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1. Uvod

Kvalita potravin a mnozstvi latek v nich obsazenych je v soucasné dob¢ velmi aktualni
téma. V souvislosti se zeleninou je ¢asto diskutovana otazka rezidui pesticidt. Herbicidy, které
se aplikuji v porostech polni zeleniny k regulaci plevell, jsou nejpouzivanéjsi skupinou
ptipravkii na ochranu rostlin v Ceské republice, ale i ve svétovém méfitku. Z celkového podilu
spotfebovanych pesticidi v zemédé€lstvi tvotfi herbicidy vice nez polovinu. Jsou zakladni
soucasti technologie péstovani vSech velkoplo$né péstovanych zelenin. V poslednich letech je
v EU enormni snaha vyrazné snizovat pouzivani pesticidi tak, aby tyto latky co nejméné
zatézovaly prostiedi. Nejvice problematické jsou z tohoto pohledu herbicidy s delsi perzistenci
v pudé. Jejich rezidua mohou nasledné¢ kontaminovat podpovrchové ¢i povrchové vody,

ptipadné se mohou vyskytovat v potravinach.

Mnozstvi rezidui herbicidi obsazenych ve sklizeném produktu lze snizit jejich

efektivnim pouzivanim a vyuzivanim integrovaného piistupu v ochrané proti pleveltim.

V poslednich letech doslo k vyraznému zptesnéni a zlevnéni metod stanovujicich obsah
rezidui pesticidli v potravinach. Zelenina je proto pod ¢im dal vétsi kontrolou, zda nejsou
prekraCovany maximalni povolené obsahy téchto latek (tzv. hodnoty MRL) stanovené
administrativou EU. Nékteré obchodni fetézce dokonce maji na své dodavatele zeleniny jesté
piisnéjsi pozadavky (jde o tzv. nizkorezidudlni produkci). Vedle toho, zelenina uréena pro

détskou vyzivu nesmi obsahovat rezidua pesticidi prakticky vibec (max 0,01 mg/kg).



2. Literarni prehled

2.1. Plevele a mozZnosti jejich regulace

Plevele patii k nejvyznamnéjsim Skodlivym organismim polnich plodin. Plodiny a
plevele spolu vytvareji agrofytocendzy, spoleenstva rostlin na orné pudé. Ob¢ tyto slozky
agrofytocenozy nejen ze interaguji mezi sebou, ale zaroven i s ¢leny ostatnich spolecenstev
Vv celém agroekosystému. Tyto interakce byvaji vétSinou antagonistické, kdy alespon jeden ze
zacastnénych druhti nasledkem interakce strada. NejCastéjsi antagonistickou interakci je
konkurence o zdroje, dale parazitismus, kdy parazitické plevele pfimo odebiraji hostitelskym
plodindm ziviny a vodu, popiipad¢ alelopatie, kdy dochazi k vyméSovani kofenovych exsudatd,
které pasobi inhibi¢n¢ na rist rostlin jinych druhti. Tyto vztahy jsou dostate¢né znamé a jejich
dusledkem byva snizovani vynosu a jeho kvality (Jursik et al. 2018). Plevel patiici do stejné
¢eledi jako plodina obvykle hosti podobné spektrum chorob a skidct. Plevele se tak stavaji
rezervoary a prenaseci téchto skodlivych organismi. VSechny brukvovité plevele jsou hostiteli
nadorovky kapustové (Plasmodiophora brassicae), pivodce nadorovitosti kostalovin, coz je
jedna z nejvyznamnéjsich chorob brukvovitych zelenin, proti niz v soucasné dobé neexistuje
spolehlivy zplisob ochrany, kromé pieruseni péstovani brukvovitych plodin na zamotfeném
pozemku po dobu osmi let. Vyskytuji-li se vSak na daném pozemku plevele z Celedi
brukvovitych, dochéazi na jejich kofenovém systému k dalSimu mnoZeni patogena a Casova

izolace je pak naprosto neucinna (Donald & Porter 2009; Cobb & Reade 2010).

Plevele jsou nebezpetné zejména pro zeleniny z pfimych vysevi, které dlouho
vzchazeji (napt. mrkev, petrzel, cibule) a béhem vegetace Spatné zapojuji porost (napft. cibule).
Vynos téchto zelenin je zaplevelenim velmi negativné ovlivnén, zejména pokud se plevele
mohou uplatiiovat jiz od pocatku vegetace. Plevele vzeslé v druhé poloviné vegetace vétSinou
vynos nesnizuji, ale znesnadiiuji, pfipadné znemoziuji pouziti skliziiové mechanizace (Janyska
1984). Proto je nutné vcasné plevele v zeleninach regulovat, v obdobi jejich vzchazeni nebo
kratce po ném. Herbicidni ptipravky povolené do porostli zeleniny Sice vyznamné usnadiuji
regulaci pleveli, avSak jejich uc¢innost neni obvykle dostate¢nd na vSechny plevelné druhy a

Casto se vyskytuji také problémy se selektivitou k nékterym zeleninam.

Herbicidy jsou nejvyznamngj$i skupinou pesticidi. Zpocatku se pouzivaly pouze
v porostech hospodaisky nejvyznamnéjsich plodin, postupné se vSak zacaly intenzivné

vyuzivat také pii velkovyrobnim péstovani polni zeleniny (Sondhia 2013). Zaroven se vSak



jedna o synteticky vyrabéné organické latky, jejichz rezidua mohou zplsobovat mnoho

problému v Zivotnim prostfedi a negativné ovliviiovat lidské zdravi.

Nejcastéji jsou herbicidy aplikovany posttikem. Do rostliny pronikaji skrze listy (listové
herbicidy). Pficemz listovy piijem je ovliviiovan mnoha faktory, z nichz miZeme nékteré
Caste¢né ovlivnit. Naptiklad aplikacni technikou lze ovlivnit davku posttikové jichy, velikost
kapének, rychlost jejich letu a dopadu. Déle ptisobi na ptijem herbicidu také povétrnostni vlivy.
Aby se herbicid dostal az do cytoplazmy, musi z povrchu listu projit tfemi vrstvami rozdilné
fyzikalné-chemické povahy (kutikulou, buné¢nou sténou a plazmalemou). Transport z povrchu
listu dovniti je difiizni proces, probihajici po celém povrchu listu. Nebo jsou herbicidy
pfijimany kofeny vzchazejicich pleveli z pidy (ptdni herbicidy). Pfijem herbicidu se
uskuteciiuje pasivni cestou na zakladé koncentracniho spadu mezi koncentraci herbicidu
Vv pidnim roztoku a koncentraci v rostliné. Kofen neni chranén kutikulou, avsSak dalsi
ptekazkou piijmu jsou Caspariho prouzky, tvofici souvisly pruh v bunéénych sténach
endodermis, ¢imz vzniké bariéra pro apoplasticky transport latek prostorem bunécnych stén.
Rychlost piijmu ptdniho herbicidu je ovlivnéna koncentraci herbicidu v ptidnim prostredi
v z6n¢ kotenového vlaseni, sorpéni vlastnosti pudy a ptidni vlhkosti. Vyssi pfijem herbicidu
z pudniho roztoku c¢asto souvisi S intenzitou transpirace, ktera roste se vzrustajici teplotou.
Nékteré herbicidy mohou byt pfijimany listy i kofeny zaroven. Z vnéjsich vliva, které ovliviuji
ucinnost a chovani herbicidi v prostfedi jsou vyznamné predev§im pidni vlastnosti,

povétrnostni podminky a pokryvnost plodiny a plevelt (Hakansson 2003; Jursik et al. 2011).

Pouziti herbicidt je podle Jursika et al. (2011) ekonomicky méné nakladné a méné
naro¢né na lidskou praci nez ostatni moznosti regulace pleveld. Pfesto s sebou pouziti herbicida
nese urcita rizika. Pfi nevhodném pouZzivani mohou herbicidy zplisobovat poskozeni péstované
plodiny (fytotoxicitu) a zatézovat zivotni prostiedi. Rezidua herbicidi mohou poskozovat
nasledné plodiny, pfipadné pietrvavat v Zivotnim prostfedi a ohroZovat necilové organismy
(Toth 2001). Soceanu et al. (2009) uvadi, ze skoro 95 % aplikovanych herbicidi dosahne jiného
mista, nez je jejich cilové urceni. Jedna se predevsim o zasazeni necilovych rostlinnych druht,
vertikalni a horizontalni pohyb v pidé srazkovou vodou nebo odpar. Herbicidy se tak dostavaji
mimo agrofytocenézy a do potravin. Pies veskera regulacni opatfeni pouzivani pesticidl
dochdzi kazdoro¢né k poskozeni plodin rezidui herbicidi v pid¢, které byly aplikovany
v predchozich plodinach. Tyto $kody mohou vznikat v dusledku predavkovani herbicidd,
nespravnou aplikaci ¢i nedodrzenim ¢asového odstupu mezi aplikaci herbicidu a setim nasledné

plodiny (Buryskova 2006). Podle Galla (2007) je nutno u pidnich herbicidl pocitat s delsi



perzistenci v pudeé, zvlast¢ pii vyssich davkach a nevhodnych pldnich a povétrnostnich
podminkach. Zejména studené a suché pocasi muize zpomalit rozklad herbicidi v pudé
(Buryskova 2006). Jursik & Soukup (2006) varuje pted rezidui nékterych herbicida (hlavné
ALS inhibitory), které mohou zpusobovat fytotoxicitu brukvovitych plodin jes$té nékolik
mésict po aplikaci. V rizikovych oblastech (t€zsi pudy s vyssim pH) je proto vhodné pouzivat
k regulaci zapleveleni piedplodiny radéji herbicidy pfijimané pouze listy, pfipadné herbicidy
s kratkou perzistenci v pudé€. Snizeni koncentrace rezidui herbicidu v ptidé¢ se da dosdhnout
hlubokou orbou, zéavlahou nebo zlepSenim mikrobidlni Cinnosti pidy, napi. hnojenim

statkovymi hnojivy.

Nezbytnym ptredpokladem uspéSné regulace plevelti je schopnost diagnostikovat
jednotlivé druhy v ranych rustovych fazich. Integrovany piistup regulace plevelu se sklada z
celého souboru preventivnich metod (pouzivani Cistého osiva, stiidani plodin a vytvofeni
ptiznivych podminek pro zvySovani konkurencni schopnosti plodin) a pfimych metod regulace.
Herbicidni zptisob regulace plevelt, v porovnani s ostatnimi nepiimymi a pfimymi metodami,
zasahuje do druhového slozeni plevelnych spoleCenstev nejradikalnéji. Piesto se spolecenstva
pleveld dokéazala tispé$né vyrovnavat i s nejicinnéjsimi herbicidy (Téoth 2001). Janysek (1990)

proto upozoriiuje, ze dulezité je téz ucelné sestaveni osevnich postuptl, které umozni stidani

-----

2.1.1. Plevelné spektrum v zeleniné

2.1.1.1. Plevelné spektrum v salatu

V prostorech salatu se mohou uplatiiovat predevsim plevele s rychlou dynamikou ristu
a vyvoje. Salaty lze v polnich podminkach péstovat po celou vegetacni dobu (biezen az fijen),
nejcastéjsi jsou brzké jarni vysadby v pribéhu bfezna a dubna. V téchto porostech se mohou
nejlépe uplatnovat predevsim ozimé pevele (penizek rolni, kokoska pastusi tobolka, ptacinec
prostiedni, staréek obecny, hluchavky, rozrazily) a ¢asné jarni druhy pleveld (hot¢ice rolni,
oves hluchy). Z pozdnich jarnich plevell se v jarnich porostech salatti nejlépe uplatiiuji merlik
bily ¢i baZzanka ro¢ni. Velmi dobfe se v porostech salatil (zejména dubnové vysadby) prosazuji
také vytrvalé plevele, predevS§im pcha¢ rolni, rukev rolni a jiné (Jursik et al. 2016b).

Nejproblematictejsi plevele jsou v porostech salatu podle Tei et al. (2007) kokoska pastusi

tobolka, merlikovité a laskavcovité plevele.



V porostech zakladanych od kvétna do srpna se mohou dobfe uplatiovat, mimo vyse
uvedenych druhi, také ostatni pozdni jarni plevele (rdesna, laskavce, pétoury, lilky, jezatka kufi
noha, durman obecny). Tyto druhy se mohou za vhodnych povétrnostnich podminek (vyssi
teploty), ¢i pii zakryti porostu netkanou textilii prosazovat 1 u porostii zakladanych v dubnu
(Jursik et al. 2015). Pted jezatkou kuii nohou, jako obtizné regulovatelnym pozd¢ji vzchazejicm

plevelem v salatu, varuji také Tei et al. (2007).

Salat je stfedné citlivy ke konkurenci pleveld. Casné jarni plevele vchazejici po vysadbé
ranych salati mohou zpusobit sniZeni jeho vynosu (Lanini & Le Strange 1991). Piestoze plevele
obvykle nezplsobi dramatické snizeni vynosu salatd, je velmi dulezité udrzet porost
Vv bezplevelném stavu, nebot” plevele nejen konkuruji a oddaluji termin sklizné, ale mohou i v
relativné malém mnozstvi snizovat kvalitu (kontaminace semeny plevelll) a zpusobovat
problémy pii rucni sklizni. Zaplevelené porosty jsou obvykle také nachylnéjsi k napadeni
houbovymi chorobami (diky mensi vzdus$nosti porostu), pfedev§im plisni salatovou (Bremia
lactucae). To vse je nutné brat v tivahu pfi rozhodovani o nutnosti zasahu proti plevelim (Knott
2002). Fennimore & Umenda (2003) ale upozoriuji, Ze pokud by plevele konkurovaly salatu 4
tydny, mohlo by dojit ke snizeni vynosu az o 23 %. Naopak, Odero & Wright (2013)
zaznamenali kritické obdobi z hlediska zapleveleni salatu dva az tfi tydny po vysadbé, pri¢emz
nasledné vzeslé plevele (kromé trvalych pleveld) jiz nezpisobily ztratu na vynosu salatu.
V tomto obdobi by proto mél byt salat udrzovan v bezplevelném stavu, jinak by mohlo dojit ke
snizeni vynosu az o 60 % (Santos et al. 2004a; Giancotti et al. 2010).

2.1.1.2. Plevelné spektrum kost’alové zeleniny

Konkurencni schopnost kost’alové zeleniny je oproti jinym zelenindm pomérné vysoka.
Piedevsim zeli a kapusta dokazou plevelim velmi efektivné konkurovat, avSak kvétak a
brokolice jsou viici zapleveleni citlivéjsi a ztraty na vynose zpiisobené zaplevelenim mohou byt
az 85 % (Qasem 2009). Kritické obdobi, po které by mél porost kostdlovin zlstat bez
konkurence pleveld, je dva az ¢tyfi tydny po vzejiti, resp. vysadbé (Roberts et al. 1976; Miller
& Hopen 1991). U kvétaku muze byt toto obdobi az sedm tydnt v zavislosti na péstebnich
podminkach a odrudé (Qasem 2009). Pokud dojde k zapleveleni pozemku, muze dojit ke
sniZzeni vynosu a ke sniZzeni poctu rizic kvétaku (Qasem 2007).

Pfestoze se v porostech kost’alové zeleniny mohou prosazovat témét vSechny plevelné

druhy, nejcastéji byvaji problémy s plevely pozdné jarnimi a vytrvalymi. Nejranéjsi vysadby a



vysevy mohou byt intenzivnéji zaplevelovany také ¢asnymi jarnimi (Jursik et al. 2016b). Mezi
problematické ¢asné jarni plevele patii hlavné opletka obecna nebo hoic€ice rolni (Sikkema et
al. 2007). Rané vysadby mohou byt také zaplevelovany ozimymi druhy, jako jsou hefmankovité
plevele, svizel pfitula, violky, zemédym lékaisky, penizek rolni nebo kokoska pastusi tobolka
(Jursik et al. 2016b). Z pozdnich jarnich pleveld se v porostech objevuje zejména merlik bily,
laskavec ohnuty, rdesno blesnik a bazanka ro¢ni (Altieri et al. 1985; Sikkema et al. 2006). V
porostech zaklddanych od druhé poloviny dubna se mohou nejlépe prosazovat teplomilnéjsi
pozdni jarni plevele, pfedevsim jezatka kuii noha, béry, laskavce, pétoury, lilky a durman
obecny. V porostech zakladanych koncem cervna ¢i poc¢atkem cervence se nejlépe prosazuji
plevele, které masové vzchéazi béhem celého roku, jde pfedevsim o pétoury, laskavce, bazanku
ro¢ni a durman obecny (Umeda 2000; Quasem 2007; Quasem 2009; Jursik et al. 2016b).
Ptedevsim rdesna a merliky jsou zna¢né odolné k mnoha piidnim herbicidiim, pficemz se tyto
druhy vyznacuji relativné velkou reprodukéni schopnosti a dlouhovékosti semen, takze pii
nezvladnuti jejich regulace vznikd velkd zasoba semen v pidé a tim nariistaji problémy
s druhotnym zaplevelenim, a to pfedevsim po ple¢kovani (Sikkema et al. 2007; Jursik et al.
2016Db).

Vyznamnym problémem v porostech kost'alové zeleniny byvaji brukvovité plevele,
které jsou také casto odolné k mnoha herbicidim, ptedev§im tém, které se pouzivaji
preemergentné, ¢i pied vysadbou (Sikkema et al. 2006). Na pozemcich, na kterych se péstuje
kostalova zelenina, se tak Casto selektuje penizek rolni, kokoSka pastusi tobolka, fedkev ohnice
a hoft¢ice rolni (Jursik et al. 2016b). Tyto plevele, podobné jako fepka, jsou hostiteli mnoha
chorob a skadcu kostalové zeleniny a jejich semena maji pomérné dlouhou Zzivotnost v padé
(Sikkema et al. 2006). Ozima tepka, kde je regulace brukvovitych pleveli problematicka, by
proto neméla byt soucésti osevnich sledl, v nichz je fazena kost'dlova zelenina. Vydrol ozimé
fepky je v porostech kost'alové zeleniny velmi obtizné potlacitelny (Jursik et al. 2016b).

Vytrvalé plevele se mohou uplatiiovat v koStalové zeleniné¢ bez ohledu na termin
zaloZeni porostu. Hospodarsky nejvyznamnéj$imi vytrvalymi plevely jsou pcha¢ rolni a pyr
plazivy. Lokaln¢ vsak mohou zplsobovat velké problémy také dalsi druhy, pfedev§im mléc
rolni, pfeslicka rolni, ¢istec bahenni, rdesno obojzivelné, rukev rolni, kamysniky. Tyto druhy
pfiznivé reaguji na vyssi vlhkost pidy a vyskytuji se proto pfedev§im na pozemcich s vyssi

hladinou podzemni vody nebo pii vysoké intenzité zavlahy (Jursik et al. 2016D).
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2.1.1.3. Plevelné spektrum v mrkvi

V cCasné vysetych porostech mrkve (do poloviny dubna) se nejlépe uplatiuji ozimé a ¢asné
jarni plevele a merlik bily. V pozdé&ji setych porostech je tieba od pocatku vegetace pocitat
S ostatnimi pozdnimi jarnimi druhy plevelti a vytrvalymi plevely. Shadbolt & Holm (1956)
povazuji za dominantni plevele v mrkvi hlavné merliky a rdesna. Problematické jsou zejména
ty druhy, které vzchazi etapovité nebo v pribéhu vegetace. Muze to byt jezatka kufi noha,
bazanka ro¢ni, durman obecny, ptacinec prostfedni, kokoska pastusi tobolka, laskavec ohnuty

nebo pétoury (Gal et al. 2003; Gruszecki et al. 2015; Jursik et al. 2016a).

Z vytrvalych plevelt se miize v porostech mrkve vyskytovat svlacec rolni, jitrocele, Cistec
bahenni, pcha¢ rolni nebo mlé¢ rolni. Kvalitni a hlubsi zpracovani pidy omezuje a oddaluje

vzchazeni vétSiny vytrvalych plevelt (Jursik et al. 2005).

Porosty mrkve se nedoporucuje zakladat na pozemcich zaplevelenych mifikovitymi
plevely (ptfedevS§im tetluchou, bolehlavem a divokou mrkvi) a na pozemcich, kde byly
Vv predeslém roce péstovany brambory. Vici témto plevelim nebo zaplevelujici rostling, nelze

v mrkvi pouzit u¢inné herbicidy (Jursik et al. 2016D).

Konkurenéni schopnost kofenové zeleniny je pomérné vysoka, na pocatku vegetace je vSak
tteba plevele disledné potlacit. Kritické obdobi z hlediska zapleveleni trva u mrkve asi ti1 az
péet tydnl po jejim vzejiti. V tomto obdobi by méla byt plodina udrzovana v bezplevelném
stavu, jinak mize dojit k vyraznému sniZeni vynosu az o 95 % (Coelho et al. 2009). Mimo
pfimé Skodlivosti plevell, mohou nékteré plevele zplisobovat problémy pii mechanizované
pokud se na pozemku vyskytuji truskavec ptaci, lipnice ro¢ni, pyr plazivy, ale 1 jiné druhy

(Jursik et al. 2016a).

2.1.1.4. Plevelné spektrum v cibuli

Jursik & Soukup (2004) uvadi, Ze cibule, péstovana z ptfimych vysevl, méa pomaly
pocatecni rust a vyvoj. Plevele vzchazeji ¢asnéji a rostou rychleji nez cibule, ktera ma velmi
nizkou konkurencni schopnost prakticky po celou vegetacni dobu. Konkuren¢ni schopnost
vétsiny pleveld v porostech cibule je proto velmi vysoka (Carlson & Kirby 2005). Pida zastava
dlouhou dobu, vétsinou po celou vegetaci, bez souvislého ptidniho pokryvu. To umoziuje
plevelim vzchazet a rist béhem celé vegetace. Je tedy tfeba pocitat s tim, Ze i relativné mala

intenzita zapleveleni (u mnoha druhfi i méné nez 1 plevel/m?) miiZze zpisobit vyraznou

11



vynosovou ztratu, ale také problémy pifi mechanizované sklizni. To plati predev§im pro
plevelné druhy, které dokazou vytvorit mohutné rostliny se silnou a tvrdou lodyhou (merliky,
laskavce, durman obecny, mrac¢indk Theophrastiv). Kritické obdobi z hlediska zapleveleni
cibule je velmi dlouhé, Casto i vice nez osm az deset tydnti po jejim vzejiti (Jursik et al. 2016b).
V tomto obdobi by méla byt plodina udrzovéna V bezplevelném stavu, jinak muze dojit
K vyraznému snizeni vynosu, pfi¢emz se vyrazné snizi také jeji kvalita, pfedev§im velikost
cibuli (Qasem 2005a). Proto, i pfi relativné slabém zapleveleni, je tfeba k regulaci pristoupit
velmi zodpoveédné. Janyska (1977) uvadi, ze zapleveleni v pocatecni fazi ristu cibule vede
k vyraznému snizeni vynosu. Zapleveleni koncem vegetace jiz nesniZzuje vynos, ale

znesnadnuje, popfi. zcela znemoziuje mechanizovanou sklizen.

Jestlize se zjakéhokoliv divodu nepodafilo vytrvalé plevele v pfedplodiné ani
V meziporostnim obdobi potlacit, je vhodné provést alespoit hlubsi orbu a ptedsetové
zpracovani pudy. Vytrvalé plevele pak vzchazeji v cibuli ponékud pozdéji (Jursik & Soukup
2004).

Cibule byva zaplevelovana téméf vSemi plevely, a to jak jednoletymi (jarnimi i ozimymi),
tak i vytrvalymi (Jursik 2004; Herrmann et al. 2017). V porostech cibule se na po¢atku vegetace
veétSinou nejvice uplatiiuji ozimé plevele (hefméankovité plevele, svizel pftitula, violky,
zemédym lékarsky, penizek rolni, kokoSka pastusi tobolka), ¢asné jarni druhy (hoi¢ice rolni,
oves hluchy, opletka obecna) a merlik bily (Ghosheh 2004; Uygur et al. 2010). Jursik et al.
(2016Db) upozortiuje, ze v prubehu kvétna je tieba pocitat piedev§im s rdesny, laskavci, jezatkou
a ostatnimi teplomilnéjSimi pozdnimi jarnimi druhy. Sraw et al. (2016) také varuje pted
zaplevelenim lipnici ro¢ni. V druhé poloviné vegetace (Cervenec, srpen) mohou porost cibule
vyrazné zaplevelit druhy, které jsou schopny vzchazet po cely rok (pétoury, laskavce, bazanka
ro¢ni, durman obecny). Problematické jsou vytrvalé plevele, zejména pchac rolni, pyr plazivy
a svlacec rolni (Uygur et al. 2010). Lokaln¢ v§ak mohou podle Jursika et al. (2016b) zptisobovat
velké problémy také dalsi druhy, pfedevSim mléc rolni, preslicka rolni, Cistec bahenni, rdesno
obojzivelné, rukev rolni a kamysniky. Tyto druhy pfiznivé reaguji na vyssi vlhkost pidy a
vyskytuji se proto pfedevsim na pozemcich s vy$si hladinou podpovrchové vody nebo na
intenzivn¢é zavlazovanych pozemcich. Velmi problematickymi zaplevelujicimi plodinami

Vv cibuli jsou brambory a fepka, tyto plodiny proto nejsou pro cibuli vhodnou piedplodinou.
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2.1.2. Zpusoby pouziti herbicidii v zeleniné
Herbicidy se aplikuji obvykle v pocatecnich fazich vegetace, kdy se zacinaji utvaret

konkuren¢ni vztahy mezi plevely a plodinou (Jursik et al. 2018).

2.1.2.1. Preemergentni aplikace a aplikace pred vysadbou plodiny

Preemergentni aplikace se provadi po zaseti zeleniny, avsak jest¢ pfed jejim vzejitim.
Preemergentni herbicidy jsou pfijimany pfedevS§im kofeny, koleoptylem (travy) nebo
hypokotylem (dvoudélozné). Herbicidy pfijimané kofeny jsou transportovany prevazné
xylémem ve sméru transpiraéniho proudu. Vét§ina piidnich herbicidii proto uc¢inkuje na plevele
pouze pii kliceni a vzchazeni, max. ve fazi prvnich pravych listi. Pro preemergentni aplikaci
by mél byt herbicid aplikovan s vétsi davkou vody (min. 300 1/ha), aby doslo k vytvoteni

rovnomeérného herbicidniho filmu na povrchu pady (Jursik et al. 2018).

Nejvice je tohoto aplika¢niho terminu vyuzivano v kost'alové a kofenové zelening, ale
také v porostech salatu a plodové zelenin€. Podminkou dobré u¢innosti piidnich herbicida je
dostate¢na pudni vlhkost (Zanatta et al. 2008). Naopak vysoké srazky po aplikaci mohou
proplavit tyto herbicidy mimo zénu kliceni plevelll a zpusobit poskozeni plodiny, pfipadné
mohou kontaminovat podzemni vody. Velmi dulezité je, aby povrch plidy nebyl pti aplikaci
hrudovity, protoze se jednak pod nimi vytvaieji aplikacni stiny a jednak se pfi jejich rozpadu
dostavaji na povrch plidy klicivd semena. RovnéZz vétsi mnoZstvi organickych zbytkd, které
zustava na povrchu zejména v ptipadé pouziti minimaliza¢nich technologii zpracovani pudy,
snizuje UCinnost takto aplikovanych herbicidl. Herbicidy urCené k preemergentni, resp.
predvysadbové aplikaci jsou v pidé vice ¢i méné perzistentni (pomalejsi degradace), coz sice
umoziuje zasdhnout nékolik vIn vzchazeni pleveld, na druhou stanu se zvySuji

environmentalni, ale také péstitelska rizika (Soukup et al. 2004).

2.1.2.2. Aplikace postemergentni

Postemergentni herbicidy se aplikuji po vzejiti plodiny, kdy jsou obvykle vzeslé také
plevele. Postemergentné se aplikuji herbicidy, které jsou pfijimany pouze listy, ale také mnoho
herbicidu pfijimanych kofeny i listy soucasné. Zejména v ptipad¢€, kdyz je aplikace provadéna
kratce po vysadbé zeleniny, byvaji Casto pouzivany pudni herbicidy pfijimané predevsim
koteny plevelt (Jursik et al. 2016).

Pro konkrétni herbicid je pfesny termin aplikace zpravidla vymezen ristovou fazi plodiny

a plevelt. Postemergentni herbicidy pfijimané prevazné listy plevelll se nejvice pouzivaji
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v cibuli. Velmi rozsitené jsou vsak také listové graminicidy inhibujici enzym Acetil-CoA
karboxylazu travovitych pleveli (Coob & Reade 2010). Tyto herbicidy se pouzivaji diky

vysoké selektivité ve vSech dvoud€loznych plodinéach, v¢etné zelenin.

2.1.2.2.1. Kontaktni listové herbicidy

Vétsina listovych kontaktnich herbicidl porusuje bunééné membrany rostlinnych pletiv.
Aby byly kontaktni herbicidy dostate¢né uc¢inné, musi byt aplikovany pfimo na misto uc¢inku
herbicidu. Dokonalé zvlh¢eni povrchu plevell je zédkladnim piedpokladem vysoké tcinnosti
téchto herbicidt. Kontaktni herbicidy jsou obecné malo u¢inné pti regulaci vytrvalych pleveli.
Zasazené Casti rostliny sice po kontaktu s aplikaénim roztokem pomérné rychle odumiraji, ale
podzemni organy vytrvalych pleveli ziistavaji nezasazeny a mohou rychle iniciovat riist novych
nadzemnich organt. Uginnost kontaktnich herbicidi je obvykle vy$si na dvoudélozné rostliny
nez na travy. Vegetacni vrchol mladych rostlin trav je na povrchu, nebo tésné pod povrchem
pudy a jeho dokonalé zasazeni je proto obtizné. Naproti tomu vegetacni vrchol dvoudéloznych

rostlin byva vétsSinou postiikem dobie zasazen (Jursik et al. 2018).

2.1.2.2.2. Systemicky pisobici listové herbicidy

Systemicky pusobici listové herbicidy mohou byt v rostliné transportovany xylémem
nebo floémem. Xylém je vodivé pletivo tvofené nezivymi buiikami, kterymi je transportovana
voda a ziviny z kotenti do nadzemnich ¢asti rostliny. Translokace pomoci xylému je tedy mozna
pouze z kotenli do nadzemnich organti. Floém je vodivé pletivo tvofené zivymi bunikami, ve
kterém mulze transport probihat smérem vzhlru i doli ke kofentim. Floém piepravuje
predevsim produkty asimilace z listl a stonku do kofent a do vegetacnich vrcholt. Systemicky
pusobici listové herbicidy, rozvadéné floémem, proto vykazuji velmi dobrou ucinnost i ve
vysSich rastovych fazich pleveli a pouzivaji se také k regulaci vytrvalych plevelt (Jursik et al.

2018).

2.1.3. Herbicidni regulace pleveli v salatu

Herbicidl pouzitelnych v saldtu je malo (Smith et al. 2007), protoze salat je k vétSin¢ z

nich pomérné citlivy (Tickes & Kerns 1996; Jursik et al. 2015). Fennimore et al. (2011)
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doporucuje pouzivat v predplodiné nizsi davky piidnich herbicida s delsi perzistenci v ptdé,
protoze salat je velmi citlivy na rezidua herbicidl v ptid¢. Herbicidy mohou zptlisobit zna¢né
poskozeni rostlin salatu, hlavné pokud je salat dale vystavovan dalSim stresovym faktortim,
jako jsou extrémné nizké nebo vysoké teploty, sucho nebo vysoké srazky, poptipadé silna
zavlaha, silny vitr nebo zasoleni. V takovychto ptfipadech, mohou jinak selektivni herbicidy
zpusobovat viditelnou fytotoxicitu. Nejcastéjsi projevy fytotoxicity u saldtu jsou sniZzeny

kotenovy rlst, zpomaleny vyvoj a niz§i vynos nebo pozd¢jsi sklizen (Tickes & Kerns, 1996).

Podle Fennimora et al. (2001) pouzivaji péstitelé salatu k regulaci plevelli nejCastéji
preemergentni herbicidy, obsahujici u¢inné latky propyzamide, pendimethalin, S-metolachlor,
flufenacet, clomazone. Postemergentné se pouzivaji také nékteré inhibitory ACCasy
(Henderson & Webber 1993; Umeda 2000; Knott 2002; Garcia-German et al. 2014). V Ceské
republice se obvykle pouziva pted vysadbou herbicid Stomp 400 SC (pendimethalin), nékdy v
kombinaci s herbicidem obsahujicim G¢. latku propyzamid (Jursik et al. 2016b). S tim se také
shoduji Frost & Hingston (2004), ktefi uvadi, Ze v souCasné dobé& je herbicid propyzamid

pouzivan ptevazné pied vysadbou salatu v tank-mixu s pendimethalinem.

Herbicid pendimethalin se vSak pouzivd pouze v porostech salatu z pfedpestované
sadby. Vykazuje dobrou ti€innost na vétSinu jednoletych plevelti. Pendimethalin inhibuje stavbu
mikrotubull v kofenovém systému travovitych i dvoudéloZznych plevelt (Tomlin 2000) a pfi
dostatecné pudni vlhkosti vykazuje dobrou u¢innost (Jursik et al. 2015). Neuweiler & Krauss
(2008) uvadi, ze aplikace pendimethalinu a jeho néasledné zapraveni 5 cm do pudy vSak vedlo
ke snizeni jeho ucinnosti na plevele. Na druhou stranu je pendimethalin v pid¢ relativné
perzistentni a jeho €asté pouzivani mize vést ke kontaminaci podpovrchovych ¢i povrchovych
vod (Wang & Arnold 2003). Pokud je aplikace pendimethalinu provedena pied vysadbou salatu,
je pii vysadbé tfeba minimalizovat poruseni herbicidniho filmu na povrchu ptidy, aby nedoslo
ke snizeni jeho uCinnosti. Vysadba salatu by méla byt provedena bezprosttedné po aplikaci
herbicidu. Po vysadbé je obvykle tieba provést zavlahu (do 5 mm), protoze vlhkost ptidy mé
klicovy vliv na u¢innost herbicidniho oSetfeni (Shem-Tov et al. 2006; Odero & Shaner 2014).
Mechanické zapraveni pred vysadbou mize vést ke sniZeni ucinnosti 1 selektivity (Neuweiler
& Krauss 2008), ptestoze je jeho mobilita v pade oproti ostatnim herbicidiim, pouzivanym
v salatu, pomérné mala (Yen et al. 2008). V pokusech, které prezentovali Jursik et al. (2016b),
prokazal nejvyssi Gi¢innost pendimethalin v davce 2 I/ha. Uéinnost niz§i davky tohoto herbicidu
(1,5 I/ha) byla zejména v suchych letech vyrazné nizsi. Naopak pokud byl tento herbicid pouzit

v kombinaci s u¢innou latkou clomazone v davce 0,15 I/ha a nasledné (tyden po vysadbé€) byla
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aplikovéna ucinna latka propyzamide (3,5 1/ha), bylo dosazeno vys$i uinnosti na vétSinu
sledovanych plevelt (merlik bily, lilek ¢erny, bazanka ro¢ni, jezatka kufi noha, kokoska pastusi

tobolka, penizek rolni a laskavec ohnuty).

Zandstra (2006) doporucuje k regulaci plevell v salatu propyzamide. V letech 2005 az
2014 byl tento ptipravek nejpouzivanéjSim herbicidem pfi péstovani salatu v Kalifornii (Collins
2016). Aplikace miize prob&hnout pfed nebo po vysadbé, ale pted tim, nez plevele vzejdou.
Jursik et al. (2015) ov§em varuje, Ze aplikace propyzamidu po vysadbé neni v CR povolena.
Propyzamid je mozné vyuzit k regulaci jednoletych trav, vcetné biotypli rezistentnich
k inhibitorim ALS a ACCasy (Wittrock et al. 2008). Uginnost propyzamidu, kterou testovali
Lati et al. (2015a) v davce 1,3 kg/ha byla vici plevelim uspokojiva, avsak nizsi nez ucinnost
pendimethalinu. Pro zlepsSeni G¢innosti propyzamidu doporucuji Tickes & Kerns (1996) jeho
zapraveni do plidy zdvlahou. Po takto zapraveném herbicidu zaznamenali Batts et al. (2008a)
jeho zvySenou ucinnost dokonce 1 na dvoud€lozné plevele. Reuber (1980) a Petiikova et al.
(2004) ale upozornuji, ze od pouziti propyzamidu by se pfi integrované produkci salatu mélo
upustit, protoze byl ¢asto diskutovan jeho negativni dopad na zivotni prostfedi. Proto Wittrock
et al. (2008) doporucuji pouzivani herbicidu, u kterého je propyzamid formulovan jako
suspenzni koncentrat (SC formulace) a ktery prokazuje i mnohem lepsi ucinnost a vyssi

selektivitu k salatu.

Fennimore et al. (2011) testovali v porostech saldtu herbicid s G¢innou latkou
flumioxazin. Herbicid byl aplikovan v davkéach 75, 105 a 211 g/ha pted vysadbou salatu. Pokud
byl ptipravek aplikovan v nizSich davkach, byl k salatu selektivni a nedoslo ke snizeni vynosu.
Po aplikaci nejvyssi davky (211 g/ha) bylo poSkozeni viditelné a byl sniZen vynos. Autofi také
zkoumali plisobeni u¢inné latky oxyfluorfen v davce 280 a 560 g/ha. Ani jedna z téchto davek

nezpusobila viditelné poskozeni salatu a nesniZila jeho vynos.

Stajner et al. (2003) zaznamenali po aplikaci S-metolachloru snizeni obsahu pigmentu
v listech salatu, coZ se projevilo snizenim vynosu a nizsi kvalitou sklizenych hlavek salatu. Lati
et al. (2015a) testovali preemergentné S-metolachlor v davkéach v rozmezi 0,6 az 5,6 kg/ha. Pii
davkach do 2,8 kg/ha zaznamenali pouze velmi malé, nebo zadné fytotoxické projevy a nedoslo
ke snizeni vynosu. Dobrou uc¢innost na plevele prokéazal S-metolachlor jiz od davky 0,7 kg/ha.
Naopak podle Hendersona & Webbera (1993) zplisoboval v salatu pted vysadbou aplikovany
S-metolachlor jiz v davkach vétsich nez 1,75 kg/ha zpomaleni ristu a snizeni mnozstvi

prodejnych hlavek. I ve snizené davce (1,44 kg/ha) bylo mnozstvi prodejnych hlavek snizeno
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0 30 % v porovnani s pletou kontrolou. V Ceské republice navic neni S-metolachlor do salatu

registrovan.

V ptipad¢, ze se nepodafii potlacit jednoleté plevelné travy ptidnimi herbicidy, Ize podle
Jursik et al. (2015) postemergentnd pouzit listové graminicidy (v CR registrovana pouze .1.
fluazifop), které jsou k salatu pomérn¢ selektivni. Fluazifop je systémovy herbicid, ktery velmi
dobte potlacuje také pyr plazivy a vydrol obilovin (Jursik et al. 2016b; Cielsiek et al. 2017).
Avsak ucinnost vétsiny listovych graminicidd na lipnici ro¢ni je minimalni (Jursik et al. 2015).

Vytrvalé dvoudélozné plevele nebo zaplevelujici brambory nelze v porostech salatu
regulovat herbicidy. Proto je vhodné nezatazovat salat v osevnim postupu na pozemky, které

jsou takto zaplevelovany (Jursik et al. 2016b).

2.1.4. Herbicidni regulace plevelii v kvétaku

Mnozstvi herbicidii pouzitelnych v kostalové zeleniné je omezené (Umeda 2000),

pficemz kvétak patii v ramci této skupiny plodin K nejcitlivéjsim zeleninam.

Zékladem regulace zapleveleni v kostalovinach je oSetfeni ptdnimi herbicidy pied
vysadbou nebo kratce po ni (Jursik & Soukup 2006). Davku pudnich herbicidu je vhodné snizit
na leh¢ich padach (Jursik & Crha 2014a). Podle Whitewella (1984) a Petiikové et al. (2012) je
pred vysadbou kvétaku mozna aplikace herbicidii obsahujicich pendimethalin nebo podle
Jursika & Soukupa (2006) také herbicidi obsahujicich napropamide ¢i nejlépe jejich
kombinace. Batts et al. (2008b) uvadi, ze napropamide je vhodny pro regulaci mnoha
travovitych a dvoudéloznych jednoletych plevell, ale podle Umeda (2000) v né€kterych
pokusech, hlavné na leh¢ich pidach, zpusoboval vyraznou fytotoxicitu, ktera se projevovala
zpomalenim rustu kvétaku. Sikkema et al. (2007) ale varuje, ze napropamide neposkytuje
dostatecné dobrou t¢innost na merliky, rdesna a mra¢nak. Scott et al. (1995) doporucuje pied
vysadbou kvétaku pouzivat pendimethalin + clomazone. Clomazone vykazuje dobrou a¢innost
na jezatku kufi nohu, béry, prosa a na merliky, svizel ¢i mrac¢nak, avsak muze poskozovat
brukvovitou zeleninu, coz se projevuje albikaci list, nejCasteji za chladného a vlhkého pocasi.
Tyto projevy obvykle brzy odezni a nemaji vyznamny vliv na vynos, zvlasté je-li kvétak
péstovan v pudach s vysokym obsahem organické hmoty (Scott & Weston 1992; Scott et al.
1995).
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Po zakofenéni, sedm az ¢trnact dni po vysadbé kvétaku, Ize aplikovat metazachlor
(Rouchaud et al. 2008; Pettikova et al. 2012). Jursik & Crha (2014a) upozornuji, ze uc¢innost
metazachloru je zavisla na srazkach, resp. zavlaze a spektrum pusobeni je pomérné uzké,
pti¢emz aplikaci je nutné provést v pomérn¢ ranych rustovych fazich plevelt. Naopak Qasem
(2007) pozoroval po aplikaci metazachloru po vysadbé snizeni zapleveleni 0 94 % oproti
neosetfené varianté. Jestlize byla aplikace metazachloru provedena po dikladném zakotenéni,
nebylo zaznamenano snizeni kvality sklizenych kvétaka (Zinikeviciute & Baleliunas 1998). Po
zakofenéni kvétaku lze také aplikovat pendimethalin, S-metolachlor nebo dimethenamid-P. Je
vsak potieba brat v ivahu odridové rozdily v citlivosti k témto herbicidim (Jursik & Soukup
2006).

Kvétak je oproti zeli citlivéjsi vici listovému kontaktnimu herbicidu pyridate, ktery ve
vysSich davkach (nad 0,5 kg/ha) zplisobuje zpomaleni ristu a nekrozy listt (Petiikova et al.
2012). Henderson & Cairns (2002) nezaznamenali zadné poskozeni setého kvétaku, pokud byl
pyridate aplikovan v davkach do 0,9 kg/ha alesponi pét tydnt po vysevu. Jursik & Soukup
(2006) proto doporucuji jeho délenou aplikaci. Plnd davka zptsobuje u fady odrid silnou
fytotoxicitu. Henderson & Cairns (2002) také zkousSeli v porostech kvétaku postemergentné
aplikovat clopyralid nebo jeho kombinaci s Gi¢innou latkou picloram. Uginnost téchto herbicidi

na plevele byla dostate¢na, nicméng¢ jejich aplikaci nebyl negativné ovlivnén vynos kvétaku.

Pfi vyskytu travovitych plevelt se aplikuji graminicidy propaquizafop nebo quizalofop
(Pettikova et al. 2012) a podle Jursika & Crhy (2014) jsou kostaloviny vii¢i t€émto piipravkiim

pomérné tolerantni.

2.1.5. Herbicidni regulace pleveli v kedlubnach

Kedlubny se obvykle péstuji z predpéstované sadby. Vzhledem k pomérné kratké
vegetacni dobé€, z niz vétsi ¢ast byva porost zakryt netkanou textilii (zejména na jafe), je
dilezité dokonale zvladnout predvysadbové herbicidni oSetfeni. Pro pouziti predvysadbovych
herbicidu plati stejné zasady, které jsou uvedeny u kvétaku. Postemergentni herbicidni osetfeni
V kedlubnéch neni pftili§ vhodné z diivodu kratké vegetacni doby a tim nemoZnosti dodrzet
ochranné lhuty (Jursik et al. 2016b).

Nejcasteji se v kedlubnach pouzivaji herbicidy metazachlor a pendimethalin. Pii

jejich pouziti v nevhodnych podminkach vsak dochazi velmi Casto k poskozeni kedluben.
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Zejména pendimethalin mize zplsobit vyrazné omezeni ristu kofend, pfestoze viditelné
projevy na nadzemnich organech jsou minimalni (Figueroa et al. 2016). Naopak poskozeni
kedluben metazachlorem byva méné ¢asté (Al-Khatib et al. 1995). Liining et al. (1983) ale
pozoroval, ze pokud byl metazahlor aplikovan do kedluben na piscité padé, dochazelo
k malému zpomaleni jejich ristu. Bond (1993) zkousel v kedlubnach regulovat zaplevelujici

bambory pomoci fluroxypyru, avsak vysledek nebyl dostacujici.

2.1.6. Herbicidni regulace pleveli v mrkvi

Z hlediska zapleveleni je velmi dilezité, aby v ptedplodiné byly potlaceny vytrvalé
plevele. Kregulaci téchto vytrvalych plevell lze vyuzit také meziporostniho obdobi a
neselektivni herbicidy (Stall & Dusky 2000; Kavaliauskaite et al. 2009; Sasnauskas et al. 2012).
Jursik et al. (2005) dokonce doporucuje pied vzejitim mrkve glyfosate v kombinaci

S linuronem. Aplikace vSak musi byt provedena minimalné pét dni pred vzejitim mrkve.

Jelikoz se mrkev nejcastéji péstuje v odkamenénnych hribcich, které usnadnuji sklizen
a zajistuji lepsi kvalitu kotene, dochazi zejména na sténach hrubki k nizsi Gi¢innosti herbicida,
protoze vlivem vétsi plochy ptidniho povrchu byva herbicid poddavkovan (Jursik et al. 2016a).
K regulaci pleveli v porostech mrkve se pouzivaji predevSim preemergentni herbicidy
(Petiikova et al. 2012). S tim se shoduje i Jursik et al. (2005), ktefi uvadéji, ze doba od vysevu
do vzejiti mrkve trva v zavislosti na teploté ptdy a kvalité osiva dva az tfi tydny. V CR jsou
Vv tomto aplika¢nim terminu registrovany herbicidy obsahujici u¢. latky pendimethalin a
aclonifen. V zahrani¢i se preemergentné pouzivaji také clomazone, linuron, prometryn,
flufenacet, S-metolachlor, chlorpropham (Malidza et al. 1997; Knott 2002; Ogbuchiekwe et al.
2004; Morariu et al. 2017), v aridng&jSich oblastech také metribuzin, dimethenamid-P a
mesotrione, které v§ak mohou pfi intenzivnich srazkach zptsobovat vyrazné poskozeni mrkve

(Jursik et al. 2016b).

Petiikova et al. (2012) a Chaitanya et al. (2014a) varuji, ze preemergentni herbicidy
mohou na pudach s malou sorp¢ni schopnosti poSkozovat vzchazejici mrkev a snizovat jeji
vynos. Maly & Petiikova (1998) navic v takto oSetfenych mrkvich zjistili nizs$i obsah beta-
karotenu. Naopak na hlinitych strukturnich pidach s vyssim obsahem humusu a sorpéni
kapacitou Ize pouzit herbicidy obsahujici pendimethalin ve vys$si davce, pokud je mrkev vyseta
dostate¢né hluboko (Jursik et al. 2016b). Pendimethalin prokazuje dobrou ti¢innost na merlik

bily, kokosku pastusi tobolku, laskavec ohnuty ¢i svlacec rolni (Morariu et al. 2017). Podle
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Jursika et al. (2005) Ize jesté vysSsi ucinnosti pendimethalinu dosédhnout, jestlize je aplikace
provedena po mirnéj$im desti, ptipadné zavlaze (do 10 mm). Vyrazné¢ se tim zvysuje ucinnost
zejména na travy. Chaitanya et al. (2014a) kvili nizsi u¢innosti pendimethalinu na travovité

plevele doporucuji nasledné aplikovat listové graminicidy.

A%

Herbicid Bandur (aclonifen) je k mrkvi vysoce selektivni, zejména na téz8ich pudach, kde
jej lze preemergentné pouzit v plné davce. Na leh¢ich pudéach je vhodnéjsi davku snizit,
zejména pouzije-li se tento pfipravek v tank-mixu sjinym herbicidem (v zahrani¢i Casto
s clomazonem). Aclonifen vykazuje vysokou uéinnost piedev§im na merliky a laskavce.
Dobrou téinnost vykazuje také na hluchavky, baZzanku ro¢ni a zemédym lékatsky a brukvovité
plevele véetné fepky. Uinnost na travovité plevele je niZsi, zejména za sucha a na lilkovité
plevele tento herbicid selhava zcela (Jursik et al. 2016b).

Péstitelé mrkve v USA se podle Ogbuchiekwe et al. (2004) dlouhodobé spoléhaji na
herbicidy s G¢innymi latkami trifluralin a linuron, které vsak jiz nejsou v EU v soucasnosti
registrovany. Linuron vykazuje dobrou ucinnost na bézné se vyskytujici dvoudélozné plevele
(laskavce, merliky, atd.). Na tézSich pidach miize pii nedostatku srazek a zavlahy dojit
k vyraznému snizeni G¢innosti. Na lehkych pis¢itych ptidach mohou byt naopak problémy se
selektivitou a je proto tfeba volit niz§i davky. S ohledem na tizké spektrum postemergentnich
herbicidl registrovanych do mrkve se obvykle tento herbicid preemergentné pfili§ nepouZziva a
vyckava se s jeho aplikaci az po vzejiti mrkve, pti¢emz pii vzchazeni je mrkev viici herbicidim
citlivd. Postemergentni aplikaci lze proto provést nejdiive ve fazi dvou az tii pravych listd

Vv zavislosti na i¢inné latce a zdravotnimu stavu mrkve (Jursik et al. 2016a; Morariu et al. 2017).

Po vzejiti je rlst a vyvoj mrkve pomérné rychly. Po zapojeni porostu se jiZ nové vzeslé
plevele uplatiiuji jen velmi t€Zko a v dobfe zapojenych porostech jiz nemohou negativné
ovlivnit vynos. Urcitym problémem vSak mohou byt vytrvalé plevele, jejichz regulace by proto
méla byt feSena piedevsim v predplodiné nebo vV meziporostnim obdobi (Jursik et al. 2005).
Jursik et al. (2016b) doporucuje klast zvlastni diraz na regulaci pchace osetu. Vytrvalé a
prerostlé jednoleté dvoudélozné plevele 1ze v porostu mrkve potlacovat herbicidy obsahujicimi
uc. latku fluroxypyr. Davka se voli v zavislosti na plevelném druhu a jeho rastové fazi. Z
vytrvalych plevell jsou relativné citlivé k této ucinné latce svlacec rolni, jitrocele, mlé¢ rolni a
nekteré jednoleté dvoudélozné plevele, naptiklad svizel pritula. Williams & Boydston (2005)
sledovali v porostech mrkve vysokou ucinnost fluroxypyru na zaplevelujici brambory.
Nicméné herbicidy s touto ucinnou latkou jsou registrovany pouze do semennych porosti a do

krmné mrkve. Po aplikaci fluroxypyru miize dochazet k deformacim listd mrkve, avSak tyto
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ptiznaky brzy odezni a vétSinou nedochazi ke snizeni vynosu, ale u citlivych odrid mtze dojit
k deformaci kotfene. V zahranici byly testovany herbicidy obsahujici ethofumesate, ktery se
choval k mrkvi selektivnéji, piestoze ve vysSSich davkach dochazelo i u tohoto herbicidu ke
snizeni vynosu mrkve (Jursik et al. 2016b). Williams & Boydston (2005) zkouseli v porostech
mrkve potlacovat zaplevelujici brambory preemergentné i postemergentné herbicidem
obsahujicim ethofumesate. Preemergentni aplikace oddalila vzchazeni brambor a
postemergentni aplikace zpisobila zkrouceni listi brambor a omezila jejich rast. Po obou
terminech aplikace vSak sledovali lehké poskozeni listh mrkve a sniZzeni vynosu oproti
neosetiené kontrole.

Velmi dobrou ucinnost na plevele a nizkou fytotoxicitu k mrkvi vykazal postemergentné
aplikovany metribuzin (Chaitanya et al. 2014a). Podobné vysledky byly zaznamenany i pokud
byl aplikovan preemergentné (Chaitanya et al. 2014b). Nicméné¢ s aplikaci je vhodné pockat az
po vytvoreni tfetiho listu mrkve, pfi¢emz mezi odriidami mrkve mohou existovat velké rozdily
v citlivosti k tomuto herbicidu (Jursik et al. 2016). Na variantach, oSetfenych metribuzinem,
pozorovali Singh & Tripathi (1988) a Muniyappa et al. (1995) statisticky vyznamné zvyseni
vynosu nez na variantach ruéné pletych. Predpoklada se vSak brzky zdkaz tohoto herbicidu

v EU.

Postemergentné lze regulovat jednoleté travovité plevele v porostu mrkve listovymi
graminicidy s 0.l. haloxyfop, fluazifop, quizalofop a propaquizafop (Jursik et al. 2012;
Petiikova et al. 2012; Chaitanya et al. 2014b). Tyto herbicidy velmi dobie potlacuji také vydrol
obilnin a ve vysSich davkach i1 pyr plazivy. Na lipnici ro¢ni vykazuji tyto herbicidy
nedostate¢nou ucinnost, snad s vyjimkou herbicidi s .l. haloxyfop. Mrkev listové graminicidy
pomérné dobfe snasi, avsak je vhodné je aplikovat az po vytvoteni dvou az tii listi mrkve,
zejména jestlize je chceme pouzit v tank-mix kombinaci s jinym pesticidem. S herbicidy
obsahujicimi 0.1. linuron, ¢i metribuzin se listové graminicidy nedoporucuje kombinovat
z divodli mozného fytotoxického puisobeni takovychto smési (Jursik et al. 2016b; Morariu et
al. 2017). Naopak Chaitanya et al. (2014a) nezaznamenali po oSetfeni kombinaci G¢innych latek
metribuzin + quizalofop nebo propaquizalofop snizeni vynosu oproti ostatnim testovanym

variantam.
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2.1.7. Herbicidni regulace plevelii v cibuli

Podle Jursika (2004) a Herrmanna et al. (2017) ma ochrana cibule proti plevelim
rozhodujici vliv na vynos, jeho kvalitu a snadnost sklizn¢. Petiikova et al. (2006) uvadi, ze pred
vzejitim cibule je proto v zahranici ¢asto pouzivan neselektivni listovy herbicid (glyfosat), coz
ma vyznam zvlasté tam, kde se objevuji vytrvalé plevele. V ptipad¢, Ze se glyphosatové oSetfeni
planuje, muze byt vyhodny delsi Casovy odstup mezi piedsetovou pfipravou a setim.

V takovém ptipadé vzejdou plevele vyrazné diive nez cibule a glyphosatové osetieni je pak

wewvr

Porosty cibule jsou v ranych rastovych fazich citlivé vaci herbicidim. Je tedy nezbytné
zhodnotit pied aplikaci stav porostu, pidni vlastnosti a vlhkost pudy, teplotu vzduchu a
intenzitu slune¢niho zafeni, aby se zabranilo vazné&jsimu poskozeni cibule (Maly & Petiikova,

2000).

Zakladem regulace jednoletych plevelt v cibuli bylo diive preemergentni oSetfeni
pudnimi ptipravky, které se podle Petiikové et al. (2012) provadelo nejpozdéji do jedenécti dnti
po vysevu, obvykle piipravky s ucinnou latkou pendimethalin nebo aclonifen. Délku
rezidualniho plsobeni téchto pfipravkll v ptidé ovliviluje mnoho povétrnostnich a pldnich
faktorti, uc¢inna latka pouzitého piipravku, ptipadn€ pomocné latky (adjuvanty). Dobra u¢innost
preemergentnich herbicidl je vSak podminéna dostateCnou plidni vlhkosti. Zavlaha vyrazné
zvySuje ucinnost, zejména na jednoleté plevele. Ale podle Jursika et al. (2016b) je mozné
zavlahu provést aZ po aplikaci a jeji intenzita by neméla byt vyssi nez 10 mm. Jinak by mohlo
dojit k proplaveni herbicidu do zény kliceni semen cibule (pfedevsim na leh¢ich pidach), coz
by se mohlo projevit vyraznou fytotoxicitou (horsi vzchézeni). Davku ptidnich preemergentnich
herbicidt je tfeba také volit s ohledem na sorp¢ni vlastnosti a zrnitostni slozeni ptidy. Na leh¢ich
pudach s nizsi sorpcni kapacitou je vhodné pouzit nizsi davky, nez jsou do cibule registrovany,
a to ¢asto 1 vice nez o polovinu. K lepsi G€innosti ptipravkl vede i jejich mikroenkapsulace a
pomalejsi uvoliiovani do pudniho roztoku (Herrmann et al. 2017). Piipravky s G¢innou latkou
S-metolachlor a dimethenamid-P lze také pouzit pii preemergentnim oSetfeni k rozsiteni
spektra plisobeni, zejména na travovité plevele, hefmanky a laskavce (Keeling et al. 1990;
Herrmann et al. 2017). V zahranié¢i se preemergentné pouziva také propachlor, ethofumesate,
oxadiazon, metribuzin nebo flufenacet (Ghosheh 2004; Qasem 2005b; Hussain et al. 2008).

Postemergentni oSetfeni cibule 1ze provadét az po vytvoreni druhého listu cibule (Jursik

et al. 2016). Od vzejiti do faze dvou az tii pravych listl je totiz cibule relativné citliva vici
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vétsing kontaktnich i ptidnich herbicidii. V tomto obdobi 1ze doporucit oSetieni porostu cibule
jen v ptipad¢ vyrazného selhani preemergentni aplikace, kdyz by hrozilo, Ze plevele pierostou
a jejich nasledna regulace jiz nebude z hlediska dostatecné ucinnosti mozna. Je vSak tfeba

vyrazné snizit davky herbicidu s ohledem na rtstovou fazi cibule (Jursik & Soukup 2004).

v

L4

aplikovat. Vhodnéjsi jsou délené aplikace, pfipadné tank-mix kombinace (kontaktni a pidni
herbicid) ve velmi nizkych davkach herbicidti v pomérné kratkych intervalech pét az deset dni
(Loken & Hatterman-Valenti 2010). Po oSetfeni ptipravky, které vykazuji vedle kontaktniho
ucinku také kratSi ¢i delsi rezidualni piisobeni v ptidé¢ a zabraniuji vzchazeni novych vuci
herbicidu citlivych pleveld, je vhodné se vyvarovat jakékoliv kultivaci porostu, jinak dojde
Kk poruseni herbicidniho filmu a na povrch pidy se dostanou nova semena pleveli, ktera mohou
vzchazet a oSeteni je pak tieba opakovat (Jursik & Soukup 2004). V Zadném piipadé nelze
oSetfovat porost cibule ve fazi prvniho pravého listu. Pokud je oSetfeni provedeno pfili§ brzy
nebo je pouzita vyssi davka herbicidl, mize dojit k poSkozeni cibule, které mlize byt i velmi
vyrazné (zbrzdéni v ristu, nekrézy a deformace listl), pficemz v extrémnich ptipadech miize

dochazet az k profidnuti porostu (Ashton & Monaco 1991).

Kontaktnimi listovymi herbicidy s G€¢innou latkou pyridate 1ze podle Jursika (2004)
citlivé plevele regulovat az do faze Sesti az osmi pravych listi. Dvoudélozné plevele byvaji po
aplikaci pyridatu dostate¢né potlateny a nedochazi k vyznamnému poskozeni cibule
(Kavaliauskaite 2009). Systemicky pusobicimi listovymi herbicidy (fluroxypyr) pisobi na
plevele dokonce jesté v pokrocilejsich fazich. Nicméné i u téchto piipravku klesa ucinnost
s ristovou fazi pleveld (Jursik 2004). V piipadé¢ intenzivnéj$iho vyskytu vytrvalych plevelt se
neobejdeme bez opakované aplikace fluroxypyru pii horni hranici povolené do cibule, ale jak
popisuji Jursik & Soukup (2004), regulace vytrvalych dvoudéloznych pleveli by méla byt
feSena predevSim v predplodin€é nebo v meziporostnim obdobi. Pfi opakované aplikaci
fluroxypyru byvaji také dobie potlaGeny zaplevelujici brambory, ale mtize dochazet ke snizeni
vynosu cibule (Boydston & Seymour 2002). Krom¢é jiz zminovanych herbicidi Ize
k postemergentni regulaci dvoud€loznych pleveli pouzit i bromoxynil (Cudney & Orloff
1988), ktery pravdépodobné bude v nejblizsich letech v EU zakazan. Tento herbicid lze
pouzivat od druhého listu cibule (William et al. 2007). Avsak Loken & Hatterman-Valenti
(2013) varuji, ze po jeho aplikaci dochazi Kk retatdaci cibule, v disledku ¢ehoZ zaznamenali
snizeni hmotnosti ¢erstvych cibuli. Bromoxynil je také vhodné pouzit k regulaci zaplevelujicich

brambor (Boydston & Seymour 2002). Norsworthy et al. (2007) uvadi, Ze postemergentné lze
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také aplikovat flumioxazin, nejlépe pokud je cibule ve fazi tii az péti listi. Na druhou stranu
autofi varuji, ze flumioxazin mize zpusobit vyrazné poskozeni cibule, hlavné pokud je
aplikovan v tank-mix kombinaci s jinym pesticidem. Herrmann et al. (2017) sledovali jeho
vysokou fytotoxicitu zejména v takovych ptipadech, kdy byl aplikovan spole¢né s i¢innymi

latkami dimethenamid-P, S-metolachlor nebo pendimethalin.

Travovité plevele lze regulovat listovymi graminicidy (Petfikova et al. 2006). Sahoo et
al. (2013) doporucuji pouzivat quizalofop a Jursik et al. (2016b) doporucuji fluazifop nebo
propaquizafop. Hlavné tehdy, pokud se nepodafilo potlacit jednoleté plevelné travy padnimi
herbicidy. Listové graminicidy velmi dobte potlacuji také pyr plazivy a vydrol obilovin. Cibule
tyto ptipravky relativné dobfe snasi, nicméné je vhodné je aplikovat az po vytvoreni tietiho
listu cibule a nekombinovat je s kontaktnimi piipravky proti dvoud&loznym plevelam. Uginnost
vétSiny listovych graminicidi na lipnici ro¢ni je minimalni, pouze haloxyfop vykazuje

¢astecnou ucinnost i na tento plevel.

2.1.8. Agrotechnicka opatieni ovliviiujici u¢innost a selektivitu herbicidniho oSeti‘eni

2.1.8.1. Zakryvani porostu netkanou transparentni textilii

Transparentni netkana textilie se pouzZiva v zelinafstvi pfedevSim za ti¢elem urychleni
dozravani, ochrané proti nizkym teplotdm a zvySeni celkového vynosu a kvality produkce
(Gimenez et al., 2002; Lee et al., 2009), coz je dulezité piedev§im v chladnéjsich oblastech
pestovani nebo na jate, kdy jsou niZsi teploty a hrozi poskozeni produkce mrazem (Ahn et al.
2003). Zakryti transparentni netkanou textilii vSak mutize vyrazné ovliviiovat také plevele, které
pod textilii rostou spole¢né s plodinou. Zejména teplomilné plevele (C4 metabolismus) mohou

vzchazet a vyvijet se pod textilii daleko rychleji nez na nezakryté ptad¢. Jejich nasledna regulace

V disledku zakryti porostu netkanou textilii dochazi k vyraznym zménam podminek
prostfedi pod textilii. Lze tedy divodné ocekévat, ze pidni herbicidy, které se aplikuji pred

zakrytim porostu, se budou chovat odli$n€ nez v ptipad¢ jejich pouziti na nezakryty porost.

Zakrytim netkanou textilii maze byt snizena selektivita herbicidu. Herbicid se pomaleji
rozklada a odpafeny herbicid muze byt snadnéji piijiman listy zeleniny. Piedpoklada-li se tedy

zakryti porostu netkanou textilii, je tfeba snizit ddvku ptidniho herbicidu o 30-50 % a to
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pfedevsim u velmi ranych vysadeb v bfeznu, které jsou herbicidem nejéastéji poskozovany.
Herbicid je totiz pomaleji metabolizovan pfi nizSich teplotach. Velmi dilezité je toto opatieni
pfedev§im u herbicidti obsahujicich G¢innou latku pendimethalin (vyznamna degradace
ultrafialovou slozkou slune¢niho zafeni) a clomazone (vysoka intenzita tékani). Problémem
jsou také vytrvalé plevele, na které pudni herbicidy obvykle pfili§ neucinkuji, mohou se tedy

pod netkanou textilii neruSen¢€ vyvijet (Jursik et al. 2016b).

2.1.8.2. Zavlaha

Zavlaha velmi vyrazné zvySuje vynos i kvalitu polni zeleniny (Kosterna et al. 2011).
Imtiyaz et al. (2000) potvrdili, Ze se zvySujicim se mnozstvim zdvlahy se zvySuje vynos
brokolice, mrkve a zeli. Velmi vyrazné vSak ovlivituje také U¢innost a selektivitu herbicida
pouzivanych v zeleninadch (Huang et al. 2017). Za sucha je u¢innost ptidnich herbicidi obvykle
niz8i (Zhang et al. 2001, Zanatta et al. 2008). Naopak intenzivni srazky nebo zavlaha kratce po
aplikaci mohou zpusobovat vyrazné poskozeni plodiny (Jursik et al. 2015; Saha et al. 2019),
zejména u plodin jejichz selektivita vuci herbicidu je zalozena pozi¢né a jejich schopnost
metabolizovat herbicid je omezena (Sondhia 2013). U vétsiny preemergentnich herbicidi je na

etiketé doporuéena mirna zavlaha brzy po aplikaci (Saha et al. 2019).

Smith et al. (2016) pozoroval, ze mnozstvi dodané zavlahy ma vyznamny vliv na
i¢innost S-metolachloru a acetochloru. Uginnost S-metolachloru byla nejvyssi na pozemcich,
acetochloru se pfi zavlaze vyssi nez 3,2 mm neliSila. Rozdil v G¢innosti byl pozorovan pouze
pfi nizké trovni zavlahy 1,6 mm. AvSak u fomesafenu a dicamby nebyl pozorovan vliv zdvlahy

na ucinnost na plevele.

Khan et al. (2005) ale upozorfiuji, Ze v jejich pokusech byla vice zaplevelena herbicidni varianta

se zavlahou. Dodané vldha zifejmé napomohla naslednému vzchézeni plevela.

2.1.8.3. Vliv adjuvantii na acinnost a selektivitu pidnich herbicidi
Adjuvanty jsou latky zvySujici ucinnost herbicidu tim, Ze zvySuji a urychluji jeho
pfijem, zvySuji pokryvnost postiikové jichy a zvySuji pfilnavost postiikovych kapének na

cilovych povrsich (Baratella et al. 2016). V poslednich letech se stale vice vyuziva moznost
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aplikace nékterych adjuvanti s pidnimi herbicidy. Padni adjuvanty ovliviiuji fyzikalni
vlastnosti posttikové jichy a zlepSuji kvalitu postiiku a stabilizuji herbicid v piidni prostredi
(Locke et al. 2002). Jejich hlavni vyznam vSak spoé¢iva v tom, Ze mohou snizovat fytotoxicitu
téch herbicidi, jejichz selektivita je zaloZena pozi¢ne. Nékteré adjuvanty totiz mohou omezovat
proplavovani herbicidu do spodnich vrstev pidy (Reddy 1993), kde muze herbicid plsobit
fytotoxicky. Vyznamné uplatnéni proto nalézaji predevSim u mélceji setych citlivych plodin,
jako je fepka, mak, ¢i nékteré zeleniny (Jursik et al. 2018). Jako pidni adjuvanty se uplatiiuji
predevsim polymerni latky, které poutaji molekuly herbicidu na ptidni koloidy a tim zabranuji

jejich vertikalnimu pohybu v pudé (Kocarek et al. 2018).

2.2. Rezidua herbicidi v zeleniné

2.2.1. Rezidua pesticida a jejich detekce

Jako rezidua oznacujeme zbytek pesticidu nebo jeho rozkladnych produkti, které
pietrvavaji na rostlin€ nebo v rostliné po aplikaci pesticidu (Pospisilova & Pospisil 1975). Podle
spoleéné definice FAO (Food and Agriculture Organization) a WHO (World Health
Organization) je reziduum kazda cizoroda latka ptitomna v riznych substratech (puda, voda,

rostliny, krmivo, potravina) v dtsledku pouzivani pesticida (Toth 2001).

Lozowicka et al. (2012) uvadi, Ze pokud je pesticid pouzivan v souladu s jeho registraci,
nemély by jeho rezidua piekrocit maximalni limit rezidui MRL (maximum residue levels).
MRL jsou stanovovany zpravidla na na ndrodni i mezinarodni urovni. Hodnoty MRL stanovené
EU jsou brany jako velmi vysoky standard, ktery piebira fada zemi mimo EU. Uvazuje se
zbytkova koncentrace v plodinach za podminek spravné zeméd¢€lské praxe a z toho se vypocita
denni pfijem. Ten musi byt vzdy nizsi, nez toxikologicky pfijatelna denni davka — ADI
(Acceptable Daily Intake) a akutni referenéni davka — ARfD (Acute Reference Dose). ADI
odrazi chronickou toxicitu, tedy mnozstvi slouceniny v potraving, prepoctené na kg télesné
hmotnosti, které mliZze byt konzumovano denné po cely Zivot bez vyznamnéjSich zdravotnich
rizik. ARfD odréazi akutni toxicitu, coz je odhad mnozstvi slouceniny v potraving, piepoctené
na kg t€lesné hmotnosti, které mize byt pfijato kratkodobé€, zpravidla v jednom jidle nebo

jednom dni, bez vyznamnéjsich zdravotnich rizik (Kocourek 2013).

MRL jsou podle Holého et al. (2011) zpravidla udavany v mg rezidua pesticidu na kg

sklizeného produktu a mohou se liSit v zavislosti na druhu plodiny nebo ¢asti sklizeného
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produktu. Vétsina MRL se pohybuje v rozmezi od 0,01 do 50 mg/kg (Kocourek 2013). MRL
Vv plodech a ostatnich jedlych ¢astech rostlin jsou uvedeny v natizeni Evropského parlamentu a

Rady ¢. 396/2005 a pozdéjsich predpisech a jsou shodné pro vSechny staty EU (Holy et al.
2011).

Rezidua pesticidu by v idealnim pfipadé neméla byt v potraviné pfitomna viibec, a proto
je zadouci, aby po splnéni své funkce byla rychle degradovana, vytékala nebo byla omyta
(Kocourek 2013). Podle Amjada et al. (2013) je bezpecnost potravin zavaznou otazkou.
Pouzivani pesticidu pii produkci zeleniny je velmi Casté, ale zatim nebyla vytvofena zadna
pfesnd strategie (modely), kterd by stanovovala optimdlni davky herbicidl pro konkrétni
podminky a situace a zajistovala minimalni zatizeni zeleniny i prostiedi témito latkami. Nejvice
muze byt lidské zdravi ohroZeno v ptipadech, kdy péstitel¢ ignoruji doporuc¢ené ochranné lhity
mezi aplikaci herbicidu a sklizni (Baig et al. 2009; Wang et al. 2013). Jursik & Crha (2014b)
doporucuji pouzivat pouze takové piipravky, které jsou v rostliné rychle degradovany. Pokud
to neni mozné, je potfeba oSetfovat problematickymi ptipravky s dostate¢n¢ dlouhou dobou
pted sklizni. Z tohoto pohledu je rezidui herbicidi nejvice ohrozena zelenina s kratkou

vegetacni dobou, predevs§im kedlubny, salat, fedkvicky.

Podle Lehotaye et al. (2010) je nejpouzivanéjsi metodou pro extrakci rezidui pesticidu
QUECHhERS (quick, easy, cheap, effective, robust and safe — rychla, jednoducha, levna,
efektivni, solidni a bezpecna). Jedna se o metodu disperzni extrakce tuhou fazi. Tato technika
byla piivodné vyvinuta pro extrakci a precisténi vzorkid pred rezidudlni analyzou pesticida
V ovoci a zeleniné a ma velmi dobry a pfesny limit detekce a to 0,001 mg/kg (Farkas et al.
2014). Da se tak jednoduse a rychle ur¢it relativné velké mnozstvi rezidui pesticidu (Frenich et
al. 2012; Kovacova et al. 2014). Metoda QuEChERS byva vyuzivana ke stanoveni rezidui
pesticidi v zelenin€ po celém svété spolecné s ndslednou plynovou chromatografii (Abad et al.
2010). Mastovska et al. (2001) vyvinula rychlou analytickou metodu pro stanoveni dvaceti
pesticidll za pouziti nizkotlaké plynové chromatografie s hmotnostnim spektrometrem (LP-GC-
MS). Touto metodou bylo uspésné analyzovano mnoho vzorki zeleniny v riiznych laboratotich
(Donkor et al. 2015). S lehkou modifikaci se s ni daji sou¢asné méfit i dalsi podobné pesticidy
a jejich degradované produkty v zelenin¢ (Li et al. 2016).
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2.2.2. Rezidua v zeleniné

Pro zajisténi vyssi produkce a jeji estetické kvality vyuzivaji péstitelé zeleniny mnoho
pesticidi po celou dobu vegetace zelenin (Baig et al. 2009). Proto Lozowicka et al. (2012)
varuje, ze rezidua V zeleniné pfedstavuji mozné riziko pro spotiebitele a jeho zdravi. Naproti
tomu Winter (1992) publikoval, ze detekovana rezidua pesticidi ptesahujici MRL malokdy
predstavuji toxikologicky vyznamné riziko. Podle Holého et al. (2011) je v CR nejéastéji
hodnocen vyskyt rezidui pesticidii ve vzorcich zeleniny od &eskych péstiteli. Zadny
z jimi hodnocenych vzorkli zeleniny, zahrnujici cibuli, kvétak, mrkev a salat, nepiekrocil

hodnoty MRL. Zjisténé hodnoty rezidui pesticidi byly hluboko pod timto limitem.

Délka degradace herbicidii v zeleningé je znac¢né rozdilnd. U hodnocenych latek se
pohybuje v Sirokém rozmezi, napiiklad rezidua pendimethalinu v celeru klesla téméf za dva
meésice na polovinu, ale rezidua propyzamidu v salatu klesla uz po dvou tydnech vice nez
desetkrat (Holy et al. 2011). N¢které ucinné latky jsou v zeleniné pravdépodobné rychle
metabolizovany nebo je jejich kofenovy piijem &i transport v rostling omezen (Suk & Jursik
2016). Pomala degradace ptudnich herbicidt souvisi s jejich dlouhym rezidualnim tG¢inkem na
plevele a s jejich stabilitou v pidnim prostfedi. Také péstovana zelenina ma velky vliv na
rychlost degradace pesticidu. Naptiklad kvétak ma z brukvovité zeleniny nejpomalejsi proces

degradace rezidui (Kocourek et al. 2017).

Ke snizeni obsahu rezidui herbicidit mohou ptispét i néktera agrotechnicka opatfeni jako
je naptiklad doba pokryvani porosti netkanou textilii nebo zavlaha (Amjad et al. 2013; Sondhia
2013).

2.2.3 Akéni prahy a akéni ochranné lhiity pro nizkorezidualni a bezrezidualni produkci

Nizkorezidualni produkce je zemédéelska produkce, pii které je chemicka ochrana proti
Skodlivym organismim provadéna tak, ze rezidua pouzitych ptipravki v produktech jsou pod
limitem pfedem stanoveného a vyzadovaného ak¢niho prahu, naptiklad pod 25 % nebo 50 %

MRL (Kocourek et al. 2013; Kocourek et al. 2014; Golles et al. 2015).

Bezrezidualni produkce je zeméd¢lska produkce, pii které je chemicka ochrana proti
Skodlivym organiSmiim provadéna tak, Ze rezidua pouzitych pesticidd ve sklizenych
produktech neptesahuji limit 0,01 mg/kg. Limit 0,01 mg/kg je shodny s limitem vyuzivanym

V soucasnosti pro produkty uréené pro détskou vyzivu a piedstavuje nejvyssi piipustné,
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toxikologicky pfijatelné mnozstvi pesticidi v plodinach (Commission Directive 2006/141/EC,;
Kocourek et al. 2013; Kocourek et al. 2014; Kocourek et al. 2017).

Ochrannd lhita (OL) je doba ve dnech, kterd se pocita od terminu posledni aplikace
pesticidu do sklizné plodiny a je vzdy uvadéna pro konkrétni piipravek a konkrétni plodinu.
OL je stanovena ufedn¢ a je uvadéna na etiketé piipravku a v Seznamu povolenych piipravki
na ochranu rostlin, jeji dodrzeni je zdvazné. Pokud je OL dodrzena nemélo by za obvyklych

podminek nastat piekro¢eni hodnoty MRL (Jursik et al. 2016b).

Stanoveni ak¢nich ochrannych 1hit je pfi pouzivani pesticidi nezbytné pro zajisténi
podminek pro nizkorezidualni nebo bezrezidualni produkci potravin nebo surovin pro vyrobu
potravin (Kocourek et al. 2013). Ak¢ni ochranné lhity (AOL) vyjadiuji dobu ve dnech od
terminu posledni mozné aplikace piipravku do sklizné produktu. AOL jsou vzdy uvadény pro
ptipravek a konkrétni plodinu a pii jejich respektovani je garantovano dodrzeni predem
stanovené hodnoty rezidui herbicidti odpovidajici akénimu prahu. Napiiklad AOLys je akéni
ochranna lhita, pfi jejimz dodrzeni nebude ve sklizeném produktu vice nez 25 % MRL
konkrétniho pesticidu (Kocourek et al. 2013; Kocourek et al. 2014). Akéni ochranné lhity
byvaji stanoveny na zakladé ak¢nich prahii pro nizkorezidualni produkci nebo podle limitu pro
bezrezidualni produkci. Akéni prahy pro nizkorezidudlni produkei jsou nejvyssi piipustné
limity toxikologicky pfijatelného mnozstvi herbicidli v potravinach, které odpovida predem
stanovené pozadované hodnoté procent MRL platnych pro konkrétni plodinu. V sou€asné dobé
jsou tyto akéni prahy vyuzivany hlavné obchodnimi fetézci jako limit pro plodiny
z nizkorezidualni produkce zelenin. Hodnoty akénich prahii se podle odbératelit v soucasnosti

pohybuji v Sirokém rozmezi od 10 % do 50 % MRL.

2.2.4. Chovani herbicidi v padé

Bez ohledu na zpisob a termin aplikace se vSechny herbicidy dostavaji do kontaktu
S piidou, at’ jiz jsou na ni pfimo aplikovany nebo jsou smyty z listi plodiny ¢i pleveld.
Z hlediska ucinnosti herbicidu je dulezita predev§im koncentrace herbicidu v pidnim roztoku.
Vlhkost ptidy a intenzita deStovych srazek (zejména bezprosttedné pied a po aplikaci

herbicidu) tak vyrazné ovliviiuje aktivitu pidnich herbicidd (Jursik et al. 2013).

Intenzita transportu ucinné latky v pidé zéavisi na jeji rozpustnosti ve vod¢, sorpci a

perzistenci v ptdé. Na chovani herbicidii v pidé¢ ma hlavni vliv jejich rozpustnost ve vode¢.
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V ptipad¢ jejich proplaveni do spodnich vrstev pidniho profilu (kde je vyrazné redukovan
obsah pidni organické hmoty a piidnich mikroorganismi) se vSak jejich perzistence v pade
zvysuje. Z vnéjsich faktort, které ovliviiuji transport herbicida v ptidnim prosttedi, ma nejvetsi
vyznam zrnitostni slozeni, hydraulické vlastnosti piidy a obsah ptidni organické hmoty. Zatimco
na lehcich ptdach (které obsahuji vice nekapilarnich porit) dochazi nejcastéji k vertikalnimu
proplaveni herbicidi, na pudach tézsich je vertikalni pohyb omezeny. Na tézSich pudach se
pak uplatiiuje piedevsim povrchovy odtok (Wischmeier & Mannering 1969) a do spodnich
vrstev pudniho profilu jsou herbicidy transportovany piedevsim preferen¢nimi cestami (Renaud

2004).

Mobilita herbicidu v pidnim prostiedi je velmi dulezita jak z hlediska fytotoxicity (u
herbicidt, jejichz selektivita je zalozena pozi¢né€), tak z hlediska mozné kontaminace
povrchovych a podzemnich vod. Proto jsou nové Géinné latky herbicidi z tohoto hlediska velmi
ptisné€ testovany, a pokud je jejich mobilita v pidé pfili§ vysokd, dochazi k omezovani jejich
pouzivani (PHO, davkovani, izola¢ni vzdélenosti) ¢i jejich uplnému zdkazu. Pro posouzeni
rizika proplaveni herbicidu se nejéastéji pouziva GUS leaching index (Gustafson 1989), ktery
se vypolitava na zaklad® rozpustnosti ve vodé a polodasu rozkladu herbicidt. Cim vyssi

hodnoty dosahuje, tim je vyssi riziko proplaveni.

V povrchovych vodach CR jsou nejéastji nachézeny terbuthylazin, chlorotoluron,
isoproturon, diuron, acetochlor, metolachlor, metazachlor a jejich metabolity. V sedimentech

vodnich tokt byvaji nej¢astéji nachazeny terbuthylazin, terbutryn, diuron, linuron, alachlor.

Na degradaci herbicidu po aplikaci ma vliv mnoho faktori. Rychlost degradace
pesticidi v pudé ovliviiuje pfedev§im pidni vlihkost a teplota (Walker 1987). Pesticidy mohou
pro degradaci herbicidu v pidé jsou v§ak pochody fizené mikroorganismy. Degrada¢ni procesy
V pudé jsou predstavovany transformaci molekuly, postupnym odbourdvanim nebo inaktivaci
fytotoxickych casti (toxoforti) molekuly (Jursik et al. 2018). Padni mikroorganismy maji pro
degradaci herbicidi v plid€ zasadni vyznam. Aktivita plidnich mikroorganismi je ovlivnéna
pfedev§im ptdni vlhkosti, pidni teplotou, obsahem organické hmoty, pH plidy, obsahem
kysliku a zasobenosti zivinami (Walker et al. 1989; Sarmah et al. 2000). V suché¢, chladné a na
ziviny chudé pid¢ se mikrobialni aktivita velmi vyznamné snizuje, podobné jako pii nedostatku
kysliku v pudé, takze na utuzenych pudach nebo po vytvofeni pidniho Skraloupu byva

degradace herbicidi pomalejsi. K chemické degradaci dochazi zpravidla v puidnim roztoku a

30



na fazovém rozhrani pevna-kapalna faze nebo v sedimentech. Hlavnimi degradacnimi procesy,
které se odehravaji v ptidnim roztoku, jsou hydrolyza a oxida¢né-redukéni reakce. Chemicka
degradace probiha vétSinou v silné kyselém nebo zasaditém prostiedi. Pokud hodnota pH pudy
nabyva tyto extrémni hodnoty, snizuje se vyrazn¢ mikrobialni degradace a zvysuje se podil
chemické degradace (Jursik et al. 2018). Mén¢ stabilni molekuly herbicidi (pendimethalin,
oxyfluorfen a nékteré substituované mocoviny) jsou nachylné ke svételnému rozkladu
(fotolyze). Tyto herbicidy je vhodné (pfedev§im za intenzivniho slune¢ného svitu) ihned po

aplikaci zapravit do pudy (Tagle et al. 2005).

Rychlost rozkladu herbicidu mutze byt vyrazné zpomalena, pokud dojde k jeho
proplaveni/zapraveni do podorni¢i, kde je obvykle mald mikrobidlni aktivita a celkové

neptiznivé podminky pro degradaci (Rice et al. 2002).

31



3. Cile prace a hypotézy

Hlavnim cilem diserta¢ni prace je vypracovani postupu pro optimalizaci regulace pleveli
v porostech vybranych druhti polni zeleniny se zaméfenim na Gcinnost, selektivitu a omezeni
rezidui herbicidi ve sklizenych produktech. Za timto ucelem byly stanoveny nasledujici

veédecké hypotézy:

1) Obsah rezidui herbicidii v zelenin€ Ize snizit nékterymi agrotechnickymi opatfenimi a

prodlouzenim ochrannych lhdt.

2) Davky herbicidi pouZivanych v zeleniné lze vyrazné snizit vyuzivanim vhodnych

agrotechnickych opatteni, pfi zachovani vysoké ucinnosti a selektivity oSetfeni.
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4. Publikované prace

4.1. Vliv zakryvani netkanou textilii na u¢innost a selektivitu pendimethalinu v salatu

Jursik M, Hamouzova K, Soukup J, Suk J. 2016. Effect of nonwoven fabric cover on the

efficacy and selectivity of pendimethalin in lettuce. Scientia Horticulturae. 200: 7-12.
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ARTICLE INFO ABSTRACT

Articie The ohjective of this study was to com pare the effect of nomwowen fabrics used for growih aocelera-
MWMME tion in lettucs on the efficacy and selectivity of pendimethalin herbicide at varying appliction rates.
:ﬂﬂ“‘m:::m Small plat sxperiments were conducted with head lettice in Prague, Crech Republic during 200 1-2013.

Heerhicide efficacy was higher in plots covered by nomwoven fabric, but selectivity was influenced neg-
atively. Nnmen fabric cover inoreased the efficacy of pendimethalin applied at rates of 600 and
1300 gha". The highest efficacy was recorded against Chenopodium album (96— 100%) and Amaronthus
retrofexus (>90%). Efficacy against Echimoch oo ores-galli ranged between 855 and 100, against Solomum

Accepied 23 December 2015
Awailable online 11 January 2016

Hormtraae emeacy phoysaiifolium between 77% and 100K, and agsinst Mercurialis arnun between 72 and G9%. Selectivity
Herbicise phytobmicity of pendimethalin to lettuce was lower in 2014, when intensive precipitation was recorded during the
Phommsynthess characteristics prowing season Lettnce injury (15-27%) was recorded on pliots covernsd by nonwowen Ebric treated
Weeds by'pﬂﬂmmtluht::iend'lm:gha 1 lheﬁctnl'p:ndlrmth:]mun]ethnpeldwurmtngmﬁ
Wegrtabide crops camt. Chamges in ¢ ynthesis rates can be axsigned more to the effect of fabric coverage than to that
ol"p:rhdm'l:‘m:in The values obtaimed were affected both by the density of stomata as well as their

distribution on leaves, and these wary in response to emviroomental conditions.
© 2016 Elsevier BV. All rights reserved.
1. Introduction bensulide, pendimethalin, S-metolachlor, flufenacet, clomazone,

Lettuce (Loctwca sativa L) is an intensively managed vegetable
crop with little tolerance for weeds. Although weeds usually do not
cause dramatic decrease in lettuce yield. it is very important to keep
the canopy free of weeds. Mot only do weeds compete with the crop
and delay the date of harvest. but even in relatively small amounts
they also may reduce quality and cause problems during harvest
(Knott, 2002). Lettuce canopies infested by weeds are also usually
more valnerable to fungal infection.

The critical weed-free period for lettuce is relatively short (2-4
wieeks) and it is affected by many environmental factors, such as
phosphorus supply (Odero and wright, 2013) The crop should be
maintained without weeds during this period, as otherwise yield
may be reduced by as much as 65% (Ciancotti et al, 2010; Santos
et al, 2004),

Mechanical weed control, mulching, or several different her-
bicides may be used in lettuce. Among a few others, herbicide
active ingredients which may be used include propyzamide,

* Comesponding autter at: Ceech University of Lile Sciences in Prague, Kamycd
124,165 71 Prague, Czech Fanc: +4200 724 382 THIL.
E-mail petgkvese: jursilal oo o (M. Jursik)

bt (ot ol org i 10.1 01 6] scienia 101 5.12.054
D304-423EHE 2015 Blevier BV All rights reserved.

chlorpropham, and trifluralin (Henderson and ‘webber, 1003;
Knott, 2002; Umeda, 2000; White, 1990). Herbicides wsually are
applied prior to planting lettuce.

Pendimethalin is a widely used herbicide which conirols sev-
eral broadleaf and grass weeds and is labeled for use in many
crops. including lettuce. Pendimethalin inhibits the polymerization
of tubulin basic units as well as the creation of protofilaments and
consequently also of microtubules and the entire spindle appara-
tus (Vaughn and Lehnen, 19917 According to Herbicide Resistantce
Action Committee classification, pendimethalin is included into
the K1 mode of action group. Pendimethalin can be used only
in transplanted lettuce and must be applied prior to transplan-
taticn at an application rate between 400 and 1500gha-" active
ingredient (2. Under dry conditions, pendimethalin needs to be
incorporated into the soil by imigation (Odero and Shaner, 2014)
Unfortunately, mechanical incorporation of pendimethalin prior to
planting lettuce leads to a decrease of efficacy, as does mechanical
planting { Meuweiler and Krauss, 2008

Lettuce is very sensitive to many abiotic stresses, including
stress from herbicides. Herbicides may cawse significant crop
injury, especially if lettuce is exposed to other stresses such as
extreme temperatures, intense rainfall or irrigation, strong winds,
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Tahle 1
Weed Infestation on unireated check in sxperimental years.
Weed speriss Weed density plantsm
2012 2013 2014
Amornnth rek gl oo 510 10-20 10-20
aibem 20-40 20-40 10-20
Echimachiog orus-goil 510 10-20 510
Merrurialls amun 10-20 10-20 510
Sl Bl 510 10-20 10-20

and salinity. In these cases, herbicides which under normal circum-
stances are selective may cause phytotoxicity. The main symptoms
of lettuce phytotoxicity are root growth inhibstion, crop stunting,
and yield reductions [ Teckes and Kerns, 19951

Transparent nonwowven fabric covers are primarily used to accel-
erate the development of lettuce as well as o increase yield and
harvest quality (Gimenez et al, 2002; Lee et al, 2008), which
aspects are particularly important during the low-temperature part
of the season (Ahn et al, 2003). Fabric can also influence weeds,
by accelerating their growth and development. Especially ther-
maophilic weeds (with C4 metabolism) may germinate and grow
rapidly under the fabric cover, and after removal of the fabric cover
weeds could be difficult to control even mechamically (Knott, 2002 ).

Due to modification of environmental conditions, fabric covers
may influence the efficacy and selectivity of herbicides. The objiec-
tiwves of this research were to compare the effects of a fabric cover
on the efficacy and selectivity of pendimethalin herbicide applied
to bettuce at varying rates, as well as to evaluate its effect on weeds
and the influence on the photosynthetic activity of lettuce.

2 Materials and methods

ot field trials were carmied out on head lettuce (variety "Ele-
nas’) in Prague, Crech Republic. Central Europe (300m as.L 50¢7'M,
14°22'E) from 2012 to 2014. The study region is characterized by a
temperate climate {annual mean air temperature around 9-C, mean
annual precipitation total near 500 mm). The experimental fields'
soil was classified as Haplic Chernozem and had clay content of 19%,
samd content of 25%. silt content of 56% (silt loam soil | soil pHy
of 7.2, and sorption capacity of 212 mmol*] kg-1_ Nutrient content
was 156 pgg P 275 ppeg VK 177 pgg ! My and 7984 pgg! Ca.

Before lettuce planting, the soil was fertilized with 60, 27, and
53 kg ha-1of N, P. and K respectively. Maize was the previous crop
in all experimental years. The previous crop had been treated with
tank mix combination bromoxynil (375 gha-"; Pardner 225 BC®,
225g L")+ tembotrione (66 g ha—"; Lawdis O0®, 44gL-1). The tri-
als were ammanged in a split plot design with herbicide treatment
as the main plot and nonwaoven fabric cover as the subplot. Three
replications per herbicide treatment were arranged in a random-
ized complete block design. The area of the main plot was 21 m?
(2.1 = 10 m]. The experimental feld was infested by Chenopodium
afbum L. Ecfimocieloa orus-galll L, Ammrantfus retrofiexus L Merog-
rialts annea L, and Soloauem physalfolium Rusby. weed density for

individual species are given in Table 1. In the experimental year
2013, the trial was damaged by frost.

Tahble2
50l and weather condition on plots covered and not covered by nomweren Gatric.

Stomp 400 5C herbicide (pendimethalin 400gL-"; manufac-
tured by BASF SE, Ludwigshafen, Germany) was applied at two
rexiuced rates (600 gha-" and 1200 gha-" ai.) several hours before
planting on the same day the lettuce was planted. The maximum
registered rate of pendimethalin for letiuce is 1,600gha-". The
experiments included untreated check (natural weed infestation
without chemical and mechanical weed control) and hand-weeded
check {weeds were removed by hand at two-week intervals
through the entire growing season) treatments. Herbicide was
applied using a small-plot sprayer with Lurmark 015F1 10 nozzles
at a spray volume of 250Lha-! and pressure of 0.2 MPL Lettuce
wias transplanted on 28 March 2012, 9 April 2013, and 27 March
2014, Row spacing was 0.3 m and in-row plant spacing 0.3 m. After
lettuce planting (same day), subplots {10m?) were covered by a
transparent [white) nomwoven fabric (Movagryl 19gm-2). After
planting, 10 mm of sprinkle irrigation was applied. Soil tempera-
ture and moisture {5 cm below the surface) were recorded using a
Microlog V3IA data at 1-h intervals on the covered and non-
covered plots (Table 2). The fabric was removed 3 weeks before
expected harvest.

A percentage scale from 0% to 100% was used to assess her-
bicide efficacy and crop injury (phytotoxicity) according to the
Ewropean and Mediterranean Plant Protection Organisation (EPPO)
1/214 guidelines The selectivity assessment was performed 1 week
before and 1 week after the fabric was removed. The efficacy assess-
ment was performed 1 week after the fabric was removed.

Gas exchange in photosynthesis as an indirect assessment of
selectivity was conducted twice, on 28 April 20012 and 30 April
2014. These dates were 5 weels after herbicide treatment and the
measurements were taken in fully expanded leaves located in the
middle portson of the plant.

A portable infrared gas amalyzer (CIRASZ, FPSystems, UK) was
used to estimate net photosynthetic rate Py ), franspiration rate (E).
stomatal conductance (g; ), and intercellular 00 concentration (1
The number of stomata on the leaves’ upper and lower epidermis
was counted prior o measurement by taking an impression of the
epidermis using chear nail polish. Microscope [ 100 ) magnification
was wsed and pictures were taken. The images were processed in
Adobe Photoshop C55 software to count the number of stomata

Twao samples of both hand-weeded control and treated plants
were used for gas exchange measurements. The gas exchange ana-
lyzer was equipped with an external light source consisting of
blue-red light-emitting diodes and a €0y control module set to
365 ppm. Measurements were recorded automatically at the C0q
concentration set point when photosynthesis had equilibrated. The
measurements were made between 9:00 and 11:00 local time. The
walues of the parameters were adjusted to the same reference tem-
perature of 25 “C.

Harvest of head lettuce was carried out on 28 May 2012 and 26
May 3014. Ten lettuce heads were collected from the central area
of each plat (5m?L

Using the Statistica ver. 12 software package (StatSoft, Inc.
2013, results were tested by analysis ofvariance (anowva) followed
by Tukey's post hoo comparisons to comresponding controls once
the differences among mean values had been determined. ANOVA
effects and differences were considered significant at p« 005

Year Days af growing season Ploits mmcovered by fabric

Plots covered by [abwic

Seil motsture m? m? 50il ermperature "C S0il mcistmre m' m? Soil temperature=C

Mean  Min Max Mzn  Min Mo Meam Min Max Men  Min Max
Mz 54 [T [i¥2F] 134 a7 5] 0050 0o 0rM 149 70 BS
3 4z o151 00s2 0300 1319 an 0.4 LT 0o o 150 me 221
14 =5 oi0E 0034 0l 113 71 5 0251 0034 o43E 145 FLI T
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Bartlett's test was used to test if obtained data did not violate
the assumption of homogeneity of variance. Because in one case
Bartlett's test showed that the data are heterogeneous, arcsine
square root percent transformation was carmied out and the multi-
plecomparisons test was applied to the transformed data (Table 3).

3. Resulis

b phyaiiies
2014

amz

31, Herbicide effioocy

The efficacy of pendimethalin on A retroflexes was high and
ranged from 90% to 100% in all experimental years. Efficacy was
not significantly (p=0.05) affected by nomwowven fabric cover in
any of the experimental years. Any effect of pendimethalin appli-
cation rate was significant only in 2013. At the application rate of
500g ha-! in that year, efficacy was 90% on noncovered plot and
95% on plots with the fabric cover. At the 1200gha—" application
rate, the efficacy was 99% in 2013 regardless of whether or not a
fabric cover was used (Table 3).

Efficacy greater than 99% for pendimethalin on C album was
recorded in 2013 and 2014 without significant differences among
tested treatments (Table 4). In contrast, significant differences in
efficacy on C olbum were recorded in 2012, when plots covered
by fabric showeed significantly higher efficacy (100%) compared to
noncovered plots (96X and 98%).

Echinochioa crus-galii wias fully controlled only in 2004 (Table 3).
Efficacy was significantly affected by cover only in 2012 and 2013,
In those years, the lowest efficacy (92% and 85% ) was recorded after
application of pendimethalin at application rate 600 g ha—! on plots
not covered by fabric. The efficacy of the other tested treatment was
95-949% in 2012 and 99- 100% in 301 3. The effect of application rate
on pendimethalin efficacy was significant only in 2013

The weed species with lowest sensitivity was M. annu, but there
were large differences among experimental years (Table 3], Efficacy
did not exceed 90% in 2013. In contrast, eficacy of 95-99% was
recorded in 2014, Efficacy was significantly affected by fabric cover
only in 2012 and by pendimethalin application rate in 2013

Solmnum physolifolium ocourred on experimental fiebds only in
2012 and 2014 (Table 3, Mo significant differences in efficacy were
recorded in 2014, when efficacy was 99-100%. In contrast, effi-
cacy was significantly affected by fabric cover and application rate
in 2012, when the bowest efficacy (77%) was recorded on uncov-
ered plots treated at the lower pendimethalin application rate and
highest efficacy {97%) was on covered plots treated at the higher
application rate.

Efficacy of pendimethalin on all tested weeds was significantly
affected by experimental year [ Table 4). The highest and the lowest
efficacy was recorded in 2014 and in 2012, respectively.

Mhirewr lalls andan
amz palkl a4

mn4

w3

Echitockioa e e-ga i
012

00600 ST 342,5ah 96,1421 b 1000600 EET&20ab 71741043 $80&000 BEA3s5Eab 39341.2a

4
100008 DO0&00 9174293 8524401a 1000400 TAI4T6a Tad4l9ab WMO400a TET4 50 a ST 06a

1004002 DO0&00 9504 5040 981447 b 1000400 3504504 900450 W04 10k 8774290 56904 1,04
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32 Herbicide phytotoxicity

In 2012, low visual phytotoxicity (less than 4%) was recorded
5 weeks after planting on most plots treated by herbicide. Only
on plots treated with the lower pendimethalin application rate
(500 g ha-1) were no symptoms of phytotoxicity recorded. Visual
symptoms of phytotoxicity were gradually disappearing during the
following 2 weeks, and at 7 weeks after planting (shortly before
harvest) no phytotoxicity was recorded on any plots (Table 5L

Higher herbicide injury to lettuce was recorded in 2014
Although 5 weeks after pendimethalin application { planting) phy-
totoxicity level did not exceed 15%, phytotoxicity did increase in
some plots during the following 2 weeks. The highest rate of lettuce
injury (27%) was recorded on plots treated with pendimethalin at
the application rate of 1200 gha-" and with nomwoven fabric cover.
Phytotoxicity on this treatment was significantly higher compared

06003 ¥834&1,20 987 &0.6a 10004000 1000£00a 000&00 ¥340.60 S99 &3130 1000600 91.7&23b EEI&Z9h ¥WO0&000 57.3&25¢ 10004004

Wo43da 934 12b 10004002 98,3 408a

& Pendimethalin rame [p-valus]  MS
B: Fabirk: cover | p- value

A B [p-value]
ME nocsignificant Valuescom paead by one-way ANOY ACo det ermine the varian fTict, Vabesiollowed by difeeet e ms ae dgnificandy difeem compared m coresponding column vaues,aceording oo Tulkey's test [re=0,05),

WBET&51a F50450b 897 &0,6a ¥ T&0EL 597 &0.6a

ET415a WO00a WI406a It 12a

ATRIFo i e Tk |
a3

Pendimethalin rate  Fabric cower 012
—EMeacyiE)-

Ezls

@ha~al)

Treatment
]
1200

Hficary oftestid herhicide creatmmts on iested wends inexperimemcal years (mean & standamddeaton),

Table 3
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Tablea

ETiect of the experimental year on the sfMcacy on tesied weeds [mean £ skandarddeviation).
Experimental year A retrflenus C oltum E orus-goill M.z  piysalfoiium
—EMicacy (T}
Mz GEE+1Ea MWE+16a 9SE+ Al BS54 1662 EOEET 2
3 LT ES TP W03 EILEE EZ194a -
4 T 050 1000 4 Db 1000+ 00 b OER 06D W3+ 000
pvalue 0235 o1 =S 00000 oosan

Values mompared by one-way ANDVA in debermine tue variant sfect. Valnes followed by diferent Jetters are gnificantly different compared to mrmesponding column

wallmes, acrording to Tukey's best [a = 0L0S)

Table 5
Phyiotoxicity of iesisd herbicide tregtments in 2012 and 2004 (mean-+ standarddewiation].
Treatmeent Piytoinmicity
oz 014
Pendimethalin rate (gha Tany Fabric cover TWAT 5WAT TWAT
el Tes 00+00 i3+240a loo£50a
No 00+00 B3+TEaD ET+10a
1200 ¥es 0o+00 150500 WBT£20b
Mo 0o+00 15050 loo£s0a
A: Pendimethalin rake {p-value) - oo LT
E: Fabric cower (p-value] NS LT
A= Bp-walme) NS el 1 Fr]

INE, not signifcant. WAT, wesks afier reatment. Values compared by ome-wray ANOYA o determine the variant efact Values oilowed by diferent letiers are significntly

different compared b Cormespondng ool values, soooing o Tukey's best (o= 005).

to other tested treatments, where 7 weeks after application phyto-
toxicity ranged between 7% and 10% (Table 5). The main symptoms
of phytotoxicity were growth retardation (in 2012 and 2014) and
early necrosis on the oldest leaves of lettuce (only in 2014).

The gas-exchange greatly increased in response to the non-
woven fabric cover (Table ) in 2012, The fabric increased Py by
approximately 30% compared with uncovered plants. Similarly,
transpiration rate of leaves covered with fabric showed markedly
increased values (by 40-60%) in comparison with controls regard-
less of herbicide treatment. This increase may have been associated
with elevated temperature under the cover. The effect of herbicide
on photosynthetic parameters is difficult to describe in the first
year of the experiment. It seems that a stronger effect is accom-
panied by the presence or absence of the fabric. which increased
temperature and COy content and changed the light spectrum.
In most cases, there were no significant differences between the
respective values for plants treated and untreated by herbicide.
A significant reduction in photosynthetic rate was not recorded
from applying pendimethalin at the higher rate. A possible expla-
nation for this phenomenon is the specific mode of action and
recovery after herbicide application, whereas the gas-exchange
measurement was conducted 5 weeks after ireatment. Moreover,
stomatal conductance (g: ) was significantly reduced in plants with-
out growing fabric coverage. Stomatal density, which determines
gas exchange, decreased at the elevated temperatures accompany-
ing significantly higher CO; levels under the cover.

In 2014, the plants were measured 3 days after removal of the
nonwoven fabrics. Because the cover shaded plants and substan-
tially increased temperature, the data from previous measurements
cannot be compared to those taken in 2014, Nevertheless, changes
in stomatal density were similar in both years and varied signifi-
cantly among treatments. Flants covered by the nonwoven fabric
had kwer numbers of stomata on the leaves and maintained a
more abaxial distribution of stomata. Flants shaded for a 5-week
period showed about 10% lower transpiration rates compared to
those uncovered even when the fabric was removed. In this year,
the measured values can be matched with the influence of the her-
bscide, but an effect from the fabric canmot be excluded. The higher

rates of pendimethalin likely reduced physiological processes in
plants (Table 7).

33 vield of head lettuce

The highest lettuce yield (mean head weight) was recorded on
hand-weeded plots (without weeds) covered with nonwoven fab-
ric in both 2012 and 2014 (439 and 371 plant-'). In 2012, no
effect of fabric cover and pendimethalin application rate on kettuce
head weight was recorded (Table E) but lettuce head weight on
untreated plots (natural weed infestation) was significantly lower
({by 46%) compared to that on hand-weeded plots covered by fabric

In 2014, the effect of fabric covering on lettuce yield was signifi-
cant{p= 0.016). Lettuce head weight on uncovered plots was lower
by 40% compared to that on covered plots (data not presented).

4. Discussion

ield bosses in lettuce caused by weeds were higher under non-
woven fabric covers [35-45%) than in the condition without covers
{3-10%). Competition of summer weeds (which was dominant on
experimental fields) was greater at the higher temperatures under
nomwoven fabric than at the lower temperatures without cover-
ing. There are large differences in the literature among reported
yield bosses in lettuce caused by weeds (Santos et al, 2004 versus
Giancotti et al, 2010) This probably relates to the interference of
weed species present in the fields and different growing-season
tempeTaiunes.

The efficacy of pendimethalin was affected by weather condi-
tion in the experimental year (Table 4) and by nonwoven fabric
covering (Table 1) The efficacy of pendimethalin against tested
weeds was greater in plots covered by nonwoven fabric, but only
during the dryer seasons (2012 and 2013 The impact of nonwo-
wen fabric cover on the efficacy of pendimethalin was stronger
on weeds which produce larger seeds (E. ous-galll and M. annua)
and can emerge from deeper soil layers (Abdallah, 1991; jursik
et al. 2004 ). The higher application rate of pendimethalin increased
efficacy particularly under dry conditions, when both the inten-
sity of volatilization and photo-degradation by UV radiation are
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Table &
Mizam values of gas-=xchange paramebers [+ standard deviation) of lttuce in 2012
Pendimethalin Fabric pover Stomata upper] F.Ll.l.lTllICQj i (Mol HxD E (mmal HaOr G (ppm
m@ie(ghat aly Iowesr mig-1} miz-1) m-iz-1)
{0, J0LEN mm)
Hand-wesded conbrol Yes 5461 TAXD3Ia 53544 1050h S0:00a TE1 058
[ 01] @ms 465+1.78 IET5E£53a 43 £046h Ti0+11Ta
600 Tes GBITS Gb+035a EIZ0£ 159b E1£026a 1814212
[251] 134JE3 41205 33+ 1482 26 £016C HEE+1.00
1200 Tes T E1+005Dh IELT 20353 E5+03132 1622+4TC
[25] T80 57 +137a 45 £ 342 43+13200 163506
A: Pendimethalin rate {p-valse) >00a1 =000 =00 =001
B: Fabric cower (p-walse] =000 =001 oo =001
=000 =001 [=T1 e =001

A& = Bip-value)

Walues compared by one-way AROWA bo determine the varint efiect. Valses followed by diferent betters are significantly diferent compared in comespending column

values, arooming o Tukey's best{c=0.05).

Table7
Mizam values of gas-=xchange paramebers [+ standard dewiation) of lettuce in 2014,
Fendimethalin Fabric cover ‘Sinmata upper] Py [jemal 0y i [ mmol Hz0 E {mmal Ha ©, (ppm
mie(gha " aly loweer mrEs- 1} m-3s-1) m-1s-1)
(Mo, J0LEN mm)
Hand-wesded control Yes SBJES 109+0385a 1Z16£ 514 22012 154243012
Mo 13001089 210032 1120+ 108 220152 1567+ 1052
E00 s TOE: -17 2040 1521 £ 26 IE£01d 145+ 468
Mo 1EE0 18+02a FTO0EA3 42018 WES+1.1c
1200 Tes TSIE3 1304 dE£44a 25 E0Ik 44 :EETd
[ 01] 1330 10+03d T&Z£ 1230 20£03c T19+37Th
A Pendimethalin rate {p-walee) =0u00n =000 =00 =001
B Fabric cower (p-walme] >0001 =000 =00 =001
>0001 =000 =00 =001

Ao B [pvalue)

Walues compared by one-vay ANOWA bn determine the varint efiect. Valnes followed by diferent ketters are significantty diferent compared in comespending column

values, acoomding o Tukey's best{a=005).

Table 8
Head lettuce weight at harvest in tested treatments by sxperimental years {mean £ standansdeviation].
Treatment Average weigh of lettuce head
Pendimethalin rate (gha1 al) Fabric cover mz 2014
B
Untreated comtrol s 00£EIa 274444 ab
Mo N1 £54a 58 4TE ab
Hand-wesded control s A4 b T 45¢
Mo MTE51ab 265 440 ab
OO s 56203 313 +62 abc
Mo 1MW ETOab 444732
1200 s IB0£13a0 IWET
Mo 347 £HIah 251 +35 ab
A: Pendimethalin rate (p-valse] N5 s
B: Fabric cower (p-walne] NS oS
N5 3

Ao B [pvalue)

ME, not significant. Values compared by one-way ANOWA tn debermine the variant effect. Values fofiowed by difirent lebiers are significantly different compared b

Corresponding column values, acconding o Tokey's test (o= 105}

usually higher {Meururer and Womastek, 1991). Moreover, E. ous-
gafli and M. annua were better controlled at the higher tested
pendimethalin application rate (1200g ha-1 a.i.). The highest effi-
cacy was recorded on C album, which was fully controlled on all
pendimethalin-treated plots in 2013 and 2014, and only in 20012
[lowest soil moisture) was the efficacy of uncovered plots lower
(96-08x ). Excellent efficacy of pendimethalin against C. olbwm also
had been shown by Alebrahim et al. (2012) in potato feld experi-
ments. Thase authors recorded lower efficacy of pendimethalin on
A. retroflexes. In owr study, the eficacy of pendimethalin against
A. retraflexus was also lower compared to C albwm, but it was
still very good (more than 90% in all experimental years). Similar
results against C Album and A. retrff sxs were obtained by Pannacci
et al. (2007 using pendimethalin at 921 gha—! in sunflower feld
experiments. The differences in efficacy may have been caused by

different climatic and weather conditions as well as the different
growing technologies used for different crops.

Selectivity of pendimethalin to lettuce was good, especially in
2012, when soil moistune was the lowest during the entire growing
seasom. In 2014, with its intensive precipitation during the growing
season, lettuce was injured espedally on plots covered by nonwo-
wven fabric and treated with the higher applicationrate {1200 gha—')
of pendimethalin. The effect of pendimethalin on lettuce yield was
not significant. A similar result had been recorded by Henderson
and wiebber (1993, who tested the application of pendimethalin
om transplanted lettuce in southern Queensland. Their application
of pendimethalin at a rate of 1,000 ha—" before transplanting ini-
tially reduced lettuce head weight in one of four experiments, but
the lettuce recovered and yield was unaffected The number and
size of harvested heads tended to decline where>1300gha-! of
pendimethalin had been applied (Henderson and Webber, 1953),
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Gas-exchange analysis revealed that the net photosynthetic rate
(Py), the transpiration rate (E), and stomatal conductance (g:) pro-
duced higher values when lettuce was covered by the nonwoven
fabric. Some species have significant capacity to alter either pho-
tosynithetic capacity per unit cell volume or leaf anatomy. Zhao
and Oosterhuis (1998) had noted that plants could compensate
for shade stress during the vegetative growth stage by produc-
ing broader, thinner leaves and inreasing chlorophyll content. In
this study, the lettuce compensated for decreased light and higher
temperatures by changing stomatal numbers. Many researchers
hawe demonstrated that stomatal conductance can change rapidly
in response to such climatic variables as increased C0, and tem-
perature (eg., Apple et al. 2000). Reduced g in betiuce grown
under kow light for the respective period can subsequently explain
the decrease in Py a5 observed in 2014, The rate of g Lmita-
tion occummed and Py recorded negative values when leaf stomata
were still partially opened. however, and that situation points
to other factors, such as bsochemical limitations that reduce Py
(sassenrath-Cole and Pearcy, 1994). Furthermore, a pronounced
suppression cannot be unambiguously related to the herbicide
treatment. A proportional decrease related to herbicide dose was
meot found in the first year. In 2014, plants without the fabric cover
showed a decrease to some extent related to the higher dose of
pendimethalin. Mevertheless, there has been little examination of
the underlying causes for such differences.

5. Conclusion

Covering lettuce with nomwoven fabric shortens the growing
season, increases yield (in low-temperature seasons), and increases
the efficacy of herbicide [ pendimethalin). On the other hand, fabric-
covered lettuce is usually more sensitive to weed competition and
mare sensitive to injury by herbscides. For sufficient weed control
and good selectivity in lettwce, the reduced rate of pendimethalin
application (600gha-"! of) is suitable, especially in conditions of
imtensive irrigation or precipitation.
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ABSTRACT

Suk )., Jursik M., Suchanovi M., Schusterovi [, Hamouzovi K. (2018): Dynamics of herbicide degradation in
caulifiower. Plant Soil Environ., 64

The aim of this work was to compare the dynamics of the degradation of herbicides commonly used in brassica veg-
etables. Series of plot field experiments were carried out in planting cauliflower in 2012-2014. The amount of her-
bicide residues with the maximum residue level (MRL) determined by the Regulation (EC) No. 396/ 25 and with
requirements of non-residue production (up to 10 pg/kg of active ingredient in harvested product) was compared.
Mapropamide, clomazone and dimethachlor were applied before planting and pendimethalin, 5-metolachlor, pyri-
date, ethametsulfuron, dimethenamid, metazachlor, quinmerac, picloram, clopyralid, cycloxydim, fluazifop, propa-
quizafop and quizalofop were applied after planting the cauliflower. Besides fluazifop and quizalofop, all tested
herbicides showed a fast degradation and can be recommended for non-residue production. The amount of fluazi-
fop residues did not fall below the MEL even & weeks after application. Residues of post-emergently applied quiza-
lofop were detected in cauliflower 10—44 days after application in most of the samples at concentration 9-73 pgfkg

{balow the MEL),

Keywords: pesticides residues; weed control; Brassica oleraces var. botrytis; food contaminant

Vegetables are an important group of crops and
they constitute a major part of the homan diet.
Pesticides are widely used in most sectors of ag-
ricultural production to protect crops against
pest, diseases and weeds to increase the crop
yvield {Abdulra’'uf and Tan 2013). For better and
higher quality production, farmers use a large
amount of pesticides during the whole growing
period of vegetables (Baig et al. 2009). However,
its intensive use has caused great environmental
problems due to its ability to penetrate into the
tissues of vegetables and then affect the food chain
{Abdulra®uf and Tan 2013). Risk to human health
can occur, especially when farmers ignore the

recommended time period between the pesticide
application and harvest (Baig et al. 2009, Wang
et al. 2013). In order to ensure the supply of safe
food, pesticides should be used only following
good apricultural practices (GAP). In addition,
even though pesticides might have been applied
following GAP, the distribution of pesticide resi-
dues in individual crop parts might be very wide
with some food items containing residue levels
much higher than others {Prodhan et al. 2016).
Among the brassica vepetables, cauliflower has
the lowest speed of residue degradation (Kocourek
et al. 2017) and also can be a source of noxious toxic
substances such as herbicides (Prodhan et al. 2016).

sopported by the Ministry of Agriculiure of the Czech Republic, Project No. QJ1210165.
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Herbicides can remain on the soil surface due to the
adsorption processes (Sondhia 2009) and potentially
stable herbicides can be taken up by plant forming
unwanted residoes (Jaiwa et al. 2009).

Different herbicides have been registered for use
in cauliflower for pre- or post-emergence weed
control (Scott et al. 1995). Pendimethalin has
been extensively used globally and it is a signifi-
cant herbicide for the control of annual weeds in
vegetable crops (Tsiropoulos and Miliadi 1998).
Curvale et al. {1979) recommended napropamide
for weed control. Metazachlor is highly recom-
mended by Zinikeviciute and Baleliunas (1998) for
high marketable cauliflower yield. Qasem (2007)
tested the phytotoxicity of quizalofop in cauli-
flower. Henderson and Cairns {2002) proved that
clopyralid, picloram and pyridate are able to well
control weeds in cauliflower with minimal crop
damage. Ethametsulfuron is the only herbicide
from the group of acetolactate synthase inhibitors,
to which cauliflower possessed an acceptable level
oftolerance (Sikkema et al. 2006). Clomazone was
used for weed management in cabbage produc-
tion for over 20 years, however it may damage
cauliflower (Harrison et al. 2015).

For extraction and detection of herbicide resi-
dues, Lehotay et al. {2010} recommended the most
commonly used method QuEChERS (guick, easy,
cheap, effective, robust and safe) with liquid chro-
matography and mass spectrometry. This method
has detection with a practical limit of quantitation
of 1 pg/kg (Farkas et al. 2014).

MNon-residue production is the agricultural pro-
duction, in which weed control is carried out, so
that residues of used herbicides in products are
below the limit of 10 pg/kg. This limit is cur-
rently set by the Czech decree No. 46/2014 Coll.,
which is used for products intended as infant food
{Kocourek et al. 2017).

Because of specific behaviour of different pesti-
cides in plants and environment, it can be assumed

Table 1. Weather conditions during the experiments

that that amounts of their residues in harvested
cauliflower samples differ. The first objective of this
work was to compare differences in the dynamics
of selected herbicide degradation in cauliflower.
The second objective was to compare herbicide
residues concentrations with the maximum residue
levels (MRL), to compare results with require-
ments of non-residue production and to develop
recommendations of their use.

MATERIAL AND METHODS

The plots experiments were carried out in Pragoe,
Czech Republic, Central Europe (285 m a.s.L, GPS:
50°7'N, 14"22°E) in the period 2012-2014. The soil
in the area was classified as Haplic Chernozem
with clay content of 19%, sand content of 25%, silt
content of 56%, which is specific for silt loam soil.
The soil had the following chemical characteristics:
PHyy 5.75; 156 mg P/kg; 275 mg K/kg; 177 mg Mp/g:
and 7984 mg Ca/kg. Sorption capacity was
209 mmaol (kg Annual mean air temperature in this
area is about 9°C and mean annual precipitation
about 500 mm. An overview of weather conditions
during the experiments is shown in Table 1.

Experimental design. Pre-plant cauliflowers
{cv. Chamborg) with three true leaves were manu-
ally transplanted into the plots, in aspacing of 0.5 m
between rows and 0.7 m between seedlings. Metto
area of plot was 12 m? (2 = & m) spaced by 0.5 m
from each other. Two central rows were considered
for sampling of cauliflower. The experiment was
designed in a complete randomized blocks with
three replications. Cauliflowers were planted on
9.5 2012: 6. 5.2013 and 5. 5. 2014.

Cultural practices commonly used in agriculture
were carried out according to the requirements of
the cauliflower studies. The area was irrigated by a
sprinkler system depending on weather conditions.
Herbicides (Table 2) were applied in two terms:

onth Tﬁimﬂ:&“” mﬁrﬂ?g Long-term normal
2012 013 014 2012 2013 2014  precipitation (mm/month) tempersture ("C)
May 3.4 106.5 136.9 16 1.7 13 7Tz 1r7
Jume A58 173.4 2 151 16.B 173 7T 159
July 559 BD.S 429 il 18.5 1732 66,2 17.5

42



Plant Soil Environ.

hitps-/fdoi org/10.17221/312/2018-PSE

Table 2. Description of tested herbicides

Active iIngredient Concentration of 2.1
Trade name ::‘E] (/L (s/kg)) Formulztion Manufactured
Devrinol napropamide 450 5C UPL Enrope Lid.
Frasan clymazone 4 EC Syngenta
dimethachlor 500 EC Syngenta
Stomp pendimathalin 400 5C Syngenta
Dol Gold 5-metolachlor ] EC Syngenta
Lentagran pyridate 450 WP Belchim Crop Protection
Salsa ethametsulfuron T50 WG DuPont
dimethenamid i1} SL BAFSSE
Butisan Max metazachlor 200 5L BAFS 5E
quinmerac 10 SL BAFS 5E
calera picloram &7 5L Dow Agrosciences
clopyralid 267 5L Dow Agrosciences
Stratos Ultra cycloxydim 10k EC BAFSSE
Fusilade Forte foazifop 150 EC Syngenta
Garland Forte propaquizafop 100 EC ADAMA
Targa Super quizalofop 50 EC Nissan Chemical Ind. Lid.

5C - soluble concentrate; SL — soluble liquid; EC - emulsifiable concentrates; WP - wettable powders; WG — water
dispersible granulas

before planting and after planting of canliflower.  Table 3. Application rates, terms and dates
Terms of application in all experimental years are

shown in Table 3. Herbicides were applied by a  Active Dose Apphication D25 after planting
nonresidue sprayer Schachtner at a spray volume  [Rgredient (gfha)  term a3 am3 2014
of 300 L/ha and pressure of 300 kPa. All tested Napropamide LE00 BP a o a
herbicide doses are the highest registered doses

for brassica vegetables. The samples of cauliflower Clomazone aa BE o o o
were collected continuwously during the growing  Dimsthachlor 1000 BF o (] ]
season (Table 4) from the central part of each plot.  poamoeane 1200 AT £33 T3 4
A minimuom of three canliflowers were collected

from one plot at each sampling. The samples were S-metolachlor 1152 AR &3 h@ 4
stored in the freezer at —20°C until the extraction Pyridate 450 AP I1;33 2337 1% 32
procedure. Ethametsulforon 22 AP 21 T7;23 419

Analyses. Cauliflower samples were tested in
the fully certified laboratory of the Department
of Food Analysis and Mutrition at the University  Metazachbor 500 AP 62 T:23 &19
of Chemistry and Technology Prague. Extraction Quinmarac 250 AT E21 7:23 419
of pesticide residues was based on the QuEChERS
method. Pesticides were extracted from a portion
of the homogenized sample (10 g} by acetonitrile.  Clopyralid 20 AP 21;33 2337 1%; 32
After separation of agueous and acetonitrile layers cycloxydim 200 AP 41,49 49;62 39, 53

300

Dimethenamid 500 AP 621 7:23 419

Ficloram B0 AP 21;33 23,37 1%; 32

(induced by addition of anhydrous MgSO, and

Ma(l salts) an aliquot of the upper organic layer Fluazifop
was transferred into a vial for LC-MS/MS3. Forthe  Propaquizafop 150 AP 41; 49 49; 62 39; 53
final identification and quantification of pesticides Quizalofop 175 AP 4149 49: 62 3% 53
residues, the U-HPLC system coupled to a triple
quadrupole mass spectrometer with electrospray  BP - before planting: AP - after planting

AP 41; 49 49; 62 39; 53
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Table 4. Periods between herbicide application and
cauliflower sampling (harvest)

Sampling after application (days)

Herbicide

2012 2013 2014
Mapropamide [ 72 74
Clomazone 63; 6 72
Dimethachlor [ 72
Pendimethalin 4B 35 47; 65 3% 70
5-metalachlor L 35; 65 3% T0
Pyridate I 28; 48 35; 49 3%; 45
Ethametsulfuron 40; 65 50 75
Dimethenamid 4B 35; 65 3370
Matazachlor 48; 63 63 45; 70
Culnmerac 48 63 45 70
Ficloram 05 28; 3B 35; 49 3245
Clopyralid Ik 28; 48 35, 49 3% 45
Cycloxydim % I8; 36 10
Fluazifop 206 28 36 44 10; 22; 13; 35 11; 16; 25; 30
Propaquizafop 20 28 36 10
Qul.talnfnp 20 28; 36 44 10;22; 23, 35 11; 16 25: 30

ionization in positive ion mode (E51+) was used.
The generated data were processed by MassLynx
software version 4.1 (Milford, USA).
Analysis of target herbicides was a part of a mul-
tiresidue analytical method that had been fully vali-
dated by IS0 17025 (2005). The individual samples
were assayed for residues of herbicides in pg/kg.
The measured values were compared with the MRL
established by the Regulation (EC) Mo. 396/2005
and with requirements of non-residue {up to
10 pelke of active ingredient in harvested product)
production. MRL for clomazone, ethametsulfuron,
dimethenamid, picloram and fluazifop was 10 pg/kg;
for dimethachlor it was 20 pg/kg: for metazachlor
40 pe/kg: for pendimethalin, 5-metolachlor and
pyridate 50 pg/kg; for napropamide and quinmerac
100 pe/kg: for propagquizafop 300 pg/ke; for qui-
zalofop 400 pg/ke; for clopyralid 3000 pg/kg and
for cycloxydim it was 5000 pg/ke, respectively.
Data evaluation. The obtained data were pro-
cessed in the XLSTAT 2009 (New York, USA).
Mon-linear models of degradation of individual
herbicides in canliflower were created after the

evaluation. Models of degradation are calcolated
according to the equation:

y=ax exp{-x/b))

Where: y - amount of active ingredient (pp/kg); x — num-
ber of days after application. Parameters of models (a; b)
were estimated as @ = 2531; b = 147.266 for fluaxfop and
@ = 18.135; b = 14.15 for quizalofop.

RESULTS AND DISCUSSION

Measured concentrations of herbicides residues
confirmed that there are differences in the rate
of metabolization of herbicides in cauliflower.
After evaluating the data, it was found out, that
the residues of herbicides applied before plant-
ing {(napropamide, clomazone and dimethachlor)
were not detected in samples of harvested cau-
liflower during the whole harvesting seasons.
Post-emergently applied 5-metolachlor, pyridate,
ethametsulfuron, dimethenamid, metazachlor,
guinmerac, picloram, clopyralid, cycloxydim and
propaguizafop were not detected in any cauliflower
samples, either. These active ingredients can be
rapidly metabolized in cauliflower or their uptake
by roots and xylem transport in cauliflower is low.
As published by EFSA (201&), it is possible that
residues of propaguizafop can quickly degrade in
plants to other ester metabolite. Stachniuk et al.
{2017) evaluated a pesticide residue contamination
of brassica vegetables from Polish farmers and
herbicide metazachlor, 5-metolachlor, linuron or
pendimethalin were not detected. Similar results
were found by Lozowicka et al. (2012} who did not
detected metribuzin, napropamide or propyzamide
in the tested samples of brassica vegetables.

However, residues of clomazone, metazachlor,
dimethenamid and quinmerac were not detected
in cauliflower, if their treatment was done at least
50 days before harvest {[common use of these her-
bicides). Pyridate, clopyralid and picloram were
not detected even if their application was carried
out three weeks before harvest.

Pendimethalin applied post-emergently after
planting was detected only in one sample (47 days
after application) in 2013 at trace level (3 pefkg).
Im this year, high precipitation shortly before har-
vest occurred {Table 1) and pendimethalin could
be leached into deeper soil layers, where it was
more easily absorbed by cauliflower roots. Mot
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Figure 1. The course of degradation of (a) quizalofop
2012-2014)

just the concentration of pendimethalin residue in
cauliflower but also the efficacy and phytotoxicity of
pendimethalin can be affected by weather conditions
in the growing season (Jursik et al. 2016). Sondhis
{2013) also detected a very low concentration of pen-
dimethalin residues (2 pg'kg) in cauliflower samples
harvested 70 days after application. As published by
Sondhia (2009) the most commonly detected value
of pendimethalin in crop samples was on the limit
of detection (1 pgkg).

The concentration of residues of the above-men-
tioned herbicides in harvested product did not exceed
the MRL if the recommended time between applica-
tion and harvest was kept. All of these herbicides can
also be recommended for non-residue production
for products intended as infant food.

Residues of post-emergently applied quizalofop
were detected in caoliflower after application in
almost all of the samples but always below the
threshold of MRL (400 pgfkg). The highest qui-
zalofop concentration (73 pe/ke) was detected
10 days after application in 2013. However, the
small residue amount (2% MRL) was still detected
6 weeks after application. It is appropriate toapply
herbicide only if there is more than 50 days till
harvest. Yet, the limit of non-residue prodoction
{10 pg/kg) can be easily exceeded in case of this
herbicide. The course of degradation of quizalofop
in cauliflower at time is shown in the Figure 1a.

The highest concentration of residues and the
longest persistence were recorded in cauliflower
treated by the fluazifop. Fluazifop is not even regis-
tered for cauliflower, but is registered for kale (also
brassicas vegetable). High fluazifop concentrations
{from 490 to 2500 pg/kg) in cauliflower samples

hittps;/fdoi org/10.17221/312/201 8-PSE
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and (b) fluazifop in cauliflower at time scale (data from

were detected between the 10" and 30" day after
application (Figure 1b). These values are several
times higher than MRL {10 pg/kg). The MREL was
still exceeded & weeks after application (153 pgfke).
For these reasons, it is not possible to recommend
fluazifop for weed control in cauliflower crops,
especially for non-residue production.
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1. Imtroduecton

Kohlrahi {Brosdra olerocra var. gongpiodes) & a fastgrowing, oal
sz, brassics aynnal vegetahle crop (Risisda, 2008) Main growing
area of kohlabi & in Ewope and some coltivars are grown in USA
{Welheum, 2015). Kohlabi should be harvesied when the tuber is
S-fm in dizmeter, normally 5S5-65 days after sseding or 45-50 days
after transplanting. Yield of tobers is anomd A0tha™" {Swaider =t al,
1952). Tobers contxin mainly cobohydraes (62%) and protesins
(1.7} Vitamin C (62mg per 100%) is most impaortant motritional
propery (USDA Noitrent Dadahose, X18)

ke of herbiddes is a © wesed - striegy in
brassica 'rq:ﬂrlﬂ (Miller et al., AAL Chiorthal dimethyl, doma-
rone, dimeth hior, meinlachlor {only on cabhege), na-
propammide, nl:rn‘m.. axyfluorfen, pendimethalin, pethoxamid, quin-
metac, and triffuralin are used before planting for controlling wesds in
Brasxirs vegetahles (Al Fhatib & al, 1995; (Qusem, M07; Sikdoema
et al, 2007 Some of the aforementioned herbi cidess can be wed also
after planting, but typical postemergent herbicides wed in bressic
vegatahles are clopyrahid, picloram, pyridate, and leaf gromimcdes

{e.g-, quiralafop, prapaquizafop, cpclarydim)
Metrachlor and pendimethalin are the herbicides most used in

growing kohlrahi. Pendimethalin inhibits cell division in mernstematic
tissmes of semitive wesds by binding with the major micrombolke pro-
tein, wholn (Vaughn and Leéhnen, 1991L k only @n be wed in
tramsplanted kohlrabi 2nd @n be applied =ither before or after planting,
bemnse= il selactivity to some crop could be deoesssd when pendi-
methalin affects root or hypocoty]l {position selesctivity)  Although
pendimethalin cammes minimal foliar chlomosis and neoosis on wege-
tashille=s {Fi geroa et &l 201 6), it often demages siem bases (hypocotys)
of dicot crops, which makes them maore semitive to lodging {Jusik
et al , 2015) Metazachlor is a specificinhibitor of very-long-chain fatty
arids biosynthess affecting allkyl chairs longer than Gy, and its site of
action i ouiside the chloroplest (Coob and Heade, 2010} Metrachlor
ismsed in many bressica crops befone and afier sowing or planting, and
rnesidnes of metrachlor are ofen detected in undergrommd  wader
{Mantwms etal |, 201 6L Thersfore, restrictions on metazschlor vse in the
European Union ame expected in the near foune. Selactivity of meta-
rachlar to Brassica crops is mither large, thenefore both preemergent
and postemergent applications @n be mead (Jusik = al, 20010
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Metarachlor can camse the phytobo city dinscily through its mode of
action or indirecily through indnobion of o dative stress, which nesults
in a iemporary redoction in growth (Vercampt =t 2l 20078 Never-
theess, its effect on plants is relatively weak (Al Khatb ot 2], 1995)

Herhiid de mivinres ane usmally more effective than a single herhi-
cide in controlling a broad spectrom of wesds (Al Khatib o &, 1995,
Using miwvtures may expand the control of mone wesd spacies, prevent
shifting, delay resistance evaolution in wesds, swe cosits of application,
orcan be mone effimdons than single herhicides (Stredbip =t al | 19985
Dz and Yaduraju, 2012} Two referenee models ane o iy nsed for
estimation of performance of herbidde mixtures Additive Dose model
(ADM) for herbicides, with the sams mode of action, which can sub-
stitnie for esch other at eguivalent biologicl rates, and Multiplicative
survival model (MSD) for herbicdes, which elidt their effect in-
dependently of each other (Streibiz =t 21, 1998) ADM modd is fre-
quently nsed for estmation of joint acion of two sSmilar herbicdes
considering the effect of their doses (Hudsk and Mathisssen, 2004),
while the M5M mode] & considering only the final effisot and can hard by
b nsad for optimimtion

Under the dimatic mnditions of Ceniral Enrope, when kohlrahi i
grown without irmigation there i no asurane of high yiclds and good
quality of harvesed mbers. brigation has significanfly inereased total
and marketahle yields 25 well as tnber weight and diameter, bot it did
niot influen o nuirient cynbent in kohrabi tobers (Kos ema stal ., 200 10
In addition, imigation affects herbicide mamagement of vegeble
{Huang o al_, 2017} Under dry conditions, the effiey of 5ol acte
herhicdes nsmlly decresses (Zhang o al, 200]; Zanatta et al, 2008
Imtensive predpitation or imigstion after applietion of these herhi-
cides, however, can camse crop imjury {Jursik =t al , 20150 This effect i
impartant for vegetahles baramse bolic degradation of most her-
bicides in vegeizbles & rdatively low (Sondhia, 2019; Jusik et al,
27

Adjuvamts are substances without biokgical activity of their own
but that enhance the effecti veness of herbicides (Green and Besstman,
2007; Baratells ot 2l , 216) The behaviar of herbicides in sodl can be
influenced by the addition of adjuvants (Swarcewice =t al, 19498; Hall
et al., 1998 Locke et al, 2002) and their specific formulations (Hall
et al, 1998; Keifer o al | 2008) Adjmvants can nedniee kesching of sail -
active herhicides (Reddy, 1993). The effects of varions adjmants on a
spedfic herbicide can vary (lodke et 2l, 20{2). Effect of adjuvant
Gronnded on pendimethalin and dimethensmid P behavior in soil was
described by Kofdnek ot 2l 2018}

It is wesll kmown,, that precipition or imgation strongly affect the
efficacy and sel echivity of soil active herbicides, bot only the minimom
of exact stodies is awadlshle for vegetahles. Moreover, there are no
studies evahmating the effect of soil adjuvant on herbicide efficacy and
seledtivity for mamy vegetahles. The objectives of this reseamch wene to
compare the effects of imigation and sod adjovant on the eficacy and
selectivity of pendimesthalin and metarachlor herbicides and thedr tank-
mix com bination applisd inkohlabi, a5 wdl as to evaluate the effectof
weds on kohlrahi yield. Scientific hypotheses of this smdy wens de-
termined 2 strong irmgation/precipitation shorfly afier the herbicde
application in kohlrabi affects the efficcy and sdedivity of herbicde;
b} adjmvant Grownded deoresses phytotowd dty of herbicides in kohlrabi
¢} herbicide mivinre {pendimethalin + metarachlor) negatively affscs
selectivity of herbicde trestment.

2, Materink and mestheods

Flot firld triak were cammied out on kchimbi {(vamety “Lech? in
Prague, Ceech Repoblic 800 m asl, 507N, 1422E) in 2015 and
2014 The stody region i characterized by a temperate chimate (anmal
M2 & temperaime: anommd 9 G, mean anmal precipi tation intal near
S00mm). The sxperimentsl field's soil wes dascifisd 2= Haplic
Chemozem (WHE clesification) and had clay content of 1%, sand
content of 25%, st content of 56% (silt loam soil), soil pHao of 7.3,

Soivmely Horsindame 45 (09 571578

Tahie 1
Wied infesuton on wimaed cheek in both experimennl yers (mean =
standand deviaion).
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and sorption mpacity of 215mmal' kg~ Nutrient content was
1%9pgg ™" B 240pg g K, 17lpg ™" Mg and 67 2pg =" Ca

Befoare kohlrabi planting, the soll was fertilized with 60, 27, and
53kg ha™" of N, P, and K, respectively. During the growing ssason,
40 kg ha~"' of N was applied. Maire had been the previous crop in both
experimental yers. The previows crop had been treated with a tank -mix
combination of bromoxyni (375 g ha—"; Pardner 225 BC*, 235 g L1
+ tembotrione {665 ha™"; Laudis OD®, 44 g L™ The irials wens ar.
ranged in a split plot design with herbicide and adjuvant trestment 2=
the main plot and frigation regime 25 the suhplot. Three replications
were mad for each tested trestment and there were armanged in a
randomired complete block design. The area of the main ﬂntwnﬂmﬁ
{2.1 = 10m}. Each plot had 7 rows with 33 plants. The experimental
field was infested by Chmopodimm aliem L, Thiogd ovese L, and
Solamem physalifplum Rusby in 2015 and O altern, & phymBflam,
Edainodhiloa ous-galli L, Meromials owma L, and Amoronties retroffoos
L in 2016. Weed densities for individoal species are given in Table 1.

Pendimethalin (Stomp 400 5C; 400 g L~ menufactured by BASF
SE, Lodwigshafen, Germany) was q'.‘i:lui at a rate of 1200% ha~".
Metazachlor (Butisan 400 5C; 400 g L~"; menufactured by BASF SE,
Lodwigshafen, Germany) wes applied at 2 rate of 800 g ha™". Soil ad.
jumant Grounded (732g L~ of refined paraffin oil, aliphatic hydm-
carhos , hexahypdric alechaol ethoxyistes, and C18.C20 Sty acids) was
applied ata rate of 041 ha~"_ Both tested herhi cides wens tesied alone,
with and withowt adjuvant and in tanksmix combination {both herhi-
cides together). Herbicides and adjmwant were applied a week afier
kohlrahi planting The sxperiments incindesd mnimestsd check (matmral
weed infestation without chemio] and mechanicl wesd contral) and
hand -weaded cmninal (wesds wen: removed by hand at two-wesk in-
tervals through the sntine growing sesson) trestments. Herhicide was
applisd nsing & small-plot sprayer with Lormerk §15F1 10 noerdes at 2
spray volume of 3001ha ™" and pressure of 025 MPa. Row spacing was
03m and insow plant spadng 0. 3m. The sscond day afier herhicde
application, #lmm of water {doring one hour) were irmigated using a
spedal imigation fame with micodimigae sprinkdes on subplots
ﬂl}m’}. Dose of other imigation levels are desrribed in Tabls 2 Kohl-
rabi wes planted 144315, resp. XA X6 and # wes harvested
A6 215, resp. 1162016 Weasther and imigation conditions in both
experimental years ane given in Table 2

A percentage sale from (46 to 100% wes mwed bo assess herbicide
effim oy and cropinjury {phytobocdiy) according to the Exropesn and
Mediterramesn Mant Protection Crgamnization (EFPO) 17214 guideline.
Thie efficnry, selsoivity s esement, 2nd mesmrements of ahovegromd
amd root biomass wens performed 4 wesls after herhicide applicetion
{plans from 2nd and &th rows were mlacted). Kohlabi tobers were
harvested 8§ wesls after planting. Ten kohlabi plants were collarted
from the ceniral mufﬂd:phﬂm.idﬂ:mm!mi}.]nlmﬁnznf
harvest, mndergromd weed biomess wes olected from central amea of
each plots {1 m™L

Using the Statishiea ver. 13 softwere pockage (StatSoft, Ine_, 2015},
results wene analyred using analysis of variance (ANOY A) followed by
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Tahile 2

Wieather condifon and irrigation during growing ssseia. Year.
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Tuokey's post hoc comparsons 0 cormesponding controls once the dif-
ferences among mean valoes had been deternmined . ANOY A effects and
diffierences wene considersd significant at p < (.05, Bartlstt's test was
used o test whether efficacy and sdedivity data did not violate the
amumption of homogenesity of variance. Because in one case Barfleit’s
n:d:ﬂmwnﬂ ithe d-:m be heterogenanis, either ancsine square oot

fi i ar log transio of X4+ 1wene cammied out
mdﬂtm.dnﬁ:mpmlnhmw-udmtemnﬂ
data.

1. Results
2.1 Herbicide efficary

Herhici de efficacy on £ physalifolaen, C allern and M. oo, and
was significanily higher on plots that wene imigated shorly afier her-
hicide appliotion (efficacy 949, 98 and 79%) comparned to low irigated
plots (95, 89, resp. 59%). Pfficacy on other iested weeds was not af-
fected by irmigation lavel Om no weed was herhicide efficacy affectd by
the adimvant used Bfficacy of pendimethalin on & oftem, M. ouma,

Soivmely Horsindame 45 (09 571578

and T anemse was significant]ly higher compared to metamchlor. Om
the omirary, efficary of metarachlor wes significantly higher on &
physalgiblm compared to pendimethalin Both tested herbicides very
wdl mntralled A reroflacs and B, ous-galli without significant dif-
ferences (Tabl= 30

i allern was folly controllsd anly on plots trestesd by pendimethalin
and imigated shorfly after herbicide application. Effiecy of pendi-
methalin in drier conditions {(withowt imigation shortly after applica-
tion) rangsd betwen 9% and 99% Effimcy of metamchlor on O
allum was sigmfienithy affected by i gation, especially in X016, when
effimg of metrachlor an erly and strongly imigated plots mnged
betwern 99% and 10{%, while on later and les imigated plots effimcy
of metrachlor wes less than &8% {Table 4 and 51

& physalifolorm was fully controlled by metarachlor in 2015, bot in
the= newt year

foll conino] of & physalifolem wes remrded only on plots that were
immigaied shortly and strongly afier the herbicide application. Efficcy
on other plots enged betwesn 57 % and 96%.

T. ovenz was acceptahly controll=d only by pendimethalin {=ffi-
cacy 92-974) and without significant effert of imigation. Efficacy of
metazachlor ranged betwesn 23% and 5(%, without effect of irrigation
(Tzbl= 4}

Among those weeds tesied, the least sensitive i0 the tested herhi-
cides was M. anmua. Aaoeptable efficacy (above 80%) was recanded anly
on plots treated by pendimethalin and imigated shontly after applica-
tiom, especially when pendimethalin wes mized with metarachlor {=f-
ficacy 88-90%). Nevertheles, the efficacy on any of tesind wesds was
not significant]y incresssd in caee herhicides were tank mived

Total wesd biomess on plots remisd by metarachlor wes sig-
nificant]ly higher compared to plots tnested by pendimethalin. No sig-
nificant effisct was recorded for imigation level, wed adjovant and ex-
perimental year {Tahl= 6]

32 Herbicde phyiotmasity
Kohlrabi phytotoricty wes affected by herhicdde med, irrigation
level, and weather conditions in exyperimental year. Bffert of adjovent

on visual phytotoddty and shovegromd or moot biomass was not ne-
conded {Tahl= 6]

Tahble 3
Efficacy cn weed in dependence on herbicides, adjuvant, bnrigason bevel, and gromwi g season
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Tahie £
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Pendimethalin camsed signifiemily greater phytoboricity than did
metazachlor {Fig. 1. Weight of the aboveground part of plants toested
by pendimethalin was about X0=50% lower companed to plants growm
on hand-wesded plots. These di fferences wene higher i 2015 {char-
acterized by lower emperainre after herbicide applimtion) or when
pendimethalin was mived with metarschlor and sirong imigation was
applisd shortly and sirongly after applietion In thess coses, vimal
phyininxicity was gresier than 30% and weight of sbovegromnd bio-
mass was aromnd 50% (Fig. 2 and 3). Strong imigation shortly afier
application of pendimethalin did not affect selsohivity of the herhicde
tnestment. Om the mntary, selectivity of metarachlor wes stonghy
afferted by imigstion and metoral precipitation. Om plots treaied by

metazschlor and irmigaied shortly and sirongly after application, vimal
phyininxicity was dependent on westher mnditions and ranged be-
tween 139 and 25%.

Weight of kohlrabi roots was affected by herbicides only in 2015,
when most of the herbicidedreated plants had =ignificantly lower
weight of roots of abont 35-55% compared to plants grown on hand-
weeded plots. Only the weight of roots of plants trested by metarachlar
almne and not imigated ealy after appliction was not g fo oty
lower (Fig. 2) (Tahle 7 and Tahl= 8)
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3.3 Yidd of kohlrold sbers

Eohlrabi yield was affected only by herbicide nsed The ofect of
immigation level, adjuvant, and experimental year on tuber yield was not
significant (Tzbl= §). Weight of tubers on hand-wesded plots ranged
between 315 and 32 g, depending on weather and imigation condi-
tions. In 2014, when the natoral precipitation was highe, weeds did
not affect tober weight on the mnineated coniml In 2015, on the

display mean + smndawd deviavon HW, hand weeding. N/C oo conmal M, memmachier F,
L N/L, mo rrigmion. A, adjvant. N/A, oo ddjovantk

cmitrary, tuber weight on plots without weed contral and with lower
leveel of irrigation was significan iy (ahont 34%) lower compared to the
hand-wesded control Tuber weight harvesed on plots trested by
pendimethalin {166-250 ) was the same or lower compared to tubers
grown incompetition with amoal wesds (227=301 g). Tobers with the
lowest wedght {146-181 g} were harvested on plots iresied by the
pendimethalin + metarachlor herbicdde miztore and irmigated shortly
and strongly after application (Fig. 2 and 33
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4. DMscussion envirnmmental fate of herbicdes {Gresn and Besiman, 207; Cabrera

etal, 2010, the adjment Grounded used in this stody did not affect the

Although adivvants are usally wal for improvement of effiecy effimg and seledivity either of metrachlor or pendimethalin in

and/or selsctivity of herhicides dne to poeithve changes in delivery and kohlrahi. Andr =t al. (2017, who tested two different adjimvants and
distribution of spray on the leaf andfor soil suface, or changes in thnee soil herbicides in snflower, reparted similar remls.
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if water deficiency ooommed. Kosterna et al. (201 1) showed that imi-
gation incresssd kohlabi yield by 25% compered to non-irigated
plots. In our experiment, yield loss @ussd by pendimethalin phyin-
ooty was greater than the wield los camsed by weeds. (asem (2007
hiad rescordesd a posifive effsct of pendimethalin application. {at the same
application mate 25 in our smdy) on @ulifiower yield compared o0 an
untreated contmol, bot the effimey of pendimethalin was relativel y low.
His experiments wenes carmied ont in arid climatic conditions of Jondamn,
and therefore pendimethalin phyioioxicity did not occwr. Om the con-
trary, Miller et al (2058 recondad severs damage to transplanted
cabbage and mednetion in i yield after foliar applimtion of pendi-
methalin at rates of 1120 ha~" and higher.

5. C Tpesi

NE, o sigrdficant WAT, wesics after teament Valnes eompansd by co-way
ANDOVA Do detenmin e variant effes Vo s isllowesd by di fiesens lanes are
significandy difierent pared i spomding e v o, ding o
Tuley's stz = QLIS)

Tahbie 8

Edffiesy of buerbicid e, o] CLT e Ervigamion on weight of aboveground and oot
bismrass (5 WAT) and rober peld of kebirabi (7 WAT) in 2016 (ANOVAL

Tresme Aol |- il off frabar
Bamms Boomna iy plam—")
iy pluee ) iy ™)

A: Herbicde (p-wieg) NE i e i
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NE, o signiflcant WAT, wesks after neamnent Valoes comganad by coe-way
ANDOVA Do detenmine e variant effer Vo followed by di fierens lanes ane
significandy diflsnenn pared i ponding cd valne, ding o
Tuley's stz = 0LO5).

Om the contrary, ear]y and mass fve imigation strongly affiscted baoth
efficacy and selectivity of tested herhicide. Although positive effed of
imigation on efficacy of soil herbici des is well ln.own from
in different cnops (Zhang =t 2l , 2001; Zanatis o al., 308 Jursik o al,
201% Smith & al., 201& Hakoomat o al., 2017), in some cases imi-
gation has not afferted herhicdde efficacy but mter even incnessed
weed emergenoe {Wilson and Shatella, 214}

Phytotowidty of metarachlor was strongly affected by the sardy ir
rigation, while phytotadcity of pendimethalin wes not affected by the
first imigation. Om the contary, mther large differences in pendi-
methalin phytotoicity wens nsmonded betwesn experimental pears. In
2016, the pendimetha lin phytotod dity wes around 15%, while in 2015,
where naimral precipitation was higher in the first half of growing
seaman (Tahle 2}, the phytobmodty wes two times higher, Miller = al
{2003 reported that an appliction rate of pendimethalin higher than
Sﬂ}sh_lm.mdm and persistent crop injury and reduced yidd
of cabbage, espedally when small transplants were tnesied by fiol ixge
appl dcation.

The herbicide combination of pendimethalin and hlar con-
tained foll rates of both active ingnedisnts and was incloded to evalnae
a widening of efimcy spectrom withoot possihle negative efferts on
selectivity. Synergistic effect of these herhicides is not lmown from
existing literatnre and was not expected in this sdy. No posithe
{higher efficacy) or negative (phytotmodty) effects wene memrdsd , if

hlor and pendimethalin were applied 2= 2 tank-mix. The offi-
cacy of Enk-mix on individual weed species did not si gnificantly exceed
the sficacy of the hetter of combination panners. Eohlrahi yisld lioss
camsed by weed competition was relative y low and wes s gnificant only

# The wee of Grounded adjuovant did not affect the efficacy and se-
lectivity of metarachlor and pendimethalin in kohlrahi at a post-

# A higher imigation imtensity and namral precipitation peositively
affiected the sficacy of both tested herhicides.

# A high imigation miensity shartly afier the herhidde appliation
negatively affected the sslectivity of metarachlor.

# Hethicide mivture did not pmithvely affart the efficacy, on the
oonirary, visnal phyhobmd city inonessed

# Kohlrahi yield was mone negatively affected by the pendimethalin
applimtion tham by wesd competition

Acknowledgements

This research wes supported by projest QU1X10165 from the
Wational Agency for Agricnboral Ressanch of the Crech Repohlic

Refere noes

ALKy Ly, © Bac 5 1905, Brod e waned conitroll s cabbage smed pisid
Salllowring Buskicids applications. Hooschers 0, K311 4.

Az I Kodioek M, Juerilk, M, Fedrpchond, V., Tichf, L, 200 7. Efed of adjemntion
e dimden Hon, eficacy nd snlectivity of o difoe pro-mw o desfiowe
Berbicides Flas fod B &3 400415,

Baraiella, V., Beccaghi, b, Toochem, &, 2006 Effec of dusfetast w adfewmi for i
rigaiiony fetiyaton i wyeible prodesos: po knisy sl o kSee Ada
Horme 11X 157-165

i, A, X908 Efect of i cowiand plst demaiy oo pickdng and quality of
kohizid J Bememeal 1% 1&7-1735 o ! ’

Caberem, I, lopoFaain, &, Allasa A, P, D 5500 Do aed ssddieal et on
durom bk el i oo cidyem 2l wonis additon. foand
Goxlema 157, 153841

ok, AH, Keade, 1P H_ 2008 Herbicide sed Homs Fayuislogy. Wip-Bak vl
i, UK, pp. .

Do, T Vadeagrs, X7 2002 The effocts of mmbimng mudfel mwiny mebod wik
S S N T 1 e PO
I3

Figuena, I, Mackers, F, Bchair, €, Cordower, G, Kobs, N, 2008 Bt of po-
g b o, el pme, oo ey, e weand Sy cres = el
e, Seids. 'Wend Technal 35 S57 85,

Giomm, 10, Bomsms, GE | $00 Reomey peased and commescalied Sy s
el adfpras Schonkygy. CopFod 36, S0 30

Mk oo, &, Amgl, M, Sarwar, 8, deeck, & Shabrad AN Hosais, 4, 007
At of fre e smepmos bebiods sade gl Sl o
st v @ st s e e g ey = con cun Pt
Driaba 35

Hall, 1K, Jopm, G, Hckoue, MUV, dmbad, MK, Boges, ER., Mo, RO
Harteriy, ML, Hofnae LI 198 Fomubsion sed adewni ofd oo bchiy of
s amd mckachle 1 Fownm. Qual IF, § 554034,

Huiey, 1K, Wanyg, 5., Ko, TH, 3007 Ry Beribicide wir aad 6 debing oo i
(hiza. Fox 1 Dwre. B 2% 84527,

Juzidk, W, Sodkap, 1, Holee, 1 Amds 1300 1. Helbicds mexds of acton amd sy mpdoma
of gant njery by bobicder: bdino of vey by chain Sy acd by bod
Ly Cokmoe Repar. 137, 1510

Tz, M, Kol M., Henoeoevd, K., Sockage, 1, Vexdowd, V., 2003 Efecs of pm-
cpdation s fu dupeton, eficigy wmd adeciivity of Gom domacsen i ke
i i ssfiowss Plasi fod o, 56, 07583

Juzik, W, Soulmp 1, Holee, 1 Axdz 1, Hesoaowd, K, 208 Eficcy and adec ity
of peeneen sfows bobcds sader dfenmi od oo cnditiom. fax
Fmi 2 51 IH-II

[EFOSR—

54



M. Jorik il

Jamill, M, Kovwifowd, 1, Kofisk W Henoerowd, 5, Soeleg 1, 507 B of 2 ma
worm Sbcie cowering oo e reidoal] acsieity of pedimethaln i e oe e aal
it Ml Sl T3, DL

K, LW, Dz, BW., Nitolon, P, Peller, RF_ XeE_ cloma-
zome Fomelison ablty, tsk mic wlelty, ed e ofecs A So Teing
Bl el Tk Pubi 1500 172

Kodirek, M., Kodedowd, I, Sarpor, I, Jesid b, 208 Bed of aduwes oo pud-
mhalis and dimweem s - beborwior imill 1 Hawesd, bt 84, 368374

K E, FandewicrBaf v, &, Ko, I, R e, 1, 2081 e effect of apo-
Bpdomgel and Sigaton o bobirakd o Qs FI " pield deta S ol Hostorem
Cules 15 5381

Kudse, P, Madamen, 5K, D004 Joni actos of smim acid biosysthein by
Bambbdeiche 5. Wend R 44, 3 3-T00

Lo, A& Baddy, KN, :H-.LLM“..MH#---H.H:
of hubdeidde & 3 il apension. Sodl Gl 167, 44481

Mamers, M, Hela [, Keraitme &, oo M K um, L BIE
Dt s sl o, et of meta rackior berbicide i = d
it el posi s Seld comditbed Fovime 84 Poll R 25, DR T-DEIT.

il A Belleder RN, Ko E, Rawk B, Coffmes, WO Webier, M_IC, 200K
Cablagge { Brmaim: alraces) regnse o prdneshabs epbed posraspled. Wl
Techenl 17, Bé_J60.

Qunieen, 1B, 10T Weed costral i cmbflowes (Bramdo ol wr. Boirpsl L) with
Bambdcide s Crop Froi 36, BOE-1000

Baddy, KM, 1900 et of o cxplic polymer adjoret o leacking of kool dinsm,
eorfrwme aod amaree = ol mlme Bl Fevine Comwm Torsl S0,

ey
ke P H Soita, M Robdson DE 5707 Rep ff i g o E?

Srimiy Horsindname 45 (2009 571-578

ket s, Corops Prog 36, HI7-117T

Sonchin & 3001 Harwesd Sme sscduas of prdmeabs = iomin, cebfower, ad
racih meder Sell condisions. Toxionl Fovime Chem. 95, 194395

Sk, HC, Ferml, 1A, Webdter T 8, Rermasder, 1V, Dismar, P11, Moser, PR,
Maclionald GE D& npeet of idgesion. wlams o FRE herbisde acshvity Woad
Tecken] M0, TS0

Sebdy 1C Kudsh P, lemoes, JE D90 A& pooeral joing acion model for berkicide
misuan Pose 5= 8% 3-8

owaricher, 1, Ware, €W, MoCoilem, 10, 80 Pdincing Ve ibde © N
Peinters amd Poblibes, lasvdl, US4, pp 396
Swamrweic, M, Mok, 2 e, |, 1904 bnfhuers of spray ademns on the be-

mi“hlhdum&-mﬂmi
D0, Bt Dt i e, 300 . vl b e o oLl iy
Vingghe KC Lebo LP 090, “d.h*hitﬂ-.mld.!.ml
Veseng, H, Koeva, L, Vasdew, A, Venponaedd, |, Coppes, A, 007, Shoriterm
iy o ity i Bronses mapes (L) i meiporan o pos- ewerge iy @ e st -
chlor: A meeroroam @ wly. Eovine Torienl Chem. 38 S50
""*1 GE X Vegeabl Frodecton and Fracsion CaE] Wallsyfod, UK g
Wikice, WG, Satelle, G0, Bii4 beograing ijation, Sl ad Bebdeide S weed
costral i doy s Weed Teckenl 38, £55- 488
Tamasma, IF_, Frocogio, S0, Wasics, B, Palero, EA, Cagpmelesl FA Vagai L,
Spmrela, 0C, Romshal W0 Pt 110, 2008 Sall water contmti and Sme-
e, efficacy i matnling A Hpbcide Masts leeioks 06, 3 HE
Thuey, W, Webder, B, Sclim HM 300l Bec of wd moditew oo efficacy of im-
s pyr i prembosie. Wond Tocknal 15, 358350

55



4.4. Vliv zavlahy a adjuvantu na rezidua pendimethalinu a metazachloru v kedlubnach a
pudé

Jursik M, Ko&arek M, Suchanova M, Kolatova M, Suk J. 2019. Effect of irrigation and
adjuvant on residual activity of pendimethalin and metazachlor in kohlrabi and soil. Plant Soil
Environment. 65: 387-394.
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Citation: jursik M., Kocarek M., Sochanova M., Eolafova M., Suk . (2019): Effiect of irngation and sdjuvant on residual
activity of pendimethalin 2nd metazachlor in kohlrabi and soil. Plant Soil Environ., 65.

Abstract: Metazachlor and pendimethalin are the most used herbicides in kohlrabi. The main objectives of the
present study were to evaluate the residual activity of herbicides pendimethalin and metazachlor in kohlrabi and
soil under different irrigation regimes and to evaluate the effect of soil adjuvants on the residual activity of tested
herbicides. Pendimethalin dissipation half-life (17.3-38.3 days) was higher than metazachlor dissipation half-life
(12.1-16.8 days). The pendimethalin half-life was not affected by an adjuvant, irrigation, and an experimental yaar.
Pendimethalin mobility in the soil was affected more by natural precipitation than by irmigation. The use of adjuvant
did not affect pendimethalin leaching in dry weather conditions. In wetter natural conditions, 3 higher pendimetha-
lin leaching was found at early-irrigated plots treated by an adjuvant (939% of the applied dose was detected in the
soil layer 5-10 cm). Metazachlor dissipation half-life was not affected both by an adjuvant and by irrigation. In the
soil layer 5-10 cm, metazachlor was detected only in 2016 on intensively irrigated plots without the use of adjuvant
(0U072 pg/e). A concentration of pendimethalin in kohlrabi tubers ranged between 2 and 7 pg/kg. The highest con-
centration of pendimethalin was detected in tubers, which were intensively irrigated shortly after the application
of herbicides without an adjuvant, especially when natural precipitation was high. Metazachlor was not detected in
any of the tested kohlrabi samples.

Keywords: post-emergence herbicide application; low residual production; herbicide persistence and leaching

Kohlrabi {Brassica oleracea var. gongylodes) is a com-
mon brassica vegetable crop, which is grown in Europe
and North America (Biesiada 2008). Use of herbicides
is 3 common weed management strategy in brassica
vegetables (Miller et al. 2003). Metazachlor and pen-
dimethalin are the most used herbicides in kohlrabi.

Pendimethalin is a soil activated herbicide that
controls many broadleaf and grass weeds and is
used in many crops, including brassica vegetables.
Pendimethalin belongs to dinitroaniline herbicide

group, which inhibits polymerization of tubulin
basic units and the creation of protofilaments.
Consequently, it also interrupts the production of mi-
crotubules and the entire spindle apparatus (Vaughn
and Lehnen 1991). In brassica vegetables, pendimetha-
lin is recommended only on the transplanted canopy,
and it can be applied prior or after to planting at
an application rate up to 1200 g/ha. Pendimethalin
efficacy increased if irrigation occurred shortly af-
ter its application, especially under dry conditions

sopported by the Ministry of Agriculiure of the Czech Republic, Project No. QJ1210165.
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{Jursik et al. 2019). Persistence of pendimethalin in
the soil is relatively long, and pendimethalin residues
are therefore common in many soils (Saha et al. 2015,
Karasali etal. 2016). Pendimethalin persistence is longer
in soils with lower pH (Chen et al. 2018) and when a
transparent nomwoven fabric covers the soil {Jursik et al.
2017). According to Koédrek et al. {2018), the adjuvant
significantly affected pendimethalin behavior in labora-
tory conditions but had no effect in field conditions.

Metazachlor is a specific inhibitor of very-long-
chain fatty acids biosynthesis affecting alkyl chains
longer than C,;, and its site of action is outside the
chloroplast (Boger 2003). Metazachlor is used in kohl-
rabi before and after sowing or planting, but residues
of metazachlor are often detected in underground
water {Karier et al. 2017). Therefore, restrictions on
metazachlor use in the European Union are expected
shortly. Alginate controlled release formulation of
metazachlor reduced the vertical mobility of this
herbicide in the soil in comparison with suspension
concentrate [Wlodarczyk 2014).

Adjuvants are substances without the biological
activity of their own, but that enhance the effective-
ness of herbicides (Baratella et al. 2016). The behavior
of herbicides in the soil can be influenced by the
addition of adjuvants {Locke et al. 2002). Adjuvants
can reduce leaching of soil-active herbicides (Reddy
1993). Some adjuvants infloence the concentration
of herbicide residues in soil, as well as herbicide
delivery, uptake, redistribution, and persistence and
thus, the final biological efficacy (Cabrera et al. 2010).
il and surfactant adjuvants decreased metazachlor
decompaosition in soil contaminated by heavy metals
{Zajaczkowska and Kucharski 2017).

Leaching and persistence of herbicides in the soil
are affected by precipitation or irrigation. According
to Renaud et al. (2004), pesticide leaching is affected
mainly by the preferential flow, soil sorption capac-

https://doiorg/10.17221/171/2019-P5SE

ity, pesticide half-life, and diffusion inside the soil
aggregates. The risk of herbicide leaching is higher
on the soils with lower sorption capacity. The con-
centration of herbicide in the soil solution is higher in
these soils compared to soils with a higher sorption
capacity. Important properties of pendimethalin and
metazachlor in the environment are shown in Table 1.

Pendimethalin is a common contaminant of veg-
etables (Baga et al. 2012). Esturk et al. {2014) detected
pendimethalin residues in parsley (95% of samples)
and lettuce (93% of samples). Metazachlor residues in
the vegetable are less frequent, but Gonzdles-Martin
etal. {2017} detected metazachlor in a few samples of
propolis. The maximum residue level (MREL) estab-
lished by Regulation (EC) Mo. 396/2005 for kohlrabi
tubers is 300 pg/kg of pendimethalin and metazach-
lor (including relevant metabolites). Degradation of
pesticide residues in brassica vegetables (especially
in head cabbage) relatively speeds — the half-life
of tested pesticide residues ranged between 1 and
8 days (Kocourek et al. 2017).

The main objectives of the present work were to
evaluate the residual activity of herbicides pendi-
methalin and metazachlor in kohlrabi and soil under
different irrigation regimes and to evaluate the effect
of a soil adjuvant on the residual activity of tested
herbicides in same experiments. This study completes
the study of Jursik et al. {2019}, who assessed the
biological efficacy and selectivity of pendimethalin
and metazachlor in the same experiments.

MATERIAL AND METHODS

Site description. Kohlrabi {cv. Lech) was planted
in plot trials in Pragoe, the Czech Republic, Central
Europe (300 m a.5.l., GPS: 50°7°N, 14"22'E), in 2015
and 2016. This region is characterized by a temperate
climate {annual average air temperature around 9°C,

Table 1. Important properties of tested herbicides in the environment (source: Footprint Database 2018)

Pendimethalin Metazachlor

Solubility in water at 200C (mp/L) 0.33 450
GUS leaching potential index -0.32 17
field O°T o, (days) 10406 6.8
Sail degradation {aerobic) lab at 20°C DT, (days) 1823 108
K 2201 102

Adsorption strength by Freundlich f
K 13792 796

GUS - groundwater ublguity score; DT o, — pesticide half-life; K, - Freundlich adsorption coefficlent; Kz, - Freandlich

organic carbon sdsorption coefficient
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total average annual precipitation nearly 500 mm).
The soil of experimental fields was classified as
3 Haplic Chernozem consisting of 19% day, 26% sand,
and 55% silt (silt loam soil) with the sorption capacity
of 210 mmol, fkg and soil pH . of 7.3. Nutrient
content (Mehlich 3) in the top layer (0-25 cm) was
a5 follows: 2.7 mg N/kg, 136 mg Prkg, 289 mg K/kg,
142 mg Mg/kg and 6858 mg Ca/kg. C; (oxidizable
carbon) 2.0%.

Experimental setop. Before kohlrabi planting, the
soil was fertilized with &0, 27, and 53 kp/ha of N,
P, and K, respectively. During the growing season,
40 kg N/ha was applied. Maize was the previous crop
in both experimental years and was treated with tank
mix combination of bromoxynil (375 g/ha; Pardner
22.5 EC*=, 225 g/L) # tembotrione (66 g'ha; Laudis
OD*=, 44 g/L). The trials were arranged in a split plot
design with herbicide and adjuvant treatment as the
main plot and irrigation regime as the subplot. Three
replications per herbicide/adjuvant treatment were
organized in a randomized complete block design.
The area of the main plot was 21 m? (2.1 = 10 m).

Pendimethalin (Stomp 400 5C; 400 g/1; manufactured
by BASF SE, Ludwigshafen, Germany) was applied
at a rate of 1200 g/ha. Metazachlor (Butisan 400 5C;
400 g/L; manufactured by BASF SE, Ludwigshafen,
Germany) was applied at a rate of 800 g/ha. Soil
adjovant Grounded (732 g/L of refined paraffin oil,
aliphatic hydrocarbons, hexahydric alcohol eth-
axylates, and C,;—C,, fatty acids; manufactured by
Helena Chemical Company, Collierville, USA) was
applied at a rate of 0.4 L/ha. Herbicides and adjuvants
were applied one week after kohlrabi planting, ie.,
21.04. in 2015 and 28.04. in 2016. Herbicides were
applied using a small-plot sprayer with Lurmark
015F110 nozzles at a spray volume of 300 L/ha and
pressure of 0,25 MPa. Row spacing was 30 cm and
in-row plant spacing 30 cm. The second day after the
herbicide application, 40 mm of water were irrigated
by a special irrigation frame with micro-irrigate
sprinklers on subplots (10 m®). Terms of kohlrabi
planting, harvesting, weather, and irrigation condi-
tions in both experimental years are given in Table 2.

Samples collection. Soil samples for determina-
tion of pendimethalin and metazachlor concentra-
tion were collected from two soil layers (0-5 cm
and 5-10 cm) using soil cylinders (immediately af-
ter the herbicide application and then 5, 14, and
35 days after the herbicide application in 2015; and 7,
15, 25 and 4& days after application in 2016). Three
kohlrabi tubers were collected from the central part
of each plot (2.5 m?) for a determination of the pen-
dimethalin and metazachlor concentration at harvest
{4.6. 2015, resp. 11.6. 2018).

Herbicide determination in soil. The pendimetha-
lin and metazachlor concentration in methanol ex-
tracts were determined using high-performance liquid
chromatography (HPLC) whose parts were in details
described in the previous study (Koéarek et al. 2016).
The wavelengths for detection of metazachlor and
pendimethalin were 225 nm and 240 nm, respec-
tively. The retention time was 2.4 and 9.3 min. for
metazachlor and pendimethalin. Limit of a detection
(LOD = 3 x ofslope) and limit of a quantification
{LOQ = 10o/slope) of metazachlor was 0.0250 and
0.0833 pgfem®. LOD and LOQ of pendimethalin
were (L0056 and 0.0189 pg/em.

Concentrations of pendimethalin and metazachlor
in both soil layers (0-5 cm and 5-10 cm) during the
experiment were used to calculate their dissipation
rate constant (k) using the first order equation:

€= Coge (1)
The herbicide half-life (DT ) was then calculated
using the equation of:

_ D.6932

DT = — (2}

Herbicide residues determination in kohlrabi.
Kohlrabi samples were tested in the certified labora-
tory of the Department of Food Analysis and Mutrition
at the University of Chemistry and Technology Prague.
Analysis of target herbicides was a part of a multiresi-
due analytical method that had been fully validated
by 1500 17025, 2016. Extraction of pesticide residues
was based on QuEChERS method. Pesticides were

Table 2. Weather conditions and irrigation during growing seasons

Mean Total natural Total brrigstion (mm)
yagr ~ Dateol Dateof o veratura  prectpitation
planting harvest o) {mm) heavily irrigated plots  low irrigated plots
2015 14,04 0406, 13.28 544 100 60
2016 2004 11.06. 13.69 933 BS 45
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extracted from a portion of the homogenized sample
{5 g after water addition by acetonitrile. After sepa-
ration of aqueous and acetonitrile layers (induced
by addition of anhydrous MgS0, and MaCl salts) an
aliquot of the upper organic layer was transferred
into a vial for LC-MS/MS. For the final identifica-
tion and quantification of pesticides residues, the
U-HPLC system coupled to a triple quadrupole mass
spectrometer with electrospray ionization in posi-
tive ion mode {ESI+) was used. The generated data
were processed by MassLynx software version 4.1
(Milford, U5A).

Pendimethalin and metazachlor certified standard
and triphenyl phosphate (TPP, internal standard) were
purchased from Fluka (Seelze, Germany). Working
standard solutions were diluted with acetonitrile
to prepare matrix-matched calibration standards.
Organic solvents for pesticide residue analysis were
of the highest purity grade: acetonitrile from Sigma-
Aldrich (St. Louis, USA) and methanol from Merck
{Darmstad, Germany). Ammonium formate, formic
acid, and anhydrous magnesium sulfate were ob-
tained from Sigma- Aldrich (St Louis, USA). Sodium
chloride was from Penta (Prague, Czech Republic).
Milli-C) water (Millipore, USA) was used for prepar-
ing mobile phases.

Recovery was evaluated using blank sample homoge-
nate spiked with a pendimethalin and metazachlor
standard (concentrations of 40 and 4 pg/kg) and
then processed as described above. The performance
characteristics of the analytical method employed
were as follow recovery 81-90%, relative standard
deviation (six replicates) 1 -6%, limit of quantitation
was 2 ugike.

Metamchlor
ovel i
adjuvant
with adjmant |

high irrigation
el withaut !

adjuvant
with adjirant _

https://doiorg/10.17221/17 1/2019-P5E

Statistical amalyses. Using Statistica version 12
{StatSoft, Tulsa, UISA), results were tested by analysis
of variance (ANOVA) followed by Tukey's post hoc
comparisons to corresponding controls once the dif-
ferences among mean values had been determined.
ANOVA effects and differences were considered
significant at P < (.05,

Calculated herbicide half-live values (using Eq. 2)
for both pendimethalin and metazachlor showed a
normal distribution. T-test was used for a compari-
son of pendimethalin and metazachlor half-life. The
effect of irrigation and adjuovant on pendimethalin
and metazachlor half-lives was studied using mul-
tifactor ANOVA.

The pendimethalin occurrence in both tested
soil layers (0-5 cm and 5-10 cm) showed a nor-
mal distribution after a logarithmic transformation.
Metazachlor half-life showed a normal distribution.
Multifactor ANOWVA was used to evaluate the ef-
fect of irrigation, adjuvant, and year of application
both metazachlor and pendimethalin half-life at
the end of vegetation. T-test was used to compare
pendimethalin and metazachlor half-lives. A simple
regression was used to compare the concentration
of pendimethalin in the soil layers (0-5, 5-10 and
0-10 cm) and the pendimethalin half-life and its

concentration in kohlrabi.

RESULTS AND DISCUSSION

Herbicide dissipation half-life. Pendimethalin
dissipation half-life in the soil layer 0-10 cm ranged
from 17.2 to 28.3 days (Figure 1). Jursik et al. (20017)
observed a similar pendimethalin half-life in the same

Pendimethalin

@20
g0

?—4

0 2 4 6 B

I 12 4 16 18

Q 3 m 15 W IF M 35 40

Half life in soll layer 0—10 cm (days)

Figure 1. Half-lives of pendimethalin and metazachlor in the soil layer 0~ 10 cm in dependence on an irrigation
level and use of adjuvant Grounded (the error bars indicate standard deviation of pendimethalin and metaza-

chlor half-lives in 2015 and 2016)
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soil ranging between 23.0-85.3 days in treatments
covered by non-woven fabric and 17.7-51.0 days in
no covered treatments. Tandon (2015) determinated
a half-life of pendimethalin in the soil between 11.7
and 34.1 days for a recommended application rate and
between 9.2 and 46.8 for a double rate. In our study,
the pendimethalin half-life was not affected by an
irrigation (P = 0.1028), an adjuvant (P = 0.9615) and
an experimental year (P = 0.6613). No effect of an
adjuvant and irrigation on a pendimethalin half-life
{ranging from 43.0 to 44.6 days) in Haplic Chernozem
under field condition was documented by Koéirek
et al. {2018). On another hand, a dimethenamid
half-life (ranging from 8.8 days to 12.9 days) was
significantly prolonged by the use of an adjuvant and
by dry conditions. Walker and Bond {1977} studied
the pendimethalin half-life in different soil moistures
in laboratory conditions. They found a longer pen-
dimethalin half-life under dry soil conditions than
in wet soil. A similar effect was described by Odero
and Shaner (2014). These results don't match with
results of our study because, at treatments irrigated
shortly after the pendimethalin application, a longer
pendimethalin half-life was detected compared to
treatments irrigated later. The longer pendimethalin
half-life at early irrigated treatments can be caused
by the pendimethalin incorporation from the soil
surface into the soil profile (in our case not deeper
than 5 cm) which reduces its photodecompasition
and evaporation. The reduction of the pendimethalin
half-life due to its incorporation into the soil was
also reported by Odero and Shaner (2014).

The calculated dissipation half-life of metazachlor
in the soil layer 0-10 cm ranged from 12.1 to 16.8
days (Figure 1) and was significantly lower (F < 0.001)
than the pendimethalin half-life. Metazachlor half-life
was neither affected by an irrigation (P = 0.1154) and

high irrigation level witt
adjovant

]‘Li.gl‘lh.'r.'giiunhull‘ii‘l-
adjovant

low irrigation level without 1
adpvant

Taw irrigation Jevel with
adjimvant

an adjuvant (P = 0.6080) nor by an experimental year
(P = 0.8518). Kucharski and Sadowski (2011} reported
a shorter metazachlor half-life. These authors also
observed that the addition of oil and surfactant ad-
jovants slowed down the degradation of metazachlor
in soils. The half-life for a mixture of metazachlor
+ oil and surfactant adjuvants was about 8-16 days
longer in comparison with the metazachlor, half-
life applied solo (26 days). Sadowski et al. (2012)
detected the metazachlor half-life in three different
soils ranging from 22 to 35 days. The high concen-
tration of a clay fraction in the soil texture and the
high organic carbon content increased the metaza-
chlor degradation. Mantzos et al. (2017) reported
a metazachlor half-life in three soil types in the
range of 13-18 days under sunlight and 39-78 days
under dark conditions. Authors noted that the organic
carbon content and the transition metals concentra-
tion were the major soil constituents affecting indi-
rect photolysis of metazachlor rates under sunlight
conditions.

Herbicide distribution in soil layers. Herbicides
maobility in the soil was evaluated on the base of its
concentration in the soil layer 5-10 cm and as the
percentape of its concentration from an applied
dose in the soil layer 5-10 cm at the end of the ex-
periment shortly before kohlrabi harvest (Figure 2).
Pendimethalin concentration in the soil layer 5-10 cm
was 1230 times (2015, resp. 3-8 times {2016} lower
compared to the pendimethalin concentration in the
soil layer 0-5 cm (Table 3). Higher mobility of pen-
dimethalin was observed in 2016 (higher natural pre-
cipitation) on plots, which were irripated shortly after
the application (pendimethalin leaching was 6.73%
from an applied dose without adjuvant and 9.39% from
an applied dose with adjuvant). The pendimethalin
mability in this study was lower than we reported

m 2016
Q2015

Figure 2. Ratio (% from the applied
dose) of pendimethalin concentration
in the soil layer 5-10 cm at the end
of the experiment to the concentra-
tion of pendimethalin immediately
after the application in the soil layer

0 2 4 [

% of pendimethalin in 5-10 cm soil layer

10 12 0-5 cm. The error bars indicate

standard deviations in 2015 and 2016
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Table 3. Pendimethalin concentration in soil (pg/g) layers 0-5 cm and 5-10 cm at the end of the experiment

(mean + standard deviation)

2015 2016

Adjuvant Irrigation

level 0-5cm 5-10 cm 0-5 cm 5-10cm
No low 1.050 + 0.198* 0.087 + 0.029* 0.366 £ 0.101* 0.045 £ 0.154*

h]ah 1.363 t 0.200* 0.047 £ 0.031* 0.456 £ 0.059* 0.141 £ 0.152*
Yes low 0.674 £ 0.550* 0.046 + 0.051* 0.396 + 0.166* 0.099  0.032*

high 1.005 + 0.125% 0.058 + 0.020° 0867 +0.099®  0.203 1 0.045*
A: Adjuvant (P-value) 0.0514 0.4943 0.0351 09722
B: Irrigation level (P-value) 05315 0.5077 0.0116 0.4065
AxB 0.2178 0.4669 0.002 0.6701

Values within a column with the same letter are not significantly different at the 5% HSD (honestly significant differ-

ence) (P = 0.05) level

in our previous study conducted in lettuce (Jursik
et al. 2017). In this study, the highest concentra-
tion of pendimethalin in the soil layer 5-10 cm
(0.141, resp. 0.203 pg/g) was detected at the end
of the growing season in 2016 on plots which were
irrigated shortly after the pendimethalin applica-
tion. Koéarek et al. (2018) documented no effect of
an adjuvant and irrigation on a pendimethalin soil
mobility in field conditions.

The mobility of metazachlor was relatively low. In
the soil layer 5-10 cm, metazachlor was detected
only in 2016 (4.74% of its concentration from applied
dose, Table 4) on plots which were irrigated shortly
after the application and adjuvant was not used
(0.072 pg/g). On another hand, the lower incidence
of metazachlor in the soil layer 5-10 cm at the end of
a growing season can also be attributed to its faster
degradation. Similar results were presented by Jursik
et al. (2013) in case of acetochlor in the same soil.

A higher metazachlor mobility and the significant
effect of irrigation on metazachlor mobility was
documented by Wlodarczyk (2014).

Herbicide residues in kohlrabi. The concentration
of pendimethalin in kohlrabi tubers ranged between
2 and 7 pg/kg in both experimental years. The MRL
of pendimethalin stated for kohlrabi (300 pg/kg) was
not exceeded in any of the samples tested. Similar
results were shown by Sondhia (2013), who detected
low levels of pendimethalin residues in cauliflower
and radish crops after a pre-emergence application,
and by Tsiropoulos and Miliadis (1998), who detected
pendimethalin residue levels below the MRL after a
post-emergence application in onion. On the contrary,
Kaur and Bhullar (2015) did not detect any residues
of pendimethalin in harvested cabbage.

In 2015, the concentration of pendimethalin in
kohlrabi was significantly affected neither by an
irrigation level nor by a used adjuvant (Table 5). In

Table 4. Metazachlor concentration in soil (pg/g) layers 0-5 cm and 5-10 cm at the end of the experiment (mean

+ standard deviation)

2015 2016

Adjuvant Irrigation

level 0-5cm 5-10 cm 0-5cm 5-10 cm
S low 0.357 = 0.094* nd 0.146 £ 0.019* nd

high 0.350 £ 0.123* nd 0.198 + 0.002* 0.072 + 0.110
i low 0.540 = 0.077* nd 0.184 £ 0.031* nd

high 0.402 = 0.026* nd 0.124 £ 0.122* nd
A: Adjuvant (P-value) 0.0513 0.5876
B: Irrigation level (P-value) 0.199 0.2697
AxB 0.0925 0.5017

nd - not detected. values within a column with the same letter are not significantly different at the 5% HSD (honestly

significant difference) (P = 0.05) level
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Table 5. Pendimethalin residue concentrations in tubers
(pg/kg) at kohlrabi harvest in experimental years

Adjuvant Irrigation level 2015 2016
. low 4.5 =
o high 338 .63
low 417 2380

Yes
high 317 348"
A: Adpvant (P-valoe) 0.5932 00158
B: Irrigation level (P-valoe) 0.0307 D145
AxB 0.9038 0.1345

greted pest management in Slovenia from 2005 -2009. Acta Ag-
riculturse Slovenics, 99 40_54.

Biesigds A. (200£): Effect of flat covers and plant density on yielding
snd quality of kohlrabi. Joursal of Elemestology, 13- 167172
Boger B (2002} Mode of action for dhloreeetarmides and functicnslly

related compounds. Joursal of Pesticide Scienor, 28: 324329,
Cabrers D, Lipez-Pifieiro A, Albarmin A., Penig D, {2010} Direct
nd residiml efiscts on diuron hebavioor ond persstesse follow-
ing two- phase clive mill waste sddition to soil: Field and labora-
tory experiments. Geoderma, 157: 133-141
Chen W.C., Hm EY, Yen LH. (2018} Effect of grees manure

values within a column with the same better are not sig-
nificantly different at the 5% H5D (honestly significant
difference) (P = 0.05) bevel

2016, a significantly higher concentration of pendi-
methalin (6.6 pg/kg) was detected in tubers which
were intensively irrigated shortly after the applica-
tion of herbicides without the adjuvant Grounded
compared to other tested pendimethalin treatments
{2.4-3.5 pge'ke). Irrigation level significantly affected
the concentration of pendimethalin in kohlrabi tubers
in both experimental years. Adjuvant significantly
decreased the concentration of pendimethalin only
in 2016 (Table 5).

Residues of metazachlor were not detected in any
of the tested kohlrabi samples. Koleva-Valkova et al.
{2016} detected residues of metazachlor in plants of
ail-seed rape 2868 days after the pre-emergence
application. In the case of post-emergence foliar ap-
plication, metazachlor residues were detected only
8-28 days after the application. In our study, kohlrabi
was harvested ({metazachlor was analyzed) 45 days
after a post-emergence application. Mo significant
relationship (data not shown) was found between
pendimethalin concentration in kohlrabi and its half-
life in the soil layer 0-10 cm (and its concentrations
in soil layers 0-5 cm and 5-10 cm), though signifi-
cantly negative relationship between pendimethalin
half-life and its concentration in lettuce was found
in the previous study {Jursik et al. 2017).
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Abstract

This research had two main aims. First, to analyse the degradation dynamics of herbicides
commonly used in carrot (aclonifen, clomazone, flufenacet, linuron, metribuzin, pendimethalin,
S-metolachlor). Second, to compare the amount of herbicide residues with the maximum
residue level and with requirements of non-residual production. The field experiments were
conducted in 2012-2016. All tested herbicides resulted in relatively low concentrations of
residues in carrot roots (up to 10 ug/kg) when the recommended withdrawal period was
followed between application and harvest. Concentration of S-metolachlor in carrot roots
exceeded maximal residual level (MRL) if application was carried out four days before harvest.
The measured values of other tested herbicide residues in carrot roots did not exceed the MRL
in any of tested samples. Pre-emergent use of clomazone, linuron and flufenacet could be
recommended for non-residue carrot production. Post-emergent use of metribuzin can be used
for non-residue carrot production if interval between application and harvest is at least 80 days.
Concentrations of herbicide residues in carrot leaves were many times higher than in roots. All
tested herbicides can be applied for a safe carrot production if applicators adhere to the

requirements for use.
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Introduction

Carrot (Daucus carota L.) is one of the most widely grown and important vegetables (Welbaum
2015) and carrot production involves farmers of many socioeconomic levels (Araujo et al.
2016) Total world production of carrot was 43 million tons. Total world production area of
carrot is roughly about 1.47 million ha and the average yield 37 t/ha (FAOSTAT 2017).
Competition ability of carrot is low, because emergence and early growth are relatively slow.

Without sufficient control, weeds may cause a yield loss up to 94 % (Coelho et al. 2009).

Several herbicide options have been registered for weed control in carrot. Pre-emergent (PRE)
herbicides for use in carrot include pendimethalin, aclonifen, clomazone, prometryn, trifluralin,
flufenacet, metribuzin, and dimethenamid (Malidza et al. 1997, Ogbuchiekwe et al. 2004).
Similar soil active herbicides can be used postemergence (POST): linuron, metribuzin,
prometryn, flufenacet, pethoxamid, S-metolachlor, flumioxazin, oxyfluorfen, metoxuron,
chlorpropham, ioxynil and others (Malidza et al. 1997, Ogbuchiekwe et al. 2004,
Kavaliauskaite et al. 2009, Robinson et al. 2012). In the European Union, however, many of
these herbicides have recently been restricted, and others are likely to follow in near future,

consequently: fewer herbicide options with lower application rates.

In a global market, safety standards of edible produce are a worldwide concern; however, the
responsibility often falls on the growers to balance agronomic practices with market standards.
The concentration of pesticide residues in vegetable below the maximal residual level (MRL)
rarely represent a toxicological risk (Winter 1992). Unfortunately, the growers might not know

if the herbicides registered for the crop will result in excessive residues for selling their produce.
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Because of specific behaviour of different herbicides in plants and in soil it can be assumed,
that amounts of their residues in harvested carrots are different. Therefore, the first objective of
this study was to compare the degradation dynamics of residues of most often used herbicides
in carrot to MRL of tested herbicide. The second objective of this study was to develop
recommendations for herbicide weed control for low-residual and non-residual carrot
production. Low-residual production is the agricultural production, in which the crop protection
is carried out so that residues of used pesticides in harvested products are below the limit for a
predetermined action threshold, for example 25 % MRL or 50 % MRL (Kocourek et al. 2017).
More restrictive about amount of residue is non-residue production, where residues of used
pesticides in products are below the limit of 10 pug kg™, This limit is currently used worldwide
for products intended as infant food and is strictly monitored by Commission Directive
2006/141/EC. To our knowledge, there is a lack of studies regarding the herbicide degradation

in the plant products, and this is probably the first study on herbicide degradation in carrot.

Materials and Methods

Small plot field trials were carried out in carrot (variety Grivola) in Demonstrational and
Experimental field of Czech University of Life Sciences Prague in Czech Republic (300 m
a.s.l., 50° 7' N, 14° 22’ E) in 2012 — 2016. Soil was classified as Haplic Chernozem with
clay content of 19%, sand content of 25%, silt content of 56%. These contents are specific for
silt loam soil. Sorption capacity was 212 mmol®/kg and soil pHkci was 7.5. The region has a
temperate climate with annual mean air temperature about 9°C and mean annual precipitation
about 500 mm. Potato was the previous crop in all experimental years. None of the tested

herbicides were used in previous crop.
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All plots were arranged in randomized blocks of 13.5 m2. Double (0.15 m) row spacing was
0.75 m and in-row plant spacing was approximately 0.04 m. Carrot was sown on 4, 29, 7, 21,
and 28 April 2012, 2013, 2014, 2015 and 2016, respectively. Common agriculture practice by
European and Mediterranean Plant Protection Organization was used according to the
requirement of carrot. Tested herbicides (Table 1) were applied by Schachtner nonresidue
sprayer at a spray volume of 300 L/ha and pressure of 0.2 MPa. The highest registered rates of
all tested herbicides were used. Herbicides were applied PRE (second day after sowing) and

POST (Table 2).

The samples of carrot were collected continuously during the growing season from the central
part of each plot. First sampling was carried out when diameter of top root parts achieved 10
mm on average. There was two week interval between first and second sampling and between
second and third sampling. A minimum of four carrots were collected from one plot at each
sampling term. Roots of carrot were collected at each sampling time. In 2014-2016, carrot
leaves were also collected in plots after POST herbicide application. The samples were stored

at -20 °C until the extraction procedure.

All harvested carrot samples were tested in the fully certified laboratory of the Department of
Food Analysis and Nutrition at University of Chemistry and Technology Prague. The
determination of pesticide residues was done by QUEChERS method that has been readily
accepted by pesticide residue analysts. Pesticides were extracted from a portion of homogenized
sample (10 g) by acetonitrile. After separation of aqueous and acetonitrile layers (induced by
addition of anhydrous MgSO4 and NaCl salts) an aliquot of the upper organic layer was
transferred into a vial for LC-MS/MS. A Ultra-High Performance Liquid Chromatography
system, coupled to a triple quadrupole mass spectrometer, with electrospray ionization in
positive ion mode (ESI+) was used for the final identification and content of herbicides

residues. The generated data was processed using MassLynx software version 4.1. Analysis of
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used herbicides was a part of a multiresidue analytical method that had been fully validated by
ISO 17025 and the individual samples were assayed for residues of herbicides in pg/kg.
External quality control was ensured by regular participation in proficiency tests of the
European Commission’s Proficiency Testing Program. The measured values were compared
with the MRL established by Regulation (EC) No. 58/2019 and with requirements of non-
residual production. MRL in carrot for linuron and clomazone is 10 ug/kg, 50 ug/kg for
flufenacet and S-metolachlor, 80 pg/kg for aclonifen, 100 ug/kg for metribuzin and 700 ug/kg
for pendimethalin. The limit for non-residue production is 10 pg/kg of herbicide in harvested

carrot regardless of the active ingredient.

The obtained data was processed in R project version 3.6.1 (R Core Team, 2019) and subjected
to the comparison analysis (t-test) to reflect the differences in experimental years. Non-linear
models of degradation of individual herbicides in carrot were calculated using the exponential
decay formula in drc package using the following equation: y = a*(exp(-x/b)), where y is the
amount of active ingredient (ug/kg), X is number of days after herbicide application, parameter
b >0 is determins the steepness of decay. Goodness of fit was assessed by F-test. All tests were
performed on significance level of 0.05. Parameters of models and the analytical results are

shown in Table 3.

Results and Discussion

In literature, the availability of information about the herbicide residues in the plant product
and herbicide uptake by carrot is scarce; therefore, this work can be considered as an innovative

approach.

In this study, many active ingredients were tested. The different properties of each herbicide

affect the uptake, translocation and soil persistence and will, in turn, have impact on the
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herbicide residue found in the plant products. The herbicide residue levels in carrot from
individual years were similar and data combined across years revealed no statistical differences
(p > 0.05). Therefore, it was possible to merge data from all experimental years and calculate

exponential curves.

Aclonifen belongs to the diphenyl-ether chemical family, which inhibit protoporphyrinogen
oxidase; however, this particular chemical is unique. Recently, it was identified aclonifen
actually targets solanesyl diphosphate synthase (Kahlau et al. 2020). Residues of aclonifen were
detected in most of samples treated by this herbicide. Most contaminated sample was collected
four days after POST application (shortest tested interval between application of aclonifen and
carrot harvest), where 55 pg/kg of aclonifen was detected in roots (69 % MRL). Residues of
aclonifen ranged from 0 to 30 ug/kg when aclonifen was applied at least 40 days before harvest.
Lower amount of residue (up to 26 ug/kg) was found after the PRE application, however in
2014 and 2015, no residue of aclonifen was detected. This can be explained by the fact that the
target for aclonifen is clearly limited to the plant’s upper parts (Kilinc et al. 2011). The dynamic
of degradation of aclonifen in carrot roots is shown in Figure 1, where the horizontal line shows

MRL for aclonifen in carrot (80 pg/kg).

Residues of S-melotachlor were detected very often. In Pakistan, where S-metolachlor is a
very common herbicide to control weeds in vegetable crops, detected residues were between
45 — 75 ngl/kg (Amjad et al. 2013). Higher level of S-metolachlor residues can be caused by
multiple application at high rates in intervals of 2-3 days (Baig et al. 2009). If the S-metolachlor
has been used POST, residues often exceeded value of MRL (50 pg/kg). Only in 2012 and
2014, the S-metolachlor residues in carrot roots were relatively low (0-11 pg/kg). Most
contaminated sample was collected four days after post-emergent application (shortest tested
interval between S-metolachlor application and carrot harvest), where detected amount of S-

metolachlor was 93 pg/kg (186 % MRL). The dynamic of degradation of S-metolachlor in

72



carrot roots is shown in Figure 2, where the horizontal line shows MRL value. Much higher
values of S-metolachlor residues were found in leaves. This active ingredient can be absorbed
into the plant through the roots and shoots but shoot tissues are generally more absorptive and

the site of herbicidal activity (Wehtje et al. 1988).

Only very low flufenacet residues (0-3 ug/kg) were detected in carrot roots harvested from
plots treated PRE Dby this herbicide. This is in accordance with the previous findings, which
confirmed that primary uptake of flufenacet occurs both via the roots and emerging shoots of
treated plants (Grichar et al. 2003). If flufenacet had been used POST, residues ranged from O
to 45 ug/kg. No flufenacet residue was detected in 2014. The dynamic of degradation of
flufenacet in carrot roots is shown in Figure 3, where the horizontal line shows MRL for
flufenacet in carrot (50 ug/kg). Similar results appeared when the flufenacet was applied in

wheat, soybean, potato, and tomato (Imai et al. 2019).

Pendimethalin residue was found in all carrot root samples which were harvested from plots
treated PRE by pendimethalin (from 63 to 146 days after application) ranged between 0 and 7
ug/kg (1 % MRL). No residue of pendimethalin was recorded in 2014. Higher amount of
residue (18-82 ug/kg) occurred after the POST application (harvest 15 - 63 days after
application). However, detected values showed a large variation. Therefore, residues of
pendimethalin less than 10 pg/kg cannot be guaranteed in specific soil and weather conditions.
In different studies, pendimethalin and its metabolites were not detected in any of tested carrot
samples (Engebretson et al. 2001, Singh et al. 2010). The dynamic of degradation of
pendimethalin in carrot roots is shown in Figure 4. The residues of pendimethalin were detected
in leaves after PRE and POST application, as well. This is not completely in compliance with
previous conclusions which claimed that pendimethalin is absorbed by the roots and leaves, but

not translocated in plant (Appleby and Valverde 1988, Gilliam et al. 1993).
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Linuron was completely restricted in European Union in 2019. Linuron residue was found in
all carrot root samples from PRE treatment (from 80 to 146 days after application) ranged
between 0 and 4 pg/kg (2 % MRL). Residue of linuron in carrot roots fast decreased below
MRL. Amount of linuron residue did not exceed 15 pg/kg after POST application in 2012-
2015; however, in 2016 residues linuron ranged between 0 and 53 pg/kg (harvest was carried
out 4-52 days after application). Khan et al. (1976) did not detect linuron residue, at final harvest
time. In 2012, however, the small amount of residue (3 ng/kg) was detected even 127 days after
the application. This could be due to the slow degradation of linuron in the soil during dry
conditions. This agrees with the research of Fryer and Kirkland (1970) who detected linuron
residues at levels less than 5 pug/kg in carrots sampled 15 weeks after the application of herbicide
and this residue amount was also affected by weather conditions. On the contrary, Lekke (1974)
did not found any interaction between the amount of linuron residues (including metabolite
products) in carrot and interval between the herbicide application and carrot harvest (57 — 117
days). In our study, the dynamic of degradation of linuron in carrot roots is shown in Figure 5,
where the horizontal line shows MRL for linuron in carrot (10 ug/kg). Linuron residues were
found in leaves in 2015 and 2016. This is expected because this active ingredient moves

apoplastically with the transpiration stream after uptake by roots (Ducruet 1991).

Metribuzin was degraded under the value for non-residue production already two days after
POST application in 2013. Metribuzin showed similar results with rapid degradation in
sugarcane (Selim and Naquin 2011). Slower degradation of metribuzin was recorded in 2016,
where 34 pg/kg of metribuzin was detected in carrot roots four days after POST application,
which is still under the value of MRL (100 pg/kg). Residue of active ingredient metribuzin was
not found in carrot roots harvested 70 days after POST application. The dynamics of
degradation of metribuzin in carrot roots are shown in Figure 6. Low levels of herbicide residue

(3 ng/kg) were found in carrot up to 58 days after application. Therefore, it is necessary to
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respect the withdrawal period (60 days); which is, of course, important for all pesticides. Low
decreasing of metribuzin residues reported also Stoleru et al. (2015), who detected low amounts
of residue (2 pg/kg) in vegetable samples at the harvest time. Moreover, persistence of

metribuzin in the soil could be greater than 60 days (Saritha et al. 2017).

Clomazone was applied only PRE because its metabolic selectivity to carrot is relatively low
and cannot be used POST (Rigoli et al. 2008). Residue of clomazone was detected only in one
sample (2 ng/kg) of carrot root in 2012. In other experimental years, no clomazone residue was
recorded in any tested sample of carrot. Low application rate (8 g/ha) and fast degradation of
clomazone in soil is probably the main reason for low concentrations found in carrot root
samples in our study. Similar results were found in soybean, where residue of clomazone at
harvest time were always below the limits of quantification (Hu et al. 2011, Nalini et al. 2015).
Residues of the clomazone were below the maximum residue levels in Brassica napus after 22

days after the herbicide application (Szpyrka et al. 2020).

The fate of the herbicide in the environment is affected by many factors, among them
temperature and moisture are most important. Differences in herbicide residue content in leaves
in 2015 compared to 2014 and 2016 can be attributed to the low precipitation (sum April to
August 185 mm in 2015, 268 mm and 312 mm in 2014 and 2016, respectively) and higher
temperatures in this period. Clomazone half-life in the soil shortened significantly when the
average temperature was higher and stable (Szpyrka et al. 2020). Periods of drought and low
temperatures slow down the decomposition of herbicides in the soil and affect their uptake by

plants (Grygiel et al. 2012).

Herbicide residue levels in carrot leaves were significantly higher compared to herbicide
residues in roots (Table 4). This agrees with research of Yajima et al. (2017) who founded the
highest pesticide residue amounts in leaves. However, we did not detect any residue of

clomazone in carrot leaves (only PRE application). Considering that carrot leaves are not
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usually eaten, this finding should not be concerning and MRLs for carrots are only established

for the roots.

Moreover, with only one exception in aclonifen (87-217 ug/kg) in 2014, no residues were
detected in roots one month after application. This can be attributed to the heavy precipitation

in May 2014.

The measured values of herbicide residues in carrot treated by aclonifen, pendimethalin,
metribuzin, flufenacet and clomazone did not exceed the MRL in any tested sample. All tested
herbicides can be used for low-residual carrot production if growers adhere to the recommended

withdrawal period interval between application and harvest.

PRE application of clomazone, linuron and flufenacet can be used for non-residue carrot
production. POST application of metribuzin can be used for non-residue carrot production if

interval between application and harvest is at least 80 days.
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Table 1 Description of tested herbicides.

Trade name Active Formulation Content of a.i. Application Manuf:
ingredient rate (g/ha
(9/L) a.i.
Bandur aclonifen SC 600 1800 Bayer Crc
Stomp 400 SC pendimethalin SC 400 1200 BA
Afalon 45 SC linuron SC 450 500 AD#
Sencor Liquid metribuzin SC 600 300 Bayer Crt
Cadou 500 SC flufenacet SC 500 150 Bayer Crc
Dual Gold 960 EC ~ S-metolachlor EC 960 1152 Sync
Command 36 SC clomazone SC 360 72 FMC col
SC — soluble concentrate; EC — emulsifiable concentrate
Table 2 Terms of post-emergence application in experimental years.
Herbicide Days after sowing
2012 2013 2014 2015 2016
aclonifen 68 44 65 57 and 70 61
pendimethalin - - - 49

linuron 68 and 84 44 and 69 65 and 77 48and 70  35and 61
metribuzin 68,76 and 96 44,56and 77 65,70and91 48and70 35and 61
flufenacet 68 44 65 49

S-metolachlor 84 69 77 70 35and 61
Table 3 Parameters of exponential decay models
Active ingredient a CI (95%) b ClI (95%) F-test p-value

aclonifen 60.52 45.9-75.1 31.14 22.6-39.6 0.98 0.541

pendimethalin 165.73  121.4-210.0 22.37 16.8-27.9 0.89 0.646
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linuron 76.53 48.5-104.6 9.09 5.6-12.5 1.86 0.290
metribuzin 21.40 16.8-27.1 9.28 6.1-12.4 0.78 0.147
flufenacet 129.63 83.2-156.1 13.82 8.2-19.4 0.59 0.789

S-metolachlor 122.11 82.3-161.9 15.66 10.08-21.24  1.59 0.397

a — parameter attained at x=0, b- parameter determining the steepness of the decay, Cl —
confidence interval, p-value (0.05)
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Table 4 Concentration of herbicides in roots and leaves a month after application (mean +
standard deviation).

Herbicide Concentration of herbicide (ug/kg)
2014 2015 2016

roots leaves roots leaves roots leaves
aclonifen 20+11 217+49 0+0 87425 26+12 194432
pendimethalin 0+0 9+5 242 62+21 543 18+9
linuron 0+0 28+14 3+3 44426 343 25+11
metribuzin 0+0 34418 040 61+30 4+2 54418
flufenacet 0+0 52420 242 68424 3+2 60+26
S-metolachlor 0+0 152+47 5+4 1045 16+7 38+15
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Figure 1 The course of degradation of aclonifen in carrot roots at time scale (data from 2012-

2016). Red horizontal line shows MRL 80 pg/kg.
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Figure 2 The course of degradation of S-metolachlor in carrot roots at time scale (data from

2012-2016). Red horizontal line shows MRL 50 pg/kg.
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Figure 3 The course of degradation of flufenacet in carrot roots at time scale (data from 2012-

2016). Red horizontal line shows MRL 50 pg/kg.
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Figure 4 The course of degradation of pendimethalin in carrot roots at time scale (data from

2012-2016; MRL 700 pg/kg).
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Figure 5 The course of degradation of linuron in carrot roots at time scale (data from 2012-

2016). Red horizontal line shows MRL 10 pg/kg.
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Figure 6 The course of degradation of metribuzin in carrot roots at time scale (data from 2012-

2016; MRL 100 pg/kg).
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5. Sumarni diskuse

5.1. Obsah rezidui herbicidu v zeleniné

5.1.1. Pidni herbicidy

Pendimethalin byl detekovan ve vSech testovanych zeleninach, pii¢emz zejména pii
postemergentnim pouziti byly zaznamenany pomérné vysoké koncentrace tohoto herbicidu ve
sklizené zelenin€. Pokud byl aplikovany preemergentné, byl detekovan ve vzorcich mrkve
V hodnotach nizsich nez 10 pg/kg. Naméfené hodnoty vSak vykazovaly pomérné znacny
rozptyl, coz bylo zplsobeno odliSnymi povétrnostnimi podminkami v jednotlivych letech.
Odlisné vysledky prezentovali Engebrelson et al. (2001) a Singh et al. (2010), kteti nedetekovali
zadna rezidua pendimethalinu v mrkvi. Ve sklizenych vzorcich cibule byl pendimethalin
detekovan 18 tydntli po preemergentni i postemergentni aplikaci (1-5 pg/kg). Nizké koncentrace
rezidui pendimethalinu ve sklizenych plodinach detekoval také Sondhia (2009), jehoZ zachyty
rezidui tohoto herbicidu byly na hodnoté meze detekce méfeni (1 pg/kg). Lazic (1995)
zaznamenal snizeni obsahu rezidui pendimethalinu béhem vegetace cibule na polovinu béhem
50 dni po aplikaci. S témito vysledky se vSak neshoduji Lazic et al. (1997), kteti ve vzorcich
zelené cibule naméfili az 239 pg/kg a ve vzorcich zralé suché cibule az 113 pg/kg
pendimethalinu. Také Tsiropoulos & Miliadi (1998) a Sharma & Mehta (1989) detekovali ve
sklizenych cibulich mnohem vyssi obsah pendimethalinu (54-103 pg/kg), avSak jimi pouzita
aplika¢ni davka byla o 25 % vyssi. Ve vzorcich kvétaku z naSich pokust byl ale pendimethalin
po postemergentni aplikaci detekovan pouze jednou (3 pg/kg) a to v roce 2013 po vysokych
srazkéach. Sondhia (2013) také detekoval velmi nizké obsahy pendimethalinu (do 3 pg/kg) ve
vzorcich kvétdku, rajcat a fedkve sklizenych 70 dni po aplikaci. NejvysSi obsahy
pendimethalinu v nasich pokusech byly zaznamenany v salatu, kde byl tento herbicid 40 dni po
aplikaci detekovan v hodnotach vysSich nezZ MRL (50 pg/kg). Pokud vSak byl salat sklizen po
vice jak 50 dnech po aplikaci, byl obsah rezidui mensi nez 50 % MRL (0-22 pg/kg). S rostouci
hmotnosti biomasy salatu nejspiSe dochazelo k nakoncentrovani rezidui herbicidu, ¢i byl
pribéh degradace pendimethalinu zrychlen. Detekovatelné malé mnoZstvi rezidui (3 pg/kg)
bylo nalezeno jesté 55 dni po aplikaci. Podobné vysledky zaznamenali také Estruk et al. (2014),
kteti detekovali v salatu 0-35 pg/kg pendimethalinu. Obsah rezidui pendimethalinu ve vzorcich
kedluben z nasich pokust byl relativné nizky (2-7 ug/kg). Nejvyssi obsah rezidui v kedlubnach
(7 ug/kg) byl zjistén, pokud po aplikaci herbicidu nésledovala intenzivni zavlaha, ktera herbicid

zapravila do ptdy, kde nemohlo dojit k jeho fotodegradaci, k ¢emuz je tento herbicid pomérné
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citlivy. Vliv adjuvantu Grounded na obsah rezidui se projevil pouze v jednom pokusném roce,
kdy vyznamné¢ snizil obsah rezidui pendimethalinu ve sklizenych kedlubnach. Vedle toho jsme
zaznamenali prikazny vliv zakryvaci netkané textilie na obsah rezidui pendimethalinu v salatu.
Pokud byl oSetfeny porost salatu zakryt netkanou textilii, snizil se obsah rezidui na polovinu,
zejména za chladného pocasi, kdy byl metabolismus rostlin saladtu vyrazné zpomalen, coz se

projevilo také mensi velikosti hlavky.

S-metolachlor aplikovany preemergentné nebyl ve vzorcich salatu ani cibule
detekovan. Ve vzorcich mrkve oSetfenych preemergentné timto herbicidem byl detekovéan S-
metolachlor v hodnotach do 20 pg/kg az 120 dni po aplikaci a pokud byl aplikovan
postemergentné, byly jejich koncentrace ve vzorcich mrkve jeste¢ vyssi (az 100 pg/kg) a
ptesahovaly hodnotu MRL (50 pg/kg). Ve vzorcich mrkve z pakistanskych trzist' byl S-
metolachlor nalezen Amjadem et al. (2013) v koncentracich 45-75 pg/kg. Ve vzorcich cibule
byl S-metolachlor nalezen pouze po postemergentni aplikaci, nicméné jeho obsah klesl pod mez
detekce jiz za 3 tydny po aplikaci. Pokud byl S-metolachlor aplikovan postemergentné do
porostu kvétaku, nebyl ve vzorcich detekovan. Podobné vysledky publikoval také Stachniuk et

al. (2017), ktery nezaznamenal Zadn4 rezidua S-metolachloru ve vzorcich brukvovité zeleniny.

Flufenacet aplikovany preemergentné nebyl ve vzorcich salatu detekovan. Ve vsech
vzorcich mrkve vSak byla rezidua tohoto herbicidu detekovana na hranici meze detekce (2
ug/kg). To se shoduje s poznatky Grichara et al. (2003), ktefi potvrdili, Ze hlavni pfijem
flufenacetu probihd prostfednictvim kofend. Detekovana mnozstvi flufenacetu byla ale vzdy
pod hodnotou MRL. V ptipadé postemergentniho oSetfeni mrkve byl obsah rezidui flufenacetu
do 45 pg/kg. Po postemergentni aplikaci do cibule nebyla rezidua flufenacetu detekovana. Imai
et al. (2009) prezentovali podobné vysledky ve studii, kde byl flufenacet aplikovan do porostt

pSenice, soji, brambor a rajcat.

Preemergentné aplikovany dimethenamid nebyl ve vzorcich salatu detekovan. Rezidua
tohoto herbicidu nebyla nalezena ani po postemergentni aplikaci v kvétaku a cibuli. Vysledky
nasSich pokust jsou vSak v rozporu s vysledky Stowik-Borowiece et al. (2015), ktefi detekovali

rezidua dimethenamidu v hor¢ici bilé 21-90 dni po aplikaci.

Preemergentné aplikovany pethoxamid nebyl ve vzorcich cibule detekovan. Avsak ve
vzorcich mrkve byl detekovan vzdy na hranici meze detekce métfeni. Obdobné vysledky
publikovala také Dolezalovd et al. (2020), kterd& zaznamenala malé¢ mnozstvi rezidui

pethoxamidu (3 pg/kg) ve sklizené roketé seté osetifené timto herbicidem.
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Clomazone aplikovany preemergentné do porostu zeleniny nebyl ve vzorcich salatu ani
kvétaku detekovan v zddném pokusném roce. Ve vzorcich mrkve byl nalezen clomazone pouze
v roce 2012 a to ve velmi nizké koncentraci (2 pg/kg). Nizka aplikacni davka (8 g/ha) a rychla
degradace clomazone v pidé byly pravdépodobné hlavnim diivodem jeho nizkych koncentraci
V testovanych vzorcich zeleniny. Podobné vysledky prezentovali rovnéz Pornprom et al.
(2010), Hu et al. (2011), Nalini et al. (2015) a Hussan et al. (2020), ktefi nezaznamenali Zadna
rezidua clomazone v s6ji. Naopak Spzyrka et al. (2020) sledovali obsah clomazone v fepce a

zjistili, ze obsah rezidui tohoto herbicidu klesne pod MRL za 22 dni po aplikaci.

Ve vzorcich cibule byla nalezena rezidua ethofumesate po jeho preemergentnim
oSetfeni a to 1 20 tydnd po aplikaci (2-6 pg/kg). Takto pomalou degradaci ethofumesate sledoval
také Kucharski (2007) v cukrové fepé, kde pii sklizni detekovali 2 pg/kg.

Preemergenté aplikovany propyzamide v salatu pomérné rychle degradoval, avSak jeho
rezidua byla detekovana i 6 tydna po aplikaci (2-6 pg/kg). Podobné vysledky zaznamenali i
Rouchaud et al. (1987), ktefi propyzamide detekovali ve vzorcich salatu v koncentracich 2-3
ng/kg. Batts et al. (2008) doporucuji propyzamide aplikovat v salatu pouze pokud lze dodrzet

ochranou lhutu vice nez 55 dni.

Preemergentné i postemergentné aplikovany linuron byl ve vzorcich mrkve rychle
degradovan pod hranici MRL. Podobnych vysledki dosahli i Khan et al. (1976), ktefi
nedetekovali rezidua linuronu v mrkvi pfi sklizni. V roce 2012 bylo jednou ve vzorcich mrkve
detekovano malé mnoZstvi rezidui linuronu (3 pg/kg) az 18 tydnl po aplikaci. Toto mize byt
zpusobeno pomalou degradaci linuronu v suché ptdé. I Fryer & Kirkland (1970) detekovali v
mrkvi rezidua linuronu v koncentracich mensich nez 5 pg/kg az 15 tydnt po aplikaci. Mnozstvi
rezidui bylo podle nich také ovlivnéno povétrnostnimi podminkami v pribéhu vegetace.
Naopak Lekke (1974) nezaznamenal zadné interakce mezi koncentraci rezidui linuronu v mrkvi

a intervalem mezi aplikaci herbicidu a sklizni plodiny (57-117 dni).

Aclonifen byl detekovan v nejvétsim poctu vzorkl testovanych zelenin osetfenych
timto herbicidem. Pokud byl aplikovan preemergentné a cibule, resp. mrkev byla sklizena 100-
140, resp. 80-150 dnii od aplikace, byl obsah rezidui v cibuli do 5 ug/kg a v mrkvi do 26 pg/kg.
Pokud byla aplikace provedena postemergentné, byla tyden po aplikaci koncentrace aclonifenu
v cibuli 82 pg/kg, coz prevysuje hodnotu MRL (50 pg/kg). Jeho dalsi degradace byla pozvolna,
pfi¢emz 5 tydnt po aplikaci byla jeho koncentrace v cibuli pod 50 % MRL a 6 tydnti po aplikaci
po 25 % MRL. Po postemergentni aplikaci do mrkve se 30 aZ 60 dni po aplikaci pohyboval
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obsah rezidui do 3-11 % MRL (100 pg/kg). Podle Kilince et al. (2011), ktery sledoval pfijem a
pohyb aclonifenu ve slunecnici, jsou obsahy aclonifenu v nadzemnich i podzemnich organech
rostlin, postemergentné oSetfenych timto herbicidem, vys$§i z divodu omezené schopnosti

rostlin metabolizovat herbicid v nadzemnich organech.

Preemergentné aplikovany metazachlor nebyl ve sklizenych kedlubnach ani kvétaku
detekovan. Nebylo tedy mozné posoudit vliv zavlahy a adjuvantu na koncentraci rezidui
v kedlubnach v nasich pokusech. Podle Koleva-Valkova et al. (2016) byla v rostlinach fepky
oSetfenych postemergentné metazachlorem detekovana rezidua 8-28 dni po aplikaci, avSak 48
dni po aplikaci jiz nebyla detekovdna Zadna rezidua. Naopak vyrazné vysS$i koncentrace
metazachloru byla detekovana v fepce 28-68 dni po preemergentni aplikaci, kdy az 88 dni po
aplikaci byl obsah rezidui nizsi nez mez detekce. Stejni autoti zaznamenali také velky rozdil
mezi pokusnymi roky, kdy v susSich podminkach byl zdchyty rezidui vyrazné vyssi, zejména u

preemergentnich aplikaci.

Postemergentné aplikovany metribuzin byl ve vzorcich mrkve jiz za 2 dny degradovan
pod hodnotou MRL. Stejné rychlou degradaci prokazal metribuzin v cukrové titiné (Selim &
Naqun 2011). Lze tedy predpokladat, ze listovy pfijem metribuzinu mrkvi je minimélni a
herbicid mize na povrchu listd podléhat rychlé degradaci. Stoleru et al. (2015) rovnéz
zaznamenali rychlou degradaci metribuzinu v zelening, av§ak malé mnozstvi metribuzinu (2

ng/kg) detekovali také v zelenin€ sklizené v optimalni zralosti.

V Zzadném ztestovanych vzorkl kvétadku nebyl detekovan dimethachlor ani
napropamide. Napropamide nebyl nalezen ani ve vzorcich paprik a rajcat od Spanélskych
péstitelti (Murillo Pulgarin & Garcia Bermejo 2003), stejné jako dimethachlor nebyl nalezen ve
vzorcich rokety seté, kde byly tyto herbicidy pouzity kratce pied vysadbou (Dolezalov et al.
2020). Nicméné Srivastava et al. (2011) nalezli rezidua dimethachloru ve vzorcich Spenatu a

zeli v koncentracich do 25 pg/kg.

5.1.2. Listové herbicidy

Nejveétsi zachyty rezidui herbicidl byly v naSich pokusech zaznamendny po aplikaci
nekterych listovych graminicidd, zejména téch ze skupiny aryloxyfenoxy-propionata.
Nejpomalejsi degradace byla zaznamenana u fluazifopu v kvétaku, kde byla rezidua fluazifopu

detekovéna i v pifipadé, Ze doba od aplikace do sklizné€ byla delsi nez 40 dni, pfi¢emz nejvyssi
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zachyt (2,796 pg/kg) byl zaznamenan v ptipadé, ze aplikace byla provedena 11 dni pred sklizni.
Podobnou dynamiku degradace zaznamenal Doohan et al. (1986). V jeho studii se koncentrace
rezidui fluazifopu v jahodach pohybovala v rozsahu 50-3,240 ug/kg. 12 az 28 dni po aplikaci.
Rovnéz Sondhia (2007) detekoval pomérné vysoké koncentrace fluazifopu v séjovych
semenech i slamé (297-702 pg/kg). Naopak Balinova & Landova (1992) nezaznamenaly zadna
rezidua v semenech so6ji osetfené fluazifopem. Riziko kontaminace kvétdku a salatu
fluazifopem je pomérn¢ vysoké také kvuli relativné nizkym hodnotam MRL v EU (10, resp. 20
ng/kg). Délka vegetace téchto zelenin je navic pomérné kratka (mén€ nez 60 dni u salatu a 90
dni u kvétaku), pti¢emz listové graminicidy se obvykle aplikuji 3-5 tydnti po vysadbé (Gelmini
et al. 2000). Velmi vysoké koncentrace fluazifopu byly detekovany i ve vzorcich cibule a
mrkve, kde ale po 6 tydnech klesl obsah rezidui pod mez detekce. Podobné vysledky popisuji
Qietal. (2017), kteti zaznamenali v raj¢atech a okurkach pomalejsi degradaci fluazifopu oproti
jeho degradaci v ¢inském zeli a fepce. Kucharski (2003) detekoval fluazifop ve sklizené fepé
v mnozstvi 12 pg/kg, coz je koncentrace piekracujici limit pro bezrezidualni produkci. Naproti
tomu, pokud byl fluazifop aplikovan do hoicice bilé, tak jiz za 7 dni po aplikaci klesla
koncentrace rezidui pod hodnotou 10 pg/kg (Stowik-Borowiec et al. 2015).

Koncentrace rezidui quizalofopu byly ve vSech testovanych vzorcich zeleniny pod
hodnotou MRL a neptesdhly 400 ng/kg u salatu a 100 pg/kg u mrkve, cibule a kvétaku.
Pomérné nizké koncentrace rezidui quizalofopu (104 pg/kg) zaznamenali také Poonia et al.
(2017) v plodech podzemnice olejné, pii¢emz obsah rezidui se rychle snizoval a dva mésice po
aplikaci jiz byly koncentrace quizalofopu pod mezi detekce (10 pg/kg). Malé mnoZstvi
quizalofopu (9 pg/kg) detekoval také Kucharski (2003) ve sklizené fep€. Naopak Sahoo et al.

(2013) nedetekovali rezidua quizalofop v cibuli pfi sklizni.

Z testovanych listovych graminicidi nebyl ve vzorcich salatu, kvétadku ani mrkve
detekovana zadna rezidua cycloxydimu. Také rezidua propaquizafopu nebyla ve vzorcich
kvétaku, mrkve ani cibule detekovana. Rovnéz Duhan & Sing (2018) nenalezli zadna rezidua
propaquizafopu v semenech a vlaknech baviny v dobé sklizng. Zadné dalsi relevantni studie
zaméiené na rychlost degradace dvou vySe uvedenych listovych graminicidi nebyly dosud

publikovany.

Postemergentné aplikovany clopyralid, picloram, quinmerac a pyridate nebyly
detekovany v zadném testovaném vzorku kvétdku. Rovnéz Zhao et al. (2010) nedetekovali pti

sklizni fepky zadna rezidua clopyralidu ani picloramu, a to ani pokud byly oba herbicidy
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aplikovany soucasné. Pyridate nebyl detekovan ani ve vzorcich cibule, které byly
postemergentné osetfeny timto herbicidem. V zadném vzorku cibule nebyl rovnéz detekovan

flumioxazin ani fluroxypyr aplikovany postemergentné.

5.2. Vliv agrotechnickych opatieni na u¢innost a selektivu herbicidi

5.2.1. Vliv zavlahy a adjuvantu

Nejriiznéjsi aditivni latky (adjuvanty) jsou velmi Casto ptidavany k mnoha herbicidiim
zaucelem zvyseni jejich c¢innosti, ptipadné selektivity. Adjuvanty mohou pozitivné ovliviiovat
plosnou rovnomeérnost aplikace (postiiku), povrchové napéti postiikovych kapének a velmi
vyznamn¢ mohou ovliviiovat chovani herbicidu v prostiedi (Green & Beestman 2007; Cabrera
et al. 2010). Adjuvant Grounded (emulgovatelny koncentrat rafinovaného parafinového oleje
(732 g/1), alifatickych hydrokarboni, hexahydrickych alkohol ethoxylatd a C18-C20 mastnych
kyselin), ktery byl pouzit v nasich pokusech v porostu kedluben, v§ak neovlivnil u¢innost ani
selektivitu testovanych ptdnich herbicidii (metazachlor, pendimethalin a jejich kombinace).
Podobné vysledky zdokumentovali rovnéz Andr et al. (2017), ktefi testovali dva odlisSné

adjuvanty a tfi piidni herbicidy ve slunecnici.

Ve stejné studii byl prokézan vliv zavlahy, resp. intenzivnich srazek, kratce po aplikaci
herbicidu na ucinnost testovanych herbicidii (pfedevSim pendimethalinu) na merlik bily a
penizek rolni. Pfestoze je pozitivni vliv srdzek na ucinnost pidnich herbicidii dobfe znam
(Jursik et al. 2013; Smith et al. 2016; Hakoomat et al. 2017), v nékterych situacich miize zavlaha
ovlivnit u¢innost herbicidl negativné, nebot’ proplaveni herbicidu hloubéji do piidy mize snizit
jeho koncentraci v povrchové vrstvé pudy a odolnéjsi plevele pak mohou zacit vzchazet
(Wilson & Shbatella 2014).

Velmi vyznamné byla zdvlahou ovlivnéna selektivita herbicidu metazachlor, zatimco
selektivita pendimethalinu nebyla zavlahou prikazné ovlivnéna. Na druhou stranu byly
zaznamenany velké rozdily ve fytotoxicité pendimethalinu mezi pokusnymi ro¢niky. V susSich
letech nezptsoboval pendimethalin poskozeni kedluben vyssi nez 15 %, zatimco ve srazkove
vydatn€jSich roc¢nicich bylo poskozeni vice nez dvojnasobné. Také Miller et al. (2003)
zaznamenali poSkozeni kostalové zeleniny, konkrétné kvétaku herbicidem pendimethalin,
pokud byl pouzit v davce 560 g/ha a vyssi. Toto poskozeni vedlo ke snizeni vynosu, zejména

pokud byla pouzita mensi sadba a oSetfeni bylo provedeno na list (po vysadbg¢).
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Pokud byla provedena zavlaha po aplikaci metazachloru, byla uc¢innost na lilek leskloplody 100
%, naopak Vv sussich podminkach byla G¢innost prikazné nizsi (92-99 %). Nizkou G¢innost

pendimethalinu na plevelné lilky pozorovali i Glatkova & Pacanoski (2019).

Vynos kedluben nebyl ovlivnén zptisobem zavlahy ani pouzitym adjuvantem. Kosterna
et al. (2011) sice pozoroval nartist vynosu kedluben o 25 % v ptipad€ pouziti zavlahy, nicméné
v nasich pokusech byl pokles vynosu v disledku poskozeni herbicidy vyssi nez pokles vynosu
v disledku konkurence plevelt. Sklizené kedlubny z ru¢né pleté varianty a varianty oSetfené
metazachlorem mély prukazné vyssi hmotnost nez kedlubny osetfené pendimethalinem. Pokud
byla aplikovdna kombinace pendimethalinu a metazachloru, hmotnost sklizenych kedlubnti
byla jesté nizsi. S tim se neshoduji Bairambekov & Valeeva (1996), kteti ve vSech ptipadech

zaznamenali po aplikaci pendimethalinu nejvyssi vynos a zddné poskozeni okurek.

5.2.2. Vliv zakryvani netkanou textilii

Vliv zakryvani netkanou textilii velmi silné ovlivnil Gc€innost i selektivitu
pendimethalinu v porostech salatu. Uginnost pendimethalinu byla prikazné vyssi, pokud byl
oSetfeny porost kratce po aplikaci zakryt transparentni netkanou textilii pouze v ptipadé
nedostatku srazek/zavlahy. Nejvyssi vliv zakryvani byl zaznamenan v G¢innosti na plevele
tvofici vétsi semena (jezatka kuii noha, bazanka ro¢ni), kterd mohou vzchazet z vétsi hloubky

(Abdallah 1991; Jursik et al. 2004).

Vliv pouzité¢ davky herbicidu na Gc¢innost byl pozorovan rovnéz pouze v SUSSim roce
(2012), kdy dochazi k degradaci pendimethalinu v padé v dusledku ptsobeni UV zafeni a
t€kanim (Neururer and Womastek 1991). Jezatka kufi noha a baZanka ro¢ni byly lépe
regulovany pii vyssi davce pendimethalinu (1200 g/ha). Merlik bily byl na vSech variantach
pendimethalinem potlacen, avSak v roce 2012 doslo ke sniZeni jeho Uc€innosti na nezakryté
varianté na 96-98 %. S tim se shoduji i Alebahim et al. (2012), ktefi ale pozorovali nizsi
ucinnost pendimethalinu v bramborach na laskavec ohnuty. V naSich pokusech byla také
ucinnost pendimethalinu na laskavec ohnuty nizs§i neZ na merlik bily, ale byla stale velmi dobra
(vice nez 90 %). Uginnost pendimethalinu na lilek leskloplody byla vyznamné ovlivnéna
ucinnost byla pozorovana na nezakryté varianté s nizkou davkou (77 %) a nejvyssi uc€innost na

lilek leskloplody (97 %) byla zaznamendna na zakryté varianté s vys$si davkou pendimethalinu.
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Avsak vroce 2014 nebyl tento rozdil potvrzen. Uginnost viech zkoumanych variant se
pohybovala mezi 99-100 %. Dostate¢nou G¢innost pendimethalinu na lilek leskloplody v salatu

potvrzuji i Lati et al. (2015).

Malé¢ projevy fytotoxicity na salatu (do 4 %) se objevili 5 tydnd po aplikaci
pendimethalinu v roce 2012 na v8ech variantach krom¢ varianty s niz$i davkou herbicidu a bez
zakryti netkanou textilii. Néasledné tyto projevy poskozeni do 7 tydnt po aplikaci odeznély.
Vyssi poskozeni salatu pendimethalinem bylo po intenzivnim desti béhem vegetace. 5 tydnt
po aplikaci bylo zaznamenano poskozeni salatu az 15 %. Pokud byla aplikovana vyssi davka
pendimethalinu (1200 g/ha) a salat byl zakryt netkanou textilii, zvysilo se poSkozeni salatu 7
tydnt po aplikaci az na 27 %. Toto zvySeni poskozeni bylo vyznamné vyssi od ostatnich variant,
kde nepiekracovalo poskozeni salati 10 %. S nizkym poskozenim salatu (do 12 %) se shoduji
i Lati et al. (2015), ktefi pozorovali pfevazné zpomaleni rustu. AvSak v jejich pokusech nebyla
potvrzena vyznamna zavislost mezi davkou pendimethalinu a mirou fytotoxicity. Henderson &
Webber (1993) navic zkoumali fytotoxicitu zpisobenou pendimethalinem aplikovanym do
salatu po vysadbé. Takto oSetieny salat byl silné zakrnély. V listové zeleniné jsou po aplikaci

pendimethalinu riistové retardace bézné (Lee et al. 1998).

Salaty z divodu vyssiho zapleveleni pod netkanou textilii méli o 35-46 % niz8i vynos.
S tim se neshoduji Tosic et al. (2019), ktefi sledovali po zakryti salatu vy$si vynos i pozitivni
vliv na obsah vitaminu C a dusi¢nanii. Konkurence letnich plevelli byla vétsi pii vysSsich
teplotach pod netkanou textilii nez pti nizSich teplotach na nezakryté varianté. Vliv pleveld na
rist a vynos saldtu se v literatufe znacné rozchéazi (Santos et al. 2004b versus Giancotti et al.
2010), coz je pravdépodobné zplsobeno odliSnou konkurenéni schopnosti riznych pleveld

V riznych povétrnostnich podminkéch.
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6. Zavér
Disertacni prace je souborem péti publikovanych védeckych praci, které maji napomoci
k optimalnéjsimu pouzivani herbicidi v porostech zeleniny s dirazem na snizeni mnozstvi

jejich rezidui ve sklizenych produktech.

Prvni hypotéza, Ze obsah rezidui herbicidi v zeleniné¢ lze snizit nékterymi
faktorem ovlivitujicim mnozstvi rezidui v zelening je délka intervalu mezi aplikaci herbicidu a
sklizni. Velmi vyznamny vliv na mnozstvi rezidui pidnich herbicidi méla také zavlaha po

aplikaci herbicidu a mnozstvi pfirodnich srazek v konkrétnim roce.

Rezidua nékterych pudnich preemergentné aplikovanych herbicida (napropamide,
clomazone a dimethachlor v kvétaku; clomazone, linuron a flufenacet v mrkvi) nebyla
detekovana v zadném testovaném vzorku. V kvétaku nebyla navic detekovana ani rezidua
postemergentné aplikovanych herbicidi obsahujici u¢inné latky S-metolachlor, pyridate,
dimethenamid, metazachlor, quinmerac, picloram, clopyralid, cycloxydim a propaquizafop.
Rezidua metazachloru nebyla detekovana ani v kedlubnach. Lze tedy predpokladat, ze pokud
bude dodrzena stanovend ochranna lhuta mezi aplikaci téchto herbicidd a sklizni nami
testovanych zelenin, Ize tyto herbicidy doporucit do porostl, které jsou urceny pro détskou

vyzivu (bezrezidualni produkce).

Rezidua pendimethalinu byla detekovana ve v§ech zkoumanych zeleninach. V kvétdku
byl pendimethalin detekovan zejména po vysokych srazkach, kdy navic zptsoboval vyssi
poskozeni kvétaku. Mnozstvi rezidui pendimethalinu v kedlubnach bylo nizké, avsak pokud
nebyla provedena kratce po jeho aplikaci intenzivni zévlaha, doslo k navySeni obsahu
rezidui. Podobné vysledky byly zaznamenany také v pfipadé pouziti pendimethalinu v mrkvi
a salatu. Z davodu dlouhé perzistence pendimethalinu v padé lze piedpokladat, ze rezidua
tohoto herbicidu v zeleniné mohou byt detekovana po celou dobu vegetace testovanych zelenin.

Tento herbicid proto nelze doporucit do porosti urc¢enych k bezrezidualni produkeci.

Nejpomalejsi degradace byla zaznamenéana u nékterych listovych graminicidl, zejména
u quizalofopu a fluazifopu. Rezidua quizalofopu byla v kvétaku detekovana téméf ve vSech
vzorcich, ale vzdy pod hodnotou MRL. V nizkorezidualni produkci je mozné quizalofop pouzit,
pokud bude dodrZena akéni ochrana lhita 50 dni. Do porostd urcenych pro détskou vyzivu

nelze tento herbicid doporucit.
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Nejpomalejsi degradace rezidui byla zjisténa u fluazifopu. Jesté 50 dni po aplikaci byl
obsah rezidui v kvétaku vyssi nez hodnota MRL. Fluazifop sice neni do kvétaku registrovan,
ale je registrovan do kapusty, coz by mohlo péstitele vést k pouziti v ostatnich brukvovitych

zeleninach. Fluazifop neni vhodny do nizkorezidualni ani bezrezidualni produkce zeleniny.

Naopak rezidua graminicidu cycloxydim a propaquizafop nebyly detekovany v Zadném
testovaném vzorku zeleniny a mohou proto byt v souladu s jejich registraci, pouzity do porostt

urcenych k nizkorezidudlni i bezreziduélni produkci zeleniny.

Druha hypotéza, 7e davky herbicidi pouzivanych v zeleniné lze vyrazné snizit
vyuzitim vhodnych agrotechnickych opatfeni, ptfi zachovani vysoké ucinnosti a selektivity
osSetfeni, byla potvrzena také, avSak mezi jednotlivymi opatfenimi i1 herbicidy byly

zaznamenany rozdily:

e Pouziti adjuvantu Grounded nemélo vliv na u¢innost ani selektivitu herbicidu obsahujici
uc. latku pendimethalin, metazachlor ani jejich kombinace v kedlubnach.

e Vyssi intenzita zavlahy a dest'ové srazky pozitivné ovlivnily Géinnost obou testovanych
herbicid.

e Vysokd intenztita zavlahy kratce po aplikaci metazachloru sniZila jeho selektivitu.

e Pokud byly pendimethalin a metazachlor aplikovany spole¢né, nebyl pozorovan vliv na
ucéinnost, zvysila se vSak prikazné fytotoxicita osetieni.

e Vynos kedlubnui byl pritkkazné vice ovlivnén po§kozenim zptisobenym pendimethalinem
nez konkurenci plevelt.

e Pouzitim netkané textilie pfi péstovani salatu lze dosahnout vyssi U€innosti pidnich
herbicidi, ale snizuje se jejich selektivita (herbicid se pomaleji rozklada a odpateny
herbicid mize byt snadnéji pfijiman listy zeleniny).

e Predpoklada-li se tedy zakryti porostu netkanou textilii, je vhodné snizit davku
herbicidu minimaln¢ o 50 % a to pfedevsim u velmi ranych vysadeb (bfezen), které jsou
herbicidem nejéastéji poSkozovany, protoze herbicid je pomaleji metabolizovan pti
nizsich teplotach. Velmi dualezité je toto opatfeni pfedevsim u herbicidi obsahujici u¢.
latku pendimethalin (vyznamné degradace ultrafialovou slozkou slune¢niho zéfeni) a
clomazone (vysoka intenzita t€kanf).

e Snizeni davky je vhodné i v podminkach intenzivniho zavlazovani nebo pted destém.

e Zclenina zakryta netkanou textilii je citlivéjsi vuci konkurenci plevelt, coz se mize

projevit snizenim vynosu v piipadé absence regulacniho zasahu.
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