfi jeho dostatecném obsahu v pidé€. Rostliny maji
schopnost do ur¢ité miry piijem fosforu ovliviiovat. Pokud je v jejich pletivech jeho
nedostatek, aktivuji v membranach kofenti fosfatizy a pienaseCe s vysokou afinitou
k fosfore¢nantim s cilem zlepsit piijem P. Také maji snahu zvétsit prostor, ze kterého mohou
fosfor ziskat zvySenym rlstem kofeni na tkor nadzemni biomasy a vétSim mnozstvim
vlase¢nicovych kotinkll. Vytvoreni bohaté kotfenové soustavy je dllezitym predpokladem pro
ptijem fosforu. ZvySuje se také kotfenova sekrece, umoziujici zvySeni rozpustnosti, a tim
pfijatelnosti P v rhizosféfe. Rostliny vydavaji do prostiedi vétsi mnozstvi iontd H™ a dale
organické kyseliny (jable¢na, citronova), které zvySuji rozpustnost fosfore¢nant. Byl
zaznamenan také vydej vysokomolekuldrnich latek, enzymi, které s mikroflorou uvoliluji
fosfor z organickych slouéenin. ZvySena sekrece jednodus$ich organickych latek
(aminokyseliny, sacharidy) putsobi pfiznivé na vys§i vyskyt mikroorganismi, vcéetné
mykorhizy. Na pfijem fosforu rostlinami ptsobi ptfiznivé dostatecna vlhkost pudy, hodnota
pH pldy, dostatek organickych latek v piadé, dobrd biologickd c¢innost a samoziejmeé

pfiméfeny obsah pfijatelného P v pidé (Vangk et al., 2012). Viditelné symptomy nedostatku
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fosforu jsou ponc¢kud opacné oproti N a S. Listy rostlin jsou tmavé zelené az modrozelené
a rostliny jsou zakrnélé. Na starSich listech je vidét nedostatek ziviny jako prvni, vzhledem
k pfesunu P do mladsich pletiv. Dal§imi piiznaky nedostatku jsou poruchy reprodukénich
procesu (zpozdéné kveteni), mensi vzrast, tmaveé zelené nebo bronzové fialové zbarveni listi

(obrazek 6), u jehli¢nanii zasychani Spicek jehlic (Larcher, 1988).

Obr. 6: Projevy nedostatku P u kukufice - nadobovy pokus s bioefektory 2013
(Holeckova, 2013).

Dlouhodoby deficit fosforu vyvolava hluboké poruchy fosforecného a dusikatého
metabolismu, coz zptisobuje snizeni syntézy bilkovin a zvySeni podilu nizkomolekularnich
N-sloucenin, zejména amidi, volnych nukleotidi, alantointi. Dlouhodoby deficit také snizuje
celkovy piijem a jeho metabolismus a nasledné také intenzitu transportu fosforu z kofent
do nadzemnich orgénii. Do urcité miry jsou rostliny schopné adaptovat se na podminky nizké
hladiny fosforu tim, ze vytvareji dodatecné koteny. Je také znamo, Ze pokud rostliny rostou
vV podminkdch nizké hladiny Zivin, potom Ziviny potifebné pro rist a vyvoj ziskdvaji
z vn¢jSiho prostiedi. Ve vztahu k fosforu rostliny maji schopnost vyrovnavat stdlou hladinu
cytoplazmatického P, kterd je soustavné dopliiovana diky jeho pifijmu z vné&jsiho prostredi
a translokaci z jinych ¢asti rostliny. Z hlediska zabezpeceni optimalniho vyzivného rezimu
V polnich podminkach, dblezitd Uloha pfipadd na vodni rezim v pidé. Dobré vldhové

podminky se projevuji na zvySeni migrace fosfatli v piidé€, ale zaroven optimalni vodny rezim
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bunky bezprostfedné ovliviiuje 1 funkéni procesy buiiky, spojené s akumulaci fosfati. Deficit
vody natolik snizi ptijem P, Ze jeho koncentrace v xylémovém exudatu se vyrovna vnéjsSimu
prostiedi. Stres zplsobeny vodnim deficitem zplisobuje plazmolyzu buné€k, destrukci
plazmodezem a nasledkem toho se rusi aktivni transport fosfati do cytoplazmy. Za téchto
podminek se piijem P uskuteciiuje prevazné pasivné (Michalik, 2001).

Hnojeni fosforem zvySuje nejen vynosy a piijem P, ale také prodluzuje délku kotent.
ZvySeny piijjem P rostlinou miZze byt zptsoben vysSi koncentraci fosforu v médiu,
prodlouzenim kofend nebo obéma ptipady (Richter, 2004; Vanék et al., 2012; Zhang et al.,
2012). Li et al. (2009) uvadgji, ze deficience P v pudé Casto zpusobuje rostlinam naruseni
vodniho rezimu a samotny transport vody v dasledku snizeni kotfenové hydraulické vodivosti
a zvySené produkce ethylenu. Také Radersma et al. (2005) uvadéji souvislost vodniho rezimu
s deficienci fosforu. Nizs$i obsah vody v pudé zplsobil u kukutfice pokles dostupnosti P
ke kofentim, nasledné pokles trody, snizeni kofenového rustu a soucasné rdstu plodin.
Redukce vodniho rezimu a sucha pida muze zplsobit také nedostupnost mikrobidlniho
fosforu v ptdé rostlinam, ale opétovnym dodanim vody do pidy mutze dojit opét ke zvySeni
pristupnosti P (Tang et al., 2014a).

V osvojovaci schopnosti zeméd¢€lskych plodin jsou zna¢né rozdily. Mezi plodiny s nizkou
schopnosti patii cibule, Cesnek, rajée, brambory a kukufice. Na druhou stranu extrémni
osvojovaci schopnost vykazuje fepka olejka, kterd je schopna dosahovat dobrych vynost
1 pfi nizké zasobé¢ labilniho fosforu v ptid€. Vétsina fosforu osvojeného fepkou je z vice jak
80 % ulozena v semenu, a tim je vynosem semene transportovana sklizni z pozemku. Pida
je ochuzovana o dostupné formy P. V pfipad¢€, Ze se vyzivnému stavu ptid nevénuje patficna
pozornost, fepka je plodinou, kterd ma schopnost snizovat zisobu fosforu v pudé

az do deficitni oblasti pro ostatni plodiny (Matula, 2012).

3.4.3. Absorpce a transport P

Absorpce iontll je povazovana za prvni etapu piijmu zivin. Konkrétné¢ absorpce fosforu
muze byt proces aktivni, ktery vyzaduje energii, nebo pasivni. Béhem aktivni sorpce pronikaji
ionty cytoplazmatickou membranou, diky energeticky bohatym fosfiatovym vazbam, které
jsou produkovany dychanim. Uskutecniuje se proti koncentracnimu gradientu transportované
latky, a proto se vyzaduje spotfeba metabolické energie a vZzdy se ho Ucastni membranoveé
bilkoviny. Tento aktivni transport (vykonavaji jej iontové pumpy) je zavisly na procesech -
respirace a fotosyntézy - dodavajicich energii bud’to pfimo, prostfednictvim membranovych
potencialli vytvarenych elektronovym tokem, anebo nepiimo hydrolyzou ATP. Pasivni

transport se déje po koncentraénim spadu, i kdyz velmi Casto rostlina musi hromadit ionty
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a dopravovat je proti koncentraénimu spadu. Mezi mechanizmy pasivniho transportu patii
tyto: difize, osmoéza, elektroosmodza, Donnanova rovnovaha, ulehcena diftize. Celkova
kapacita pasivni absorpce ma dvé slozky: 1) vnéjsi prostor definovany jako dutiny
v kofenovém pletivu a mezibunééné prostory, 2) volny prostor - buniky vystavené iontim
ve vodé ve vngjSim prostoru. Propustnost membrany je ddna jeji anatomickou stavbou
a chemickou strukturou. Pfitomnost urcitého typu fosfolipidi urcuje rozdilny stupeni
pristupnosti (Gardner et al., 1985; Larcher, 1988; Michalik, 2001). Dale se transport iontt
realizuje pfes rizné kompartmenty bunky a membrany, které do ur€it¢ miry plni tlohu
,bariéry” pro ionty vstupujici do vnitini ¢asti buiiky. Pro pfijem zivin, a zvlast to plati
pro ionty dusiku a fosfatové ionty, je charakteristicka selektivita a genetickda podminénost.
Z kvantitativniho aspektu je pfijem zivin zavisly na struktufe a usporadani pletiva kotene,
ekologickych podminkidch a metabolické aktivité¢ kofenového systému. Diky soustavnému
rustu kofend, a tim také zvétSovanim adsorpnimu povrchu, se nepfetrzité vytvareji nové
podminky pro piijem zivin z dalSich prostort v pud¢. I pfesto, ze mnohé procesy piijmu zivin
maji vSeobecnou platnost, nevylucuje se specificky pribéh procest ve vztahu k jednotlivym
konkrétnim iontim. Vzhledem ke znac¢né heterogenité pletiv a bunék kotfenového systému,
rozdilné chemické struktufe a biologické funkci jednotlivych iontli, konkrétnim
agroekologickym podminkdm, béhem kterych se uskutectiuje piijem iontd a fyziologické
a biologické aktivit¢ bun€k kofenového systému, neni mozné formulovat univerzalni
mechanizmus piijmu iontdl, ktery by platil pro rlizné ionty a zohlediioval rizné podminky
vyzivy. VSeobecné plati, Ze pfijem a transport zivin v kofeni je selektivni proces, ktery je
vyznamnou slozkou udrzovani rovnovdhy iontl v kofeni. Kofeny rostlin se musi
pfizplisobovat riznym koncentracim iontli ve vnéjSim prostiedi tim, ze méni reZim jejich
pfijmu. Mimo jiné, buniky kofenil rostlin ve snaze zachovat stdlou hodnotu pH cytoplazmy

reguluji ptijem a vyluCovani ionta (Michalik, 2001).
3.5. Mykorhiza

Mykorhiza je symbiotické spoleCenstvi mezi kofeny rostlin a houbou, kdy sacharidy
(organicky C) vytvofené pii fotosyntéze jsou transportovany do kofenli a jsou pievzaty
houbami a ziviny jsou absorbovany houbovymi hyfami z pudy a jsou pievedeny do rostlin.
Velkd vétSina rostlin, pfes 90 %, vyuZzivd tohoto spolecenstvi pii ziskdvani zivin.
Pii mykorhiznim procesu dochédzi k vylu€ovani enzymt a pfijmu Zivin. Mykorhizni houby
interaguji s ostatnimi houbami v pidé¢, inhibuji volné Zijici houby podilejici se na rozkladu

rostlinné hmoty, a tak mohou preventivné chranit rostlinu pred patogenni houbou nebo
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napadenim bakteriemi. Tvorba mykorhiznich spolecenstvi se vyskytuje u vétSiny kvetoucich
druhti polnich plodin a to je velice pfinosné. Na ptidach s nizkym obsahem mineralnich Zivin
a bez mykorhizy, rostou plodiny podstatné méné a maji nizsi toleranci vici stresu. Vyskytuji
se ale také rostlinné druhy, které jsou s mykorhizou spojeny velice vzacné. Jedna se hlavné
o druhy pleveld, brukvovité (Brassicaceae), merlikovité (Chenopodiaceae) a titiny (Carex
spp.). Mykorhiza je vysoce efektivni pii absorbovani zivin z pudy, zvlasté u dusiku, fosforu
a zinku. Zdroje dusiku a fosforu jsou ¢asto lokaln¢ omezeny a houbové hyfy jsou schopny
absorbovat tyto ziviny efektivnéji a z mnohem vétsi rozlohy pidy, nez samotné kofeny, coz
vede ke zvySeni rtstu rostlin (Orcutt a Nilsen, 1996; Lack a Evans 2005; Gregory 2006; Opik
a Rolfe, 2005; Balik et al., 2008). Stribley et al. (1980) provedli studii, kde byl pozorovan vliv
mykorhizy na odbér P rostlinou, na 10 riznych pudach a v kombinaci s ptidavkem 5 rtiznych
davek P. U mykorhiznich rostlin doSlo k lepSimu ristu nadzemni hmoty rostlin, ale také
k vyssi koncentraci P v rostlinnych pletivech.

Nezavisle na existujicich rozpornych nazorech je mozné konstatovat, ze kofenova
mykorhiza je schopnd se aktivné zucastiiovat procesli zpfistupiiujicich fosfaty
z nerozpustnych sloucenin. Diky tomu, Ze mycelium castecné pronika pfes bunétnou sténu
kotenovych vlaskl a vniké do pletiva, zvysuje celkovy adsorpcni povrch kotfenového systému

(Michalik, 2001).

Nejbéznéji se vyskytujici mykorhiza je arbuskularni mykorhiza (AM), zndma také jako
endomykorhiza nebo vesikulo-arbuskularni mykorhiza. Tento typ mykorhizy se vyskytuje
u 70 % rostlin (Orcutt a Nilsen, 1996). Gregory (2006) uvadi, ze AM se vyskytuje u témé&f
80 % mykorhiznich rostlin, zahrnujicich kefe, stromy, byliny nebo travy. U AM proniknou
houbové hyfy pifes bunécnou sténu do kortexu kotfene a tvoifi hmotu zkroucenych
a rozvetvenych hyf uvnitf bun€k, zndmé jako arbuskuly. AM se vyskytuje u vétSiny bylinnych
rostlin, tropickych stroml a nékterych dievin mirného pasma. Mnoho rostlin s AM mitize
piezit bez mykorhizy, zv14sté na ptidach bohatych na Ziviny (Lack a Evans 2005; Opik et al.,
2005). Diky tomuto typu mykorhizy kofeny rostlin produkuji Sirokou $kalu organickych latek
(organické kyseliny, enzymy, ristové hormony, sacharidy, ...), které se uvoliuji do ptidniho
okoli rostliny (Orcutt a Nilsen, 1996). Napi. fytazy a dalsi kyselé fosfatazové enzymy jsou
uvoliiovany pomérn€¢ ve velkém mnozstvi mnoha mikroorganismy, a tim dojde
ke zpfistupnéni organickych forem P, jako jsou fytaty, coz muize byt az 50 % celkového

pudniho P (Gregory 2006).
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Druhym nejrozsifenéjsim typem mykorhizy je ektomykorhiza (EM), pii které houbové
hyfy tvofi hustou hmotu kolem wvnégjSich kratkych absorpcnich kotfent, ale nepronikaji
do buné&¢nych stén. Tento typ mykorhizy se vyskytuje zhruba u 10 % rostlin (Orcutt a Nilsen,
1996). A to zejména u jehlicnani, hlavné u borovicovitych (Pinaceae), btizovitych
(Betulaceae) ¢i bukovitych (Fagaceae), u stromi mirného pasma a nékterych tropickych
stromu, rostoucich zejména na pudach zivinami chudych a kyselych. Rostliny s EM mohou
prezit v pifipadé, pokud alespoit vurcité c¢asti jejich zivotniho cyklu jsou s timto
spolecCenstvim spojené. Rostliny s ektomykorhizou jsou schopny stravit organickou hmotu
tvofenou organickym dusikem a fosforem, ktery je za béznych podminek nedostupny pro
rostliny. To je obzvlasté dulezité na pudach kyselych a chudych na Ziviny, ve kterych tyto
mykorhizy umoziiuji rostlindm absorbovat téméf vSechny Ziviny jako dostupné pro rostliny
(Orcutt a Nilsen, 1996; Lack a Evans 2005; Opik et al., 2005; Gregory 2006). Mezi dalsi
druhy mykorhizy, které se rostlin vyskytuji, ale méné Casto patii erikoidni a orchideoidni
(Balik et al., 2008; Brundett, 2009).

Fosfor v pudé je pro vétSinu rostlin $patné dostupny. Lépe a rychleji vSak P pfijimaji
mykorhizni rostliny, které akumuluji P jeste 1épe, pokud dochazi k vétveni a rozSifovani jejich
kotenového systému. Mykorhizni rostliny dokazi absorbovat az 3 krat vice P béhem stejného
obdobi, oproti nemykorhiznim rostlinam (Orcutt a Nilsen, 1996). Kofeny v podstaté
mobilizuji diive nedostupny P tim, ze vesikulo-arbuskularni houby vylucuji organické
kyseliny, a tim rozpousti pidni P. Vétsina P (80-90 %) zlstdva naakumulovana v houbovych
hyfach. Tento P se miize mobilizovat a transportovat do rostliny v ptipadé deficience (Orcutt
a Nilsen, 1996).
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4. HYPOTEZY A CILE
4.1. Hypotézy

Po aplikaci bioefektori do pudy predpokladame vyS$si mobilizaci fosforu z hiife dostupnych
forem v puad¢, a tim i zvySeni vynosl, obsahu P v nadzemni hmot¢ rostlin i jeho odbéru

zejména na stanovistich, kde je fosfor limitujicim prvkem.

Aplikace bioefektorti ovlivni i dostupnost dalSich makro- a mikroprvki. To povede K jejich

zvySenému obsahu v nadzemni hmot¢ rostlin i k jejich zvySenému odbéru.

V ekologickém zeméd¢lstvi je mozno pouzivat pouze fosforetna hnojiva s obtizné
pfistupnym P - mleté fosfaty. Proto lze predpokladat velmi pomalé uvoliovani P z téchto
hnojiv. Aplikace bioefektor spolu s t€émito P-hnojivy povede k rychlejSimu uvoliiovani P,

a tim i k leps$i vyzivé a vys§imu odbéru P rostlinou, na stanovistich s jeho nedostatkem.

Po lokalni injektazni aplikaci N-hnojiva metodou CULTAN, vznikne stabilni N-Depo v ptdé.
Rostlinné kotfeny porostou smérem k depu. Pii aplikaci BE mezi osivo a depo dojde pii

v

prorastani kofenti smérem k depu k jejich snadnéjsi inokulaci.

Vétsina studii zabyvajicich se bioefektory spocivd ve vysledcich laboratornich testd,
poptipadé nadobovych pokust. V polnich pokusech lze vSak predpokladat odlisné, méné

prikazné vysledky.

4.2. Cile prace

Cilem této disertacni prace je posoudit vliv aplikace bioefektori samotnych nebo v kombinaci
s P-hnojivy pii péstovani rostlin (kukufice, pSenice) a jejich vliv na vynos, ristové parametry
nadzemni a kofenové casti rostlin, odbér vybranych prvkd rostlinou a obsah prvki

V nadzemni hmot¢ rostlin, a to v rdmci nadobovych a polnich pokust.
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5. METODIKA PRACE

V této casti jsou podrobné popsany veskeré pokusy, které byly Vramci této prace
uskutecnény, pfi¢emz je na konci této kapitoly uveden seznam zkratek plynouci z metodické

Casti. Vétsina pokusi pokusy byla zalozena podle spoleénych metodik projektu Bioefektor.
5.1. Nadobové a polni pokusy
5.1.1. Nadobovy pokus 2013 (pokus 1)

Soucasti experimentni ¢asti bylo zalozeni nadobového pokusu 6.6.2013, kdy bylo
do nadob o objemu 5 litrd zaseto vzdy 5 zrn kukufice (Zea mays, odridy Colisée, KWS,
Basilej, Svycasko). Pada byla ziskana ze stanovisté v Humpolci (pokusna stanice VURYV,
Humpolec), ze stejného pozemku, ze kterého byla odebrana puda také v nasledujicim roce.
Podrobn&jsi popis stanovisté, véetné soufadnic odbéru zemin, je uveden v tabulce 4
(Humpolec A).

Substrat byl dle metodiky projektu sestaven z pidy (kambizem) a kiemenného pisku
v poméru 2:1 (3225 g pudy + 1665 g pisku), ¢imz doslo ke snizeni obsahu P (Mehlich 3)
na velmi nizky (49 mg P/kg). Kazda varianta byla realizovdna v péti opakovanich. Po dvou
tydnech péstovani byly rostliny kukufice vyjednoceny na finalni pocet tii rostlin na nadobu.
Ke vSem variantam byla aplikovana stejna davka N (0,5 g N/nadoba) a K (0,85 g K/nadoba).
Dusik byl dodan ve formé& dusi¢nanu vapenatého (DV) a draslik v podobé K-hnojiva
Patentkali (Ptk) pfi zalozeni pokusu. Podrobny popis variant je uveden nize, v tabulce 3.

Tab. 3: Schéma nadobového pokusu 2013.

N P K BE1 BE3
¢.v. Oznaceni varianty
(g/nadoba) (ktj/nadoba)

1. BEO+NK 0,5 - 0,85 - -

2. BEL+NK 0,5 - 0,85 1,12 x 108 -

3. BE3+NK 0,5 - 0,85 - 8,75 x 108
4., BEO+JSP+NK 0,5 0,25 0,85 - -

5. BE1+JSP+NK 0,5 0,25 0,85 1,12 x 108 -

6. BE3+JSP+NK 0,5 0,25 0,85 - 8,75 x 108
7. BEO+ TSP+ NK 0,5 0,25 0,85 - -

8. BE1+ TSP+ NK 0,5 0,25 0,85 1,12 x 108 -

9. BE3+ TSP+ NK 0,5 0,25 0,85 - 8,75 x 108

BEO — voda, BE1 — Trianum P, BE3 — RhizoVital 42, JSP — jednoduchy superfosfat, TSP — trojity super fosfat
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Vzhledem k tomu, Ze v ramci tohoto pokusu, mély byt testovany tii bioefektory, z nichz
jeden (Proradix - BE2) byl dodan o dva tydny pozdé&ji, a na misto mletého fosfatu byl dodan
jednoduchy superfosfat, jsou podrobnéji vyhodnoceny pouze ristové parametry. Dle
puvodniho planu pokusii bylo cilem testovat vliv aplikace bioefektori na mobilizaci P
z mletého fosfatu. Firmou LANDOR (Svycarsko) byl chybné doruéen jednoduchy superfosfat
se stejnym obsahem P, a proto byla metodika upravena na testovani jednoduchého
superfosfatu.

Bioefektory byly aplikovany v mistné zasetého zrna ve form¢ zasobniho roztoku v davce
25 ml na nadobu (5 ml zasobniho roztoku na kazdé zrno). Vyse uvedené bioefektory byly
testovany v kombinaci s P-hnojivy: jednoduchy superfosfat (JSP) a trojity superfosfat (TSP),
v davce 0,25 g P/nadobu. VSechny varianty byly srovnavéany s kontrolnimi, sloZenymi
z neaktivniho bioefektoru (vody ve stejném objemu jako aplikovany roztok BE)
a uvedenych P-hnojiv, v¢etné neaktivniho bioefektoru s P nehnojenou variantou. Rostliny
byly v pravidelnych intervalech méfeny a po sklizni byla vazena a hodnocena nadzemni ¢ast
1 kofenova Cast rostliny. Nadzemni biomasa i kofeny byly po sklizni, kterd probéhla 7.8.2013

dale susSeny a zpracovany pro nasledné analyzy.

5.1.2. Nadobovy pokus 2014 (pokus 2 a 3)

Také v roce 2014 byl zalozen nddobovy pokus, konkrétné 30.4.2014. Do nadob o objemu
5 litrG bylo zaseto vzdy 5 zrn kukufice (Zea mays, odrudy Colisée). Puda byla ziskana
ze stanovist Humpolec a Lukavec (pokusna stanice VURV, Humpolec). Podrobngjsi popis
stanost’, v¢etné soutadnic odbéru zemin pro pokus, je uveden v tabulce 4.

Tab. 4: Klimatické a ptidni vlastnosti stanovist Humpolec A a Lukavec A.

Humpolec A Lukavec A

Stanovisté a jeho souradnice (49°33°14”’ s.8.; (49°34°17” s.8.;

15°21°00”" v.d.) 14°59°20”” v.d.)
Priumérna roéni teplota (°C) 7,0 1,7
Priumérné roc¢ni srazky (mm) 665 666
Nadmoiska vyska (m.n m.) 525 610
Pudni typ kambizem kambizem
Pudni druh piscito-hlinita hlinito-piscita
pHcaci2 57 54
Obsah Pwmeniichs (mg/kQg) 80 (vyhovujici obsah) 120 (vysoky obsah)
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Substrat byl stejné jako v pfedchozim roce, namichan z pidy (kambizem) a kifemenného
pisku v poméru 2:1 (3325 g suché pudy + 1665 g pisku). Tim se snizil obsah P na stanovisti
Humpolec na velmi nizky (48 mg P/kg) a na stanovisti Lukavec na vyhovujici (80 mg P/kg)
Kazda varianta byla realizovéna v péti opakovanich. Po dvou tydnech péstovani byly rostliny
kukufice vyjednoceny na findlni pocet tfi rostlin na naddobu. Ke vSem variantdm byla
aplikovéana stejna davka N (0,5 g N/nadoba) a K (0,85 g K/nadoba). Dusik byl dodan
ve formé& dusi¢nanu vapenatého (DV) a draslik v podob¢é K-hnojiva Patentkali (Ptk).
V pokusu byly testovany tii bioefektory v kombinaci se dvéma P-hnojivy (0,25 g P/nadoba).
Jako bioefektory byly pouzity: BEO - voda (stejny objem vody, jako bioefektorového
roztoku), BE1 -Trianum P, BE2 - Proradix a BE3 - RhizoVital 42.

Bioefektory byly aplikovany lokaln€ pipetou, 5 ml ke kazdému zrnu (25 ml/nadoba). Vyse
uvedené bioefektory byly testovany v kombinaci hnojivy: mlety fosfat (MF) a trojity
superfosfat (TSP), kterymi byla dodana stejna davka P. Vsechny varianty (tabulka 5) byly
srovnavany s kontrolnimi, slozenymi z neaktivniho bioefektoru (vody) a uvedenych P hnojiv,
vcetné neaktivniho bioefektoru s P nehnojenou variantou.

Tab. 5: Schéma nadobového pokusu 2014 pro stanoviste Humpolec A i Lukavec A.

¢.v. Oznaceni varianty N i « SEL BE2 BE3
(g/nadoba) (ktj/nadoba)

1. BEO+ NK 0,5 - 0,85 - - -

2. BE1+NK 0,5 - 085 1,12x10° - -

3. BE2+NK 0,5 - 0,85 - 9,08 x 10° -

4. BE3+NK 0,5 - 0,85 - - 8,75 x 108
5. BEO+MF+NK 05 025 085 - -

6. BEL+MF+NK 05 025 085 1,12x10° - -

7. BE2+MF+NK 05 025 0,85 - 9,08 x 10° -

8. BE3+MF+NK 05 025 085 - - 8,75 x 108
9. BEO+TSP+NK 05 025 085 - - -

10. BE1+TSP+NK 05 025 0,85 1,12x108 - -

11. BE2+TSP+NK 05 0,25 0,85 - 9,08 x 10° -

12. BE3+TSP+NK 05 025 0,85 - - 8,75 x 108

BEO — voda, BE1 — Trianum P, BE2 — Proradix, BE3 — RhizoVital 42, MF — mlety fosfat, TSP — trojity super fosfat
Rostliny byly v pravidelnych intervalech méfeny a po sklizni byla vazena a hodnocena

nadzemni ¢ast i kofenova cast rostliny. Nadzemni biomasa i kotfeny byly po sklizni, ktera

probéhla 13.8.2014, déle suSeny a zpracovany pro nasledné analyzy.
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5.1.3. Polni pokusy 2014 (pokus 4 a 5)

Ve stejnych oblastech (Humpolec a Lukavec, pokusné stanice VURV), kde byla odebrana
puda pro nadobovy pokus, byly provedeny také polni pokusy. V tabulce 6 je uvedena
charakteristika vySe uvedenych stanovist’, v€etné jejich souradnic.

Tab. 6: Klimatické a pudni vlastnosti pokusnych stanovist Humpolec B a Lukavec B.

Humpolec B Lukavec B

Stanovisté a jeho souradnice (49°33°14”’ s.8.; (49°34°20”’ s.8.;

15°21°24>° v.d.) 14°59°18”’ v.d.)
Priumérna ro¢ni teplota (°C) 7.0 7.7
Primérné ro¢ni srazky (mm) 665 666
Nadmoi'ska vySka (m.n m.) 525 610
Pudni typ kambizem kambizem
Ptdni druh piscito-hlinita hlinito-piscita
pHcaci2 51 4,8
Obsah P meniichs (mg/kg) 77 (nizky obsah) 75 (nizky obsah)

Polni pokusy byly zalozeny 23.4.2014 na stanovisti v Humpolci, 25.4.2014 na stanovisti
Lukavec a byly realizovany obdobné jako pokusy nadobové (schéma v tabulce 7). Testovanou
rostlinou byla rovnéz kukutice (Zea mays, odriudy Colisée) a jeji vysevek byl 95 tis. zrn na
hektar. V tomto polnim pokusu byl rovnéz hodnocen vliv aplikace bioefektoru
v kombinaci s P-hnojivy. B&hem polniho pokusu byly na parcelky o vyméfe 31,5 m?
aplikovany dva bioefektory: BE2 - Proradix a BE3 - RhizoVital 42. Bioefektory byly
aplikovany bud’ samostatné, nebo Vv kombinaci smletym fosfatem (MF) a trojitym
superfosfatem (TSP), s davkou P 26 kg/ha v obou hnojivech. Pokusy byly hnojeny jednotné
dusikem (120 kg N/ha v LAV) a draslikem (50 kg K/ha v Ptk) pfi seti. Pro Gcely polniho
pokusu byly zalozeny stejné kontrolni varianty jako u nadobového pokusu. Bioefektory byly
aplikovany dvéma zpiisoby. Prvnim zpisobem byla plosnd aplikace 9 litri roztoku
bioefektoru na parcelu: 22,7 kg/ha Proradixu a 2 1/ha RhizoVitalu (davka na parcelu byla
fedéna v 9 litrech vody). Plosna aplikace byla provedena bezprostiedné po vysevu. Proradix
6,6x10%° ktj/parcela, RhizoVital 2,5x10%° ktj/parcela. Druhym zptisobem byla lokalni aplikace
injektaznim aplikatorem GFI 3A (Maschinen und Antriebstechnik GmbH, Giistrow,
Némecko), ktery aplikuje roztok do hloubky cca 10 cm. Touto technikou bylo aplikovano 10x
niz8i mnozstvi Proradixu 2,27 kg/ha a nizsi davka 1,5 1/ha RhizoVitalu. Lokalni aplikace byla
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provedena ve fazi 5. rozvinutého listu. VSechna hnojiva byla zapravena do pudy pied setim,
do hloubky 10 cm. Polni pokus byl sklizen 18.9.2014 na stanovisti v Humpolci a 21.9.2014
na stanovisti v Lukavci.

Tab. 7: Schéma polniho pokusu 2014, s aplikacemi bioefektord a hnojiv.

Oznaceni ) BE2 (kg/ha) N P K

e varianty Aplikace BE3 (I/ha) (kg/ha)
1.  Nulova kontrola 0 0 120 0 50
2. Kontrola (BEO) plosna 0 120 0 50
3. MF plosna 0 120 26 50
4. TSP plosna 0 120 26 50
5. BE2+MF plosna 22,7 120 26 50
6. BE2+TSP plosna 22,7 120 26 50
7. BE2+MF lokalni 2,27 120 26 50
8. BE2+TSP lokalni 2,27 120 26 50
9. BE3+MF plosna 2 120 26 50
10. BE3+TSP plosna 2 120 26 50
11. BE3+MF lokalni 1,5 120 26 50
12. BE3+ TSP lokalni 1,5 120 26 50

BEO — voda, BE2 — Proradix, BE3 — RhizoVital 42, MF — mlety fosfat, TSP — trojity super fosfat

Z kazdé varianty bylo sklizeno 20 primérnych rostlin ze dvou stfednich tfad kazdé
parcelky ke zjisténi vynosu. Reprezentativni vzorek tii vybranych rostlin z kazdé parcelky byl

ususSen a jemné& namlet pro dalsi analyzy.

5.1.4. Screening experiment 2015 (pokus 6)

Vzhledem k nepriikaznym G€inklim bioefektorti byl v kvétnu 2015 zaloZen rozséhlejsi
nadobovy pokus, pii kterém bylo testovano 11 bioefektorii. Pokus byl realizovan ve vegetacni
hale v obdobi 24.5. - 10.6.2015, a testovaci rostlinou byla kukufice (Zea mays, L., odrida
Colisée). Kukuftice byla péstovana v 0,5kg na vzduchu ususené zeminy odebrané ze stanovisté
Bubnov (okres Zamberk). Podrobngjsi informace o lokalité s velmi nizkym obsahem P, kde
byla plida odebrana, se nachézeji v tabulce 8. Do kazdé nadoby byla zaseta 4 zrna kukufice

a 30.4.2015 byly rostliny vyjednoceny dvé rostliny na nadobu.
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Tab. 8: Klimatické a piidni vlastnosti stanovist¢ Bubnov

Bubnov

Stanovisté a jeho souradnice
(50°08°39°’ 5.5.; 16°30°53”" v.d.)

Priumérna ro¢ni teplota (°C) 8,1
Priumérné roc¢ni srazky (mm) 675
Nadmorska vyska (m.n m.) 590
Pidni typ kambizem
Pidni druh hlinito-piscita
pHcaci2) 5,2
Obsah P meniichs (Mg/kg) 22 (nizky obsah)

Davky bioefektorti byly pouzity dle pokynu vyrobce a byly aplikovany v kombinaci
s hnojivy (Cistirensky kal - CK, tuha frakce digestatu - TFD a mlety fosfat - MF). Tyto
varianty byly hodnoceny proti kontrolnim variantam, bez hnojiva. Schéma pokusu je uvedeno
nize, v tabulce 9.

Tab. 9: Schéma zkusebniho nadobového pokusu v roce 2015.

&v.  Oznateni BE Varianta BEO CK TFD MF
1. BEO Kontrola v v v v
2. BE2 Proradix v
3. BE3 RhizoVital 42 v v v v
4. BE4 RhizoVital 45 v v v v
5. BES Muci v v v v
6. BE6 RhizoVital 42 + Muci v v v v
7. BE7 Super Fifty v v v v
8. BES NemaTec v v v v
9. BE9 LamVita v v v v
10. BE10 Biological Fertilizer OD v v v v
11. BE11 OMG (Trichoderma) v v v v
12. BELD Combi-Product (Trichoderma ¥ ] ] Y

harzianum + B. subtilis + Zn + Mn)

BEO — voda, CK — &istirensky kal, TFD — tuha frakce digestatu, MF — mlety fosfat
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Kazda varianta byla provedena ve ctyfech opakovédnich. Ke vSem variantdm bylo
aplikovano stejné mnozstvi dusiku ve formé roztoku dusi¢nanu amonného (0,05 g N/nadobu).
Davka fosforu v dodanych hnojivech byla vypoétena vzdy na 0,015 g P na 0,5 kg zeminy, t].
na nadobu. Davka dusiku a fosforu ¢inila soucet pfidavanych hnojiv a roztokd. Ke kontrole
fosfor ptidavan nebyl. Jednoceni ze Ctyt rostlin na dvé probéhlo 30.4.2015. Sklizeni pokusu se
konala 10.6.2015. Rostliny byly ususeny, namlety a pouzity pro dalsi analyzy.

5.1.5. Polni pokus 2015 (pokus 7)

Dne 18.5.2015 byl zalozen polni pokus 7 na stanovisti v Humpolci (pokusna stanice
VURYV, v.v.i.). Podrobn&jsi popis pokusného stanovisté je uveden v tabulce 6 (Humpolec B)
Testovaci rostlinou byla kukufice (Zea mays, L. odridy Colisée). Zalozeno bylo 14 variant
(tabulka 10) ve &tyfech opakovénich, pficemZ vyméra jednotlivych parcelek byla 31,5 m?.
B&hem polniho pokusu byly na parcelky aplikovany dva bioefektory: BE2 - Proradix a BE3 -
RhizoVital 42. Jednotlivé varianty jsou podrobné popsané nize.

Hlavnim cilem polniho pokusu bylo ovéfit strategii aplikace bioefektorli pro usporu
nakladt. Bioefektory byly vzdy aplikovany v pasech (hloubka 10 cm) do fadkt vedle semen
(obrazek 7).

Obr. 7: Princip lokalni aplikace metodou

10 cm

Pddni povrch

15 cm 20 cm 20 cm 15 cm
o @ ¢ o

Semeno
BE - kapalny nebo

: Cultan depo
granulovany

BE - kapalny nebo

Cultan depo :
granulovany

V pokusu byly pouzity dvé formy bioefektord: 1) kapalina (BE2/BE3 kap), kde aplika¢ni
davka byla 9 litri roztoku na parcelu nebo 2) granulovana forma (BE2/BE3 gran), kde byly
granule vyrobeny postiikem zasobniho roztoku PDX/RV na pemzu 0 - 3 mm, Palkowitschia
sro, Ceska republika). Kone¢na davka BE2 byla vzdy 2,27 kg/ha a BE3 1,5 I/ha. Bioefektory

byly aplikovany 4 dny po zaseti kukufice a byly kombinovany se tfemi zplisoby hnojeni
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dusikem: 1) 80 kg N/ha 3 dny pied vysevem + 60 kg N/ha u 2-3 rozvinutych listd (N1), 2)
lokalni aplikace 140 kg N/ha pomoci strategie CULTAN ve fazi 2-3 rozvinutého listu
(obrazek 7; lokalni N) a 3) 80 kg N/ha ve fazi 2-3 rozvinutého listu + 60 kg N/ha (N2). Dusik
byl dodan plosné ve form¢ ledku amonného s vapencem (LAV) a lokalni aplikaci, metodou
CULTAN ve form¢ dusi¢cnanu amonného s moc¢ovinou (DAM).

Cilem metody CULTAN je tvorba zasobarny, neboli tzv.“depa” amoniakalniho dusiku
v pud¢ za pouziti vysokotlakého vstiikovani. Koteny rostlin rostou kolem depa, coz snizuje
toxicitu amoniaku. V dusledku toho je pfijem N kontinualni a rostliny maji zasobu N
k dispozici po celou dobu vegetace, coz Setii naklady ve srovnani s bézné pouzivanou
opakovanou aplikaci N (Sommer, 2005).

Tab. 10: Schéma polniho pokusu 2015, s aplikacemi bioefektorti a hnojiv

BE BE2 (kg/ha)/ N
¢.v.  Oznaceni varianty ) N aplikace
aplikace BE3 (I/ha) (kg/ha)

1. Kontrolni varianta - 0 0 -

2. N1 - 0 80 + 60 +0 plosna
3. N2 - 0 0+80+60  plosna
4. Lokalni N - 0 0+140+0  lokalni
5. N1 + BE2 kap lokalni 2,27 80+60+0  plosna
6. N1 + BE3 kap lokalni 1,5 80+60+0  plosna
7. N1+ BE2 gran lokalni 2,27 80+60+0  plosna
8. N1+ BE3 gran lokalni 1,5 80+60+0  plosna
9. Lokalni N + BE2 kap lokalni 2,27 0+140+0 lokalni
10. Lokalni N + BE3 kap lokalni 15 0+140+0 lokalni
11. Lokalni N + BE2 gran lokalni 2,27 0+140+0 lokalni
12. Lokalni N + BE3 gran lokalni 1,5 0+140+0  lokalni
13. N2 + BE2 kap lokalni 2,27 0+80+60  plosna
14. N2 + BE3 kap lokalni 15 0+80+60 plosna

N1 - 80 kg N/ha 3 dny pted setim + 60 kg N/ha ve fazi rozvinutého 2-3 listu, N2 - 80 kg N/ha ve fazi rozvinutého 2-3 listu +
60 kg N/ha, BE2 - Proradix, BE3 — RhizoVital, kap — kapalna forma, gran — granulovana forma

Pokus byl sklizen 11.9.2015. Z kazdé varianty bylo sklizeno 20 rostlin ze dvou stiednich
fad kazdého pozemku pro odhad vynosu silazni kukufice. Reprezentativni vzorek tii

vybranych rostlin z kazdé parcely byl usuSen a jemné namlet pro dal$i analyzy.
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5.1.6. Polni pokus 2016 (pokusy 8 a 9)

V roce 2016 byly zaloZeny polni pokusy s kukufici (odrida KXB 4132 — Kartagos, KWS,
UKZUZ, Brno) a v Humpolci (10.5.2016, VURYV, v.v.i., Praha-Ruzyng).
Podrobnéjsi popis pokusnych stanovist’ je uveden v tabulce 11.

Tab. 11: Klimatické a pudni vlastnosti pokusnych stanovist Humpolec C a Lipa.

Humpolec C Lipa

Stanovisté a jeho souradnice (49°33°20” s.8.; (49°33°43”’ s.8.;

15°21°11”° v.d.) 15°32°10” v.d.)
Primérna rocni teplota (°C) 7.0 7.7
Priumérné roc¢ni srazky (mm) 665 632
Nadmoiska vySka (m.n m.) 525 505
Pidni typ kambizem kambizem
Ptdni druh piscito-hlinita hlinito-pis¢ita
pHcaci2 5,7 59
Obsah P meniichs (Mg/kg) 71 (nizky obsah) 72 (nizky obsah)

Cely pokus zahrnuje 13 variant a kazda varianta byla zalozena ve ¢tyfech opakovanich.
Velikost jedné parcelky byla 30 m? (3 x 10 m, 4 fadky na parcelku) a schéma pokusu je
uvedeno tabulce 12. Aplikace bioefektorti a hnojiv je popsana nize. Cela davka dusiku byla
vypoc¢itana na 190 kg N/ha. Na zaklad¢ obsahu ptdniho Nmin (29,3 kg/ha) bylo aplikovano
pouze 161 kg N/ha mineralnich hnojiv. Dusi¢nan vapenaty (DV) byl pouzit z regionalnich
zdrojii (LOVOCHEMIE, Lovosice, Ceské republika) a siran amonny s inhibitorem nitrifikace
DMPP NovaTec (SA). Celkova davka dusi¢nanu vapenatého byla rozdélena na dvé dil¢i (107
kg N/ha pied vysevem a 54 kg N/ha ve stadiu patého vyvinutého listu). Prvni (vétsi) davka
byla aplikovana kratce pted setim jako zdroj dostupného N pro klicici rostliny. Druha davka
byla aplikovana béhem vegetace, aby byl zajiStén pfisun N béhem vegetace. Celkova davka
siranu amonného byla aplikovana 9.5.2016 nebo 10.5.2016, kratce pred vysevem.

Piijem amonné formy N rostlinami ¢i mikroorganismy a jeji prfeména na formu amidickou
vede k vylouéeni H" ionti organismy do rhizosféry. Z tohoto dtivodu mize dojit ke zlepSeni

solubilizaci Ca-fosfati jako vedlejsiho efektu (Neumann a Romheld, 2002).
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Tab. 12: Schéma polniho pokusu 2016, s aplikaci bioefektord a hnojiv.

¢.v.  Oznaleni varianty BE N-hnojivo N (kg/ha)  P-hnojivo P (kg/ha)

1. 0+0+0 0 0 0 0 0

2. 0+DV+0 0 DV 107+54 0 0

3. 0+SA+0 0 SA 161 0 0

4, 0+DV+MF 0 DV 107+54 MF 130
5. 0+ SA + MF 0 SA 161 MF 130
6. 0+DV + TSP 0 DV 107+54 TSP 130
7. 0+SA+TSP 0 SA 161 TSP 130
8. BE2+DV+MF plosné DV 107+54 MF 130
9. BE2 + SA + MF plosné SA 161 MF 130
10. BE5+DV + MF plosné DV 107+54 MF 130
11. BE5+SA+ MF plosné SA 161 MF 130
12. BE13+DV + MF plosné DV 107+54 MF 130
13. BE13+SA+MF plosné SA 161 MF 130

DV - dusi¢nan vapenaty, SA - siran amonny s inhibitorem nitrifikace, MF - mlety fosfat, TSP - trojity superfosfat, BE2 -
Proradix, BE5 - MUCI, BE13 - CombiFect A

Fosfor byl aplikovan jako granulovany fosfat - Granuphos 18 % P2Os (7,9 % P -
LANDOR, Birsfelden, Svycarsko) v davce 130 kg P/ha, a to 9.5. nebo 10.5.2016, kratce pied
vysevem kukufice. Jako kontrolni varianta byl aplikovan trojity superfosfat (21% P) pfi
stejné aplikacni davce a dob&. V pokusu byly aplikovany tii bioefektory: BE2 - Proradix,
BES5 - Muci a BE12 - CombiFect A.

Ptiprava a aplikace bioefektorti byla nésledujici:

Proradix - 65 g na parcelu (30 m?), CombiFect A - 3 g na parcelu, a Muci - 450 ml na parcelu,
byly aplikovany vzdy fedéné v 10 | vody na parcelu. Bioefektory a hnojiva byly zapraveny
do ptudy (10 cm hloubka) s vysevem.

Hodnocené prametry byly: vyska rostlin po 10 tydnech vegetace (19.7.2016), vynos nadzemni
biomasy silazni kukuftice ve stddiu mlécné zralosti 13.9.2016 (Lipa) a 14.9.2016 (Humpolec),
obsah vybranych makro a mikroprvki v nadzemni biomase. Pi{jem makro a mikroZivin byl

pocitan z vynosu susSiny kukufice a obsahu zivin v nadzemni biomase.
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5.1.7. Nadobovy pokus 2017 (pokus 10)

V roce 2017 byl zalozen nadobovy pokus s pSenici jarni (Triticum aestivum L., odrida
Granny), ktera byla zaseta 12.4.2017 do hloubky 2,5 cm pifi mnozstvi 25 zrn na nadobu.
Objem nadob byl 5 litri, a celkovd hmotnost suSiny substratu méla 5 kg. Substrat pro
testovanou rostlinu byl pfipraven smichanim zeminy a kfemenného pisku v poméru 2:1.
Zemina byla odebrana na stanovisti Citov (okr. Mélnik). Podrobnéjsi informace o stanovisti,

kde byla odebrana puda do pokusu, jsou uvedeny v tabulce 13.

Tab. 13: Klimatické a pudni vlastnosti stanovisté Citov.

Citov

Stanovisté a jeho souradnice
(50°23°01”’ s.8.; 14°25°98”’ v.d.)

Primérna rocni teplota (°C) 7,7
Primérné ro¢ni srazky (mm) 632
Nadmoiska vyska (m.n m.) 505

Pidni typ ¢ernozem
Piidni druh hlinita
pHcaci2 [

Obsah P wmeniichs (Mg/kg) 14,4 (nizky obsah)

Cely experiment obsahuje 9 variant (tabulka 14) v Sesti opakovanich. Do vSech nadob byl
v dobé zakladani pokusu ve stejné¢ davce aplikovan dusik (1,5 g N/nadoba) ve formé
dusi¢nanu amonného (DA). A dale bylo do vybranych variant aplikovano P-hnojivo (0,25 g
P/nadoba) ve form¢ mletého fosfatu (MF) nebo trojitého superfosfatu (TSP - 21% P, Unicom,
Caslav). Podrobnéjsi popis jednotlivych variant je znazornén v tabulce 15. Kazda varianta
méla 6 opakovani. Po zaseti rostlin byly lokalné aplikovany do hloubky 10 cm bioefektory:
BE2 - Proradix v davce 135 mg/nadoba a BE13 - CombiFect B v davce 200 mg/nadoba.
Po 9 dnech byly vSechny nddoby vyjednoceny na 20 rostlin na nddobu a 6x béhem vegetace

byla provedena randomizace. Pokus byl sklizen 4.7.2017.
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Tab. 14: Schéma nadobového pokusu 2017.

N- Mnozstvi N Mnozstvi P
¢.v.  Oznaleni varianty - P-hnojivo BE
hnojivo  g/nadoba g/nadoba
1. BEO+DA+0 DA 15 0 0 0
2. BEO+DA+MF DA 15 MF 0,25 0
3. BEO+DA+TSP DA 1,5 TSP 0,25 0
4, BE2+DA+0 DA 15 0 0 BE2
5. BE2+ DA+ MF DA 15 MF 0,25 BE2
6. BE2+DA+TSP DA 15 TSP 0,25 BE2
7. BE13+DA+0 DA 15 0 0 BE13
8. BE13+DA+MF DA 15 MF 0,25 BE13
9. BE13+DA+TSP DA 15 TSP 0,25 BE13

DA - dusi¢nan amonny, MF - mlety fosfat, TSP - trojity superfosfat, BEO - voda, BE2 - Proradix, BE13 - CombiFect B
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5.2. Analyticka stanoveni

Z uvedenych pokusi byly pribézné odebirany vzorky ptudy a rostlinného materialu, které
byly nasledn¢ analyzovany na obsah vybranych prvkd.

U vstupnich vzorkt i u vzorkd odebranych béhem vegetace i po sklizni byly uskute¢nény
nasledujici analyzy:

e Vodny vyluh - stanoveni obsahu P v ptidnim roztoku.

e Mehlich 3 - metoda normovand v CR pro stanoveni piistupného P, K, Ca a Mg

v zemédelskych pudach (Mehlich, 1984).

V neposledni fad¢ byly monitorovany vynosové ukazatele sledovanych plodin, piipadné
rozdily v zapleveleni, podily suSiny rostlin z jednotlivych variant, celkové obsahy P
v nadzemni hmot¢ a kofenech rostlin.

V nize uvedené tabulce 15 je uveden souhrn analyz a procest, které byly provedeny
béhem vsech uskutecnénych pokusti.

Tab. 15: Souhrn praci na pokusech

Hmotnost Hmotnost Suchy  Vyska

Pokus Rak Mehlich 3* nadzem. ¢asti  kofen. ¢asti  rozklad  rostlin Fosfataza

Pokus1 2013 v v v v v

Pokus2 2014 v v v v v

Pokus3 2014 v v v

Pokus4 2014 v v v

Pokus5 2015 v v v v v

Pokus6 2015 v v v

Pokus 7 2015 v v v

Pokus8 2016 v v v

Pokus9 2016 v v v

Pokus 10 2017 v v v v v v

* metoda byla pouZita pouze u vstupnich odbérl pro stanoveni obsahu prvki
5.2.1. Analyzy ptudy
Vodny vyluh

Extrakty jsou zhotoveny dle Luscombe et al. (1979). K 10 g vzorku je doplnéno 50 ml
demineralizované vody. Vzorky jsou tfepany 2 hodiny a nésledné filtrovany. Vzniklé extrakty
jsou analyzovany. Takto pfipraveny vzorek je analyzovan optickou emisni spektrometrii
s induk¢éné vazanym plazmatem (ICP-OES, Varian VistaPro, Victoria, Australie, dale jen
ICP-OES).
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Stanoveni fosforu metodou Mehlich 3.

Vzorek pro stanoveni P metodou Mehlich 3 byl pfipraven nasledujicim postupem. Byl
pouzit extrakéni roztok dle Mehlich (1984) slozeny z CH3COOH (¢ = 0,2 mol/l), NH4F
(c = 0,015 mol/l), HNO3 (c = 0,013 mol/l), NH4sNO3z (c = 0,25 mol/l) a EDTA
(c = 0,001 mol/l). Pomér zeminy a vyluhovadla ¢inil 1:10 (10g zeminy, 100 ml vyluhovadla).
Ttepani probihalo po dobu 10 min. Takto ziskany roztok byl filtrovan a nasledné byly

extrakty analyzovany na obsah fosfore¢nant. Obsah fosfore¢nant byl opét méten ICP-OES.

Stanoveni kyselé fosfatazy

Stanoveni kyselé fosfatazy bylo provedeno dle metodiky Tabatabai a Bremner (1969).
Principem této metody je inkubace pudy v roztoku s p-nitropfenylfosfatem (PNP-P) a obsah
vzniklého p-nitrofenolu je stanoven spektrofotometricky.

5.2.2. Analyzy rostlin

Rozklad na suché cesté

Rozklad na suché cesté¢ se sklada ze Ctyt zakladnich krokt - suSeni, zuhelnéni, zpopelnéni
a louzeni popela. Do kfemennych kadinek je navdzen 1 g vzorku, poté jsou kadinky
premistény na teflonovou plotnu a piekryty hodinovymi sklicky. Teplota plotnyje po kazdé
hodiné zvySovana. Nejprve je nastavena na 160 °C, dale na 220 °C, 280 °C, az na 350 °C.
Po odstranéni sklicek jsou kadinky ptemistény do muflové pece, kde jsou pftiblizné 14 hodin.
Po vyndani z pece pfidime do kadinek 1 ml 65% HNOs3. Roztok je pii 120 °C 1 hodinu
odpatovan, nasledné jsou kadinky vloZeny do muflové pece na 1 hodinu pfi teploté 550 °C.

Po vyjmuti z pece a vychladnuti je vzorek pfeveden do roztoku pomoci 1,5% HNOs3
a ultrazvuku. Roztok je prelit do 20 ml zkumavky a po rysku doplnén 1,5% HNOs.
Po promichéani je vzorek pfipraven pro méfeni optickou emisni spektrometrii s indukéné
vazanym plazmatem (ICP-OES, Varian, VistaPro, Australie) (upraveno dle Mader et al.,
1998).

5.2.3. Souhrn postupu praci v ramci v§ech pokust

V prubéhu vSech nadobovych pokust bylo béhem vegetace hodnoceno nékolik parametrt
(tabulka 17). Po zalozeni porostu byla sledovana deficience zivin, zejména P a napadeni
porostu chorobami a Skidci. V pribéhu kazdého nadobového pokusu byla nékolikrat
uskutecnéna nahodné randomizace a pfed skliznémi pokust byla méfena vyska vsech rostlin.
Bé&hem pokust byly v pravidelnych intervalech vSechny nadoby vazeny a zalévany stejnym

objemem vody. Po sklizni pokust byla odd¢lena nadzemni ¢ast od kofenové Casti a ob& ¢asti
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byly zvazeny, jak v Cerstvém stavu, tak po vysuSeni. Po vysuSeni byly rostlinné¢ vzorky
namlety a pouzity pro nasledné analyzy.

V pribéhu vSech polnich pokusi bylo hodnoceno napadeni porostu chorobami a Skiadci.
Béhem sklizné bylo sklizeno 20 rostlin, které byly nasledné€ zvazeny, a byl vypocten piiblizny
hektarovy vynos rostlin. Dale byly vybrany tfi rostliny, které byly nadrceny, ususeny, namlety
a tyto vzorky byly pouzity pro nasledné analyzy.

Po sklizni vsech nadobovych a polnich pokust bylo vypo¢itano procento suché hmotnosti,
stanoven obsah vybranych makro- a mikroZivin v nadzemni biomase rostlin a vypocitan jejich

ptijem.
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5. 3. Seznam pouzivanych zkratek v praktické casti prace

VURYV - Vyzkumny tstav rostlinné vyroby v.v.i (Praha — Ruzyné, Ceska republika)
UKZUZ - Ustiedni kontrolni a zkugebni Gstav zemédélsky (Brno, Ceska republika)

DV - dusi¢nan vépenaty (15 % N, Lovochemie, Lovosice, Ceské republika)

LAV - ledek amonny s vapencem (27 % N, Lovochemie, Lovosice, Ceska republika)
DAM 390 - dusi¢nan amonny s mo&ovinou (30 % N, Lovochemie, Lovosice, Ceské
republika)

DA - dusi¢nan amonny (34 % N, Merck, Praha, Ceska republika)

SA - siran amonny s inhibitorem nitrifikace DMPP NovaTec (21% N, COMPO EXPERT,
Miinster, Némecko)

Ptk - Patentkali (24,6 % K, 6 % Mg, Kali und Salz GmbH, Kassel, Némecko)

MF - mlety fosfat (7,9 % P, Sebald Zement GmbH, Pommelsbrunn, Némecko, od r. 2016
LANDOR, Birsfelden, Svycarsko)

JSP - jednoduchy superfosfat (7,5 % P, LANDOR, Birsfelden, gvSIcarSko)

TSP - trojity superfosfat (21 % P, Agropodnik Hradec Kralové, Ceska republika)

CK - ¢istirensky kal (COV, Praha, Ceska republika)

TFD - tuh4 frakce digestatu (ZD Krasna Hora, Krasna Hora n. Vltavou, Ceska republika)
ktj - kolonie tvofici jednotku

BEO - voda (tzv. neaktivni bioefektor)

BEL - Trianum P (Trichoderma harzianum, kmen T-22, Koppert Biological Systems, Berkel
en Rodenrijs, Nizozemsko), 1,0 x 10° ktj/gram

BE2 - Proradix (Pseudomonas sp., kmen DSMZ 13134, Sourcon Padena GmbH & Co.KG,
Tiibingen, Némecko), 6,6 x 101° ktj/gram

BE3 - RhizoVital 42 (Bacillus amyloliquefaciens, kmen FZB42, ABiTEP, Berlin, Némecko),
2,5 x 10'%ktj/gram

BE4 - RhizoVital 45 (B. amyloliquefaciens, kmen FZB45, ABiTEP GmbH, Berlin,
Némecko)*

BE5 - Muci (Paenibacillus mucilaginosus, ABiTEP GmbH, Berlin, Némecko)*

BEG - RhizoVital 42 + Muci (B. amyloliquefaciens FZB42 + Paenibacillus mucilaginosus,
ABIiTEP GmbH, Berlin, Némecko)*

BE7 - Super Fifty (Ascophyllum nodosum, BioAtlantis Ltd., Tralee, Irsko)*

BES8 - NemaTec (Vytazek z Laminaria ssp., BioAtlantis Ltd., Tralee, Irsko)*

BE9 - LamVita (Vytazek z Laminaria ssp., BioAtlantis Ltd., Tralee, Irsko)*
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BE10 - Biological Fertilizer OD (Penicilium bilalii, Bayer CropScience, Malchow,
Némecko)*

BE11 - Trichoderma OMG (Trichoderma harzianum, kmen OMG-08, Anhalt University of
Applied Sciences, Bernburg, Némecko)*

BE12 - CombiFect A (Trichoderma harzianum + Bacillus subtilis + Zn + Mn, Anhalt
University of Applied Sciences, Bernburg, Némecko)*

BE13 - CombiFect B (Trichoderma OMG 16 + Bacillus amyloliquefaciens FZB42, Anhalt

University of Applied Sciences, Bernburg, Némecko)*

* ktj nebo koncentrace u¢inné latky vyrobcem neuvedeny
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6. Vysledky prace
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6.1.

Holeckova, Z., Kulhanek, M., Balik, J. 2017. Use of active microorganisms in crop
production - a review. Journal of Food Processing & Technology. 8 (10). 696.

Jednim z vystupt disertac¢ni prace byl literarni piehled zaméieny na shrnuti aktualnich
poznatkll o vyuziti mikroorganismil v rostlinné produkci. Protoze jsou fosfor a jiné ziviny
a jejich pfirodni zdroje vzacné a limitované, je nutné najit alternativni strategii pro zvyseni
dostupnosti zivin pro rostliny. Jednim z moznych zptsobti by mohlo byt pouziti takzvanych
bioefektori, které by mély zlepsit mobilizaci Zivin z méné dostupnych forem v padé, zlepsit
rust rostlin a prispét k rozvoji mykorhizy. V tomto ¢lanku je podrobné popsano nékolik
bakterii a hub, které jsou nejcastéji vyuzivany jako aktivni slozka bioefektorti v rostlinné
produkci, z nichz vybrané byly aplikovany v nddobovych a polnich pokusech v rdmci této
disertacni prace. Jedna se o souhrn fakt a vysledkti mnoha zahrani¢nich studii, které byly
provedeny v rozdilnych podminkach (polni, nddobové, sklenikové, laboratorni), s rznymi
druhy testovacich rostlin a s riznymi zpusoby aplikace (inkrustace semen, aplikace na listy
a dalsi). Vétsina autortl, kteti popisuji pozitivni vliv aplikace bioefektort, publikuje vysledky
ziskané z pokust, které byly uskuteénéné v laboratornich podminkach, nebo se jednalo
o pokusy nadobové. V téchto podminkdch mohou pfipravky a jejich uCinné latky
(mikroorganismy) pusobit odlisn€, nezli v podminkach polnich, a proto je tieba se na tuto
oblast jesté vice zaméfit. Z tohoto diivodu je pozitivni vliv aplikace bioefektorii v rostlinné

produkci stale nedostate¢né podlozen a popsan.

58



Processing & Technology

@j Journal of Food

Folecios =t 8, J Food Prooess Technol 2007, 8:00
DOA: 10,4172/ Z157-TTH0. 100068 36

Beview Ariicle

Use of Active Microrganisms in Crop Production

Zlata Holeékowa®, Martin Kulhanek and Jifi Balik

Dpen Access

— A Review

Depanment of Agro-Emvironments! Chamistry and Plant Mutrition, Facuty of Agrobioiogy, Food and Matural Resources, C2ech Universiy of L¥e Scances, Prague, Czech
Repubilc

Abstract

knowledge in this scientific fisld.

Phosphorus, other elements and natwral resowrces are scarce, and so it is necessary to find altlemative strategy to increase
availabiity of nutrients for plants. One possible way could be application of so-called bicefiectors (BE) which should improve the
mobilisation of nutrients (especially phosphonus) from less avalable forms insoil. improsve plant growth and contribute to mycorrhiza
development. BEs are commercially supplied products which contain active substances (live microorganisms and active natural
compounds). BEs can be used in organic agriculfture, because their application represents no risk for the environment. Several
studies and experiments are focused on impact of biceflectors” application and their active compounds on plants. Experiments
were performed under difierent conditions (field, pot, greenhouse), on vanous testing plants and on varicus bioeffectors. These
BEs hawe been used as a fertilizer, fungicide or molluscicide and they were applied either to soil, seed or leaf. Application should
mcrease growth of roct system and above-ground part of plants and also nutrient uptake. These products are developed for a
wide vanety of crops (e.g. maize, wheat, tomatoes, rape, spinach, grass, omamentals). This review summarizes the most recent

Keywords: Biceffector; Microoragnisms; Soil; Mutrients; Crop
production

Introduction

Maost of the nutrients found in soil are in for plantsinaccessible forms,
therefore our society and crop production depend on commercially
produced fertilizers. Even commercially produced fertilizers used in
agriculture are produced from natural nutrient resources and as such
are limited in availability. The most limited nutrient for plant production
and agriculture is phosphorus with its natural reserves estimated for fifty
years. For these reasons, it is necessary to find an alternative strategy for
future generations that would help in better availability and use of plant
nutrients in the application of lower input of commercially/industrially
supplied products and would also be environmentally friendly.

Phosphorus (P) is an essential, non-renewable nutrient for plant
development and growth. Plants acquire P from soll solution as
orthophosphate anions. However, orthophosphate is wery reactive and
may be immobilised through precipitation or adsorption, making P
highly insoluble and unavzilsble to plants. The majority of P fertilizers
are currently derived from rock phosphate, which is predicted to
become increasingly scarce in the future. Research and development on
the efficient use of other available sources of P is therefore crucial [1-3].
Phosphores deficiency is one of the major limiting factors for decreased
agricultural production [4]. Due to a growing world population it
is expected that demand for food and feed will increase. Limited
availability of productive agricultural land and increasing dependance
on mineral fertilizers make it necessary to develop alternative strategies
for plant nutrition [5,6]. BEs can contribute, depending on soil and
climate conditions, to overcome limitations in the availability of
nutrients. These compounds contain microorganisms such as bacteria
or fungi and active natural substances (extracts from soil, compost
or seaweeds, microbial residues, plant extracts). These products are
developed for a wide variety of crops (e.g. crops, grass, ornamentals,
grass). Their effective use should cause the mobilisation of nutrients
from less bioavailable forms in soil |5] and further support root growth
|7.8] and mycorrhiza development [9]. Microorganisms may play an
important role in enhancing availability of P to plants and have been
proven to enhance uptake directly by extending the root system (eg.
mycorrhizal associations), increasing mobilisation of orthophosphate
from soil organic and inorganic phosphorus, and stimulating root
growth [1].

Mycorrhiza is highly effective in absorbing nutrients from the soil,
especially for mitrogen and phosphorus. Nitrogen and phosphorus
are often limited in supply and fungal hyphae are able to absorb these
nutrients more efficiently and from greater area of soil than the roots,
which leads to increased plant growth. This cawses mutually beneficial
linkage between plants and fungi, the sugars {organic carbon) formed
during photosynthesis are transported to the roots and the fungi are
taken and the nutrients are shsorbed by fungal hyphae from the soil
and are transported into plants [10,11]. Arbuscular mycorrhizal fungi
colonise most agriculiural species {exceptions include Brassica spp., and
Lupinus spp.) and play an important role in the phosphorus nutrition of
many farming systems worldwide, especially on soils with low available

phosphorus [3].
Literature Review
Examples of plant strategies for phosphorus obtzining:
a) Growth of roots
b} Root exudates (acidic phenolics)
) Mycorrhiza
d) Cooperation with microorganisms (P-solubilization).

One alternative strategy in plant production can be wse of
unmycorrhizal organism’s P mobilizing nutrients, which should help to
increased nutrient availability for plants. These substances are so-called
bioeffectors.
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Bioeffectors

In the last two decades, increased interest in sustainable agricultural
practices has seen the growing development and use of commercial
microbial inoculants for increasing crop productivity and resource use
efficiency. Microbial inoculants mainly include free-living bacteria,
fungi and arbuscular mycorrhizal fungi [12]. Development of the BEs
increases due to the potential use of these substances in organic farming
and also because of the limited natural resources of nutrients [13].

These products are divided into three main groups, according
to which of active substances or microorganisms they contain. BEs
addressed comprise fungal strains of Trichoderma, Pemicillium as
well as bacterial strains of Bacillus, Pseudomonades, PaeniBacillus
and Rhizophagus with well-characterized root growth promoting and
nutrient-solubilising potential. Matural extraction products of seaweed,
compost and plant extracts, as well as their purified active compounds
with protective potentizl against biotic and abiotic stresses are also
tested in various combinations [5].

Fungal biceffectors: As mentioned above BEs can be divided
into two main groups mamely fungal and bacterial. Several fungal
representatives have been selected and described further in this section
and in Table 1. There are selected bacteria and their impact on crop
production.

Trichoderma ssp.: The genus Trichoderma spp. are wild filamentous
fungi ocourring in most soil types and different habitats. Trichoderma is
afungal genus that includes species that are currently being used as BEs
wor as biofertilizers [14,15]. The Trichoderma is known for producing
enzymes and antibiotics. These species are attributed to a variety of
physiological, antifungal and insecticidal effects. It acts against a broad
spectrum of plant pathogens. These fungi increase plant growth and
development, but also development of root system [7,8,13,16,17]. It
has also been observed that selected Trichoderma strains can improve
plant nutrients’ uptake [18]. Increased growth occurs due to its strong
anti-pathogenic activity, biosynthesis of hormones, improving nutrient
uptake from the soil, root development by increasing metabolism
rate of carbohydrates and increased photosynthesis [13]. The main
hydrolytic enrymes secreted by the fungus are proteases, chitinases
and endochitinases [ 16]. Chitinase are produced by eg. bacteria, algae,
fungi, plants, insects, nematodes, molluscides, vertebrates, including

man and certain viruses [19].

Trichoderma harzignume: T harzigmum is wild flamentous
fungus that occurs in soil. Trichoderma belongs to fungi that includes
species that are currently being used as biological control agents
or as biofertilizers [14,15]. It has also been observed that selected
Trichoderma strains can improve plant nutrient uptake [ 18]. Buysens

et al [20] used T harzianum in study on potato were conducted in a
greenhouse or in vitro conditions. Experiments were conducted at two
sites in Belgium 2009-2012. The objective of this study was to investigate
the impact on potato yield of the co-inoculation of . irregularis (strain
MUCL 41833) and T, harzianum (strain MUCL 28707) applied to a
cover crop {Medicago safiva) preceding potate planting or to potato
at planting. In both trials we observed that the most advantageous
agricultural practice to increase potato yield was the inoculation of
a preceding cover crop with both microorganisms. Inoculation with
beneficial microorganisms increased potato tuber weight in both trials
compared to the non-inoculated treatments. This was mainly attributed
to improved arbuscular mycorrhizal fungi colonization of potato
plants. The inoculation via cover crop seems a more efficient strategy
as compared to the direct inoculation at potato plantation. However,
difference between these strategies on potato production may not be
solely attributed to Arbuscular mycorrhizal fungi colonization rates
but could also be due to higher N availability, but it was not tested.
Gupta et al. [21] conducted a study and pots experiment focused on the
nomn-target effects of a microbial consortium comprising three selected
biinoculants: Bacillus megaterium (strain MTCC 453), Psewdomonas
fuorescens (strain MTCC 9768) and Trichoderma harzianum (strain
MTCC 801), on the resident as well as active microbial community
structure in pigeon pea (Cajanus cajan) rhizosphere. The treatment
was found to result in a significant increase in shoot length (1.2-fold),
root length {1.3-fold), dry mass (2.4-fold) and grain yield (2.5-fold) of
pigeon pear plants with the application of microbial consortium over
control plants. The wse of chemical fertilizers also led to improvement
in plant parameters over control but upto a lesser extent than that
with the microbial consortium. The performance of the consortium
was found to be about 1.2-fold better than the recommended dose of
chemical fertilizers in terms of grain vield Ahmad et al. [22] conducted
a pot experiment with Brassica juncea (var. Varuma) respectively
focused on influence of soil salinity on brassica afier application of T
harziagnum. Stress caused by soil salinity causes the plants smaller and
slower growth, change of plant physical and biochemical properties and
decrease in yields of biomass. Results showed that the seedling plants
were ireated with T. harzizmum were significantly more resistant to
stress conditions caused by salinity, compared to untreated plants.
Penicillinm bilaii: Microorganism P bilsii is a soil fungus that
liwes in symbiosis with plant roots and has been shown to increase the
dissolution and absorption of phosphorus in certain crops [1,23]. Some
Penicillium species can also release fixed phosphorus (F) in the soil and
make it availsble to growing plants. Compared with other nutrients, P
is the least mobile and available to plants in most soils. P-solubilizing
fungi play an important role in the global phosphorus cycde and can
supply P to plants in an environmentally friendly and sustainable

Fungl Expsrimantal conditions Eftact on the plant Referances
e Labaratary condtions ImMprove grow and se2d producton of soybean Paradzo e 4l [19]
&R Labaratary conditions Crowth promater of cawpea Chagas 214l [74]
ot experiment Improve gemminalion and seedling growth of wheat E-Greml & 4l [13]
Greenholze and laboratory condians i Dotatn yiei Suysens o al [20)
Thchodems ot expenimant Ineease shoot and roat lengeh, dry mass and gral yled of Plgacn paz Gupta 13 [21]
ot experimant Incraass growth of Brassica junces Anmad 2t al. [22]
Pt experiment Inveeased ook length, growth and shoot dry welght In Brasska nigrs and mekn Galezlgtal M)
Rhizooox expanment Increase ract lengi of malze Gomez-Munoz 2t al. [1]
Fizd condians Increase grain ylaid of wheat Aametdl (2]
PanicHim B0
Fizd condiions Increase root lngth and P-contant n root of pea Vessey and Helsinger [25]
Plat experment Increase yied of afalta Becke & . [24]

Tabia 1: BEs as promating fungl of crop production.
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Bacteria Ex tal sonditicne

Effacd on the plant Fafsrsnossc

Laboriory, gresnhouse and fieid conditions

Imcreased germinabtion, shoot and rook leng, grain yield of

matze KM= and Laing [30]

Fleld conditons

Increxsad grain yieid and straw weight of barey

Franiich et al. [34]

S ‘Gholami et al. [F5]
al.
ot experiment and fisid condBons 1 T hh p 4=rs and yleld of maize -
(3] an i mproees ge rOWE| and i il Sholaml 75
Laiboratory conditions Growth of tomaty plants Gravel at al. [T8]
Ereenhouses and fi=ild conditions Increase yisid and shoot welght of chickpea
Pseudomonas fess=nll = Vakerde et &, [35]

Gresnhouse oondiions

Increase growth of omalo

Bacilus amyiolquesfackens Laboratory conditlons

Increase ool and shook growth of rios He =2 al [21]

Fleid condibons
Eacilivs subeils

Increase macre and micro rutient absomton, growth and plant

croa Aluhaish et al. [34]

Fleld conditons

increase fresh and dry shoot and root welght

Turan ef al [55]

Pot experiment

Improve growth of ritllabe orange seediings

‘Wang ef al [56]

Gresnhouse condElons
Rhizophages infrarsdices

Increase the plant growth, number of leaves, plant Reight, shoot

and oot length and weight of tea Zmama and Kayang [E0]

Fleld conditons

Increase growt of lmaio Moramed ef al. [62]

Table 2: BEs promobing bescieria of crop producton.

manner. P! bilan 15 used as a seed Inoculant to improve P efficiency In
a vartety of crops such as wheat, matze, rape, bean, soya, legumes and
alfalafa. This soll fungus 15 able to solubilize mineral phosphates and
enhance plant uptake of phosphate [1,3.24]. Three mechanisms are
tmvolved by P-solubilising microorganisms: ackdification of the soll,
release of organic actkd antons and refease of phosphomonoesterase and
phiytase [1]. Cunningham and Kutack [25] demonstrated that the major
acidic metabolites produced by P imn are oxallc and citric ackd and
so P bilei may increase the avallabiity of phosphate to the plant by
releasing organic aclds. Gomez-Munoz et al [1] conducted rhizobox
experiments with matze, which was grown for 27 days in rhizoboxes
enabling studies of root growth in addition to plant and sodl parameters.
In this experiment inoculated P bifladr (strain ATCO 20851) ether at
the seed or the sewage shedge patch. At early growth stages, P brlagr
Ineculation of seeds Increased matwe shoot kength. However, at the
end of experiment, the etffect had ceased. Root growth was iIncreased
by seed P bilay inoculation alone and in combination with sewage
sledge, whereas patch Inoculation was less effective. Colonization
studies performed at harvest showed that P bilad could not be detected
In the malze rhizosphere but stayed at the place of iInoculation. P brladr
did not colondse the rhizosphere extensively but merely stayed at the
place of inoculation. At the end of this experiment inoculation of P
biatr showed no effect on shoot length or shoot biomass. Inoculation of
sewage sludge with P bilmi did not result in an increase in phosphores
uptake and thas proved to be less effective than seed Inoculation. These
findings confirm that P bilon application can promote root growth,
Increasing potential plant adsorptive capacity. While, in this study,
the higher root development did not result In an increased P uptake,
presumably due to severe Iimitatlons in the soll nutrient content,
It remains am open queston. Ram et al [2] were conducted field
experiments durtng 300%-201 1 to evaluate the effect of seed Inoculation
with Pentcllium bilall on wheat at different rates of phosphores
fertilizer on P content in keaves and grain yiebd of tmgated wheat in
India. The stisdy showed potential of using P il as blo-Inoculants
along with 50% of recommended P fertilizer dose that produced wheat
yield similar to 100% P when no B lai was wed However, more
such long-term studies are needed on diiferent sol types varying in P
avadlability, pH and P fixation capactty. Karamanos et al. [23] conducted
a serie of 47 experiments with spring wheat. Expertments were carried
out in the three prairie provinces in 1989 and 1995 and incheded the
application of B bilay. OF the 47 triaks was found the reaction o the
P-fertilizers in 33 cases. These effects can not be attributed to the
concentration of P in the sodl, s01l organic matter, texture or weather

conditions and are consbdered a random event. Effect on the intake of
phosphores was only P-fertilizers. Viessey and Helsinger [26] describes
experiments on pea (Prawm sefiviem) that were established at two
locations In Canada. Inoculatbon of this organism in combination
with a phosphorus fertilizer caused a prolongation of root kength and
Increased the phosphorus content in the roots compared to the control
which has been performed by phosphorus fertilizer. Gulden and Vessey
[27] mainly focused on observation of formation of root halrs in pea
after inoculation P bilas. The expertment was based on the application
of the microorganism and P-fertilizer. In this experiment, the effects
were Investigated by P iald on growth and morphology of the root of
the pea grown In three different quantities delivered phosphorus (0, 1,
10 mg 1*). The proporticn of reot hatr was significantly higher in pea
Inoculated P fifal compared with control plants. Dufferent quantitles
of supplied phosphorus did not affect the proportton of oot halrs or
their length. Root halrs i pea, which were iInoculated P Bian were on
average 33.3% higher than for uninoculated plants. Beckie et al. [28]
wsed the P! izl for inoculation alfalfa in combination with P-fertilizers
and the results of the experiments show that the greatest response o
Inoculation occurred at the beginning of the growing season. In the
vear following vaccination yield of waccinated alfalfa grown on average
by 3% compared to uninoculated plants (Table 1).

Bacterial bioefectors: Several promising bacterial representatives
have been selected and described further in this section and 1n Table 2.
There are selected fungt and thelr impact on crop production.

Pseudornonas spp.: Paeudomonas sp. 15 ublquitous In agricultural
solls, well adapted to growing in the rhizosphere. Peendomonas well
sutted as biocontrol and growth-promoting agents |29). These bacteria
are a component blofertilizers, which wse along with mineral fertilizers
may serve as an effective approach for enhancng the crop nutrient
requirements, thereby leading to the sustainable crop production.
Biofertilizers constst of beneficlal microbes, which form colonles in
solls and promote plant growth by Increasing nutrient avatlability when
applied as aseed dresstng or on plant surfaces. These microorganisms can
enhance the avallability of deficient or iImmuobile nutrients in solls after
solubilizing their mineral forms. For example, Peewdomonas patida can
promode plant growth by P-solubilization, blobogical nitrogen fixation,
avallability of trace elements such as Fe and ¥n and the production
of plant growth regulators. Use of P pulida has improved the growth
and ylebd of various crops such as bean, pea. rice, tomato and wheat.
Therefore, use of this bacterta has been suggested as a sustainable
solution for improving crop production. Factor P putide either alone
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or In combination with addition of phosphores improved the plant
grovwth, plant uptake (M, F, K) and antioxidative activity [4]. Laboratory,
greenhowse, and field experiments were conducted at University of
Ewadulu-Natal, Pletermaritzburg, tn the 200002012 seasons o study
thi effects of elght straims of diazotrophic bacterta on the growth and
vield of malze. Maire seeds were treated with Bociflus megaterium,
Peeydomonas sp. (strains BS, A3, A6, A6l), Burkholderia ambifaria,
Emterobacter cloaces and Pantosa ananatis, aiming b stimulate plant
grovwth, and maintain or increase yields while reducting the need for
N fertilization. All the diazotrophic bacteria increased germination of
malze seed, and Pseudomonas sp. (B5) and B. megaternium significantly
Increased shoot length. Psendomonas sp. (BS) and Psendomonas sp.
(A3) very significantly increased root kength and seed vigor index.
Seed treatments with selected diazotrophs resulted in Increases in seed
germination, but they caused no significant Increases in grain yield, dry
welght, plant hetght and chlorophyll content when compared o the
untreated control. This may have been duse to high competition from the
Indigenous soll microflora, given that success of microbal inoculation
depends on the colonization and competitive ability of the Inoculants.
Plant roods exwdates, colonization of roots by other bacteria, and sodl
health may also influence the efficiency of bacterial Inoculations [30-
32] conducted the positive effect of seed Inoculation with diazotrophic
bacterta on shoot dry weight and yield of malre has been reported by
many researchers, for example Kifle and Latng [30]. The most cosely
related bactera are Pseudomonas fTuorescens. Knot et al. [33] reported
the fact that application of Psewdomonas sp. Increases germination of
FPog pratensls seeds in laboratory conditions, especially 2-4 years old
sepds. Also Frihlich et al. [34] researched the positive effects of this
product in growing barley. When Pseudomonas used in field conditions
grain ylebd and weight of the straw Increased. Also in the greenhouse
conditions plants showed greater vield and better growth. Yusran et al.
[9] reported that application of Proradix and RhizoWVital (individually
or in combination) into soll in pot trial led to improved state of tomato
rosts. They were healthy and showed stgnificantly higher colonization
by arbuscular mycorrhizal fungl.

Psewrdomonas jessemiin P fessendl 15 a fleorescent, gram-negative
bacterta and this bacterta was applied in two regions of Spain, Castilla
¥ Leon and Andahscia was condwcted study by Valverde et al. [35] with
alm to find usefil blofertilizers for staple grain-legumes, chickpea. In
this study were made pot, greenhowse and field experiments, where was
tested single and dual Inoculations or in combination with phosphate
fertilizer on chickpea growth. Under greenhouse conditlons, plants
Inoculated with B Jessentl (strain P506) ylelded a shoot dry weight
14% greater than the uninoculated control treatment, but 1t was not
correlated with shoot P contents. Dual inoculation of P jesseril with
Mesorhizobium ciceri resulted In a decrease in shool dry welght with
respect to the single M. ccerl inoculation. Under field condittons,
plants inoculated with M. cicert, in single or dual inoculation, produced
higher nodule fresh weight, nodule number and shoot N content than
the other treatments. Inoculation with P jessentl had no significant
effect on plant growth. However, the co- inoculation treatment
ranked the highest in seed yield (52% greater than the uninoculated
controd treatment) and nodule fresh welght. These data suggest that
P jessenil can act synergistically with M. cicers in promoting chickpea
grovwth. Eltlbany and Smalla [36] conducted a study in which the
effect was observed adding Pseudomonas fessemdl (strain RU 47) and
Bacillus amyloliguefaciens (strain FZB42) on the growth of plants in
an environment of naturally occurnng bacteria and fungal colonles on
rhizosphere as well as in the surrounding soil with tomate and com
plants. A greenhouwse experiment was conducted with two diferent
kimds of plants (tomato and matze). The experiment conststed of three

vartants (control, P jessentl and B. amppioliguefaciens), and each variant
had four repetitions. Parameters evaheated were plant growth. P jesseni
Increased the growth of tomato plants compared to control, while B
ampioliguefaciens Increased the growth of malze plants. It was found
that the both microorganisms was clearly influenced by rhizosphere
bacterial compositon.

Bacillus amyloliguefaciens: B. amypioliguefaciens &5 gram-positive,
aeroblc, and endospore-forming bacterta, which have been both
widely wsed as producers of commercial chemicals i industry [37-
39]. and beneficial agents for plant growth promotion and suppression
of soil-borne diseases in agriculture. B amploliguefaciens produces
many metabolites swch as eg. enzymes (chitinase, peroxtdases and
proteases), caseln, elastin, gelatin, starch, nitrites, esculin and arbutin,
phosphatases, adenine, cellulose, guanine, hypoxanthine, pectin,
testosternne, tyrosine, and many types of antiblotics (eg. bactllomycins,
fengycin, diffickdin} and other substances [39-42]. Production of
antibiotic inhibiting growth of fungal pathogens | 13]. Protelns secreted
by B. amyloliguefaciens (straln FZB42) protects plants agaimst disease by
eliciting innate immumnity [43]. Furthermore Lagerdaf et al. [40], Talboys
et al. [44]. Fan et al. [45]. Burkelt-Cadena et al. [46] report that the
B. amyloliquefeciens promotes plant growth, based primarily on the
production of secondary metabolites suppressing competing microbial
pathogens and the diseases occurring tn the rhizosphere of plants. Italso
encourages oot development and improves seed germination. It was
found that lactic acid ts the main component of matze rood exudates,
and that these acld and other root exudates are a source of carbon and
energy for the B. amyloliquefociens. Due to these properties, are often
B. ampioliguefieciens used as a "bio-fertilizer” and as means of biological
protection in agriculture, The bacterla also reduce the Influence of
ahlotic stress conditlons at the plant, such as drowght, salinity or lack
of nutrients in the plant [39-41,47,48). He et al. [41] dealt in thelr study
with Inflsence of B amyloliqugfnciens moculation on the growth of
rice plants under stress conditlons cawsed by salinity for 30 days. This
study was based on the assumption that the wse of microorganisms
provides an albternative technology to Improve the ability of stress
toderance In plants. Results of laboratory experiments have shown that
the noculated plants In comparison with the control plants, better
growth of the above-ground parts of plants, but also parts of the root.
Stimadating rood growth and the effective root surface s iImportant for a
better water and nutrients uptake, which is the most important tool for
coping with stress. Healthy, strong and large enough root system plays
an important role in maintaining optimum growth and development
under stress conditions. Analysis of this study showed, bestdes other
things, that the presence of deaminase In bacterla mitigates the etfect of
salt on chlorophyll. thus supporting the growth of plants under stressful
conditions cawsed by salinity was largely credited deaminase activity,
which bacteria prodisce.

Bacillus subtilis: B. subtilts 15 a ublquitoes gram-positive bacterium
commonly found In water, soll, alr, and decaying plant residues.
However, the primary occurrence of bacterta found tn soll [49,50]. The
bacteria produce endospores, which enable it to endure and overcome
extreme temperatures and dry periods. B subiils prodwces a serles of
proteases and another enzyme. This bacterium Is constdered a benign
organism, as It has no propertles that cause disease nor is pathogenic
of todgendc for humans, animals or plants [50.51]. B. subtilis can be
wsed as part of a fertilizer wusable in organic farming which 1s applied
to @ crop seed or directly Into soll where colondze the rhizosphere.
Althowgh reports on extensive positive effects of this bacteria to the
plant (growth, vield, disease resistance) have been published, these
positive effects are not yel sufficlently verified [52]. Brutt et al. [53]
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conducted study and wsed of plant growth-promoting rhizobacteria
In tomate production. Before sowing, the micro-organisms were
Inoculated into the substrate. Tomato seedlings were grown wusing bwo
different substrates. The first substrate was composed of 70% peat and
3% perlite by volume. And a second substrate with 20% peat, 20%
periite and &0% compost by volume, both inoculated with Bacilus
swbtilis or Psedomonas fluorescens or Bloroot, which 15 a commercial
product contalning B subtills, P fTucrescens, Trichoderma harzianum,
yeast, algae and Mocardia. Inoculation improved the leaf area. shoot
dry welght, root dry welght, radical contact area, volume of roobs and
rood forks compared with the control without inoculation. And so,
Inoculation can be recommended as an alternative o tomato seedling
growers' dependence on synthetic agrochemicals. Because of low
soll fertility 1s caused by continue crop and wusing chemical fertilizer.
Altuhaish et al. [54] conducted feld experiment and the aim of this
research was o nvestigate the efect of hiofertilizer, which contam B.
swbtilis dried by different methods and exposed to different period of
storage on nutrient, growth and productivity of tomato plant grown
under the field conditions. The result showed that viability of bactertum
tended to decline during storagebut did not significantly reduce the
effect on growth and production of plant. Application of biofertilizer
Increased total macro and micro nuinent absorption, vegetative
growth and plant productton. This research suggested that application
of biofertilizer improve growth and production and there was no
dufferent etfect between 0 and 3 months storage of biofertilizers on plant
growth. A greenhouwse experiment was conducted by Turan et al. [55]
to nbserve the effects of Bacillus megaterium (strain TV-91C), Panfoea
agpiomerans (strain RX-92), and B. swbiilis (strain TV-17C) inoculation
on the growth, nutrient, and hormone content of cabbage seedlings. The
seeds of cabbage were Incubated twio hours at 28 degrees C. The highest
concentrations for M and P were recorded in B. megaterium, while In
B. subtilis for Ca, Na, and Fe and in P agglomerans for K, Mg, and Mn.
The hormone content of cabbage seadlings was significantly affected
by application of microorganisms treatments. B subitills decreased the
abscislc acld content compared to the other treatments. Inoculation
Increased fresh and dry shoot and root welght, stem diameter, seedling
height, chlorophyll reading values, and leaf area of cabbage seedlings
compared with the control. Highest fresh and dry shoot and root dry
welght, stem diameter, seedling hetght, and chlorophyll reading valses
of cabbage seedlings were obtalned from B. mepgaterium and following
P agglomerans and B. subtiis.

PaeniBacillus mucilaginosus: P omuycilaginosus 15 2 bacterium
which has been widely used In agriculture since 19%0 as a hlological
fertiizer. These bacterta take part on the blogeschemical cycle of
potassium, phosphorus and other elements. It 15 able to degrade
Insoluble soll minerals releasing nutrient ons (podassium and water-
soluble phosphorus), useful for plants |55-59]. F muciaginoss s typlcal
silicate bacteria, has long been wsed as a biofertilizer in agriculture
and has recently shown potential in bloleaching and wastewater
engineering [60]. P mucilnginesus 1s often used in biodogical fertilizers
for its ability of phosphorus and potasstium mineralization, and also
for the abiity of nitrogen fixatton [61]. Wang et al. [56] researched
the etfects of combined inoculation with arbuscular mycorrhizal fungl
(Rhizophagus imtraradices) and plant growth promoting rhizobacteria
(PaentBacillus muctiaginosus) on the growth of citries seedlings under
phosphorus defictent conditions have not been extensively studied. A
pot experiment was performed bo compare growth, root morphology,
and other physiological variables in trifoliate orange { Poncirus iriiodinta)
seedlings that had been Inoculated with Ehizophagus iniraradices,
PaeniBacilis mucilaginosus or both. Root length were also considerably

improved by iInoculation with dual iInoculation however, taproot length
was notably reduced by mycorrhizal moculation. At treatment with
zero phosphorus level, seedlings inoculated with a combination of B
intraradices and P mucilaginosus ylelded the greatest beaf chlorophydl
concentrations and fine root activity, In comparison to those had
elther not been Inoculated at all, or moculated with just one of them.
Combined inoculation increased plant height, stem diameter, shoot dry
welght, and root dry weight. In addition, total N and P concentrations
and uptake in seedlings were substantially improved both by individual
and combined moculation.

Rhizophagus imfrarpdices: R intraradices 15 an  arbuscular
mycorrhizal fungus wsed as a soll moculant in agriculture and
horticulture. Mohamed et al [62] realized project. which has
Investigated the early growth rate and establishment of cherry tomato
plants a5 a model system Inoculated with R. érreguleris. After one
month of growth, the number of keaves of mycorrhizal tomato seedlings
was significantly increased and the helght was approximately doubled
In response to Inoculation compared with non-inoculatedbomatoes.
Colonna et al [12] realized expertment, which had the alm was to
assess the effect of two commercial inoculants containing arbuscular
mycorrhizal fungl alone or arbuscular mycorrhizal fungl in combination
with plant growth promoting bacteria {Rhizophagus infraradices) on
vield components and quality of artichoke (Cywara carduncilus subsp.
scofymus). Owerall, inoculation of arbuscular mycorrhizal fungl or
disal Inoculation arbuscular mycorrhizal fungl and Eimiraradices
could be considered an effective and sustainable tool o Improve
vield components with less pronounced positive effects on guality of
artichoke. Wery often various plant components and extracts are added
to the active microorganisms. One of the most widely wsed Ingredients
Is seaweed. Mext chapter describes in detall most commonly used
seaweed species.

Algae extracts: Algae extracts are wsed In crop production as an
alternative to conventionally wse fertilizers and plant protection. These
components have several functions for plant: protection against a broad
spectrum of plant diseases and pests, support of plant metabolism,
enzyme production, food for positive organisms.

Extracts from seaweed can be a component of the so-called
hipstimulants, which can enhance the growth, yield, and quality of
crops, Algal biostimulant provide added benefit to plants when applied
by follar spray or drenching. Seaweed extracts have been widely used
as amendments In crop production systems due o the presence of a
number of plant-growth-stimulating compounds. Extract is rich for
many nutrients and other substances such as amino acids, vitamins,
cytokinins, and auxin and abscislc ackd like growih promoting
substances and have been reported to stimaulate the growth and yield
of plants [63], enhance tolerance to environment stress [64], Increase
nutrient uptake from soil [65], enhance antioxidant properties. and
Increase actvity against broad range of pathogentc viral, bacterial, and
fungal diseases and enhanced resistance to Insect attack [65.66]. The
most known and wsed algae 1s Ascopfplivm nodosum.

Ascophylum nodosum: A. nodosum 15 a brown seaweed, which 15a
rich source of phenolic compounds with antioxidant and antimicrobial
properties. Algae 1s a good source of bloactive agents such as laminarin,
sulfated polysaccharides, carotencdds, wvitamins, minerals and
polyphenols [67]. Extracts from seaweed Ascopfiyllum modosmm are
Intended for the spectiic plant organs (Jeaves and roots). Utilization
15 actual in food production in different regbons of the workd through
thelr positive etffect when applied into the soll, If necessary reduction of
harmful bacterta, fungl, Insects and parasites [63].
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Discussion Identify with it because they do not have enough results and confirming

From the agricultural indusiry perspective, they are considered
as alternative organik fertilizers to conventlonal agrochemicals, new
generation of competitive fertilizers and growth stimulants [69]. Riowx
et al. [70] reported that extract from the seaweed A. modosim and
the chemical composition of these algae includes a high percentage
of ash, protemns, lipids, polysaccharides, antioxbdants, minerals and
Inorganic salts absorbed from seawater. Furthermore Michalak et
al. [71] and Rayirath et al. [72] published that the extract of brown
seaweed A modosum Increases the resistance of plants against
environmental influences (stress factors), such as drought, salinity and
frost. Furthermore Kadam et al [67] conducted, that A. modosim s
also wsed as fertilizer in the agriculture. Brown algae is a ich source
of biologically active compounds, such as polysaccharides, peptides,
omega-3 fatty acids, carotenolds, phenolic compounds, vitamins and
minerals. One of many important polysacharides 1s laminarn, which
s contatned at 0% to 35% In Algae dry matter [67,69.71]. A nodosum
enhanced the growth of field crops, frut crops and vegetablle crops.
These stisdles reported also an iImproved vegelative growth, chlorophyll
content, frult yield, sugar content and resistance against leaf and sodl
borne pathogens [69]. Michalak et al. [71] researched the influence of
supercritical algal extracts on the growth and development of winter
wheat (varlety Akteur). As a raw material for the supercritical fhud
extraction, the Momass of microalga Spirwlina plenfemsis, brown
seaweed - Ascopfreilvm nodosum and Beltic green macroaipae was used.
It was found that the tested biostimulants did not Influence statistically
significantly the plant helght, length of ear, and shank length. Crop
hetght was similar in all the treated and the untreated plots. There
were no significant diferences In ear-bearing culms’ and barren culms”
number between the treated and the untreated plots. Tandon and Dubey
[65] conducted study, where used formulation with 15 extracted from
A nodosum In soybean under field conditions. They investigated the
appropriate dose of formulation In combination with MPE fertilizers
and #ts effects on chlorophyll content, number of trifoliate leaves,
number of pods, number of nodubes, root kength, yield, and other
parameters under field conditions in soybean. Blozyme application
greatly influenced number of trifoliate beaves, leaf area, and leaf area
Index. Also total chlorophyll content and total number of nodules per
plant was significantly influenced after application. Conclusion of this
stuwdy was, that use of blostimulants extracted from A. modosim may
optimize the use of chemical fertilizers, thereby reducing the impact
of environment pollutton and Increasing the soll fertility. The wse of
siuch blostimulants must be combined with all available modem
agronomic practices and it 15 one of the possible altermative stralegies
In agriculiure, in the future with aim al maximizing the potential of a
crop plant to boost crop produection, crop gueality. Sen et al. [73] used
A nodossm (granube or Dquid sprays) in field experiments with wheat
In combination NPE fertilizers. The application of two liquid sprayings
In combination with fertilizers Increases in the grain and straw ylebds,
respectively, compared to the control more than 10% [T4-80]. Liguid
spraying of the seaweed extract simulates metabolic processes in the
leaf and helps the plant exploit nutrients in the leafl Considerable
proportion of photosynthests 5 carrbed out by bacterta on the leaf
surface and application of lguid sprays s activated by the liquid spray
and the rate of photosynthesls Increases &5 3 CONSSQUENCE.

Conclusion

There have been severals stidies conducted in research of lack of
nuirents and biceffectors application. Some awthors report positive
impact of bioeffectors application on plant. Crther authors do mot

conclusions. Studies and expertments were performed under different
conditions, with diferent preparation and their active ingredients with
also diferent parameters ohserved. It s therefore Important o further
develop these alternative plant nutrition strategles in the future.
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Hole¢kova, Z., Kulhanek, M., Hakl, J., Balik, J. 2018. Use of active microorganisms of
Pseudomonas genus during cultivation of maize in field conditions. Plant, Soil and

Environment.
64: 26-31.

V ¢lanku byl hodnocen vliv aplikace bioefektoru Proradix s aktivnim mikroorganismem
Pseudomonas sp. (kmen DSMZ 113134) na vytéznost susiny a obsah vybranych zivin (P, K,
Ca, Mg, S) u kukufice (Zea mays, L.). Mezi lety 2014 a 2016 byl uskute¢nén polni pokus se
silazni kukufici. Aplikace bioefektoru byla provedena samostatné nebo Vv kombinaci
s P-hnojivy (mlety fosfat - MF nebo trojity superfosfat - TSP) a N-hnojivy (dusi¢énan amonny
S mocovinou, dusicnan amonny s vapencem, dusi¢nan vépenaty nebo siran amonny
s inhibitorem nitrifikace), riznymi zptisoby aplikace. Uginky aplikace bioefektoru na zvyseni
vynosu suSiny nebyly potvrzeny. Znacny vliv na aktivitu bioefektoru a jeho aktivitu mély
pravdépodobné plidni a povétrnostni podminky a konkurence pfirozené se vyskytujicich
mikroorganismi. Vy$$i vynos suSiny byl u variant, kde byla aplikovana P-hnojiva. Mezi
variantami, kde byl aplikovan MF nebo TSP, nebyl vyznamny rozdil. Tato skutecnost mohla
byt zplsobena tim, ze pida méla mirn¢ kyselou hodnotu pH. V takovych piipadech MF
vykazuje podobné vysledky jako TSP. Aplikace bioefektoru prikazné zvysila obsah Mg, K
a S v biomase nadzemni kukutice. Vy$si obsah S byl s nejvyssi pravdépodobnosti zpiisoben
aplikaci siranu amonného. Dale méla aplikace bioefektord pozitivni vliv na odbér Ca a S

rostlinou.
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ABSTRACT

Holeékovi Z., Kulhanek M., Hakl |, Balik ). (2018): Use of active microorganisms of the Pseudomonas genus during
cultivation of maize in field conditions. Plant Soil Environ., 64: 26-31.

The aim of this research is to estimate the influence of a biceffector (BE) application on dry matter yield and nutri-
ent content (P, K, Ca, Mg, 5) in maize {Zea mays L.). Between 2014 and 2016, a field experiment with silage maize
as a testing plant was realized on sandy loam Cambisol. The application of Pseudomonas sp. in combination with
phosphorus (rock phosphate (RP) or triple superphosphate (TSP)) and nitrogen fertilizers (ammonium nitrate
with urea, ammonium nitrate with limestone, calcium nitrate or ammonium sulfate with a nitrification inhibitor)
and with different application strategies was studied. The effects of a biceffector application on the increase of dry
matter yields were not confirmed. An important influence on the BE application and its activity was probably those
of soil and site conditions and competition of the researched microorganisms with other present microorganisms.
Higher vields of dry matter were shown in treatments where P fertilizers were applied. There was almost no differ-
ence between the application of RP and TSP This could be caused by the fact that the soil had a slightly acidic pH
value, In this case, the RP showed similar results to the TSP The application of bioetfector significantly increased
Mg, K and 5 contents in maize above-ground biomass. An increase of the Ca content was almost significant and a
tendency towards a higher average content of phosphorus was also recorded.

Keywords: plant nutrition; bioavailability; biccontrol; bacteria; fungi; organic farming

In past decades, agriculture and crop production
were almost completely dependent on mineral fer-
tilizers, and hence on natural sources of nutrients
which are scarce and limited. As a result, there is
need to develop new alternative ways to improve
bioavailability of nutrients from the applied fertiliz-
ers. Development of these alternative ways requires
understanding of plant-soil relationship, but also
good knowledge of agriculture and environment
(Whithers et al. 2014). One of many alternative ways
is the tested application of products containing live
and active microorganisms in plant production.
These commercially produced preparations, so-
called biveffectors, contain two main components:

live microorganisms (bacteria or fungi) and active
natural compounds (plant and herbal extracts, dried
seaweeds and soil and compost extracts).
Psendomonas well suited as biocontrol and
growth-promoting agents (Vallabhaneni 2018).
These microorganisms can enhance availability of
deficient or immobile nutrients in soils after solu-
bilizing their mineral forms. The use of P putida
improved the growth and yield of various crops
such as rice, tomato or wheat. The application of
P putida either alone or in combination with phos-
phorus improved plant growth, plant uptake (N,
P, K) and antioxidative activity (Israr et al. 2016).
Yusran et al. (2009) reported that the application
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of Pseudomonas sp. and Bacillus amyloliguefa-
ciens (individually or in combination]) into soil in
a pot experiment led to improved state of tomato
roots. They were healthy and showed significantly
higher colonization by arbuscular mycorrhizal
fungi. Liu et al. (2015) reported a positive effect
of seed inoculation with diazotrophic bacteria
on shoot dry weight and yield of maize. Products
with this composition can be used in both conven-
tional and organic farming and are developed fora
wide range of agricultural and ornamental plants
(Hogenhout et al. 2009, Neumann 2012}. Most
nutrients {mainly phosphorus) in soil are in a form
that is barely available for plants. The main effect
of bioeffectors should be to improve the bivavail-
ability of nutrients for plants {Losak et al. 201&).
These products also contribute to a better plant
health because they are also used against various
diseases and pests. By promoting plant growth,
they contribute to higher yields and better pro-
duction guality (Janarthanam 2013, Vallabhaneni
2016, El-Gremi et al. 2017, Holeékova et al. 2017).

This work has three main aims: (1) to assess
the effect of the Psendomonas sp. application in
combination with P fertilizers on silage maize
yield, and on the content of selected nutrients (P,
K, Ca, Mg, 5} in field conditions; (2) to confirm a
potential of bioeffector Proradix (PDX) to promote
maize growth and acquisition of mineral nutrients
in soil with satisfactory available P content in the
Czech Republic; (3] to test new, costs-saving, ways
of bioeffector (BE) application together with dif-
ferent ways of nitrogen application.

MATERIAL AND METHODS

Small-plot field experiment with different ways
of application of Proradix ( Psewdomonas sp., strain
DSMZ 113134, 5 = 10'° colony forming units/g,
Sourcon Padena, Tibingen, Germany (further
only PDX) to silage maize was realized in the
years 2014-2016. The small-plot experiment was
established at the Humpolec site (49°33'16"N;
15°21'18"E}. Characteristics of the experimental
field are following: Cambisel, sandy loam, 525 m
a.s.l., average yearly temperature and rainfall
8.2°C and 573 mm, pH, ., 5.7. The content of
bioavailable nutrients in soil estimated using the
Mehlich 3 method is: 71 mg P/kp, 180 mg K/kp,
1200 mg Ca/kg and 120 mg Mg/kp. The plot size was

doi: 10.17221/725/2017-PSE

4.20 = 7.50 m. The distance between rows was
70 cm (& rows per plot) and the number of seeds
was 95 000 per ha. Maize seeds were untreated
cv. Colisée in 2014 and 2015 and cv. Kartagos in
2016 {both from K'WS, Einbeck, Germany). Twenty
randomly selected plants from two centre rows
were harvested from each plot.

Experimental design A. Different application
strategies and combinations with P fertilizers were
tested in the experiment A. For broad application,
adose of 22.7 kg/ha of PDX was used (dose per plot
was diluted in 9 L of water) and for local applica-
tion ten times lower amount (2 L of water solution
per plot). Local application was conducted using
a spike wheels applicator GFI 3A (Maschinen und
Antriebstechnik GmbH, Giistrow, Germany). Broad
application was conducted with sowing, where
PDX was applied into soil to a depth of 10 cm
immediately after spraying at soil surface. Local
application was done at the 5% developed leaf. All
fertilizers were used before sowing and applied
in 10 cm soil profile. Two phosphorus fertilizers
were applied with sowing — (i) fine milled rock
phosphate — RP (7.9% P) and (ii) triple superphos-
phate — TSP (21% P). The whole experiment was
fertilized with nitrogen (120 kg N/ha in calcium
ammonium nitrate 27% N) and potassium (50 kg
K/ha in Patentkali 24.9% K, 6% Mg) at sowing. The
experimental design is shown in Table 1.

Experimental design B. The main aim of the
experiment B {Table 2) was to test the cost-saving
application strategies of PDX. PDX was always
applied in bands (10 cm depth) into the rows next

Table 1. Experimental design A

ppx  PDX N P K
Treatment Application {kg/ha)

Zero control o 0 120 o 50
Water control broad 0 120 o S0
EP broad 0 120 26 50
TSP broad 0 120 26 S0
PDX + RP broad 2.7 120 26 S0
PDX + TSP broad 2.7 120 26 S0
PDX + RP lexcal 227 120 26 S0
PDX + TSP liseal 237 120 26 50

PDX - bineffector Proradix; RP — rock phosphate; TSP -
triple superphosphate

[ ]
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Table 2. Shortened experimental design B with terms of biceffectors and fertilizers application

Treatment P.D}{. Fox - al M application
application (kg/ha)

Lero - 0 0 -
N1 - 0 80 + 60+ 0 broad
M2 - 0 0+ B0 + &0 broad
Local M - 0 0+140+0 local
M1+ PDX Li local 237 80+ 60+ 0 broad
M1 + PDX gr local 227 80 + &0+ 0 broad
Local M + PDX li local 237 0+140+0 local
Local N + PDX gr local 227 0+140+0 local
M2 PDX liquid local 227 0+ B0 + &0 broad

M1 - 80 kg M/ha 3 days before sowing + 60 kg N/ha at 2-3 developed leaf; N2 — 80 kg N/ha at 2-3 developed leaf + 60 kg
Miha; PDX - bioeffector Proradix (li - liguid; gr — granulated)

to the seeds (Figure 1). Two forms of PDX were
used: (i) liguid (PDX li), where the application
rate was 9 L of solution per plot or (ii) granulated
(PDX gr) form where the granules were made
by spraying the PDX stock solution on pumice
stone (size 0-3 mm, Palkowitschia s.r.o., Prague,
Czech Republic). The final dose of PDX was al-
ways 2.27 kg/ha. PDX was always applied 4 days
after sowing. The PDX application was combined
with three ways of nitrogen fertilizing: (i) 80 kg
M/ha 3 days before sowing + 60 kg N/ha at 2-3
developed leaves (N1); (i) 140 kg N/ha via the
CULTAN strategy at 23 developed leaves (Figure 1;
Local M) and (iii) 80 kg N/ha at 2-3 developed
leaves + 60 kg M /ha (N2). For N1 and N2, calcium
ammonium nitrate was used.

The aim of the CULTAN method is building
of ammonium nitrogen depot in soil using high
pressure injectioning. Roots grow around this re-
serve decreasing the ammonium toxicity through
N uptake from the non-toxic reserve surface. As
a result, N uptake is continuous and plants have
the N supply available during the entire cropping
season, which saves the costs for commonly used
repeated N application (Sommer 2005).

Experimental design C. Ammonium releases
the H* proton in microorganisms and plants can
therefore improve solubilization of Ca-phosphates
a5 a side effect (Neumann and Rémheld 2002).

The aim was hence to test the potential of PDX
to release phosphorus from rock phosphate im-
proved with ammonium nitrogen fertilizing. The
experimental design is shown in Table 3. The source
of nitrogen was calcium nitrate — CN (15% N) or
ammonium sulfate + dimethylphenylpiperazinium
[(DMPP) nitrification inhibitor — AS (21% M). CN
was applied in two doses (short before sowing) and
AS all at once short before sowing. The nitrate form
in CH is very mobile in soil. Because of that, the
dose was divided in two parts and the first (big-
ger) part was applied very shortly (one day) before
sowing to be the source of available nitrogen for
germinating plants. The second part was applied
during vegetation to provide the nitrogen supply
during vegetation. RP and TSP were applied also
in one dose short before sowing. All fertilizers as
well as PDX were applied broad.

Maize from all three experiments was always
harvested in dough vegetation stage. For experi-
ment A it was on 3™ September, for experiment

10 cm
Soil surface
15 cm 20 cm 20 cm 15 em
. ) T Seed T L @
N - depo BE - liguid or BE - liquid or N - depo
granulated granulated

Figure 1. Scheme of the bioeffectors {BE) application together with Local M

I8
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Table 3. Experimental design C

POX PDX N P

Treatment .
application (kg/ha)

Zero - 0 0 0
CHM - o 107 + 54
AS - 0 161 4]
CH + RP - 0 107 + 54 130
AS + RP - 0 161 130
CHN + RP + PDX broad 227 107 +54 130
AS + RP + PDX broad .7 161 130
CM + TSP - 0 107 + 54 130
A5+ TSP - 0 161 130

CHN - calcium nitrate; AS — ammonium sulfate + dimeth-
ylphenylpiperazinium (DMPP} nitrification inhibitor:
RP — rock phosphate; TSP — triple superphosphate; PDX —
biveffector Proradix

B on 11" September, and for experiment C on
14 September.

Analyses. Twenty average plants from two centre
rows of each plot were always harvested to estimate
the silage maize yield. A representative sample
of three selected plants from each plot was air
dried and finely milled for further analyses. Total
content of macronutrients in the above-ground
biomass was estimated using dry decomposition
(Mader et al. 1998). The extracts were measured
by an inductively coupled plasma optical emission
spectrometry (ICP-OES, Varian VistaPro, Victoria,
Australia). Nutrient uptake was calculated based
on the content of elements in the above-ground
biomass and the yield of maize from the small-plot.

Dhata evaluation. Due to different designs of the
experiments each year, the data were analysed by
ANOVA, where the year, bioeffector application
and P fertilization were included. All analyses
were carried oot by Statistica ver. 12. software
(California, USA) at a sipnificance level of 0.05
(Tukey's H5D (honest significant difference)).

RESULTS AND DISCUSSION

Three-way analysis of variance (ANOVA] with
interactions between external factors (year, bio-
effector and P-fertilizer) was used to investipgate
differences in yield of dry matter and P, K, Ca, Mg
and § content from 2014 to 2016 in the above-
ground biomass of maize. Differences in dry matter
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yields over years depending on the application of
bioeffector and P-fertilizers are shown in Table 4.

The application of bioeftector or P-fertilizers did
not significantly affected dry matter yields. On the
other hand, only the effect of year was particularly
significant for dry matter yield where the highest
content was observed in 2016 and the lowest in 2014

Differences in the element content over years,
application of bioeffector and P-fertilizers are
shown in Table 5.

The results show that the application of bioef-
fector significantly increased the potassium, mag-
nesium and sulfur content in maize above-ground
biomass. The increase of Ca content was almost
significant and a trend towards a higher averape
content of P was also observed. Also Lozik et al.
(2010} described the effect of year in 2-year field
experiments with praded fertilizer doses applied
to maize. Application of P-fertilizers did not af-
fect the content of any included element. On the
other hand, the effect of year was significant for all
elements, as the highest content was observed in
2015 and the lowest in 2016. The highest contents
of K, Ca and 5 were probably caused by higher
rainfall in 2015 or by site conditions.

Differences in the element uptake over years,
application of biceffector and P-fertilizers yield
of dry matter are shown in Table &.

The data obtained validated the results of nutrient
contents mentioned in Table 5. The application of

Table 4. Effect of Proradix (PDX), phosphorus fertiliza-

tion and year on the yield of biomass

Dry matter yield

{t/ha)
0 18.6
BE PDX 16.1
P 0478
0o 15.1
RP 19.5
P-fertilizer
TP 20.8
P 0.035
2014 10.8°
2015 15.1¢8
Year
2016 26,70
P = 0.001

RP — rock phosphate; TSP - triple superphosphate. Dif-
ferent letters are significantly different at the 0.05 level
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Table 5. Effect of bioeffector Proradix (FDX), phosphorus fertilization and year on the concentration of elements

{mg/kg) in maize above-ground biomass

r K Ca Mg 5
0 2438 13 7262 2688 14537 TRH
BE PO 2530 15 4R&P 2891 1538k R
P 0.210 < 0.001 0095 0.049 oz
0 3379 14 R&3 187R 1481 a57
P ofortiliser RP 2414 14 601 3770 1505 a20
TSP 3521 14 338 71 1500 a19
P 0.197 0708 0.629 0.905 0729
2014 26740 11 072 1757 1545" seEP
Vear 015 2RG1E 22 031 SORGD 1950¢ 14648
016 19428 10 7182 15238 o918 47y
P < 0,001 < 0.001 < 0,001 < 0L001 < 0,001

BE - bioeffector; RP — rock phosphate; TSP - triple superphosphate. Different letters are significantly different at the 0.05 level

bioeffector significantly increased Ca and S uptake
in maize above-ground biomass. The application of
P-fertilizers led to a slightly increased P uptake by
plants. However, a decreasing tendency in Ca and
S uptake was observed. Lower calcium and sulfur
intake after application of P-fertilizers, compared
to the control treatment, could have been caused by
chemical sorption of HPDE' and calcium. In case
of sulfur, there could have been an antagonistic
relation between HPO; ™ and SO;". No effects
depending on P fertilizing were significant. On the
other hand, an effect of year was significant for all
elements, as the highest content was observed in
2015 and the lowest in 2014, Also in this case, the
highest nutrient uptake for all nutrients was prob-

ably caused by higher local rainfall in 2015 or by site
conditions. Many authors carried out studies and
experiments where they applied Preudomonas and
the results showed that the application of bacteria
increased resistance of plants to many diseases
(Mikicinski et al. 2016, Vallabhaneni 2016, Wu et
al. 2017). Therefore, a higher uptake of all nutrients
in 2015 could have been caused by the fact that
plants began to defend themselves more against
pathogens and thus they took up more nutrients.

Israr et al. (2016) reported that this bacteria genus
is used as a biological fertilizer which, together
with mineral fertilizers, can serve as an effective
approach to enhance plant notrition requirements.
And that these microorganisms can increase avail-

Table 6. Effect of biceffector Proradix (PDX), phosphorus fertilization and year on element uptake (kg/ha) in

maize above-ground biomass

r K Ca Mg 5
0 40,7 219.7 39.7% 224 11.89
BE POX 40.2 251.1 44,3k 24.7 14.50
P 0.042 0.020 0.035 0.111 0.041
0 38.7 2568 g5.1b 24.0 15.9%
N RP 40.1 214.0 30.8° 225 9,98
P-fertilizer _
TSP 452 02.0 29,54 23.1 9,94
P 0.352 0.238 0.522 0.063 0.310
2014 286" 119.8% 18,9 16,70 f.16
015 43.69 334.6° 79.1° 294" 22.5°
Year
2016 50.69 270.88 38,70 25,68 12.3b
P = 0.001 = 0001 = 0.001 = 0.001 < 0.001

BE — bioeffector; RP — rock phosphate, TSP - triple superphosphate. Different letters are significantly different at the 0,05 level
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ability of deficient or immobile nutrients in soil
after dissolution of their mineral forms. This fact
has been confirmed for K, Mg and 8 content, as
well as Ca and S uptake. On the other hand, Kifle
and Laing (2016) carried out the study, which in-
cluded experiments with corn where they applied
the Psendomonas bacteria. The results showed
that the application had a positive effect only on
seed germination, not on increased grain yield,
dry matter or plant height. This study confirms
this fact in the yield of dry matter.

In this research, the influence of bioeffectors on
the K, Mg and & content in maize above-ground
biomass and also on Ca and 5 uptake was statisti-
cally validated. After P-fertilizers application, Ca
and S uptake decreased in contrast to the control
treatment without P-fertilizer. A statistically sig-
nificant effect of experimental year on the content
and uptake of all elements and on the yield of dry
matter was observed.

REFERENCES

El-Gremi Shokry 5.0, Draz L5, Youssef WA -E. (2017): Biokogical
control of pathogens asseciated with kernel black point disease
of wheat. Crop Protection, 91: 13-19.

Hogenhout 5.A., Van der Hoorn B.A., Terauchi R., Kamoun 5.
(2009): Emerging concepts in effector biobogy of plant-associated
organisms. Molecular Mant-Microbe Interaction, 23: 115-122.

Holeckovd ¥, Kulhinek M., Balik . (2017): Microrganisms in Plant
Protection. [nternational Journal of Flant Sciences. (In Press)

Israr v, Mustafa G., Khalid 5.5, Shahzad M., Ahmad M., Masood
5. (2016): Interactive effects of phosphorus and Prendomonas
putida on chickpea (Cicer arietinum L) growth, nutrient up-
take, antioxidant enzymes and organic acids exudation. Plant
Physiology and Biochemistry, 108: 304-312.

Janarthanam L. (2013): Bioprotectant with multifunctional mi-
croorganisms: A new dimension in plant protection. Journal
of Biopesticides, 6: 219-230.

Kifle M.H., Laing M.D. (2016): Effects of selected diazotrophs on
maize growth. Frontiers in Plant Science, 7: 1429,

Lin ¥.X., Yan T., Li Y.¥., Cao W, Pang X.H., W I, Wei (). (2015):
A simple label-free photoelectrochemical immunosensor for
highly sensitive detection of aflatoxin B1 based on CdS-Fe O,
magnetic nanocomposites. RSC Advances, 5: 19581- 19586,

Mader P., Szikovi ). Miholowi D. (1998): Classical dry ashing of
biological and agricultural materials. Part 1. Losses of ana-
Iytes due to their retention in an insoluble residue. Analusis,
2h: 121-129.

doi: 1017221 /725/2017-PSE

Logik T., Hlusek )., Lampartovi L., Elbl J., Mohlbachovi 3.,
Cermik P, Antonkiewicz |. (2016): Changes in the content
of s0il phosphorus after its application into chernozem and
haplic luvisol and the effect on yields of barley biomass, Acta
Universitatis Agricnlturae et Silviculturae Mendeliznze Brun-
ensis, 63 1603- 1608,

Logik T., Hhuiek |, Filipéik R., Pospisilovd L., Mandsek |., Prokes
K. Bufika F, Kriémar 5., Martensson A, Orosz F. (2010): Effect
of nitrogen fertilization on metzbolisms of essentizl and non-
essential amino acids in field-grown grain maize (Zea mays
L.). Plant, Soil and Environment, 56: 374-5749.

Mikicinski A.. Sobiczewski P, Pulawska )., Maciorowski B. (2016}
Control of fire blight (Eneimi amylovora) by a novel strain 496
of Prendomonas graminis from the phyllosphere of apple (Malus
spp.). European Journal of Flant Pathology, 145: 265-276.

MNeumann . (2012): EU-funded research collaboration on use of
bio-effectors in agriculture launched. Press Release. Germany:
University of Hohenheim. Available at: hitp.//www biofector.
info/about-biofector.html (accessed on Sep 15, 2014)

Meumann (., Romhald V. (2002): Root-induced changes in the
availability of nutrients in the rhizosphere. In: Waisel Y., Eshel
A, Kafkaf U (eds.): Plant Roots — The Hidden Half. Mew York,
Basel, Marcel Dekker, 617 -645.

Sommer K. [2005): CULTAN-Dangung. Gelsenkirchen, Verlag
Thomas Mann, 218.

Statistica, StatSoft, Inc. (data analysis software system), version
12.0. [2016).

Vallabhaneni 5.Ix (2016): Biocontrol of RRizoctomia selams in
tobacoo (Nicotiara tabacum) seed beds using Peeudomonas
fTworescems. Agricultural Research, 5: 137-144.

Withers P.J.A.. Sylvester-Bradley E.. Jones D.L., Healey LK.,
Talboys FJ. (2014): Feed the crop not the soil: Rethinking
phosphorus management in the food chain. Environmental
Science and Technology, 48: 6523 -65340.

Wu H.J., Zhang Y., Zhang H.Y., Gu ., Gao X W, (2017): Iden-
tification of functional regions of the HrpZPsg protein from
Psewdomongs savastaned pv. ghycinea that induce disease resist-
ance and enhance growth in plants. Furopean Journal of Plant
Pathology, 147: 55-T1.

Yusran Y., Weinmann M., Neumann G., RBémheld V., Maller T.
(200%): Effects of Psendomonas sp. ‘Proradix’ and Bacillus am-
woliquefaciens FZB4Z on the Establishment of AMF Infection,
Mutrient Acquisition and Growth of Tomato Affected by Fsarim
axysparnm Schlecht {.sp. nadicts-Jycopersici Jarvis and Shoemaker.
2630 Angust 2009, In: The Proceedings of the International
Plant Mutrition Colleguium XVI. University of California. UC
Drzvis: Department of Plant Sciences. Retrieved Movember 22,
2014. Available online: hitp:/Yeprints.cdlib.orgfuc/item/2 Th2vah7

Received on Movember 11, 2017
Accepted on December B, 2017
Published online on January 12, 2018

i

73



6.3.

Holec¢kova, Z., Kulhanek, M., Balik, J. 2018. Influence of bioeffectors application on maize

growth, yields and nutrient uptake. International Journal of Plant Sciences. In press

Rada autorti uvadi fakt, Ze by aplikace bioefektor méla zlepsit mobilizaci Zivin (zejména
fosforu) z méné dostupnych forem v pude, zlepsit rist rostlin a pfispét k rozvoji mykorhizy.
V tomto ¢lanku jsou shrnuty vysledky vlivu aplikace tfi bioefektori: BE1 - Trianum P
(Trichoderma harzianum, kmen T-22), BE2 - Proradix (Pseudomonas sp., kmen DSMZ
13134), BE3 - RhizoVital (Bacillus amyloliquefaciens, kmen FZB42) na porost kukutice (Zea
mays, L. var. Colisée). Tento ¢lanek vyhodnocuje data z provedeného nadobového pokusu 2,
ktery byl uskuteénén v roce 2014. V pokusu byla pouzita puda ze stanovisté v Humpolci.
V ramci pokusu byly porovnavany varianty, kde byl aplikovan pouze bioefektor nebo byl
aplikovan bioefektor v kombinaci s P-hnojivy (mlety fosfat a trojity superfosfat). Varianty
s bioefektory a/nebo P-hnojivy byly porovnavany s variantami kontrolnimi, které byly
nehnojené P a bez aplikace bioefektorii. Vysledky naddobového pokusu neukézaly vyznamné
pozitivni U€inky aplikace bioefektorii na rust rostlin, vynos suSiny, obsah vybranych prvka
v nadzemni hmot¢ rostlin a odbér zivin rostlinou. Prikazné rozdily obsahti vybranych zivin
Vv nadzemni biomase rostlin byly zjistény pouze pro N a Ca, pficemz nejvyssi obsah N mely
rostliny z variant, kde byl aplikovan BE2 s N a K-hnojivem nebo v kombinaci s mletym
fosfatem. Rostliny kontrolni varianty, kde nebyl aplikovan bioefektor, ani P-hnojivo, dale
jesté rostliny varianty, kde byl aplikovan pouze mlety fosfat a N a K-hnojiva, obsahovaly
nejvice Ca. Dalsi prikazny rozdil byl v odbéru zivin rostlinou, a to v piipadé¢ N, Ca a S.
Nejvice N odebraly rostliny z kontrolni varianty a z varianty, kde byl aplikovan BE2 s N
a K-hnojivy. Nejvyssi odbéry Ca byly zjiStény na variantach s nejvys$sim obsahem Ca,
a nejvice S odebraly rostliny kontrolni varianty. Z vysledka tedy nelze jednoznac¢né potvrdit

pozitivni vliv aplikace bioefektort.
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Abstract

Application of bioeffectors should improve the mobilisation of nutrients (especially
phosphorus) from less available forms in soil, improve plant growth and contribute to
mycorrhiza development. Bioeffectors should also increase resistance to diseases and
pathogens. Consequently, bioeffectors should lead to a higher yields. The aim of this research
is to estimate the influence of bioeffector application on plant growth and nutrient uptake of
maize (Zea mays, L. var. Colisee). Three bioeffectors in combination with two phosphorus
fertilisers were tested in a pot experiment with cambisol Humpolec. The bioeffectors used
were: Trianum (Trichoderma harzianum), Proradix (Pseudomonas sp.) and RhizoVital
(Bacillus amyloliquefaciens) in combination with triple superphosphate and rock phosphate.
The use of bioeffectors did not positively influence nutrient uptake, dry matter or plant
growth. Results of the pot experiments did not show significant positive effects of bioeffector
application on plant growth, dry mass or availability of nutrients from less soluble forms

in the soil.

Keywords: bioeffector, maize, nutrients, phosphorus, soil.

Introduction

Phosphorus in soil is an irreplaceable macro-element necessary for plant growth and
development. Despite its necessity in plant metabolism is its content in the soil is relatively
low (Mengel 1991; Blume et al. 2010). In the majority of soil types a higher phosphorus
content is found in the close-to-surface layers due to increased biological activity, which
results in the accumulation of organic material. Application of organic and mineral fertilisers
can often influence soil phosphorus amount. The content of phosphorus in soil can vary
depending on the nature of parent material, texture and other farming factors (the ratio and
type of supplied phosphorus and method of soil cultivation) (Ivani¢ et al. 1984; Sharpley
1995). Phosphorus in soil can be divided in two basic groups: inorganic phosphorus and
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organic phosphorus (Sharpley et al. 1987). The amount of phosphorus bound in the soil
fractions depends mainly on the timing of fertilizers application, including the impact of
earlier interventions (McGehan and Lewis 2002). The degree of availability for plants
depends on chemical, physical-chemical and physical properties of the particular soil type,
seasonal dynamics of water, air and temperature regimes, biological activity of soil, the plant
species, etc. (Sharpley 1995; Nash et al. 2014). Today's society relies on inorganic
phosphorus compounds (fertilisers, feed or food additives) to exploit the limited natural
resources of phosphates. For these reasons, there is an overall need to develop more
sustainable mechanisms to maintain phosphorus availability for crops and livestock but using
a smaller amount of supplied mineral phosphorus, which will lead to improvement of soil
functions. Creation of a new strategy requires better public awareness about the consequences
of farming approaches on the environment, a better understanding of phosphorus dynamics in
the soil-plant relationship, the creation of new innovative technologies to reduce the
dependance of the population on mined phosphate and increase the efficiency of phosphorus
fertilisation. The development of new strategies is expected to have a significant economical
and environmental impact, particularly for future generations (Withers et al. 2014). Due to
a growing world population it is expected that demand for food and feed will increase.
Limited availability of productive agricultural land and increasing dependance on mineral
fertilisers make it necessary to develop alternative strategies for plant nutrition (Hogenhout
et al. 2009; Neumann 2012). In 2012 a project was introduced that includes the use of
so-called bioeffectors in crop production. This project should contribute to the reduction
of mineral fertilisers used in agriculture and to proper and efficient land use and involves
testing under real conditions at different geographic locations (Smalla et al. 2012). It is an
integrated project focused on the development of new approaches based on activity of live
microorganisms and active natural substances (Hogenhout et al. 2009). Bioeffectors can
contribute, depending on soil and climate conditions, to overcome limitations in the
availability of nutrients. These compounds contain microorganisms (bacteria, fungi) and
active natural substances, such as extracts from soil or compost, microbial residues, plant
extracts or products of biological processes. These products are developed for a wide variety
of crops (e.g. maize, wheat, tomatoes, rape, spinach, grass, ornamentals). Their effective use
should cause the mobilisation of nutrients from less bioavailable forms in soil (Neumann
2012; Smalla et al. 2012) and further support root growth (Ferrigo et al. 2014; Galletti et al.

2015) and mycorrhiza development (Yusran et al. 2009). The aim of this study is to evaluate
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the effect of bioeffectors on maize plant growth and selected nutrient uptake by the above
ground mass of a plant, particularly focusing on phosphorus management.

Materials and methods

Pot experiments were established in a vegetation hall on the 30" of April 2014. Five maize
seeds (Zea mays, variety Colisée) were sown into the pots (volume 5 L). On the 28" of May
2014, plants were selected on the final count of three per pot.

The tested soil was obtained from experimental stations of the Crop Research Institute
(Humpolec site). Further site characteristics are mentioned in Table 1.

Table 1. Characteristics of experimental fields.

Site Humpolec
Latitude 49°33'15" N
Longitude 15°21'02" E
Altitude (m above sea level) 525
Mean yearly temperature (°C) 7.0
Mean yearly rainfall (mm) 665
Soil type cambisol
Soil sort sandy loam
pHY 5.1

P (mg/kg)? 77 (+ 10) BY

L' Estimated in air-dried soil, 0.01 mol/I CaCl,, 1:10 wiv

2 Average basic data estimated using Mehlich 3 method

%  Category B = low content

The substrate was composed of soil and quartz sand at a 2:1 ratio. In this experiment three
bioeffectors in combination with two fertilisers were tested with the same dose of nitrogen
and potassium (Table 2).

Table 2. Scheme of pot experiments.

Treatment No. Treatment Treatment No. Treatment
1 BEO + NK 7 BE2 + RP + NK
2 BE1 + NK 8 BE3 + RP + NK
3 BE2 + NK 9 BEO + TSP + NK
4 BE3 + NK 10 BE1 + TSP + NK
5 BEO + RP + NK 11 BE2 + TSP + NK
6 BE1 + RP + NK 12 BE3 + TSP + NK

78



Nitrogen was supplied in the form of calcium nitrate (0.50 g N pot™) and potassium in the
form of K-fertilizer Patentkali (0.85 g K pot™). The effectiveness of bioeffectors was tested
using rock phosphate (RP) and triple superphosphate (TSP), which were applied at the same
dose of phosphorus (0.26 g P pot™). All treatments were compared with a control to which
was applied only an inactive bioeffector (demineralized water). The experimental plants were
harvested on the 13" of August 2014.

Bioeffectors used in the pot experiment, together with the active substance
(in parentheses) were: (i) BE 0: Control (water only); (ii) BE 1: Trianum (Trichoderma
harzianum, strain T-22, 10° spores g, Koppert Biological Systems), 0.1175 g pot™; (iii) BE
2: Proradix (Pseudomonas sp., strain DSMZ 13134, 6.6x10% colony forming units (cfu g?,
Sourcon Padena GmbH & Co0.KG), 0.1375 g pot?*; (iv) BE 3: RhizoVital (Bacillus
amyloliquefaciens, strain FZB42, 2.5x10° cfu g*!, ABITEP GmbH), 0.35 ml pot™.
All bioeffectors were applied locally to the seeds in the form stock solution at a dosage of 25
ml per pot (5 ml of stock solution to each seed).

Plant height was measured four times during the experiment (5" of June 2014, 18" of June
2014, 3" of July 2014, 13" of August 2014). After harvesting the pot experiments, the above
ground biomass weight, % of dry mass, the content of macro- and selected micro-nutrients in
above ground biomass and their uptake, were measured. For the estimation of nutrients, fine
milled above ground dry biomass was analysed via dry decomposition at 500°C. Thereafter,
samples were transferred to a solution of 1.5% nitric acid (provided by Mader et al. 1998).
The extracts were measured by inductively coupled plasma optical emission spectrometry
(ICP-OES) (Varian VistaPro, Australia). All results were statistically analysed (tests for the
normality of distribution, One way ANOVA, Scheffes test at significance level 0.05) using
the statistical software application STATISTICA (StatSoft 2016).

Results

The pot experiment was based on the hypothesis that the application of bioeffectors would
increase the amount of available phosphorus and other important nutrients for plants. This
would result in better phosphorus and other nutrient uptake, greater plant growth and higher
yields (Table 3). Table 3 shows plant height measured during the experiment. It is obvious
that in the initial growth stages (recorded on 5" and 18" of June), plant height was influenced
mainly by TSP use. On the 18" of June a significant positive effect of rock phosphate
application on plant height was recorded as well. In later stages, nonsignificant differences

between the studied variants occured. This was probably due to competition among the plants
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in the pots. In terms of plant height variant BEO showed the smallest plant heights on the 5%
and 18™ of June and the 3™ of July; however, the impact of the application of various
bioeffectors was not statistically verified.

Table 3. Height of maize plants (cm) on specific dates (three plants).

Treatment  Height 5" June Height 18" June Height 3" July Height 13" August

1 24.22 47.82 88.82 1572
2 27.22 56.12 91.6 1472
3 26.9° 57.1° 94.6° 1522
4 28.1° 56.5 95.92 149
5 29.32 65.3" 1032 136°
6 31.3? 66.1° 99.52 1402
7 32.32 70.5° 1032 1372
8 31.7° 67.4° 98.0° 1342
9 45.7° 82.1° 1022 1352
10 43.1° 84.4° 1052 126°
11 51.4° 82.4° 1022 1282
12 46.4 78.3° 99.5 1322
F-test 42.5 38.3 3.57 4.71
ps* 0.01 0.01 n.s. 0.05

* p = significance level

Figure 1 indicates the average above ground dry biomass yield for each variant (Fig. 1).
The highest dry mass weight was recorded for treatment BE1 + TSP. This was probably
caused by application of TSP. The lowest weight of dry matter was recorded for treatment 4
(BE3 + NK) and treatment 7 (BE2 + RP + NK). From Figure 1 it is obvious that the
application of selected bioeffectors had no statistically significant effect on the dry matter

yield.
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Figure 1. Dry matter weight of the above ground biomass of maize (g per three plants).
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Table 4 lists the nutrients content in the above ground biomass of maize (Table 4). Significant
differences between treatments were obtained only for nitrogen and calcium, whereby the
nitrogen content under treatment 3 was higher in comparison to treatments 6, 9, 10 and 11.
Under treatment 3 the bioeffector BE2 + NK was applied. On the other hand under treatment
6 (BE1 + RP + NK) was applied, under treatment 9 (BE2 + RP + NK) was applied, under
treatment 10 (BE1 + TSP + NK) was applied and under treatment 11 (BE2 + TSP + NK) was
applied. Calcium content under treatment 1 was significantly higher in comparison to that
under treatments 7 and 10. Under treatment 1 (BEO + NK) was applied, while under
treatments 7 and 10, BE2 + RP + NK and BE1 + TSP + NK were applied, respectively. The
rest of the results were not statistically significant but the highest contents of analysed
elements were found in the following treatments: phosphorus = var. 11; potassium = var. 4;
magnesium, sulphur, iron, copper and zinc = var. 1 and manganese = var. 5. The lowest
contents of analysed elements were found in the following variants: phosphorus = var. 6;
potassium = var. 9; magnesium = 6; sulphur = 6 and 10; iron = var. 2; copper = var. 9 and

zinc and manganese = var. 10.
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Table 4. Average content of nutrients in plants (mg/kg).

Var. N P K Ca Mg S Fe Cu Zn Mn

520620 10312 12729% 2219° 12592 5208 57382 1.44% 23.49% 29.172
51643 10332 123392 1446% 10432 470° 21.42% 1.22% 11.16% 24.85?
6678° 1260% 121272 1676% 12158 497° 32.748 1.37%F 12.49% 32.322
5115% 1038% 13815% 1438% 10322 458 54522 1.24* 11.66% 29.33?
4894% 1033% 11485 1840% 11978 457% 50.762 1.32% 10.27% 32.782
4010 1011* 113442 1406% 930% 405° 30.56% 0.95%2 9.24% 24.662
54043 12572 118622 12012 9442 424% 39.83% (0.96% 10.58% 26.462
4836% 10722 10781% 1534% 10522 469* 54.858 1.18% 10.05% 26.782
35832 1277% 10258% 1293% 9132 444% 39.48 0.84% 8.74% 28.792
43882 1270%° 10811% 1062% 8222 405° 21.71% 0.928 7.93% 23.762
4418% 1293% 10478% 13318 9512 471% 26.16% 0.97% 8.96% 29.382
12 4808%® 1247a 12536% 1392 088% 413% 32558 1.01* 9.232 32.082

© 00 N o O B~ W N e

[
= O

F-test 6.81 1.73 2.73 481 328 216 126 3.68 1.70 141

p<* 0.01 n.s. n.s. 0.01 n.s. n.s. n.s. n.s. n.s. n.s.

* p = significance level

Table 5 shows the average amount of element uptake by plants for each treatment. This
research focused especially on phosphorus because phosphorus sources are limited and
bioeffectors are developed specifically to increase phosphorus availability (Table 5).
Significant differences between treatments (p < 0.01) were obtained only for nitrogen,
calcium and sulphur, whereby the nitrogen uptake under treatment 3 was higher
in comparison to treatment 9. Under treatments 3 and 9, BE2 + NK and BEO + TSP + NK
were applied, respectively. Statistically verified differences in calcium uptake were identified
under treatment 1 and treatments 2, 4, 7, 9, 10 and 11. Under treatment 1 the highest uptake of
calcium was recorded and BEO + NK was applied. Under treatments 2, 4, 7, 9, 10 and 11
(BE1 + NK, BE3 + NK, BE2 + RP + NK, BEO + TSP + NK, BE1 + TSP + NK and BE2 +
TSP + NK) were applied, respectively. The final statistically verified difference was
of sulphur uptake, whereby the sulfur content under treatment 1 was higher in comparison to
treatment 7. Under treatment 1 (BEO + NK) was applied and under treatment 7 (BE2 + RP +
NK) was applied. The rest of results were not statistically significant but the highest uptakes
of analysed elements were under the following treatments: phosphorus = var. 10; potassium,

magnesium, iron, copper and zinc = var. 1 and manganese = var. 5. The lowest uptakes
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of analysed elements were under following variants: phosphorus = var. 4; potassium,
magnesium, copper and manganese = var. 7; iron - var. 2 and zinc = var. 10.

Table 5. Average uptake of nutrients by plants (mg per three plants).

Var. N P K Ca Mg S Fe Cu Zn Mn
1 58533 11392 14114% 2458% 1393* 585° 64.79° 1.61* 26.68% 32.592
2 5023% 10052 12013* 1407° 1015° 458% 20.83% 1.19% 10.87% 24.207
3 61678 1146 11116% 1539% 1113* 455% 29852 1.25% 11.42% 29.772
4 4546% 9222 12310% 1285° 9218 408% 48.80*° 1.11* 10.36% 26.19?
5 5323% 11242 12508% 1998% 1301 497 55.00° 1.44*® 11.16° 35.542
6 4211% 10628 12030% 1494% 0822 428% 32582 1.00° 9.67% 25.98?
7 4837% 11392 106572 1083° 8582 384% 3503% (.86 9.548 23.222
8 49423 10932 109772 1557% 1070% 477% 54.95% 1.208 10.24% 27.20°
9 3829° 13572 109228 1380° 9732 4722 42252 (0.89° 9.30% 30.882
10  5115% 14892 12739% 1244 960% 473% 25598 1.078 9.218 27.60?
11  4676%® 1375% 110872 1417° 1011% 500% 27.88% 1.04*® 9532 31.252

12 5130% 1326% 133452 1487%® 1054% 440%® 34.88% 1.07*% 9.88% 34.702

F-test 416 2.78 2.00 589 357 331 131 344 1675 187

p<* 0.01 n.s. n.s. 0.01 ns. 0.01 n.s. n.s. n.s. n.s.

* p = significance level

Discussion

To date several studies have evaluated the different effects of bioeffectors on plants and
included various different parameters. For example, Yusran et al. (2009) reported that after
Proradix and RhizoVital application (individually or in combination) to soil in a pot
experiment, a significant improvement in the state of tomato plant roots occurred. The roots
were healthier and showed significantly higher colonisation by arbuscular mycorrhizal fungi.
In our experiments these parameters are not rated but the health of the plants should improve
plant growth and yield. However, we did not confirm a significant positive effect
of bioeffector application on maize yield. Kumar et al. (2015) conducted pot experiments
to support Pigeon Pea (Cajanus cajan L.) plant growth after inoculation with bacteria
Pseudomonas fluorescens. For the study 75 fluorescent Pseudomonas strains from different
agro-ecosystems in India were isolated. The isolated strain P17 showed considerable support
for growth in terms of root length, dry matter, chlorophyll, carbohydrates, nitrogen, calcium,

iron and manganese. Pseudomonas sp. strain P17 was identified as a potential rhizobacteria to
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support plant growth and increase nutrient uptake. In our experiments we tested Pseudomonas
sp., strain DSMZ 13137 and found that it did not have a positive influence on plant growth or
nutrient uptake. Further, Chiarini et al. (1998) conducted a pot experiment in greenhouse
conditions with Sorghum bicolor and inoculation with microorganisms Burkholderia cepacia,
Pseudomonas fluorescens and Enterobacter sp. The results showed that all three
microorganisms have the ability to colonise the root system of Sorghum, but only the
B. cepacia and P. fluorescens supported plant growth via inoculation with one microorganism
only. Dual inoculation had no further effect on plant growth. Our results did not show
a positive influence of Pseudomonas sp. strain DSMZ 113134 on increasing plant growth or
uptake of nutrients. Dual inoculation was not evaluated in our experiments.

In this research was not influence of bioeffectors was confirmed on plant height nor on yield
or dry matter weight. Higher values were probably caused by the addition of TSP. Similar
plant heights in the later stages could be caused by the correlative stimulating effects of the
roots and subsequent growth of the above ground plant parts, or the production of
fytohormones (gibberellins, cytokinins, auxins) (Sebanek et al. 1991). Statistically significant
differences between treatments on nutrients content in the above ground were obtained only
for nitrogen and calcium. And statistically significant differences on uptake of nutrients by

plants were obtained only for nitrogen, calcium and sulfur.

Conclusions

Although some positive results in other studies, bioeffectors did not positively influenced
maize vyields, as well as the macro- and selected microelements content in above ground
biomass of plants in our experiments. Results from the pot experiments showed only that the
TSP application increased the plant height during the initial growth stages as well as P uptake
with above ground biomass of harvested plants. Therefore it is clear that bioeffectors works

only in specific conditions and should be further tested.
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Jednim z divodd vyuzivani bioefektorti v rostlinné produkci, je zvySeni odolnosti rostlin
vici riznym onemocnénim a patogentim. V tomto ¢lanku je podrobné popsdno nékolik
bakterii a hub, které jsou vyuzivany jako aktivni slozka bioefektorti v oblasti ochrany rostlin,
a které byly aplikovany v nddobovych a polnich pokusech v ramci této disertacni prace. Jedna
se 0 souhrn faktd a vysledkli mnoha zahrani¢nich studii, které byly uskutecnény v odlisnych
podminkach (polni, nddobové, laboratorni) a s riznymi druhy testovanych rostlin. VétSina
autort uvadi pozitivni vliv aplikace téchto mikroorganismil v rdmci ochrany rostlin, ale i1 pfes
tento fakt, principy funkce bioefektorti nejsou dosud dostate¢né podlozeny a objasnény.

Literarni piehled shrnuje nejnovéjsi poznatky v této védecké oblasti.

88



International Agency for Development of Culture,
Education and Science

Level 7/ 30 Collins St, Melbourne, VIC 3000, Australia

IADCES
MELBOURNE www.iadces.org

CERTIFICATE OF ACCEPTANCE

To the organizing committee of the journal «International Journal of Plant Sciences»

ISSN: 1058-5893 E-ISSN: 1537-5315.
Received article: Microrganisms in Plant Protection.
Authors: Zlata Holeckova, Martin Kulhanek, Jifi Balik

The article recerved a positive review and was sent for publication in the journal
International Journal of Plant Sciences.

The edition materials are posted in Scopus and Web of Science.

pAC LS

27.06.2017

Mary Robinson

Executive Editor

89



Microrganisms in Plant Protection
Zlata Hole¢koval, Martin Kulhanek?, Jifi Balik®
!Department of Agro-Environmental Chemistry and Plant Nutrition, Faculty of Agrobiology,
Food and Natural Resources, Czech University of Life Sciences Prague, Kamycka 129,
Prague 165 21, Czech Republic.
Corresponding author: e-mail: holeckovaz@af.czu.cz, phone nb.: +42024382430

Biocontrol agents (BA) are products which contain live microorganisms or their
spores as the active substances. Their application could be one possible way that should: i)
improve resistance to diseases and pathogens, ii) growth of roots and aboveground biomass
and iii) nutrient uptake by plants. The agent’s function is based on many different
mechanisms. Experiments with BA were carried out under different conditions (fields, pots,
greenhouses), with different varieties of tested plants as well as using different application
strategies (seed incrustation, application on the leaves and others). Therefore, many different
results were published in scientific journals. The aim of this study is to review published
results focused on the usage of BA within a plant protection. It might be useful mainly for the
ecological farming and healthy food production. This review summarizes the most recent
knowledge in this scientific field.

Keywords: biocontrol agents, microoragnisms, plant protection, organic farming.

1. Introduction
The enormous growth of Earth’s population requires to provide adequate food resources and
to find out alternative strategies for a sufficient crop production. One of the crop production’s
crucial factors is the achievement of effective plant protection. However the plant protection
agents can often expose to danger the environment and human health by food chain’s
pollution with different chemical compounds. The nowadays problem is limited areas of
productive agricultural land and an increasing occurrence of plant diseases and pests within
the crop production also. It is also necessary to look for other approaches and strategies
(Neumann 2012; Hogenhout et al. 2009). The use of pesticides is a traditional method but it
causes negative side impacts on the environment by progressive resistance of the pathogens to
active substance. This proccess incites a futher research to find out more alternative strategies
that would eliminate pathogens. Recently, there has been an effort made towards development

of harmless products that are based on microorganisms and their influences (bacteria, fungi)
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and active natural substances (extracts from soil, compost or seaweeds, microbial residues,
plant extracts). The proposal and design of new strategies requires better public discourse
about the consequences of the farming impacts on the environment resulting in a better
understanding of the soil-plant relationship. It is expected that the development of new
strategies will have a significant economical and environmental impact, particularly for future
generations (Roy 2017; Withers et al. 2014).

2. Microorganisms in plant protection
This chapter lists a selection of microorganisms that are used in the plant protection and crop
production. In current time the methods of biological control with the use of microorganisms
attract attention of research as a promising alternative to chemical control. Biological
protection with the use of antagonistic microorganisms has proved to be a viable alternative.
Development of the Biocontrol agents (BA) increases due to the potential use of these
substances in organic farming (EI-Gremi et al. 2017). The current focus on a plant disease
management has been shifted from chemical pesticides to more ecofriendly biopesticides in
order to reduce an environmental pollution and to minimize the risk of development of
pesticide-resistant strains of plant pathogens. Many bacteria have the potential to reduce crop
losses through biocontrol mechanism (Vallabhaneni 2016). BAs are divided into two main
groups, according to which type of microorganism contain: fungal strains (Trichoderma,
Penicillium and Sebacinales) and bacterial strains (Bacillus and Pseudomonas) (Neumann
2012). BA are highlighted here with more evidences through field or pot experiments and
greenhouse studies. The experiments and studies include a broad spectrum of crops such as
corn, rice, soybeans, tomatoes, cotton, energy cane, oil palms, millets, oilseeds, banana,
coconut, lime, coffee, tea, rubber, flower, spices, herbs, lawns, ornaments, trees, biofuel and
forage grass (Janarthanam 2013), sugar beet, tobacco, cucumber, watermelon, muskmelon,
cucumber, tropical crops (Choudhary & Johri 2009).
2.1. Fungal BioControl
As mentioned before BA can be divided into two main groups - fungal and bacterial. Several
fungal representatives have been selected and described further in this section. At the end of
this section (2.1.) in Table 1. There are selected bacteria and their impact on plant protection.
2.1.1. Trichoderma ssp.

Strains of the genus Trichoderma spp. are wild filamentous fungi occurring in the most of
soils and different habitats. Trichoderma is a fungal genus that includes species that are

currently being used as BA or as biofertilizer (Dominguez et al. 2016; Hermosa et al. 2012).
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Trichoderma is known for producing several enzymes and antibiotics. The varietes of
physiological, antifungal and insecticidal effects are attributed to this species. It operates
against a broad spectrum of plant pathogens. These fungi increase the growth of plants’ above
ground biomass as well as the development of the root system (EI-Gremi et al. 2017; Galletti
et al. 2015; Ferrigo et al. 2014; Do Vale et al. 2012; Raja 2007). It has also been observed
that selected Trichoderma strains can improve plant nutrient uptake (Yedidia et al. 2001)
which has indirect influence on the plant health as well. The above mentioned increase of
growth occurs due to its strong anti-pathogenic activity, biosynthesis of hormones, improving
nutrient uptake from the soil, root development, or increasing the rate of carbohydrates
metabolism and photosynthesis as well (EI-Gremi et al. 2017). The main hydrolytic enzymes
secreted by the Trichoderma strains are proteases, chitinases and endochitinases.
The glycoside hydrolase family, including chitinases, and other enzymes are representing
51% of the total secretome (totality of secreted organic molecules and inorganic elements by
biological cells, tissues, organs, and organisms). Few representatives are classified in the
protease family (8.9%), others (17.6%) are mostly intracellular proteins. The endochitinases
are proteins involved in chitin degradation. The mechanism of chitinases action can be
divided into two major groups: endochitinases and exochitinases. In general, endochitinases
belongs into chitinases that cleave chitin randomly inside the chain. Exochitinases are
subclassified into chitobiosidases and chitobiases. All of these enzymes act in a mutual,
synergistic on chitin and on cell wall degradation (Do Vale et al. 2012; Duo-Chuan 2006).
Chitinases are produced e.g. by bacteria, algae, fungi, plants, insects, nematodes, molluscides,
vertebrates, including human and also certain viruses (Gooday 1999). Trichoderma is also the
main component in several commercially produced biofungicides. The biofungicide
is intended to apply in a foliar application, seed protection and into a soil. The soil application
is used for the treatment and suppression of various diseases caused by pathogens such as
Botrytis, Fusarium, and Penicillium spp. This group of fungicides is used against pests also.
It improves a plants’ health and environmental monitoring (Gomes et al. 2015; Samuels et al.
2014). This filamentous fungus increases the resistance of plants against biotic and abiotic
stresses and therefore indirectly increases e.g. nitrogen use efficiency. The plants’ deep and
developed roots allow to withstand drought that was confirmed at e.g. for maize and
ornamentals. The above mentioned characteristics are applied as a seed treatment against

various pathogens and mycotoxins (Galletti et al. 2015; Ferrigo et al. 2014; Raja 2007).
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2.1.2. Trichoderma harzianum
Trichoderma harzianum is wild filamentous fungus; it occurs in soil. Trichoderma belongs to
the fungi that includes species which are currently used as biological control agents
(Dominguez et al. 2016; Hermosa et al. 2012). Mycoparasitic fungi, such as T. harzianum,
produce an arsenal of chitin-degrading enzymes to hydrolyze the host cell wall and can also
generate high contents of cellulases under appropriate culture conditions (Do Vale et al.
2012). Strain T22 was also reported as one enabling to improve the efficiency of
photosynthesis and growth of tomatoes (EI-Gremi et al. 2017). As a notable BA, Trichoderma
harzianum can antagonize a diverse array of phytopathogenic fungi, including Botrytis
cinerea, Rhizoctonia solani and Fusarium oxysporum. Elucidating the biocontrol mechanism
of T. harzianum in response to the pathogens enables to be exploited in the control of plant
diseases (Yang et al. 2009). Vitti et al. (2016) researched the influence of T. harzianum
(strain T-22) application under laboratory conditions on the occurrence of Cucumber mosaic
virus in tomato. And the results prove that early inoculation of this strain is able to induce
a defense response. The reduction of mosaic occurrence affects enzyme (dismutase and
catalase) and phytohormones (ethylene, abscisic acid, salicylic acid, and jasmonic acid)
production. As well Kerroum et al. (2015) carried out a study with tomatoes. This study
involved pot experiments and confirmed the antagonistic effect of T. harzianum against
F. oxysporum f. sp. radicis-lycopersici that causes root crown rot of tomatoes. Altinok &
Erdogan (2015) conducted laboratory and pot trials with T. harzianum, strains T16 and T23.
These strains significantly inhibited growth of the pathogenic fungus Fusarium oxysporum.
Ahmad et al. (2015) realized a pot trial with Brassica juncea testing the influence of soil
salinity on brassica after application of T. harzianum. Soil salinity stress caused that the plants
were smaller with slower growth, changes of plants’ physical and biochemical properties and
decrease in the biomass yield was found out. Results showed that the seedling plants treated
with T. harzianum were significantly more resistant to stress conditions caused by salinity in
comparison with untreated plants.
2.1.3. Pythium oligandrum

The biocontrol agent Pythium oligandrum, a soil-inhabiting oomycete, colonizes the
rhizosphere of many crop species and it is responsible for the reduction of diseases caused by
a number of soil-borne fungal pathogens (Al-Rawahi & Hancock, 1997). P. oligandrum
promotes plant growth, as a result of interactions’ complex, which includes an indirect effect
through control of pathogens in the rhizosphere and/or a direct one mediated by plant-induced

resistence. The increased plant growth is caused by the interaction between P. oligandrum

93



and roots. It is proved that during this interaction the fungus produces auxin compound -
tryptamine (Le Floch et al. 2003). This fungus produces an elicitor that activates plant
defence reactions (Takenaka et al. 2003). Therefore, it is postulated that P. oligandrum is able
to reduce disease through a plant-mediated resistance mechanism i.e. referred as induced
resistance. Hase et al. (2008) proved that treatment of tomato roots (Solanum lycopersicum)
with P. oligandrum induces an increased amount of ethylene, reducing the severity of
bacterial disease caused by Ralstonia solanacearum. Hase et al. (2008), Glazebrook (2005)
next published that plant growth regulators play important role in the plant defence responses
to pathogens i.e. jasmonic acid and salicylic acid. Therefore Hase et al. (2008) conducted
study and laboratory experiment with the involvement of jasmonic acid and salicylic acid.
These acids are dependent on signal transduction pathways in resistance to R. solanacearum.
The experiments were carried out with tomato roots treated with P. oligandrum at two tomato
cultivars. The first used tomato cultivar was Micro-Tom, i.e. wild-type and the second one
was Moneymaker, the type that does not accumulate a salicylic acid. The occurrence of
R. solanacearum was suppressed in the both tomatoes cultivars after application of
P. oligandrum. The enhanced resistance was induced at 5 days after treatment. It seems be
proved that P. oligandrum generally induces resistance to R. solanacearum in tomatoes.
Takenaka et al. (2003) published conclusions that the application of P. oligandrum enhances
resistance to root-rot-causing agents Aphanomyces cochlioides and Rhizoctonia solani in
sugar beet. Holmes et al. (1998) conducted study and pot experiments, where sugar beet seeds
were treated with P. oligandrum against damping-off of sugar beet. The results indicated that
used of P. oligandrum significantly reduced a disease caused by P. ultimum but at pH values
between 7.0 and 7.5 only.
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Table 1. Plant protection promoting fungi as BA against various plant diseases.

Experimental

Fungi Disease References
conditions
Trichoderma Laboratory Diseases caused by Samuels et al.
ssp. pathogens such as Botrytis, (2014)
Fusarium or Penicillium
Spp
Trichoderma Laboratory Cucumber mosaic virus in  Vitti et al. (2016)

harzianum

Pythium

oligandrum

Laboratory and
pot experiments

Laboratory

Laboratory

Laboratory

Laboratory

tomato

Fusarium oxysporum

Botrytis cinerea,
Rhizoctonia solani,
Fusarium oxysporum
Ralstonia solanacearum in
tomato

Root-rot caused by
Rhizoctonia solani and
Aphanomyces cochlioides
in sugar beet

Damping-off caused by

P. ultimum in sugar beet

Altinok & Erdogan
(2015)
Yang et al. (2009)

Hase et al. (2008)

Takenaka et al.
(2003)

Holmes et al.
(1998)

2.2.Bacterial BioControl

Several promising bacterial representatives have been selected and described further in this

section. And also at the end of this section (2.2.) in Table 2. There are selected fungi and their

impact on plant protection.

2.2.1. Pseudomonas spp.

Pseudomonas sp. is ubiquitous microorganism in agricultural soils, well adapted to grow

in the rhizosphere. Pseudomonas is well suited as biocontrol and growth-promoting agents

(Vallabhaneni 2016). They are often used as BA because they display a broad range of

mechanisms to control diseases (Arseneault et al. 2016). The inoculation of seeds or roots

with fluorescent Pseudomonas has been a widely used in practice to increase plant vigor and
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productivity in tobacco. The Pseudomonas has a beneficial effect against a wide range of root
phytopathogens, e.g. Rhizoctonia solani, Pythium aphanidermatum and Fusarium oxysporum
belong to them. The mechanisms suggested to achieve such inhibition include: production of
antibiotics, iron-chelating compounds, hydrolytic enzymes and biosurfactants, competition for
favourable nutritional sites or as mycorrhiza helping bacteria (Vallabhaneni 2016). Proteins
produced by certain species of Pseudomonas increase resistance to Xanthomonas oryzae var.
oryzae in rice and to Tobacco Mosaic Virus. These proteins cause hypersensitivity reactions,
higher expression levels of genes related to defense against pathogens and promoting of
growth. Therefore they have a potential for development as protein-type BA. When they are
applied to tobacco or rice plants then proteins derived from harpin are able to induce
resistance to Tobacco Mosaic Virus and to leaf blight disease in rice with varying degrees.
The functional peptide fragments, which were identified there, may result in the effective
control of diseases as well as increase a productivity of crops. The condition is that they are
developed into a form of microbial pesticides for agricultural applications. This could be an
environmentally friendly alternative to some of the chemical pesticides currently in use (Wu
et al. 2017). The appearence of fluorescent Pseudomonas in the rhizosphere microflora
depends on characteristics such as soil texture, rhizosphere pH, soil matrix potential, soil
water flow, temperature, plant species (Vallabhaneni 2016). Mikicinski et al. (2016) used the
isolate of Pseudomonas graminis (strain 49M) under laboratory and greenhouse conditions
but in an orchard also. The aim was to protect apple blossoms and apple terminal shoots. This
study identified Pseudomonas graminis, strain 49M’s ability to suppress the fire blight in an
immature pear and apple flower and its fitness on flowers in an orchard. The strain 49M
is highly protective against fire blight on different plant tissues (up to 73.3% on flowers and
86.2% on terminal shoots, compared to the controls) during the entire bloom period in an
orchard. This is the first report showing that Pseudomonas graminis strain 49M is
a prospective candidate for a future development as the biopesticide that will be used against
the fire blight. Vallabhaneni (2016) conducted a study and his results suggest that the
Pseudomonas fluorescens utilization to control Rhizoctonia solani is the promising strategy of
disease management. This statement is supported by the fact that all tested P. fluorescens
isolates reduced the disease severity in tobacco seed beds. Such reduction was evident due to
the decrease of affected seedlings number, decrease in the number of sclerotium formation
and symptoms’ disappearance of severe disease on seed beds. Nine isolates of P. fluorescens
were selected and evaluated in terms of their antagonistic activity against R. solani under vitro

conditions. Knot et al. (2013) reported that the Pseudomonas increases germination
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of Poa pratensis seeds under laboratory conditions, especially of 2-4 years old seeds. Yusran
et al. (2009) reported the application of Pseudomonas and Bacillus amyloliquefaciens
(individually or in a combination) into soil caused that the state of tomato roots improved in
a pot trial. They were healthier and significantly higher colonized by arbuscular mycorrhizal
fungi.
2.2.2. Bacillus amyloliquefaciens

Bacillus amyloliquefaciens is gram-positive, aerobic and endospore-forming bacteria. They
are often used as is commercial chemicals in industry (Zhang et al. 2016; Chowdhury et al.
2015; Krober et al. 2014). They are one of the beneficial agents used for the plant growth
promotion and the suppression of soil-borne diseases in agriculture as well.
B. amyloliquefaciens produces many metabolites such as are e.g. enzymes (chitinase,
peroxidases and proteases), casein, elastin, gelatin, starch, nitrites, esculin and arbutin,
phosphatases, adenine, cellulose, guanine, hypoxanthine, pectin, testosterone, tyrosine, many
types of antibiotics (e.g. bacillomycins, fengycin, difficidin) and other substances (EI-Gremi
et al. 2017; Chowdhury et al. 2015; Lagerlof et al. 2015; He et al. 2013; Priest et al. 1987).
Production of antibiotic that inhibite a growth of antifungal pathogens EI-Gremi et al. (2017),
as well as antibacterial and antinematocidal effects for plants and also the ability to produce
a wide variety of secondary metabolites, which aims to suppress competing bacteria, fungi,
viruses or nematodes in the rhizosphere of plants. Lagerlof et al. (2015), Krober et al. (2014),
He et al. (2013), Chen et al. (2009) and Koumoutsi et al. (2004) declare that the bacteria
reduce the influence of plant abiotic stress conditions such as drought, salinity or lack
of nutrients. Proteins secreted by Bacillus amyloliquefaciens FZB42 protect plants against
disease by eliciting innate immunity (Kierul et al. 2015). He et al. (2013) reported that
Bacillus amyloliquefaciens belongs to beneficial soil microorganisms, which colonize the
plant roots and stimulate the growth of its host. The use of these bacteria offers great potential
to increase the yield and reduce the plant disease caused by numerous microorganisms. Kim
et al. (2015) reported that these bacteria attract attention by their increasing importance in the
last time, particularly by their fungicidal effect. PT14 strain proved its property to be a broad
spectrum of antifungal activity against Fusarium solani and Fusarium oxysporum.
Nevertheless this strain was not active against bacterial strains. Furthermore Lagerlof et al.
(2015), Talboys et al. (2014), Fan et al. (2012), Burkett-Cadena et al. (2008) reported that
B. amyloliquefaciens promotes a plant growth that is based primarily on the production
of secondary metabolites suppressing competing microbial pathogens and diseases occurring

in the rhizosphere of plants. It encourages a root development and improves seed germination
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as well. Some plants, e.g. maize (Baudoin et al. 2003), soybean (Yang et al. 2012), lupin
(Egle et al. 2003), rice (Aulakh et al. 2001) produce a lactic acid in root exudates. This acid
with the other root exudates becomes a energy source for B. amyloliquefaciens. Chowdhury
et al. (2015) carried out experiments which demonstrated that FZB42 strain is able to reduce
the disease severity of bottom root caused by soil-borne pathogen Rhizoctonia solani on
lettuce. Krober et al. (2014) reported results of their pot and field experiments which
demonstrated that the strain FZB42 is able to effectively colonize the rhizosphere of lettuce
(Lactuca sativa) and promotes a significant suppression of bottom rot disease caused by
Rhizoctonia solani.
2.2.3. Bacillus subtilis

Bacillus subtilis is a ubiquitous gram-positive bacteria commonly found in water, soil, air and
decomposition of plant residues. However, the primary presence of these bacteria was found
in soil (Tam et al. 2006; Kunst et al. 1997). The bacteria produce endospores that allow it to
endure and overcome some extreme temperatures and dry periods. B. subtilis produce a series
of proteases and other enzymes. This bacterium is considered a benign organism, as it has not
properties that cause disease and is not pathogenic or toxic for humans, animals or plants
(Kunst et al. 1997). Many years ago Korzybski et al. (1978) and Katz and Demain (1977),
published that the B. subtilis produces a wide spectrum of antibacterial and antifungal
compounds and furthermore also antibiotics such as difficidin and oxydifficidin that are
effective against the broad range of aerobic and anaerobic bacteria.

These bacteria are widely used in agriculture to promote plant growth. They may be taken
into account as a promising approach how to protect plants against diseases (Ma et al. 2015).
Orio et al. (2016) reported that the application of B. subtilis had a strong effect against fungal

pathogen that causes pink disease of roots (Setophoma terrestris) at onions.
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Table 2. Plant protection promoting bacteria as BA against various plant diseases.

Bacteria Experimental sites Disease References
Pseudomonas Laboratory condition Xanthomonas oryzae in ~~ Wau et al. (2017)
spp. rice and Tobacco Mosaic
Virus in tobacco
Greenhouse condition,  Fire blight of pear and Mikicinski et al.
pot experiment apple (2016)
Laboratory condition Diseases caused by Vallabhaneni
Rhizoctonia solani in (2016)
tobacco
Laboratory condition, Meloidogyne javanica in  Siddiqui &
pot experiment tomato Shaukat (2004)
Bacillus Laboratory condition Disease of bottom root Chowdhury et al.
amyloliquefaciens caused by Rhizoctonia (2015)
solani on lettuce
Greenhouse and field Rot disease caused by Krober et al.
conditions Rhizoctonia solani on (2014)

Bacillus subtilis

Laboratory condition

Field condition

Laboratory condition

Laboratory condition

Greenhouse and field

conditions

lettuce
Erwinia carotovora in
Arabidopsis

Tomato mottle virus

Pink disease of roots at
onions

Erwinia carotovora in
Arabidopsis

Downy mildew in pearl

millet

Ryu et al. (2004)
Murphy et al.
(2000)

Orio et al. (2016)

Ryu et al. (2004)

Raj et al. (2003)

3. Conclusions

The current research is focused on the partial replacement of chemicals used in agriculture to

protect plants against pests and diseases. Within this context it is examined an usage of BAs,
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where e.g. the interactions between organisms leads to damage to other plant pathogen
organism.

Many studies reported positive influence of fungal as well as bacterial BAs on plant health
and growth, respectively. These studies were mostly realized in laboratory conditions, where
many negative factors can be excluded. Therefore, before transferring these technologies in
agronomic practice, pot and especially field trials are strongly needed to confirm the
laboratory results in field conditions. Nowadays, there are only several studies that confirmed
the positive influence of BAs in the pots or fields. Generally, BAs presents the promising way

in plant protection, which required further testing.
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7. SUMARNI DISKUZE

Na téma vlivu aplikace tzv. bioefektorti, resp. vyuziti zivych mikroorganismi na rast
rostlin bylo provedeno mnoho studii, které zahrnovaly pozorovani riznych parametri. Malo
z téchto studii se vSak zaméfovalo komplexné na rast rostlin, jejich vysSku, hmotnost
nadzemni a kofenové Casti, obsah vybranych zivin v nadzemni hmot€ rostlin, poptipadé odbér
zivin rostlinou. VétSina studii byla zaméfena na pozorovani rustu, délky a rozsahu
kofenového systému, dale na vyuziti téchto piipravkd v ramci ochrany rostlin nebo byly
studovany spiSe genomy zivych, aktivnich mikroorganismi, které se v téchto pfipravcich
vyuzivaji, poptipadé pokusy byly provedeny v jinych podminkach a s jinymi testovanymi
roslinami. Z vySe uvedenych faktt je vidét, ze je souhrn poznatkt v této praci rozsahly Siroce
zaméteny. Z tohoto divodu bylo pomérné slozité porovnavat vysledky této prace s jinymi
autory.

Yusran et al. (2009) uvadéji, ze po aplikaci ptipravku Proradix a RhizoVital (jednotlivé
nebo v kombinaci) do ptudy doslo u nadobového pokusu s rajcaty k vyznamnému zlepSeni
stavu kofenu rostlin. Kofeny rostlin byly zdravéjsi, a vykazovaly vyznamné vyssi kolonizaci
arbuskulérnich mykorhiznich hub.

Z vysledki této disertacni prace je zfejmy pozitivni vliv aplikace P-hnojiva (zejména TSP)
na rist kofenového systému kukufice i pSenice. Kolonizace arbuskularnich mykorhiznich hub
vsak v ramci studie sledovana nebyla.

Dale, Kumar et al. (2015) provedli nadobovy pokus, béhem né€hoz pozorovali vliv
inokulace kajanu indického (Cajanus cajan, L.) bakterii Pseudomonas fluorescens. Pro tuto
studii bylo izolovano 75 fluorescencénich kment bakterii z rodu Pseudomonas z rtznych
agroekosystému v Indii. Izolovany kmen P17 vykazoval zna¢nou podporu rtstu rostlin
a zvySeny piijem zivin. Naoc¢kovani mélo pozitivni vliv na délku kofent, susinu, obsah
chlorofylu, sacharidd, na ptijem dusiku, vapniku, Zeleza a manganu.

V ramci této disertani prace byly rostliny naockovany bakterii Pseudomonas sp., kmen
DSMZ 13137 (piipravek Proradix; BE2) a statisticky prukazny vliv aplikace byl prokazan
pouze u nadobového pokusu, ktery byl zalozen v roce 2015. Prikazné rozdily mezi
jednotlivymi variantami byly pouze u S a Mn. Nejvice S pfijmuly rostliny varianty, které byly
naockovany bioefektorem Proradix a hnojeny Cistirenskymi kaly. NejvySsi obsah Mn mély
rostliny z kontrolni varianty, bez ptidavku hnojiva, pouze s nao¢kovanim Proradixu a rostliny.

U ostatnich nadobovych pokusti, vybranych prvkl a sledovanych parametri nebyl prokazan
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pozitivni vliv aplikace bioefektorti. Obsah chlorofylu a sachariddi v rostlinach nebyl v této
préci sledovan.

Chiarini et al. (1998) provedli nadobovy pokus ve sklenikovych podminkach, kde byl
hodnocen vliv nao¢kovani mikroorganismy Burkholderia cepacia, Pseudomonas fluorescens
a Enterobacter sp. na porost ¢iroku dvoubarevného (Sorghum bicolor, L.). Vysledky ukazaly,
ze vSechny mikroorganismy mély vliv na lepsi schopnost kolonizovat kofenovy systém
rostlin. Pozitivni vliv na rist rostlin byl pozorovan pouze po naockovani rostlin B. cepacia
a P. fluorescens. Dvoji inokulace (kombinace dvou mikroorganismi) neméla vyznamny
ucinek na rist rostlin.

Schopnost kolonizovat kofenovy systém rostlin nebo dvoji inokulace rostlin nebyla v této
praci hodnocena a pozitivni vliv na rust nadzemni i kofenové ¢asti rostlin m¢la pouze aplikace
trojitého superfosfatu, nikoliv bioefektort.

Z vysledka, které byly ziskany béhem realizace nadobovych a polnich pokust, je ziejmé,
ze nebyl prokazan plosny pozitivni Vliv aplikace bioefektor na vysku rostliny, vynos susiny,
obsah nebo odbér zivin rostlinou. Vys$$i vzrist rostlin, zejména v pocatecnich ristovych
fazich, kukufice/pSenice, vys$i hmotnost nadzemni a kofenové Casti rostlin byl zpravidla
zpusobem aplikaci P-hnojiv (zejména trojitého superfosfatu), u pokusu 10 byl zjistén
pozitivni vliv aplikace Proradixu. Vyrovnana vyska rostlin u vSech variant v pozdgjsich
stadiich mohla byt zplisobena korelaénimi stimula¢nimi U¢inky kofent a naslednym ristem
nadzemnich c¢asti rostlin nebo produkci fytohormonti (gibbereliny, cytokininy, auxiny)
(Sebanek et al., 1991). Rozdily mezi jednotlivymi variantami u obsahu Zivin v nadzemni
hmot¢ rostlin nebyly v porovnani s uskute¢nénym poctem pokust vyznamné.

Chen et al. (2007), Fan et al. (2012), Lagerlof et al. (2015) a dalsi autofi pisi o pozitivnim
vlivu bakterie Bacillus amyloliquefaciens na rist rostlin, nadzemni i kofenové ¢asti rostliny.
V nasich nadobovych a polnich pokusech byl potvrzen pozitivni vliv aplikace P-hnojiva,
zejména TSP, nikoliv vSak aplikace samotné bakterie, na vyssi vzrist rostlin
Harman et al. (2004) pozorovali G¢inky houby Trichoderma harzianum (T22) na kofenovy
systém, nadzemni ¢ést, velikost a mnoZzstvi kofenovych vlaski u kukufice. Rostliny vzeslé
z oSetfenych semen mély vétsi kofeny a vyhonky neZ sazenice nenaockované. Kofenové
systémy u rostlin, které vyrostly z oSetfenych semen touto houbou, byly témét dvakrat delsi
nez u kontrolnich rostlin. Naockovani zvysilo také rast kofenovych vlaska a hlavnich kotend.
Celkova plocha a objem kotfenli v pfitomnosti kmene T22 byly pfiblizn¢ dvakrat vétsi nez
u kontrolnich rostlin. Tak vyznamny a pozitivni vliv aplikace této houby na porost kukufice

nebo pSenice, nemizeme na zakladé nasich vysledka potvrdit.
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V ramci této prace nebyla potvrzena ani skute¢nost, kterou publikuje nékolik autort,
Ze metabolity (organické kyseliny, fosfomonoesterazy a fytazy), které vylucuje Penicillium
bilaii, dokazi rozpustit mineralni fosfaty a zvysit pfijem fosfati (Nakahara et al., 2004;
Richardson et al., 2011; Gomez-Munoz et al., 2017). Nelze potvrdit ani vysledky studie,
kterou uskutec¢nili Ram et al. (2015), kdy uvadé¢ji, ze po aplikaci P. bilaii v polnich
podminkach doslo ke zvySenému vynosu zrna pSenice. V této praci byla tato houba
aplikovana v nadobovém pokusu a pozitivni vysledky na vynos kukufice nebyly prokazany.

Spohn et al. (2018) uskutecnili studii, ktera byla zaméfena na stanoveni ¢asovych zmén
v piijmu fosforu (P) u mladych bukt (Fagus sylvatica, L.) a ptidnich mikroorganismii na dvou
lesnich stanovistich s kontrastnimi zdsobami P, s cilem 1épe porozumét dynamice P v lesnich
ekosystémech. V ramci  pokusustanovili piijem P rostlinou, pfijem ptdni mikrobialni
biomasou (PMB) a ektomykorhizni houby (EMH) na $pic¢ce kofene pétkrat béhem roku. Dale
zm¢étili slozeni komunity EMH, potencidlni aktivitu kyselé¢ fosfatdzy a mnozstvi gentli
bakteridlni kyselé fosfatdzy. Vysledky ukdzaly, ze mladé stromy rostly lépe v lété
a na podzim na mistech S niz§im obsahem P v pidé, zatimco zvySeny rist rostlin na mistech
S vys$§im obsahem P byl pouze na podzim. Piijem P pudni mikrobialni biomasou byl vyssi
v organické vrstvé na misté¢ s nizkym obsahem P, nez v organické vrstvé v misté bohatém
na P. Tim byla zdiraznéna dulezitost mikrobidlniho podilu P v organické vrstvé lesnich pid
s nizkym obsahem P. Vysledky ukazuji, Zze pidni mikrobialni biomasa byla schopna
kompenzovat niz§i dostupnost P v plid¢ s nedostatecnym obsahem P. Tuto skute¢nost
nemuizeme potvrdit, i pfesto, ze byla v pokusu 10 pouzita piida s nizkym obsahem P. Vyssi
aktitiva kyselé fosfatazy byla zaznamenana u pidnich vzorka variant, kde bylo aplikovano
P-hnojivo v kombinaci s bioefektorem.

Ferreira et al. (2018) hodnotili v pidé kontaminované médi vliv pfistupného P a inokulace
houbou Rhizophagus claus , na aktivitu kyselé fosfatazy. V ramci této studie zalozili 45denni
nadobovy pokus, kdy aplikovali rizné davky P v kombinaci bez ockovani nebo
s naoCkovanim pudy Rhizophagus claus. Ani aplikace P, ani naockovani nemélo vliv
na aktivitu kyselé fosfatazy. Nase pokusy ukazuji opa¢né vysledky. V nadobovém pokusu 10
byla pouzita nekontaminovand pida svelmi nizkym obsahem P a naockovani bylo
provedeno jinymi aktivnimi mikroorganiSmy, nez uvedli Ferreira et al. (2018), doslo
ke zvySeni aktivity fosfatizy u variant, kde byla hodnocena kombinace P-hnojiva
s naockovanim bioefektorem BE2 a BE13. Obdobné zavéry jako Ferreira et al. (2018) maji
také Seabra et al. (2018), ktefi uskutecnili parcelkovy pokus s riznymi davkami P

a pozorovali vliv aplikace P na rlst sazenic mahagonu (Swietenia macrophylla King),
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V porovndni s kontrolni variantou, bez aplikace P. Zavérem uvadé¢ji, ze aktivita kyselé
fosfatazy nebyla ovlivnéna hnojenim P.

Backers et al. (2017) publikovali hodnoceni uc¢inki listové aplikace extraktu z fasy

Ascophyllum nodosum na rist a vynos rostlin bramboru. Aplikovali rizné davky extraktu
(0; 0,5; 1; 2 nebo 4 I/ha), a nasledné hodnotili pocet stonkli na rostlinu, koncentraci zivin
Vv listech, pocet hliz na rostlinu, celkovou a komeréni produktivitu brambor. Roztoky
obsahujici extrakt z fas podporovaly vyssi rist rostlin. U rostlin z variant, kde byla provedena
aplikace extraktu v davce 4 I/ha, doslo nejen ke zvySené produkci hliz, ale také ke zvySeni
jejich velikosti a tedy i hmotnosti. Nase pokusy s touto fasou nepotvrdily Vvliv aplikace této
fasy na vyssi vynosy kukutice nebo psenice.
Aplikaci fasy Ascophyllum nodosum vyzili ve svych pokusech také De Oliviera et al. (2017),
kdy pozorovali G¢inky biostimulantt (huminovych kyselin a fulvokyselin; jednoduchého
extraktu z tas; zeleninového regulatoru s cytokininem, gibberellinem a auxinem; alkalického
extraktu fas)ve srovnani s kontrolni variantou. Biostimulanty bylo oSetfeno osivo bobu
obecného (Phaseolus vulgaris), a nasledné byl sledovan vyvoj kofentl rostlin. Zadny
z biostimulanti vsak nezvysil pomér nadzemni/kofenové ¢asti v porovnani s kontrolou, ani
vyvoj kofenového systému bobu. Ani naSe pokusy nepotvrdily pozitivni vliv aplikace této
fasy na vyvoj nadzemni nebo kofenové casti rostlin u kukufice. Tento pozitivni vliv méla
aplikace trojitého superfosfatu, nikoliv aplikace bioefektort nebo rostlinnych extraktd.

Vétsina autordl, ktefi popisuji pozitivni plisobeni bioefektord, publikuje vysledky ziskané
z pokust, které byly uskutec¢néné ve zcela fizenych laboratornich podminkach (Gravel at al.
2007; He et al. 2013; Buysens et al. 2016; Chagas et al. 2016; Paradiso et al. 2017), nebo
Vv ¢aste¢né fizenych podminkach nadobovych pokust (Ahmad et al. 2015; Gupta et al. 2016;
Wang et al. 2016; EI-Gremi et al. 2017; Lazarevic et al. 2018). V téchto podminkach mohou
ptipravky a jejich G€inné latky (mikroorganismy) pulsobit odliSn€, neZzli Vv podminkach
polnich, a proto je tfeba se na tuto oblast jesté vice zaméfit. V polnich podminkach dochazi
pravdépodobné po aplikaci bioefektorti ke konkuren¢nimu vztahu mezi ucinnou slozkou
pouzitych preparati a pidnimi, pfirozené se vyskytujicimi mikroorganismy na daném
Stanovisti.

Z tohoto diivodu je pozitivni vliv aplikace bioefektori v rostlinné produkci nedostatecné
podlozen a popsan. Je také pravdépodobné, ze diky snadnéjsi publikovatelnosti pozitivnich

vysledku studii dochazi k celkovému nadhodnoceni potencialni ti¢innosti bioefektort.
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8. ZAVER

V ramci této disertaéni prace byla zalozena fada nadobovych i polnich pokust
s testovanim vlivu bioefektorti na parametry rostlin. Cilem této diserta¢ni prace bylo posoudit
vliv aplikace bioefektorti samotnych nebo v kombinaci P-hnojivy pii péstovani rostlin
(kukuftice a pSenice) a jejich vliv na vynos, ristové parametry nadzemni a kofenové Casti
rostlin, odbér vybranych prvki rostlinou a obsah prvkl v nadzemni hmot€ rostlin, a to v rdmci
nadobovych a polnich pokusi. Zpocatku byly bioefektory testovany pouze v pudach s nizkym
nebo vyhovujicim obsahem P, bez ohledu na dalsi padni vlastnosti. Vzhledem k tadé
neprukaznych vysledkd byl v pozdéjsich fazich prace vybér pud uzpusoben tak, aby co
nejvice odpovidaly podminkam, kde byly testované mikroorganismy izolovany. V ramci
vSech pokusii byl sledovan zejména vliv aplikace bioefektorti na rstové parametry rosliny
a piijem vybranych zivin (zejména P) rostlinou. Béhem nékterych pokust vSak byla
pozorovana a hodnocena i fada dal$ich parametri.

Prikazny vliv bioefektorii na vySku rostlin kukufice nebyl v pokusech 1 - 9 pozorovan.
V roce 2017 (pokus 10) byl poprvé zalozen nadobovy pokus s pSenici. Pouze v ramci tohoto
pokusu se prokazal pozitivni vliv aplikace bioefektoru BE2 (Proradix) na fosforem
nehnojenych variantach, a to jen na pocatku vegetace. Ke konci vegetace doslo k vyrovnani
vysky roslin. U nadobovych i nékterych polnich pokust byl prokdzan pouze pozitivni vliv
aplikace TSP. To potvdilo fakt, Ze fosfor byl na sledovanych stanovistich limitujici Zivinou
pro rist rostlin.

U hmotnosti cerstvé nadzemni biomasy rostlin (kukufice/pSenice) lze souhrné
konstatovat fakt, ze aplikace bioefektori neméla pozitivni vliv na hmotnost nadzemni
biomasy rostlin, ani na vynos, a to v ramci nadobovych i polnich pokusti.

Hmotnost kofenového systému byla pozorovana pouze u nadobovych pokusi, kdy bylo
dosazeno obdobnych vysledki, jako u hmotnosti Cerstvé nadzemni biomasy rostlin.
Z vysledkd byl znatelny pouze pozitivni vliv aplikace trojitého superfosfatu na hmotnost
kotenové Casti rostlin, nikoliv vSak aplikace bioefektort.

Dale byl hodnocen vynos suSiny nadzemni hmoty kukufice/pSenice. Pozitivni vliv
aplikace bioefektori na vynos suSiny nebyl prokazén v zadném z provedenych nadobovych
nebo polnich pokust. V nadobovych pokusech byl nejvyssi vynos suSiny stanoven u variant,
kde byl aplikovan trojity superfosfat. Obdobné byl u rozsahlejsiho nadobového pokusu 6

zjistén pouze pozitivni vliv tuhé frakce digestatu na vynos susiny.
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V nadzemni hmot¢ rostlin po sklizni pokust byly hodnoceny obsahy makro- (N, P, K,
Ca, Mg, S) a vybranych mikroprvku (Fe, Cu, Zn, Mn, Mo, B) a jejich odbéry. Priikkazné
vysledky byly zjistény pouze u nddobovych pokusi.

V piipadé pokusu 2 byl zaznamenan negativni vliv na obsah vapniku v nadzemni hmoté
u variant BE1 + TSP a BE2 + MF. Jediny prikazné¢ pozitivni vliv byl zjistén u dusiku, a to
u BE2 na fosforem nehnojené varianté.

U screening experimentu (pokus 6). Byl zaznamenan prikazné vys$Si obsah manganu
v nadzemni hmot¢ rostlin po aplikaci BE2 do nehnojené pudy. V kombinaci s Cistirenskymi
kaly vedla aplikace BE2 ke zvySeni obsahu siry. Nejvice rozdilii bylo naméfeno pfti testovani
bioefektortt v kombinaci s tuhou frakci digestatu. Zde byl prokazan pozitivni vliv aplikace
BEG6 na obsah P, Ca, S, Cu, Mn a B v nadzemni hmot¢ rostlin a aplikace BE5 na obsah P a Fe.
Aplikace BE9 v kombinaci s mletym fosfatem vedla ke zvySenym obsahiim boru v nadzemni
hmotg.

V pokusu 10 (odbér rostlin béhem vegetace) s pSenici jarni byl prokazan pozitivni vliv
bioefektori pouze v ptipad€¢ zinku, kdy byly nejvyss§i hodnoty zaznamenidny u BE12
na fosforem nehnojené varianté. Vice rozdilt bylo prokazano az v rostlinach odebranych
v dobé¢ voskové zralosti. Pozitivni vliv BE2 v kombinaci s MF byl prokazan u siry a u BE13
na fosforem nehnojené varianté Vv piipadé zinku. V tomto pokusu byla hodnocena i aktivita

kyselé fosfatazy. Zde vSak aplikace BE nezptsobila priikazné rozdily mezi variantami.

Ackoli autofi publikaci zaméfenych na bioefektory ve vétSiné piipadi popisuji jejich
prukazné pozitivni vliv, v ramci této disertacni prace se prukazné pozitivni vysledky vyskytly
jen ziidka. Podobné tomu bylo i u vysledkti 21 zahrani¢nich partnerti projektu Biofector,
v ramci kterého byla prace feSena. Pozitivni vysledky uvadéné v literatuie pochdzeji obvykle
z kratkodobych laboratornich testt, kdy je vyuzit jiny péstebni subrat, nezli puda. Popis
pozitivniho vlivu bioefektorti uvedeny v mnoha studiich Ize pficitat snazsi publikovatelnosti

prikazné pozitivnich vysledki a tlaku firem produkujicich tyto vyrobky.

114



9. SEZNAM LITERATURY

Anon. Koppert Biological Systems. Packaging and storage Trianum P - Application Koppert
biological systems. The Netherlands. 2014 [cit. 2014-06-15]. Dostupné z

<http://www.trianum.com/en/products/trianum-p.htmi>.

Adiguzel Zengin. A. C. 2013. Potential application of Quillaja Saponaria Ssponins as an
antimicrobial soaking agent in leather industry. EGE Universitesi. 23 (1). 55-61.

Ahmad, P., Hashem, A., Abd-Allah, E. F., Algarawi, A. A., John, R., Egamberdieva, D.,
Gucel, S. 2015. Role of Trichoderma harzianum in mitigating NaCl stress in Indian mustard

(Brassica juncea L) through antioxidative defense system. Frontiers in Plant Science. 6. 868.

Altuhaish, A., Hamim, Tjahjoleksono, A. 2014. Biofertilizer effects in combination with
different drying system and storage period on growth and production of tomato plant under
field conditions. Emirates Journal of Food and Agriculture. 26 (8). 716-722.

Aulakh M. S., Wassmann R., Bueno C., Kreuzwieser J., Rennenberg H. 2001.
Characterization of root exudates at different growth stages of ten rice (Oryza sativa L.)
cultivars. Plant Biology. 3 (2).139-148.

Balik, J., Kulhanek, M., Cerny, J., Szakova, J., Pavlikova, D., Cermék, P. 2009. Differences
in soil sulfur fractions due to limitation of atmospheric deposition. Plant, Soil and
Environment. 55 (8). 344-352.

Balik, J., Pavlikov4, D., Tlusto§, P., Vanck, V., Pavlik, M. 2008. Mobilita prvki
a latek v rhizosféfe. Katedra agroenvironmentalni chemie a vyzivy rostlin. Ceska zemé&délska

univerzita v Praze. Power Print Praha. 150 s. ISBN: 978-80-213-1861-8.
Balik, J., Van¢k, V., Pavlikova, D., Kulhanek, M., Jakl, M. 2002. Fosfor v pidé¢ a jeho

kolobéh v pfirodé. In: Sbornik z konference ,Raciondlni pouziti hnojiv zaméfené na

problematiku fosforu v rostlinné vyrobé“. Praha. KAVR. 26-34. ISBN: 80-213-0957-1.

115


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Aulakh,%20MS&dais_id=4356640&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Wassmann,%20R&dais_id=85498570&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Bueno,%20C&dais_id=4197426&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Kreuzwieser,%20J&dais_id=42899145&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Rennenberg,%20H&dais_id=1000406637&excludeEventConfig=ExcludeIfFromFullRecPage

Backes, C., Boas, R. L. V., Santos, A. J. M., Ribon, A. A., Bardiviesso, D. M. 2017. Foliar
application of seaweed extract in potato culture. Revista de Agricultura Neotropical. 4 (4).
53-57.

Basu, A., Basu, S., Bandyopadhyay, S., Chowdhury, R. 2015. Optimization of evaporative
extraction of natural emulsifier cum surfactant from Sapindus mukorossi - characterization

and cost analysis. Industrial Crops and Products. 77. 920-931.

Barber, S. A., Mackay, A. D., Kuchenbuch, R. O., Barraclough, P. B. 1988. Effect Of Soil-
Temperature And Water On Maize Root-Growth. Plant and soil. 11 (2). 267-269.

Barkatullah, Ahmad, 1., lbrar, M., Jelani, G. 2015. Allelopathic potential of Sapindus
mukorossi Gaertn tested against Pennisetum Americanum (L.) leeke, Setaria lItalica (L.)
Beauv. and Lactuca sativa (L.). Pakistan Journal of Botany. 47 (5). 1879-1882.

Baudoin, E., Benizri, E., Guckert, A. 2003. Impact of artificial root exudates on the bacterial
community structure in bulk soil and maize rhizosphere. Soil Biology & Biochemistry. 35 (9).
1183-1192.

Beckie, H. J., Schlechte, D., Moulin, A. P., Gleddie, S. C., Pulkinen, D. A. 1998. Response of
alfalfa to inoculation with Penicillium bilaii (Provide). Canadian Journal of Plant Science.
78 (1). 91-102.

Blom, J., Rueckert, Ch., Niu, B., Wang, Q., Borriss, R. 2012. The complete genome of
Bacillus amyloliquefaciens subsp. plantarum CAU B946 contains a gene cluster for
nonribosomal synthesis of iturin A. Journal of Bacteriology. American Society for
Microbiology. 194 (7). 1845-1846.

Blume, H. P., Brimmer, G. W., Schwertmann, U., Horn, R., Knabner, I. K., Stahr, K.,
Auerswald, K., Beyer, L., Hartmann, A., Litz, N., Scheinost, A., Stanjek, H., Welp, G., Wilke,
B. M. 2002a. Lehrbuch der bodenkunde - Scheffer/Schachtschabel. Spektrum Akademischer
Verlag GmbH. Heidelberg - Berlin. 15. Aufl. 607 p. ISBN: 3-8274-1324-9.

116


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Baudoin,%20E&dais_id=6400410&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Benizri,%20E&dais_id=7289890&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Guckert,%20A&dais_id=30825815&excludeEventConfig=ExcludeIfFromFullRecPage

Brundrett, M. C. 2009. Mycorrhizal associations and other means of nutrition of vascular
plants: understanding the global diversity of host plants by resolving conflicting information

and developing reliable means of diagnosis. Plant and Soil. 320 (1-2). 37-77.

Brutti, L., Alvarado, P., Rojas, T., Martensson, A. 2015. Tomato seedling development is
improved by a substrate inoculated with a combination of rhizobacteria and fungi. Acta
Agriculturae Scandinavica Section B-Soil and Plant Science. 65 (2). 170-176.

Burkett-Cadena, M., Kokalis-Burelle, N., Lawrence, K. S., van Santen, E., Kloepper, J. W.
2008. Suppressiveness of root-knot nematodes mediated by rhizobacteria. Biological Control.
47 (1). 55-59.

Buysens, C., Cesar, V., Ferrais, F., de Boulois, H. D.,Declerck, S. 2016. Inoculation of
Medicago sativa cover crop with Rhizophagus irregularis and Trichoderma harzianum
increases the yield of subsequently-grown potato under low nutrient conditions. Applied Soil
Ecology. 105. 137-143.

Campos, C., Cardoso, H., Nogales, A., Svensson, J., Lopez-Raez, J. A., Pozo, M. J., Nobre,
T., Schneider, C., Arnholdt-Schmitt, B. 2015. Intra and Inter-Spore Variability in
Rhizophagus irregularis AOX Gene. PLoS ONE. 10 (11). e0142339.

Ceballos, I., Ruiz, M., Fernandez, C., Pefia, R., Rodriguez, A., Sanders, 1. R. 2013. The in
vitro mass-produced model mycorrhizal fungus, Rhizophagus irregularis, significantly
increases yields of the globally important food security crop Cassava. PLoS ONE. 8 (8).
e70633.

Chagas, L. F. B., De Castro, H. G., Colonia, B. S. O., De Carvalho, M. R., Miller, L. D.,
Chagas, A. F. 2016. Efficiency of Trichoderma spp. as a growth promoter of cowpea (Vigna
unguiculata) and analysis of phosphate solubilization and indole acetic acid synthesis.
Brazilian Journal of Botany. 39 (2). 437-445.

Chang, S. C., Jackson, M. L. 1957. Fractionation of soil phosphorus. Soil Science. 84 (2).
133-144.

117


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Brutti,%20L&dais_id=11259170&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Alvarado,%20P&dais_id=2323610&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Rojas,%20T&dais_id=67217120&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Martensson,%20A&dais_id=21379126&excludeEventConfig=ExcludeIfFromFullRecPage

Chen, X. H., Koumoutsi, A., Scholz, R., Eisenreich, A., Schneider, K., Heinemeyer, 1.,
Morgenstern, B., VVoss, B., Hess, R. W., Reva, O., Junge, H., Voigt, B., Jungblut, R. P., Vater,
J., Sissmuth, R., Liesegang, H., Strittmatter, A., Gottschalk, G., Borriss, R. 2007.
Comparative analysis of the complete genome sequence of the plant growth-promoting

bacterium Bacillus amyloliquefaciens FZB42. Nature Biotechnology. 25 (9). 1007-1014.

Chen, X. H., Borriss, R., Scholz, R., Schneider, K., Vater, J., Siissmuth, R., Piel, J.,
Koumoutsi, A. 2009. Genome analysis of Bacillus amyloliquefaciens FZB42 reveals its

potential for biocontrol of plant pathogens. Journal of Biotechnology. 140 (1-2). 27-37.

Chiarini, L., Bevivino, A., Tabacchioni, S., Dalmastri, C. 1998. Inoculation of Burkholderia
cepacia, Pseudomonas fluorescens and Enterobacter sp. on Sorghum bicolor: Root
colonization and plant growth promotion of dual strain inocula. Soil Biology and
Biochemistry. 30 (1). 81-87.

Chowdhury S. P., Hartmann A., Gao X. W., Borriss R. 2015. Biocontrol mechanism by root-
associated Bacillus amyloliquefaciens FZB42. Frontiers in Microbiology. 6. 780.

Claus, D., Berkeley, R. C. W. 1986. Genus Bacillus Cohn 1872. In: Sneath, P. H. A., Mair, N.
S., Sharpe, M. E., Holt, J. G. (eds). Bergey’s Manual of Systematic Bacteriology. Williams &
Wilkins. Baltimore. p. 1105-1139. ISBN: 0-683-07893-3.

Compton, J. E., Cole, D. W. 1998. Phosphorus cycling and soil P fractions in Douglas-fir and
red alder stands. Forest Ecology and Management. 110 (1-3). 101-112.

Countinho, J., Sousa, J. R., Fernandes, M. L. V. 1996. Evaluation of soil test methods for the
estimation of plant available phosphorus in the most representative soils from portugal. V a
greenhouse study with soils from north and central regions. In: Van Ittersum, M. K., Venner,
G. E. G. T., Geijn, S. C., Jetten, T. H. (eds.). Book of abstracts 4th ESA-congress. Vol. 1.
European society for agronomy. Netherlands. p. 288-289. ISBN: 90-73384-43-5.

Craigie, J. S. 2011. Seaweed extract stimuli in plant science and agriculture. Journal of
Applied Phycology. 23 (3). 371-393.

118


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W1Rtw2X4z1xZPV5bTap&author_name=Chowdhury,%20SP&dais_id=2448247&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W1Rtw2X4z1xZPV5bTap&author_name=Hartmann,%20A&dais_id=32501580&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W1Rtw2X4z1xZPV5bTap&author_name=Gao,%20XW&dais_id=3994554&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W1Rtw2X4z1xZPV5bTap&author_name=Borriss,%20R&dais_id=9801425&excludeEventConfig=ExcludeIfFromFullRecPage

Cross, A. F., Schlesinger, W. H. 1995. A literature review and evaluation of the Hedley
fractionation: Applications to the biogeochemical cycle of soil phosphorus in natural
ecosystems. Geoderma. 64 (3-4). 197-214.

Cunningham, J. E., Kuiack, C. 1992. Production of citric and oxalic acids and solubilization
of calcium phosphate by Penicillium bilaiae. Applied and Environmental Microbiology.
58 (5). 1451-1458.

CSN EN 13651. 2002. Pidni melioranty a stimulanty riistu - Extrakce Zivin rozpustnych
v chloridu vapenatém/DTPA (CAD). Cesky normalizaéni institut. Praha. 20 s.

De Geyter, E., Smagghe, G., Rahbé, Y., Geelen, D. 2012. Triterpene saponins of Quillaja
saponaria show strong aphicidal and deterrent activity against the pea aphid Acyrthosiphon
pisum. Pest management science. 68 (2). 164-9.

De Oliveira, S. M., Umburanas, R. C., Pereira, R. G., De Souza, L.T., Favarin, J. L. 2017.
Biostimulants via seed treatment in the promotion of common bean (Phaseolus vulgaris) root
growth. Applied Research & Agrotechnology. 10 (3). 109-114.

Dennis, C., Webster, J. 1971. Antagonistic properties of species-groups of Trichoderma: 1.
Production of volatile antibiotics. Transactions. The British Mycological Society. Cambridge
University Press. 57 (1). 41-48.

De Willigen, P., Van Noordwijk, M. 1987. Roots, plant production and nutrient use
efficiency. PhD thesis. Agricultural University Wageningen. Netherlands. 282 p.

Dick, W. A., Tabatabai, M. A. 1984. Kinetic parameters of phosphatases in soils and organic

waste materials. Soil Science. 137 (1). 7-15.
Dietz, M., Strock, J. Phosphorus cycle [online]. University of Minnesota. 2010 [cit. 2015-04-

28]. Dostupné z <http://swroc.cfans.umn.edu/ResearchandOutreach/SoilManagement/Soil

Research/PhosphorusCycle/ index.htm>.

119



Do Vale, L. H. F., Gomez-Mendoza, D. P., Kim, M. S., Pandey, A., Ricart, C. A. O., Filho, E.
X. F., Sousa, M. V. 2012. Secretome analysis of the fungus Trichoderma harzianum grown
on cellulose. Proteomics. 12 (17). 2716-2728.

Dominguez, S., Rubio, M. B., Cardoza, R. E., Gutierrez, S., Nicolas, C., Bettiol, W.,
Hermosa, R., Monte, E. 2016. Nitrogen metabolism and growth enhancement in tomato plants
challenged with Trichoderma harzianum expressing the Aspergillus nidulans acetamidase

amdS gene. Frontiers in Microbiology. 7. 1182.

Duo-Chuan L. 2006. Review of fungal chitinases. Mycopathologia. 161 (6). 345-360.

Duvigneaud, P. 1988. Ekologicka syntéza. Academia Praha. 414 p. ISBN: 21-054-88.

Egle K., Romer W., Keller H. 2003. Exudation of low molecular weight organic acids by
Lupinus albus L., Lupinus angustifolius L. and Lupinus luteus L. as affected by phosphorus
supply. Agronomie. 23 (5-6). 511-518.

El-Gremi, S. M., Draz, I. S., Youssef, W. A. E. 2017. Biological control of pathogens

associated with kernel black point disease of wheat. Crop Protection. 91. 13-109.

Elansary, H. O., Skalicka-Wozniak, K., King, I. W. 2016. Enhancing stress growth traits as
well as phytochemical and antioxidant contents of Spiraea and Pittosporum under seaweed

extract treatments. Plant Physiology and Biochemistry. 105. 310-320.

Eltlbany, N., Smalla, S. The effect of Pseudomonas jessenii RU47 and Bacillus
amyloliquefaciens FZB42 on the rhizosphere microbial community and plant growth of
tomato and maize [online]. Nachwuchswissenschaftlerforum/Young Scientists Meeting 2013.
Berichte aus dem Julius Kiihn-Institut. 2013 [cit. 2014-12-23]. Dostupné z
<http://pub.jki.bund.de/index.php/BerichteJKI/article/view/2737/2969>.

Fan, B., Carvalhais, C. L., Becker, A., Fedoseyenko, D., von Wirén, N., Borriss, R. 2012.

Transcriptomic profiling of Bacillus amyloliquefaciens FZB42 in response to maize root
exudates. BMC Microbilogy. 12. 116.

120


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Egle,%20K&dais_id=22228400&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Romer,%20W&dais_id=29393381&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=W21v2dtw8zFBLrjxJDP&author_name=Keller,%20H&dais_id=8828717&excludeEventConfig=ExcludeIfFromFullRecPage

Ferreira, P. A. A., Tiecher, T., Tiecher, T. L., Rangel, W. D., Soarese, C. R. F. S., Deuner, S.,
Tarouco, C. P., Giachini, A. J. et al. 2018. Effects of Rhizophagus clarus and P availability in
the tolerance and physiological response of Mucuna cinereum to copper. Plant Physiology
and Biochemistry. 122. 46-56.

Ferreira, A., Pires, R., Rabelo, P., Oliveira, R., Luz, J., Brito, C. 2013. Implications of
Azospirillum brasilense inoculation and nutrient addition on maize in soils of the Brazilian

cerrado under greenhouse and field conditions. Applied Soil Ecology. 72. 103-108.

Ferrigo, D., Raiola, A., Rasera, R., Causin, R. 2014. Trichoderma harzianum seed treatment
controls Fusarium verticillioides colonization and fumonisin contamination in maize under
field conditions. Crop Protection. 65. 51-56.

Frohlich, A., Buddrus-Schiemann, K., Durner, J., Hartmann, A., von Rad, U. 2012. Response
of barley to root colonization by Pseudomonas sp. DSMZ 13134 under laboratory,

greenhouse, and field conditions. Journal of Plant Interactions. 7 (1). 1-9.

Galletti, S., Fornasier, F., Cianchetta, S., Lazzeri, L. 2015. Soil incorporation of brassica
materials and seed treatment with Trichoderma harzianum: Effects on melon growth and soil
microbial aktivity. Industrial Crops and Products. 75 Part A. 73-78.

Gardner, F. P., Pearce, R. B., Mitchell, R. L. 1985. Physiology of crop plants. lowa State
University Press. Ames. IA (USA). 321 p. ISBN: 0-8138-1376-X.

Gholami, A., Shahsavani, S., Nezarat, S. 2009. The effect of plant growth promoting
rhizobacteria (PGPR) on germination, seedling growth and yield of maize. International
Journal of Biological, Biomolecular, Agricultural, Food and Biotechnological Engineering.
3(1).9-12.

Gomes, E. V., Costa, M. D., de Paula, R. G., de Azevedo, R. R., da Silva, F. L., Noronha, E.
F., Ulhoa, C. J., Monteiro, V. N., Cardoza, R. E., Gutierrez, S. 2015. The Cerato-Platanin
protein Epl-1 from Trichoderma harzianum is involved in mycoparasitism, plant resistance

induction and self cell wall protection. Scientific Reports. 5. 1-13.

121



Gomez-Munoz, B., Pittroff, S. M., de Neergaard, A., Jensen, L. S., Nicolaisen, M. H., Magid,
J. 2017. Penicillium bilaii effects on maize growth and P uptake from soil and localized

sewage sludge in a rhizobox experiment. Biology and Fertility of Soils. 53 (1). 23-35.

Grandon, S. A., Espinosa, B. M., Rios, L. D., Sanchez, O. M., Saez, C. K., Hernandez, S. V.,
Becerra, A. J. 2013. Variation of saponin contents and physiological status in Quillaja
saponaria under different environmental conditions. Natural Products INC. 8 (12).
1697-1700.

Gravel, V., Antoun, H., Tweddell, R. J. 2007. Growth stimulation and fruit yield
improvement of greenhouse tomato plants by inoculation with Pseudomonas putida or
Trichoderma atroviride: Possible role of indole acetic acid (IAA). Soil Biology &
Biochemistry. 39. 1968-1977.

Gregory, P. 2006. Plant roots — Grow, aktivity and interaction with soils. Blackwell
Publishing Ltd, UK. 318 p.

Gulden. R. H., Vessey, J. K. 2000. Penicillium bilaii inoculation increases root-hair
production in field pea. Agricultural Institute of Canada. 80 (4). 801-804.

Gupta, R., Bisaria, V. S., Sharma, S. 2016. Response of rhizospheric bacterial communities of
Cajanus cajan to application of bioinoculants and chemical fertilizers: A comparative study.
European Journal of Soil Biology. 75. 107-114.

Halas, L., Gaborik, S. 2000. Porovnanie analyz p6d metddami Mehlich III a Mehlich II.
Agrochémia. 40 (3). 21-24.

Harman, G. E., Howell, Ch. R., Viterbo, A., Chet, I., Lorito, M. 2004a. Trichoderma species -

opportunistic, avirulent plant symbionts. Nature Reviews Microbiology. 2 (1). 43-56.

Harman, G. E., Petzoldt, R., Comis, A., Chen, J. 2004bh. Interactions between Trichoderma
harzianum strain T22 and maize inbred line mol17 and effects of these interactions on diseases
caused by Pythium ultimum and Colletotrichum graminicola. Phytopathology. 94 (2).
147-153.

122


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=N2ralW13lIprWzSuuh5&author_name=Gupta,%20R&dais_id=195163&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=N2ralW13lIprWzSuuh5&author_name=Bisaria,%20VS&dais_id=8491525&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=N2ralW13lIprWzSuuh5&author_name=Sharma,%20S&dais_id=2003826400&excludeEventConfig=ExcludeIfFromFullRecPage

He P., Hao K., Blom J., Riickert Ch., Vater J., Mao Z. C., Wu Y. X., Hou M. S., He P. B., He,
Y.Q. et al. 2013. Genome sequence of the plant growth promoting strain Bacillus
amyloliquefaciens subsp. plantarum B9601-Y2 and expression of mersacidin and other

secondary metabolites. Journal of Biotechnology. 164. 281-291.

Hedley, M. J., Stewart, J. W. B., Chauhan, B. S. 1982. Changes in inorganic and organic soil
phosphorus fraction inducted by cultivation practices and by laboratory incubations. Soil
Science Society of America Journal. 46 (5). 970-976.

Heng, W., Ling, Z., Na, W., Youzhi, G., Zhen, W., Zhiyong, S., Deping, X., Yunfei, X.,
Weirong, Y. 2014. Analysis of the bioactive components of Sapindus saponins. Industrial
Crops and Products. 61. 422-429.

Hermosa, R., Viterbo, A., Chet, I., Monte, E. 2012. Plant-beneficial effects of Trichoderma
and of its genes. Microbiology. 158. 17-25.

Hoffman, G. 1991. VDLUFA - Methodenbuch band I: Die untersuchung von Béden. Verband
Deutscher Landwirtschaftlicher Untersuchungs- und Vorschungsanstalten -Verlag. Darmstadt.
316 p.

Holeckova, Z., Kulhanek, M., Balik, J. 2017. Use of active microrganisms in crop production
- a review. Journal of Food Processing & Technology. 8 (10). 696.

Holliday, V. T., Gartner, W. G. 2007. Methods of soil P analysis in archeology. Journal
of Archaeological Science. 34 (2). 301-333.

Howell, C. R. 2003. Mechanisms employed by Trichoderma Species in the biological control

of plant diseases: The history and evolution of current concepts. Plant Disease. 87 (1). 4-10.

Israr, D., Mustafa, G., KhanKhalid, S., Shahzad, M., Ahmad, N., Masood, S. 2016. Interactive
effects of phosphorus and Pseudomonas putida on chickpea (Cicer arietinum L.) growth,
nutrient uptake, antioxidant enzymes and organic acids exudation. Plant Physiology and
Biochemistry. 108. 304-312.

123



Ivanic, J., Havelka, B., Knop, K. 1984. VVyziva a hnojenie rastlin. Priroda Bratislava - SZN
Praha. 482 p. ISBN: 64-045-84.

Jones, D., Smith, B. F. L., Wilson, M. J., Goodman, B. A. 1991. Phosphate solubilizing fungi
in a Scottish upland soil. Mycological Research. Cambridge University Press. 95 (9).
1090-1093.

Kadam, S. U., Tiwari, B. K., O'Donnell, C. P. 2015a. Extraction, structure and biofunctional
activities of laminarin from brown algae. International Journal of Food Science and
Technology. 50 (1). 24-31.

Kadam, S. U., Pankaj, S. K., Tiwari, B. K., Cullen, P. J., O’Donnell, C. P. 2015b.
Development of biopolymer-based gelatin and casein films incorporating brown seaweed
Ascophyllum nodosum extract. Food Packaging and Shelf Life. 6. 68-74.

Karamanos, R. E., Flore, N. A., Harapiak, T. J. 2010. Re-visiting use of Penicillium bilaii
with phosphorus fertilization of hard red spring wheat. Canadian Journal of Plant Science. 90
(3). 265-277.

Katz, E., Demain, A. C. 1977. Peptide antibiotics of Bacillus: Chemistry, biogenesis, and
possible functions. Bacteriological Reviews. 41 (2). 449-474.

Kifle M. H. and Laing M. D. 2016. Effects of selected diazotrophs on maize growth. Frontiers
in Plant Science. 7. 1429.

Kolektiv autorti. Bacillus subtilis final risk assessment [online]. Biotechnology program under
the toxic substances control act (TSCA). Attachment I. — Final risk assessment of Bacillus
subtilis. Environmental Protection Agency. United States. 1997 [cit. 2015-10-23]. Dostupné z
<http://www.agriculturedefensecoalition.org/sites/default/files/pdfs/AM_2009_EPA_Website
2009 _Bacillus_Subtilis_Final_Risk_Assessment.pdf>.

124



Korzybski, T., Kowszyk-Gindifer, Z., Kurylowicz, W. 1978. Antibiotics isolated from the
genus Bacillus (Bacillaceae) In: Antibiotics - Origin. Nature and Properties. Vol. Il
American Society of Microbiology. Washington. DC. 1529-1661.

Koumoutsi, A., Chen, X. H., Henne, A., Liesegang, H., Hitzeroth, G., Franke, P., Vater, J.,
Borriss, R. 2004. Structural and functional characterization of gene clusters directing
nonribosomal synthesis of bioactive cyclic lipopeptides in Bacillus amyloliquefaciens strain
FZB42. Journal of Bacteriology. 186 (4). 1084-1096.

Krober, M., Wibberg, D., Grosch, R., Eikmeyer, F., Verwaaijen, B., Chowdhury, S. P.,
Hartmann, A., Puhler, A., Schluter, A. 2014. Effect of the strain Bacillus amyloliquefaciens
FZB42 on the microbial community in the rhizosphere of lettuce under field conditions

analyzed by whole metagenome sequencing. Frontiers in Microbiology. 5. 252.

Kulhének, M. 2006. Transformace fosforu v ptid€ pii riznych systémech hnojeni a porovnani
rozdilnych extrakénich metod. Diserta¢ni prace. Katedra agroenvironmentalni chemie

a vyzivy rostlin. Ceska zemédélska univerzita v Praze. 121 s.

Kumar, G. P., Desali, S., Reddy, G., Amalraj, E. L. D., Rasul, A., Ahmed, S. K. M. H. 2015.
Seed bacterization with fluorescent Pseudomonas spp. enhances nutrient uptake and growth

of Cajanus cajan L. Communications in Soil Science and Plant Analysis. 46 (5). 652-665.

Kunst, F., Ogasawara, N., Moszer, 1., Albertini, A. M., Alloni, G., et al. 1997. The complete
genome sequence of the Gram-positive bacterium Bacillus subtilis. Nature. 390 (6657).
249-256.

Lack, A., Evans, D. 2005. Plant biology. 2nd ed. Taylor & Francis Group. New York.
Abingdon. 370 p. ISBN: 0-4153-5643-1.

Lagerlof, J., Ayuke, F., Bejai, S., Jorge, G., Lagerqvist, E., Meijer, J., JohnMuturi, J.,
Soderlund, S. 2015. Potential side effects of biocontrol and plant-growth promoting Bacillus

amyloliquefaciens bacteria on earthworms. Applied Soil Ecology. 96. 159-164.

Larcher, W. 1988. Fyziologicka ekologie rostlin. Academia. Praha. 361 s.
125



Latef, A. A. H. A., He, C. X. 2014. Does inoculation with Glomus mosseae improve salt

tolerance in pepper plants? Journal Of Plant Growth Regulation. 33 (3). 644-653.

Lazarevic, B., Losak, T., Manschadi, A. M. 2018. Arbuscular mycorrhizae modify winter
wheat root morphology and alleviate phosphorus deficit stress. Plant, Soil and Environment.
64 (1). 47-52.

Li, R.,, Wu, Z. L., Wang, Y. J., Li, L. L. 2013. Separation of total saponins from the pericarp
of Sapindus mukorossi Gaerten. by foam fractionation. Industrial Crops and Products.
51. 163-170.

Li, Y. S., Mao, X. T., Tian, Q. Y., Li, L. H., Zhang, W. H. 2009. Phosphorus deficiency-
induced reduction in root hydraulic conductivity in Medicago falcata is associated with

ethylene production. Environmental and Experimental Botany. 67 (1). 172-177.

Liang, T. W., Tseng, S. C., Wang, S. L. 2016. Production and characterization of antioxidant
properties of exopolysaccharide(s) from Peanibacillus mucilaginosus TKU032. Marine
Drugs. 14 (2). 40.

Liu, Y., Chen, J. 2014. Phosphorus cycle. Reference module in earth systems and
environmental sciences. from Encyclopedia of Ecology 2008. 2715-2724.

Liu, C. Y., Wu, Q. S. 2014. Relationships between mycorrhizas and antioxidant enzymes in
citrus (Citrus tangerina) seedlings inoculated with Glomus mosseae. Pakistan Journal of
Botany. 46 (3). 1125-1128.

Liu, Y., Yan, T., Li, Y., Cao, W., Pang, X., Wu, D., Wei, Q. 2015. A simple label-free
photoelectrochemical immunosensor for highly sensitive detection of aflatoxin By based on

CdS—Fe304 magnetic nanocomposites. RSC Advances. 5 (25). 19581-19586.

Lopez-Bucio, J., Cruz-Ramirez, A., Herrera-Estrella, L. 2003. The role of nutrient availability

in regulating root architecture. Current Opinion in Plant Biology. 6 (3). 280-287.

126



Loépez-Valdez, F., Fernandez-Luqueno, F., Ceballos-Ramirez, J. M., Marsch. R., Olalde-
Portugal, V., Dendooven, L. 2011. A strain of Bacillus subtilis stimulates sunflower growth

(Helianthus annuus L.) temporarily. Scientia Horticulturae. 128 (4). 499-505.

Losak, T., Hlusek, J., Lampartova, 1., Elbl, J., Miihlbachova, G., Cermak, P., Antonkiewicz,
J. 2016. Changes in the content of soil phosphorus after its application into chernozem and
haplic luvisol and the effect on yields of barley biomass. Acta Universitatis agriculturae et
silviculturae Mendelianae Brunensis. 64 (5). 1603-1608.

Lu, J. J., Xue, A. Q,, Cao, Z. Y., Yang, S. J., Hu, X. F. 2014. Diversity of plant growth-
promoting Paenibacillus mucilaginosus isolated from vegetable fields in Zhejiang, China.
Annals of Microbiology. 64 (4). 1745-1756.

Luscombe, P. C., Syers, J. K., Gregg, P. E. H. 1979. Water extraction as a soil testing
procedure for phosphate. Communications in Soil Science and Plant Analysis. 10 (11).
1361-1369.

Ma, X., Wang, X., Cheng, J., Nie, X., Yu, X., Zhao, Y., Wang, W. 2015. Microencapsulation
of Bacillus subtilis B99-2 and its biocontrol efficiency against Rhizoctonia solani in tomato.
Biological Control. 90. 34-41.

Ma, M., Wang, Z., Li, L., Jiang, X., Guan, D., Cao, F., Chen, H., Wang, X., Shen, D., Du, B.,
Li, J. 2012. Complete genome sequence of Paenibacillus mucilaginosus 3016, a bacterium

functional as microbial fertilizer. Journal of Bacteriology. 194 (10). 2777-2778.

Machacek, V. 2002. Metody stanoveni obsahu fosforu v ptadach. Sbornik z konference
»Racionalni pouziti hnojiv zaméfené na problematiku fosforu v rostlinné vyrobé“. Praha

KAVR. 46-49. ISBN: 80-213-0957-1.
Mackey, K. R. M., Paytan, A. 2009. Phosphorus cycle. In: Schaechter M. (ed.) 2009.

Encyclopedia of Microbiology. 3rd. ed. Academic Press. Oxford. p. 322-334.
ISBN: 978-0-12-373939-1.

127



Mader, P., Szakova, J., Miholova, D. 1998. Classical dry ashing of biological and agricultural
materials. Part Il. Losses of analytes due to their retention in an insoluble residue. Analusis.
26.121-129.

Maguire, R. O., Sims, J. T. 2002. Measuring agronomic and enviromental soil phosphorus
saturation and predicting phosphorus leaching with Mehlich 3. Soil Science Society
of America Journal. 66 (6). 2033-2039.

Maier, C., Conrad, J., Carle, R., Weiss, J., Schweiggert, R. M. 2015. Phenolic constituents in
commercial aqueous Quillaja (Quillaja saponaria Molina) wood extracts. Journal of
Agricultural and Food Chemistry. 63 (6). 1756-1762.

Marschner, H. 2012. Marschner's mineral nutrition of higher plants. Academic Press. New
York. USA. 672 p. ISBN: 978-0-12-384905-2.

Mariotti, M., Ercoli, L. 1996. Effect of soil volume on nitrogen and phosphorus uptake by
maize. In: Van Ittersum, M. K., Venner, G. E. G. T., Geijn, S. C., Jetten, T. H. (eds.). Book of
abstracts 4th ESA-congress. Volume |. European society for agronomy. Netherlands.
p. 262-263. ISBN: 90-73384-43-5.

Matula, J. 2012. Inovace metod kontroly vyzivného stavu zemédélskych pid fosforem z
konsensu produkéniho a environmentalniho aspektu Setrného vyuzivani ptirodnich zdroju.
Metodika pro praxi. Vyzkumny tstav rostlinné vyroby, v.v.i. Praha. 55 s.
ISBN: 978-80-7427-110-6.

McGechan, M. B., Lewis, D. R. 2002. Sorption of phosphorus by soil, part 1: Principles,
equations and models. Biosystems Engineering. 82 (1). 1-24.

Mehlich, A. 1984. Mehlich-3 soil test extractant: A modification of Mehlich-2 extractant.
Communications in Soil Science and Plant Analysis. 15. 1409-1416.

Mehta, N. C., Legg, J. O., Goring, C. A. |, Black, C. A. 1954. Determination of organic
phosphorus in soils: I. Extraction method. Soil Science Society of America Proceedings. 18.
443-449.

128



Mengel, K. 1996. Efficient use soil and fertilizer phosphate. In: Van Ittersum, M. K., Venner,
G. E. G. T, Geijn, S. C., Jetten, T. H. (eds.). Book of abstracts 4th ESA-congress. Vol. I.
European society for agronomy. Netherlands. p. 286-287. ISBN: 90-73384-43-5.

Mengel, K. 1991. Erndhrung und stoffwechsel der pflanze. Gustav Fischer Verlag Jena. 466
p. ISBN: 3-334-00310-8.

Mengel, K., Kirkby, E. A. 1987. Principles of plant nutrition. International Potasch Institute.
Land Druck AG. Liebenfeld/Bern. 687 p. ISBN: 3906535037

Michalik, I. 2001. Molekuldrne a energetické aspekty prijmu a asimilécie Zivin v rostlinach.

Slovenska polnohospodarska univerzita v Nitre. 158 p. ISBN: 80-7137-836-4.

Michalak, I., Chojnacka, K., Dmytryk, A., Wilk,R., Gramza, M., R¢j, E. 2016. Evaluation of
supercritical extracts of algae as biostimulants of plant growth in field trials. Frontiers in Plant
Science. 7. 1591.

Mohamed, H. A., Barry, K. M., Measham, P. F. 2016. The role of arbuscular mycorrhizal
fungi in establishment and water balance of tomato seedlings and sweet cherry cuttings in low
phosphorous soil. Acta Horticulturae. 1112. 109-115.

Nakahara, S., Kusano, M., Fujioka, S., Shimada, A., Kimura, Y. 2004. Penipratynolene,
a novel nematicide from Penicillium bilaiae Chalabuda. Bioscience Biotechnology and
Biochemistry. 68 (1). 257-259.

Nash, D. M., Haygarth, P. M., Turner, B. L., Condron, L. M., McDowell, R. W., Richardson,
A. E., Watkins, M., Heaven, M. W. 2014. Using organic phosphorus to sustain pasture
productivity: A perspective. Geoderma. 221-222. 11-19.

Nezarat, S. and Gholami, A. 2009. Screening plant growth promoting rhizobacteria for

improving seed germination, seedling growth and yield of maize. Pakistan Journal of
Biological Sciences. 12 (1). 26-32.

129



Neumann G. 2012. EU-funded research collaboration on use of bio-effectors in agriculture
launched [online]. University of Hohenheim. 2012 [cit. 2014-10-15]. Dostupné z

<http://lwww.biofector.info/about-biofector.html>.

Neumann, G., Romheld, V. 2002. Root-induced changes in the availability of nutrients in the
rhizosphere. In: Waisel Y., Eshel A., Kafkafi U. (eds.). Plant roots: The Hidden Half. Marcel
Dekker. p. 617-649.

Olsen, S. R., Sommers, L. E. 1982. Phosphorus. In: Page, A. L., Miller, R. H. (eds.). Methods
of soil analysis. Part 2. 2nd ed. Agronomy Monograph 9. ASA and SSSA. Madison. WI.
p. 403-430.

Orcutt, D. M., Nilsen, E. T. 1996. The physiology of plants under stress — soil and biotic
factors. Virginia Polytechnic Institute and State University. USA. 696 p.
ISBN: 0-471-17008-9.

Orio, A. G. A., Brucher, E., Ducasse, D. A. 2016. A strain of Bacillus subtilis subsp subtilis
shows a specific antagonistic activity against the soil-borne pathogen of onion Setophoma

terrestris. European Journal of Plant Pathology. 144 (1). 217-223.

Opik, H., Rolfe, S. A. 2005. The physiology of flowering plants. 4th ed. Cambridge
University Press. Cambridge. 392 p. ISBN-13: 978-0-521-66485-3.

Paradiso, R., Arena, C., De Micco, V., Giordano, M., Aronne, G., De Pascale, S. 2017.
Changes in leaf anatomical traits enhanced photosynthetic activity of soybean grown in

hydroponics with plant growth-promoting microorganisms. Frontiers in Plant Science. 8. 674.

Priest, F. G., Goodfellow, M., Shute, L. A., Berkeley, R. C. W. 1987. Bacillus
amyloliquefaciens sp. - nov., nom. rev. International Journal of Systematic and Evolutionary
Microbiology. 37 (1). 69-71.

Radersma, S., Lusiana, B., van Noordwijk, M. 2005. Simulation of soil drying induced
phosphorus deficiency and phosphorus mobilization as determinants of maize growth near
tree lines on a Ferralsol. Field Crops Research. 91 (2-3). 171-184.

130



Raja, U. Trichoderma harzianum [online]. Greenmax Agro Tech. India. 2007

[cit. 2014-05-23]. Dostupné z <http://www.greenmaxagrotech.com/enquiry.html>.

Ram, H., Malik, S. S., Dhaliwal, S. S., Kumar, B., Singh, Y. 2015. Growth and productivity
of wheat affected by phosphorus-solubilizing fungi and phosphorus levels. Plant, Soil and
Environment. 61 (3). 122-126.

Rathi, N., Singh, S., Osbone, J., Babu, S. 2015. Co-aggregation of Pseudomonas fluorescens
and Bacillus subtilis in culture and co-colonization in black gram (Vigna mungo L.) roots.
Biocatalysis and Agricultural Biotechnology. 4 (3). 304-308.

Rayirath, P., Benkel, B., Hodges, D. M., Allan-Wojtas, P., Mackinnon, S., Critchley, A. T.,
Prithiviraj, B. 2009. Lipophilic components of the brown seaweed, Ascophyllum nodosum.
enhance freezing tolerance in Arabidopsis thaliana. Planta. 230 (1). 135-147.

Richter, R. Dopliikkovy text - Fosfor, vyznam fosforu, symptomy nedostatku a nadbytku
fosforu [online]. Ustav agrochemie a vyzivy rostlin. MZLU v Brng&. 2004 [cit. 2014-08-12].
Dostupné z <http://web2.mendelu.cz/af 221 multitext/vyziva rostlin/html/biogenni_prvky/
p.htm>.

Richter, R. 2007. Fosfor v ptidé [online]. Ustav agrochemie a vyzivy rostlin. MZLU v Brné.
[cit. 2015-03-31]. Dostupné z <http://web2.mendelu.cz/af 221 multitext/vyziva rostlin/html/
agrochemie_pudy/puda_p.htm>.

Richardson, A. E., Lynch, J. P., Ryan, P. R., Delhaize, E., Smith, F. A., Smith, S. E., Harvey,
P. R. et al. 2011. Plant and microbial strategies to improve the phosphorus efficiency of

agriculture. Plant and Soil. 349 (1-2). 121-156 SI.

Rioux, L. E., Turgeon, S. L., Beaulieu, M. 2007. Characterization of polysaccharides

extracted from brown seaweeds. Carbohydrate Polymers. 69 (3). 530-537.

131


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Ram,%20H&dais_id=28232451&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Malik,%20SS&dais_id=10821007&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Dhaliwal,%20SS&dais_id=7861981&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Kumar,%20B&dais_id=9417197&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Singh,%20Y&dais_id=16459472&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Richardson,%20AE&dais_id=1000456451&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Lynch,%20JP&dais_id=10653462&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Ryan,%20PR&dais_id=15117472&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Delhaize,%20E&dais_id=18691410&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Smith,%20FA&dais_id=74375460&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Smith,%20SE&dais_id=21065414&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Harvey,%20PR&dais_id=32534090&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=4Cjd7Ge7bZgwsR5WguL&author_name=Harvey,%20PR&dais_id=32534090&excludeEventConfig=ExcludeIfFromFullRecPage

Roner, M. R., Sprayberry, J., Spinks, M., Dhanji, S. 2007. Antiviral activity obtained from
aqueous extracts of the Chilean soapbark tree (Quillaja saponaria Molina). Journal of
General Virology. 88. 275-285.

Ruttenberg, K. C. 2014. The global phosphorus cycle. Biogeochemistry. 10. 499-558. In:
Reference Module in Earth Systems and Environmental Sciences. Treatise on Geochemistry.

2nd ed. Elsevier.

Seabra, C. E. B. C., Osiecka, A., Tucci, C. A. F., Minogue, P. J., Pereira, B. F. F., Andersen,
P. C. 2018. Influence of phosphorus limitations on the growth, nutrient partitioning and
physiology of mahogany (Swietenia macrophylla King) seedlings. Journal of Plant Nutrition.
41 (3). 358-370.

Samuels, G. J., Chaverri, P., Farr, D. F., McCray, E. B. Trichoderma [online]. Systematic
Mycology and Microbiology Laboratory. ARS. USDA. The Regents of the University of
California. 2014  [cit. 2011-02-24]. Dostupné z  <http://genome.jgi.doe.gov/
Trihal/Trihal.home.html>.

Schachtschabel, P., Blume, H. P., Briimmer, G. W., Hartge, K. H., Schwertmann, U. 1992.
Scheffer/schachtschabel - lehrbuch der bodenkunde. 13 Aufl. Ferdinand Enke Verlag.
Stuttgart. 491 p.

Schilling, G. 2000. Pflanzenarndhrung und diingung. Verlag Eugen Ulmer. Stuttgart. 464 p.
ISBN: 3-8252-8189-2.

Schlotterbeck, T., Castillo-Ruiz, M., Canon-Jones, H., Martin, R. S. 2015. The use of leaves
from young trees of Quillaja saponaria (Molina) plantations as a new source of saponins.
Economic Botany. 69 (3). 262-272.

Schroder, J. J., Smit, A. L., Cordell, D., Rosemarin, A. 2011. Improved phosphorus use
efficiency in agriculture: A key requirement for its sustainable use. Chemosphere. 84 (6).
822-831.

132



Schweiger, R., Baier, M. C., Miiller, C. 2014. Arbuscular mycorrhiza-induced shifts in foliar
metabolism and photosynthesis mirror the developmental stage of the symbiosis and are only
partly driven by improved phosphate uptake. Molecular Plant-Microbe Interactions. 27 (12).
1403-1412.

Sen, A., Srivastava, V. K., Singh, R. K., Singh, A. P., Raha, P., Ghosh, A. K., De, N., Rakshit,
A. et al. 2015. Soil and plant responses to the application of Ascophyllum nodosum extract to
no-till wheat (Triticum aestivum L.). Communications in Soil Science and Plant Analysis.
46 (1). 123-136.

Sharma, D., Kayang, H. 2017. Effects of arbuscular mycorrhizal fungi (AMF) on Camellia
sinensis (L.) O. Kuntze under greenhouse conditions. Journal af Experimental Biology and
Agricultural Sciences. 5 (2). 235-241.

Sharpley, A. N. 1995. Soil phosphorus dynamics: agronomic and enviromental impacts.
Ecological Engineering. 5 (2-3). 261-279.

Sims, J. T., Magiure, R. O., Leytem, A. B., Gartley, K. L., Paulter, M. C. 2002. Evaluation of
Mehlich 3 as an agri-enviromental soil phosphorus test for the Mid-atlantic United states of
America. Soil Science Society of America Journal Abstract - Nutrient Management & Soil &
Plant Analysis. 66 (6). 2016-2032.

Sims, J. T., Pierzynski, G. M. 2005. Chemistry of phosphorus in soils. In: Tabatabai. A. M..
Sparks. D. L. (eds.). Chemical processes in soil. Soil Science Society of America Book Series
Number 8. SSSA. Madison. p. 151-192. ISBN: 0-89118-843-6.

Singh, R., Kumari, N. 2015. Comparative determination of phytochemicals and antioxidant
activity from leaf and fruit of Sapindus mukorrossi Gaertn - A valuable medicinal tree.

Industrial Crops and Products. 73. p. 1-8.
Soinne, H. 2009. Extraction methods in soil phosphorus characterisation - Limitations and

applications. Academic dissertation. University of Helsinky. Department of applied chemistry

and mikrobiology. Helsinky. 49 p.

133



Sommer K. 2005. Cultan-diingung. Verlag Th. Mann, Gelsenkirchen. 218 p.

Spohn, M., Zavisi¢, A., Nassal, P., Bergkemper, F., Schulz, S., Marhan, S., Schloter, M.,
Kandeler, E., Polle, A. 2018. Temporal variations of phosphorus uptake by soil microbial
biomass and young beech trees in two forest soils with contrasting phosphorus stocks. Soil
Biology & Biochemistry. 117. 191-202.

Stewart, J. W. B., Sharpley, A. N. 1987. Controls on dynamics of soil and fertilizer
phosphorus and sulphur. 101-121. In: Follet, R. F., Steward, J. W. B., Cole. C. V. (eds.) 1987.
Soil fertility and organic matter as critical components of production systems. SSSA Spec.
Pub. No. 19. American Society of Agronomy. Madison. WI. 166 p.

Stribley, D. P., Tinker, P. B., Snellgrove, R. C. 1980. Effect of vesicular-arbuscular
mycorrhizal fungi on the relation of plant growth internal phosphorus concentration and soil
phosphate analyses. Journal of Soil Science. 31 (4). 655-672.

Sykorova, Z., Borstler, B., Zvolenska, S., Fehrer, J., Gryndler, M., Vosatka, M., Redecker, D.
2012. Long-term tracing of Rhizophagus irregularis isolate BEG140 inoculated on Phalaris
arundinacea in a coal mine spoil bank, using mitochondrial large subunit rDNA markers.
Mycorrhiza. 22 (1). 69-80.

Szakova, J., Tremlova, J., Pegova, K., Najmanova, J., Tlustos, P. 2015. Soil-to-plant transfer
of native selenium for wild vegetation cover at selected locations of the Czech Republic.

Environmental Monitoring and Assessment. 187 (6). 358.

Tabatabai, M. A., Bremner, J. M. 1969. Use of p-nitrophenyl phosphate for assay of soil
phosphatase aktivity. Soil Biology and Biochemistry. 1 (4). 301-307.

Talboys, P. J., Owen, D. W., Healey, J. R., Withers, P. J. A., Jones, D. L. 2014. Auxin

secretion by Bacillus amyloliquefaciens FZB42 both stimulates root exudation and limits
phosphorus uptake in Triticum aestivum. BMC Plant Biology. 14. 51.

134



Tam, N. K. M., Uyen, N. Q., Hong, H. A, Duc, L. H., Hoa, T. T., Serra, C. R., Henriques, A.
O., Cutting, S. M. 2006. The intestinal life cycle of Bacillus subtilis and close relatives.
Journal of Bacteriology. 188 (7). 2692-2700.

Tandon, S., Dubey, A. 2015. Effects of biozyme (Ascophyllum nodosum) biostimulant on
growth and development of soybean [Glycine Max (L.) Merill]. Communications in Soil
Science and Plant Analysis. 46 (7). 845-858.

Tang, X., Bernard, L., Brauman, A., Daufresne, T., Deleporte, P., Desclaux, D., Souche, G.,
Placella, S. A., Hinsinger, P. 2014a. Increase in microbial biomass and phosphorus
availability in the rhizosphere of intercropped cereal and legumes under field conditions. Soil

Biology and Biochemistry. 75. 86-93.

Tang, J., Qi, S., Li, Z., An, Q., Xie, M., Yang, B., Wang, Y. 2014b. Production, purification
and application of polysaccharide-based bioflocculant by Paenibacillus mucilaginosus.
Carbohydrate Polymers. 113. 463-470.

Tisserant, E., Malbreil, M., Kuo, A., Kohler, A., Symeonidi, A., Balestrinim R., Charron, P.,
Duensing, N. et al. 2013. Genome of an arbuscular mycorrhizal fungus provides insight into
the oldest plant symbiosis. Proc Natl Acad Sci U S A. 110 (50). 20117-22.

Tmakova, L., Sekretar, S., Schmidt, S. 2016. Plant-derived surfactants as an alternative to

synthetic surfactants: surface and antioxidant activities. Chemical Papers. 70 (2). 188-196.
Travaglia, C., Masciarelli, O., Fortuna, J., Marchetti, G., Cardozo, P., Lucero, M., Zorza, E.,
Luna, V., Reinoso, H. 2015. Towards sustainable maize production: Glyphosate

detoxification by Azospirillum sp and Pseudomonas sp. Crop protection. 77. 102-109.

Troeh, F. R., Thompson, L. M. 2005. Soils and soil fertility. Blackwell Publishing
Professional. lowa. USA. 489 p. ISBN: 081380955X.

Turan, M., Ekinci, M., Yildirim, E., Gunes, A., Karagoz, K., Kotan, R., Dursun, A. 2014.

Plant growth-promoting rhizobacteria improved growth, nutrient, and hormone content of

135


http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Turan,%20M&dais_id=34919711&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Ekinci,%20M&dais_id=22426845&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Yildirim,%20E&dais_id=87691030&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Gunes,%20A&dais_id=12686416&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Karagoz,%20K&dais_id=38890475&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Kotan,%20R&dais_id=42383395&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z1sZ5unSz44kgPZuMn4&author_name=Dursun,%20A&dais_id=8778671&excludeEventConfig=ExcludeIfFromFullRecPage

cabbage (Brassica oleracea) seedlings. Turkish Journal of Agriculture and Forestry. 38 (3).
327-333.

Upadhyay, A., Singh, D. K. 2012. Pharmacological effects of Sapindus mukorossi. Revista
do Instituto de Medicina Tropical de Sao Paulo. 54 (5). 273-280.

Upadhyay, A., Singh, D. K. 2011. Molluscicidal activity of Sapindus mukorossi and
Terminalia chebula against the freshwater snail Lymnaea acuminata. Chemosphere. 83 (4).
468-474.

Vallabhaneni S. D. 2016. Biocontrol of Rhizoctonia solani in tobacco (Nicotiana tabacum)

seed beds using Pseudomonas fluorescens. Agricultural Research. 5 (2). 137-144.

Valverde, A., Burgos, A., Fiscella, T., Rivas, R., Velazquez, E., Rodriguez-Barrueco, C.,
Cervantes, E., Chamber, M., Igual, J. M. 2006. Differential effects of coinoculations with
Pseudomonas jessenii PS06 (a phosphate-solubilizing bacterium) and Mesorhizobium ciceri
C-2/2 strains on the growth and seed yield of chickpea under greenhouse and field conditions.
Plant and Soil. 287 (1-2). 43-50.

Vanék, V., Balik, J., Cemy, J., Pavlik, M., Pavlikova, D., Tlustos, P., Valtera, J. 2012. Vyziva
zahradnich rostlin. Academia. Praha. 570 a. ISBN: 978-80-200-2147-2.

Vanék, V., Balik, J., Pavlik, M., Pavlikova, D., Tlustos, P. 2016. VyZiva a hnojeni polnich
plodin. Profi Press. Praha. 224 s. ISBN: 978-80-86726-79-3.

Vessey, K. J., Heisinger, K. G. 2001. Effect of Penicillium bilaii inoculation and phosphorus
fertilisation on root and shoot parameters of field-grown pea. Canadian Journal of Plant

Science. The Agricultural Institute of Canada. 81 (3). 361-366.

Voplakal, K. Fosfor v pudé [online]. Uroda. Profi Press s.r.o. 2001 [cit. 2014-08-12].

Dostupné z <http://uroda.cz/fosfor-v-pude/>.

136



Vrba, V., Hules. L. Humus - pida — rostlina [online]. Mineralni hnojiva. 15. Biom.cz. 2012
[cit. 2016-01-20]. Dostupné z <http://biom.cz/cz/odborne-clanky/humus-puda-rostlina-15-

mineralni-hnojiva>.

Wang, L., Ma, F., Zhang, S. J., Zhang, X. 2012. Effect of Glomus mosseae inoculation on
growth and reproduction on rice. Information technology and agricultural Engineering. Book
Series: Advances in Intelligent and Soft Computing. 134. 935-942.

Wang, P, Wu, S. H.,, Wen, M. X.,, Wang, Y., Wu, Q. S. 2016. Effects of combined
inoculation with Rhizophagus intraradices and Paenibacillus mucilaginosus on plant growth,
root morphology, and physiological status of trifoliate orange (Poncirus trifoliata L. Raf.)

seedlings under different levels of phosphorus. Scientia Horticulturae. 205. 97-105.

Worsfold, P. J., Gimbert, L. J., Mankasingh, U., Omaka, O. N., Hanrahan, G., Gardolinski, P.
C. F. C., Haygarth, P. M., Turner, B. L., Keith-Roach, M. J., McKelvie, I. 2005. Sampling,
sample treatment and quality assurance issues for the determination of phosphorus species in
natural waters and soils. Talanta - Analysis of Phosphorus in Environmental and Agricultural
Samples. 66 (2). 273-293.

Yang, T. Y., Liu, G. L., Li, Y. C,, Zhu, S. M., Zou, A. L., Qi, J. L., Yang, Y. H. 2012.
Rhizosphere microbial communities and organic acids secreted by aluminum-tolerant and

aluminum-sensitive soybean in acid soil. Biology and Fertility of Soils. 48 (1). 97-108.

Yedidia, I., Srivastva, A. K., Kapulnik, Y., Chet, 1. 2001. Effect of Trichoderma harzianum
on microelement concentrations and increased growth of cucumber plants. Plant Soil. 235.
235-242.

Yuan, S. F., Li, M. Y., Fang, Z. Y., Liu, Y., Shi, W., Pan, B., Wu, K., Shi, J. X, Shen, B.,
Shen, Q. R. 2016. Biological control of tobacco bacterial wilt using Trichoderma harzianum
amended bioorganic fertilizer and the arbuscular mycorrhizal fungi Glomus mosseae.
Biological Control. 92. 164-171.

Yusran, Y., Weinmann, M., Neumann, G., Romheld, V., Miiller, T. Effects of Pseudomonas

sp. ”Proradix” and Bacillus amyloliquefaciens FZB42 on the establishment of AMF infection.

137



Nutrient acquisition and growth of tomato affected by Fusarium oxysporum Schlecht f.sp.
radicis-lycopersici Jarvis and Shoemaker [online]. The Proceedings of the International Plant
Nutrition Colloquium XVI. University of California. 2009 [cit. 2014-08-12]. Dostupné z
<http://www.escholarship.org/uc/item/8g70p0zt#page-1>.

Zbiral, J., Némec, P. 1999. Porovnani extrak¢nich postupti podle Mehlicha II a Mehlicha III
pro stanoveni piistupného fosforu, drasliku, hoi¢iku a vapniku v pidach CR. Rostlinna

Vyroba. 45. 1-7.

Zhang, Y., Peng, Y., Peng, Y. F., Li, X. X., Chen, F. J., Li, Ch. J. 2012. Fine root patterning
and balanced inorganic phosphorus distribution in the soil indicate distinctive adaptation of
maize plants to phosphorus deficiency. Soil Science Society of China. Pedosphere.
22.870-877.

138



